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ILLUMINATION 

The history of artificial light is a very interesting 
one, and is romantic in many ways 

In a practical Reference Set of this kind we have 
not much time or space for detailed history, but a 
few of the high spots in the development of artifi-
cial lighting will probably make the study of our 
present lighting equipment much more interesting, 
and enable us to more fully appreciate the equip-
ment itself. 
Mankind has been trying to create better forms 

of artificial light for many hundreds of years. Not 
being satisfied with the daylight hours given them 
by the sun, men have tried by a number of means 
to create light, in order to be able to see during the 
hours of darkness and to make better use of some 
of this time. 

Probably the first artificial lights were burning 
wood fagots carried about in the hands. Then came 
the first oil lamps for burning vegetable oils and 
whale oil from a vessel; and later the lamps with 
cloth wicks for burning kerosene. 
These kerosene lamps are still used by the thou-

sands where electricity is not yet available. But 
even on farms and in small villages kerosene lamps 
are rapidly giving way to electric lighting. 
Wax and tallow candles were also a popular form 

of light for many years. Chandeliers, or candle 
holders, with large numbers of candles in them 
were used to get a greater source of light for large 
rooms and auditoriums. 
However, all of these sources of light were in-

clined to flicker and give off smoke and fumes, and 
were very inconvenient. 

141. EARLY ELECTRIC LIGHTS 
Up to the time of the development of electric 

batteries and generators. and less than one hundred 

years ago, there were no very powerful or steady 
sources of artificial light. 

Electric arcs or flames drawn between two carbon 
electrodes were one of the first types of electric 
light, and while they were not entirely steady or 
free from smoke, they were able to produce great 
amounts of very bright light. 
The first arc lamp to be used commercially was 

one installed in the Dungeness light house in Eng-
land in 1862, and from this time on arc lights 
came into quite general use for lighting interiors 
of large buildings and for street lighting. 
Powerful arc lights of a highly improved type 

are used today for search lights, flood lights, and in 
motion picture work; while some of the older type 
are still in use in street-lighting systems. 

142. EDISON'S INCANDESCENT LAMP 
From 1840 on a number of experiments were 

made with incandescent lamps, or the heating of 
high resistance metal or carbon strips to a glowing 
temperature by passing electric current through 
them. But none of these were successful or praâL  
cal until Thomas A. Edison invented the car 
filament incandescent lamp in 1879. 

Edison's first lamps consisted of very thin fila-
ments of carbonized thread, then paper, and later 
bamboo; all sealed in glass bulbs from which the 
air was removed by vacuum pumps, to eliminate 
oxygen and prevent the filament from burning up. 

Later lamps of this type were developed with 
thin metal wire filaments, and the modern incan-
descent lamp has a tungsten filament, which can be 
heated to temperatures of 2800 to 3000 degrees cen-
tigrade before it will melt. This enables it to oper-
ate at glowing white or incandescent heat and give 
off great amounts of clean steady light. 

Fig. 152-B This night photograph of the business section of one of our large cities is a good illustration of the extensive use of electric light. 
A single one of these large buildings will use many thousands of electric lamps. 
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Edison also developed the first efficient electric igenereors to supply current for his lamps, and in 
882 built in New York City the first central sta-

tion generating plant for supplying electricity for 
light and power. From that time on the develop-
ment of electric lighting has been rapid, and today 
modern electric illumination is one of the greatest 
advantages of our civilization, and one of the great-
est fields for the trained electrical man to enter. 

143. USES AND ADVANTAGES OF ELEC-
TRIC LIGHT 

Electric light in the home greatly improves the 
appearance, increases comfort, speeds the work of 
tilt tiouswife, and reduces eye strain and makes it 
a pleasure for members of the family tu read or 
study during e% ening hours. And the cost of electric 
light is low enough to be within the means ot almost 
every family today. It is cleaner, safer and more 
convenient than any other form of artificial light 
we have. 

In shops and factories, electric light speeds up 
production and reduces errors, increases safety and 
generally improves the morale of employees. 

In stores, hotels, and office buildings electric illu-
mination is used on a vast scale and makes the 
rooms as bright at night as at noonday, whether 
they have outside windows or not. 

430 The exteriors of buildings in cities are beautifully   od lighted and streets are lighted brightly with 
electric lamps; and now great airplane landing fields 
have their special lighting equipment which makes 
them nearly as bright at night as during the day. 

Practically every new building erected in any 
town or city is wired for electric lights, and many 
older buildings which have not had lights are rapidly 
being wired for them today. 

Thousands of homes, offices, and industrial plants 
with the older wiring systems are being rewired for 
modern and efficient electric illumination. 

Almost everyone today realizes the value of bet-
ter lighting; and its advantages and economy are 
so apparent, when properly presented, that this is 
one of the greatest fields of opportunity for the 
trained electrical man who knows the principles of 
modern illumination. 

This field also provides some of the most fascinat-
ing and enjoyable work of any branch of the elec-
trical profession. 

144. NATURE OF LIGHT 

in commencing our study of practical illumina-
tion, it will be well to get a general understanding 
of the nature of light. 

bight is energy in wave form, and can be trans-
ted through space and through certain trans-
tent objects. \?1\ hen these waves strike our eyes, 

they register through our eye nerves and upon our 
brain cells an impression which we call light. We 
are familiar with sound waves and how they are set 

up by disturbance or motion of air and transmitted 
by vibration through air, water, and some solids. 
We also know that electro magnetic waves are set 
up around conductors carrying electricity. In the 
case of radio energy, these waves are of very high 
frequency and short wave length. Light waves are 
considered to be of an electro-magnetic nature, and 
are known to be of extremely high frequency and 
much shorter wave length than the shortest radio 
waves. 

Light is generally the result of intense heat, and 
the sun is, of course, our greatest source of light. 
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This chart shows how little actual daylight we 
have over a considerable period of the year 

Fig. 152-C. Examine this chart carefully and note the number of hours 
per day that. daylight is available, and you will see how nocoosar7 
some form of efficient illumination becomes, in order to make 
good use of the hours of darkness. 

Average 

145. LIGHT COLORS, WAVE FREQUENCIES 

The different colors of light are due to the differ-
ent wave frequencies. Ordinary sunlight, while it 
appears white, is really made up of a number of 
colors. In fact, it is composed of all the colors of 
the rainbow, and a rainbow is caused by the break-
ing up or separation of the various frequency waves 
of sunlight by the mist or drops of water in the air 
at such times. 
White light or daylight is generally the most 

desirable form for illumination purposes, but it 
must contain certain of the colors which compose 
sunlight, as it is the reflection to our eyes of these 
various colors from the things they strike that en-
ables us to see objects and get impressions of their 
color. Certain surfaces and materials absorb light 
of one color and frequency, and reflect that of an-
other color; and this gives us our color distinction 
in seeing different things. 

\Vhite and light colored surfaces reflect more 
light than dark surfaces do. 
The ordinary incandescent lamp supplies a good 

form of nearly white light that is excellent for 
most classes of work, but for Golor matching and 
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certain other jobs requiring close separation of col-
ors, a light of more nearly daylight color is needed. 
For this work lamps are made with blue glass bulbs 
to supply more of the blue and white light rays, and 
less of the yellow and red rays of the ordinary 
electric light bulb. More on the units and measure-
ment of light will be covered later. 

146. PRINCIPLES OF GOOD LIGHTING 

To secure good lighting, or effective illumination, 
we must not only have sufficient light of the proper 
color, but must also avoid glare and shadows. 
No matter how much light we may have, if there 

are sources of bright glare in range of the eyes, 
or definite black shadows from standing or moving 
objects, it is still not good illumination. 

Glare is very tiring to the human eye and we 
all know that if we look directly at the sun or a 
bright unshaded light bulb, it is painful to the eyes. 
The pupils of our eyes must change their open-

ings or adjust themselves to different intensities of 
light, and as they do not do this instantly, we can-
not see things well when we first look away from 
a bright light to objects or spaces less brightly 
lighted. 
The same thing applies with shadows which cause 

dark areas intermixed with the light ones. The eyes 
cannot change rapidly enough to see well or be 
comfortable when they must be continually moving 
from light to shadow, etc. 

Glare and shadow are both caused by very bright 
sources of light concentrated in small spots, or a 
"point source" of light, as we say. 
The more the light from a source is concentrated 

at one point, the brighter will be the glare if we 
look at this point, and the more distinct will be 
the shadows of objects illuminated by this source. 

Fig. 153. Two common types of incandescent lamps of which there 
are many millions in use today. 

147. REFLECTORS 

While the incandescent lamp is a wonderful, 
clean, efficient, and convenient source of light, those 
of the larger sizes are bad sources of glare if they 
are within the normal range of vision. This can 
be avoided by the use of proper shades and re-
flectors. 
Because these lamps have their light produced at 

one small source, the filament, they are also produc-
ers of very definite shadows, unless they are coy-

ered with diffusing globes to soften and spread out 
their light over a greater area. 

Reflectors, shades, and diffusing globes for the 
various classes of lighting installations will be cov-
ered a little later. 

Fig. 154. This view shows various types and sizes of Mazda lampa, 
ranging from 50 to 10110 watts each. 

148. TYPES OF INCANDESCENT LAMPS 

Now that we know something of the nature of 
light and the most important fundamentals of good 
illumination, let us return to our common sour 
of electric light, the incandescent lamp. 
These lamps are now made in sizes from a frac-

tion of a watt to 50,000 watts each, and will fit prac-
tically every conceivable lighting need. 
Extremely small lamps are made for surgical in-

struments, telephone switchboards, flashlights, etc. 
Carbon filament lamps are not used much any 

more, although they can still be obtained for certain 
uses where they are desired. 
The tungsten filament lamp, which is commonly 

known as the Mazda Lamp, is the one most gen-
erally used. 
Two of these lamps are shown in Fig. 153. The 

one on the right is one of the smaller size, which are 
still used and have the same shaped bulb as the 
carbon lamps, and are known as type "B". The one 
on the left is one of the larger sized lamps with the 
newer shaped bulb, called the type "C". 

Fig. 154 shows a number of bulbs of different 
shapes and sizes, such as are commonly used in 
general lighting today. 
One of the newest styles of lamps is the type 

"A", which are made in sizes from 10 to 200 watts 
and are frosted on the inside of the bulb. This is 
a very great improvement as it softens the light 
and reduces glare without materially reducing their 
efficiency. These new bulbs have stronger filament 
and present a beautiful pearl-colored appeara 
They are ideal for use where reflectors or bowls ellir 
not used over them. Fig. 155 shows four of these 
type "A" lamps of the more common sizes for home 
and general lighting use. 
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The larger Mazda lamps of 150 watts and over are 
usually made with clear glass bulbs and known as *he type "C". As these larger lamps are generally 
enclosed in diffusing bowls or mounted high up 
and out of range of ordinary vision, their clear glass 
bulbs are not so objectionable. Fig. 156 shows two 
of these type "C" lamps, and you will note that they 
have long necks to keep the heat of the filament 
farther away from the base and sockets. Some of 
the larger ones even have a mica heat barrier in 
the neck, as shown in the right-hand lamp in Fig. 
156. 

Z. 5 Watt s 40 Watts 50 Watts 60 Watt s 

Fig. 155. These four lamps are the sizes most commonly used in 
general home lighting, and show the shape of the newer type bulbs. 

The smaller sized lamps have the air withdrawn 
from the bulbs before they are sealed, so the fila-
ments operate in a vacuum to prevent their burn-
ing up, as before mentioned. The larger sizes are lied with an inert gas, such as nitrogen, to keep 
e filaments from burning up and also to keep the 

intense heat away from the glass bulb and permit 
the lamps to be operated at higher temperatures. 

General Lighting Service 
no, 115 amain Volts 

300 -Watt s 
Fig. 156. Two of the larger Mazda lamps, such as used for office 

and factory lighting. Note the shape of the filament wires and 
the manner in which they are attached to the heavy "lead-in" 
wires, and supported by small brace wires. 

Fig. 157 shows several types of special bulbs for 
decorative lights in homes, hotels, theatres, etc. 
The bulb on the left is an ordinary type "A" in 
shape, but can be obtained with orange or other 
colored glass, to give a soft colored light. The 
others are known as "flame tip" bulbs for candle 
type fixtures. 
The blue glass lamps for producing the "daylight 

color" for color matching etc., are called the "C-2" 
type. While this color is very desirable in depart-
ment stores, art studios, dye plants, etc., the yel-
lower light of a clear bulb would be more desirable 
in foundries or forging shops, as rays of this color 
will penetrate a dusty, smoky atmosphere better. 
Lamps of 500 watts, 1000 watts, and up are gen-

erally used for street lights, flood-lights, motion 
picture photography, lighting airplane landing fields, 
etc. 

Decorative Lamps 

A - Bulb D - Bu.lb F - Bulb 

Fig. 157. Lamps of the above type are used for decorative lighting 
in homes, offices, theaters, etc. The type "A" lamp on the left 
has the ordinary shaped bulb but can be obtained In various colors. 

149. LAMP LIFE AND RATED VOLTAGES 

The life of the average Mazda lamp is about 1000 
hours of burning time. Many of them will last 
much longer, as shown by the test data in Fig. 
158, but others burn less time and, therefore, make 
about 1000 hours the average. After lamps have been 
operated a long time, their light output becomes 
less until in some cases it is better to discard them 
than to wait for them to burn out. 

Hours Burned 0001200M 60t171:10 11000 12 11160100 46 , 

Number lamps rem- ning. I 97 94 89 77 60 39 17 3 0 

si 
Fig. 153. These figures, taken from an actual test on 1011 

show the life in hours. or the number of hours which the various 
lamps burned. 

These lamps are commonly made for voltages 
of 110, 115, and 120; and some are made for 220, 
240, and various other voltages. The 110 volt lamp 
is, however, the most common type. These various 
voltage ratings are obtained by slight changes in 
the filament resistance of the lamps. 

150. EFFECT OF VOLTAGE ON LIFE AND 
EFFICIENCY OF LAMPS 

Incandescent lamps should always be operated 
at their rated voltage. If they are operated on lower 
voltages they will not give nearly as much light 
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or be as efficient in the amount of light produced 
per watt of energy consumed. If they are operated 
at voltages above their rating, they will burn very 
bright and operate at higher efficiency, but the life 
of the filament will be materially shortened. So the 
best balance between efficiency and lamp life is ob-
tained by operating lamps at their rated voltages. 
A small change in voltage will make a considerable 
change in the lamp's efficiency and life, as shown by 
the table in Fig. 159 for lamps operated 5% below 
rated voltage. The term "Lumen" is the name of 
the unit used to measure light delivered by the 
lamp, and will be explained later. 

For Lamps operated at 5% below normal %/endue 

Lumens will be 17% below normal 

Watts " ' 810 ' 

Efficiency .. 10% 

Lamp Life " " Double 

Fig. 159. This little table shows how important it is to have incan-
descent lamps operated at their proper rated voltage. 

Fig. 160 shows another illustration of the changes 
that take place in the watts used and the light pro-
duced at different voltages below normal. This 
test data also shows the amount of electric energy 
in watts which is wasted when the lamp is operated 
at lower voltage and lower efficiency. 

151. UNITS OF LIGHT MEASUREMENT 

Now, before we undertake to plan illumination 
layouts or select equipment for certain applications, 

100% VOLTS 

95% VOLTS 

90% VOLT S 

85% VOLTS 

ti3O%wart 
100% LIGHT 

The best 

balanced 
condition 

Represents an expeoditant 
ad wattage for which no 
Stet is obtained on Haturs 

Fig. 160. This chart shows the actual amount of light lost and energy 
wasted when lamps are operated at less than their rated voltage. 

let us find out a little more about actual quantities 
of light, units of measurement, etc. An understand-
ing of these units and principles is just as important 
in illumination as Ohms Law is in general electrical 
work ; and you will find them very interesting, as 
they show us still more about the nature of light. 
We have been speaking of incandescent lamp 

sizes and their rating in watts, which is a very con-
venient term for general use and for buying lamps, 
etc. While the rating in watts will give us a general 
idea of the sizes of the lamps, it does not tell t 
just how much light a certain lamp can be expecte 
to produce. 

152. CANDLE POWER AND LIGHT 
MEASURING DEVICES 

Lamps were formerly rated in Candle Power, 
using a standard candle as a basis of comparison. 

Fig. 161. Too types of photometers, such as used for measuring the light from any source by comparing it with that from a standard 
source. The readings are obtained from the scales at the point where the light from each source la balanced on the mirror ot 
waxed paper, whichever may be used in the sliding element 
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For measuring the candle power of a certain lamp 

*
or comparing it with the standard candle, we use a 
device called a Photometer. In principle this device 
works as follows: A piece of white paper, having 
in its center a spot which is oiled or greased to make 
it more transparent than the rest, is held up between 
the standard candle and the light source to be 
measured. Let us assume that we first place it 
exactly half way between them. We will now 
examine the oiled spot from the side on which our 
lamp under test is located. If the spot appears dark 
it shows that there is less light striking it from 
the candle on the opposite side than from the lamp 
under test. Then we can move the paper screen 
closer to the candle until the spot appears to be 
the same color as the rest of the paper, which will 
indicate an equal amount of light is striking it on 
both sides. Then by comparing the distance that 
the two light sources are from the screen we can find 
out how much brighter the tested lamp is, or how 
many candle power to rate it at. 

Fig. 161 shows two types of photometers which 
operate on this principle. The upper one carries a 
mirror in a sliding dark box, which has small open-
ings in each end for the light to enter from each 
source. The standard candle and the light to be 
tested are placed at opposite ends of the marked 
scale or bar. Then, by moving the mirror box back 
and forth along the slide until the light on both *ides of the oil spot is equal, we locate the balance 
point, and the candle power of the new source can 
then be read on the scale at this point. This in-
strument should be used in a dark room. 
The lower device in Fig. 161 has a "grease spot" 

screen arranged to slide along a scale in a "dark 
box", and between the two sources of light, until 
a balance point is found by the appearance of the 
grease spot as previously explained. 

a 

a 
47-1 

Fig. NZ. If we have a photometer or light measuring device at 
"P,," it shows that the amount of light coming in one direction 
from the candle to the instrument, will remain the saine in all 
three ell the ahem testa. 

153. MEAN SPHERICAL CANDLE POWER 

This method of measuring or comparing sources 
of light which we have just described, only takes 
into consideration the light coming from the source 
in one direction, or striking an object in one certain 
spot. For example in Fig. 162 we have a photo-
meter at "P" to measure the light from a candle. 

o 

e 

Fig. 163. The "lumen" or unit of light quantity is the measurement of 
a definite amount of light, such as that which escapes from the 
opening in the above illustration. 

In view "A" the candle is entirely exposed and the 
photometer gets its reading only from the very 
small cone of light that comes in its direction. 

In "B" we have the candle partly enclosed in a 
sphere, the inside of which is dead black, so that it 
absorbs all the light which strikes it and reflects 
none. The photometer will still read the same, how-
ever. 
Again at "C" we have the opening closed still 

more, but the photometer will still read the same as 
long as the direct beam to it is not interfered with. 
So these devices measure only the light coming 

from a source in one direction, and take no account 
of that escaping in all other directions. 

The light around a lamp may not be quite as 
bright in all directions, because of the shape of the 
flame or filament as the case may be. If we measure 
the candle power in a number of places at equal dis-
tances all around a lamp and average these read-
ings, the result is known as the "Mean Spherical 
Candle Power". This comes somewhat closer to 
giving the total light emitted from the source. 

154. LUMENS, UNIT OF LIGHT QUANTITY 

For stating the total amount of light actually 
given off by a source we use the unit Lumen. 
Let us enclose a light which gives off 1 candle 

power in all directions, in a hollow sphere which 
has a radius of 1 foot, or diameter of two feet, and 
the inside of which is dead black so it will reflect 
no light. See Fig. 163. Now, if we cut a hole in 
the sphere 1 foot square as su 3wn at OR, the 
amount of light that will escape through this hole 
will be 1 lumen. If the area of the opening was TÀ 
sq. ft., then the light emitted would he 14 lumen: 
or if the opening was sq. ft., the escaping lizht 
would be lumen; etc. A sphere with a 1-foot 
radius has a total area of 12.57 sq. ft., so if we were 
to remove the sphere the total light emitted would 
be 12.57 lumens from a 1 candle power source. 

A Lumen may be defined as the quantity of 
light which will strike a surface of 1 sq. ft., all 
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points of which are 1 foot distant from a source of 
1 candle power. 
From this we find that we can determine the 

number of lumens of any lamp by multiplying its 
mean or average candle power by 12.57. 
We can now rate or measure in lumens the total 

light of any lamp, and also compare the number of 
lumens obtained with the number of watts used by 
a lamp. All Mazda lamps of a certain size and type 
will give about the same number of lumens each, 
but the lumen output per watt, and their efficiency, 
varies with their size. The larger the lamp the 
higher the efficiency, and it ranges from about 10 
lumens per watt for small lamps to 20 or more 
lumens per watt on lamps of 1000 watts and larger. 
The table in Fig. 164 gives the lumen output of 

common Mazda lamps and their wattages. These 
values vary a little from time to time, with the im-
provement made in lamps, but this table will serve 
as a convenient guide in selecting the proper size of 
lamps to get a certain desired amount of light. 

LUMEN OUTPIUT OF MULTIPLE MAZDA LAMPS 

I 110-116-120 Volt Standard Lighting Servica220-230-240-250 Vol' 
Standard Lighting Service 110-115-120 Volt Service 

Clear Lamps MAZDA Daylight Lamp i Clear Lamps 
Size of 
Lamp in Lumen 
Watts Output 

100 1530 
150 2535 
200 3400 
300 5520 
500 9800 
750 14550 
1000 20700 
1500 33000 

Size of 
Lamp in 
Watts 

100 
150 
200 
300 
500 

Lumen 
Output 

990 
1650 
2210 
3590 
6370 

Size of 
i Lamp in 
I Watts 

I Ut. 

200 
300 
500 
750 
1000 
1500 

Lumen 
Output 

1100 

2920 
4560 
8350 
13125 , 
19000 
27300 

Fig. 164. This table shows the number of lumens of light delivered by 
various sizes and types of Mazda lamps, and will be very con-
venient for future reference on any lighting problems. 

155. FOOT CANDLES. UNIT OF 
ILLUMINATION INTENSITY 

Electric lamps are a source of light, and the result 
of this light striking surfaces we wish to see is 
illumination. 
While the lumen will serve as a very good unit 

to measure the total light we can get from any 
source, we must also have a unit to measure the in-
tensity of light or the illumination on a given sur-
face, such as the top of a desk or work bench, or at 
the level of work being done on a machine, etc. The 
unit we use for this is the Foot Candle. 
A foot candle represents the intensity of illumi-

nation that will be produced on a surface that is one 
foot distant from a source of one candle power, and 
at right angles to the light rays from the candle. 
See Fig. 165. The foot candle, then, is the unit we 
use in every, day illumination problems to deter-
mine the proper lighting intensity on any working 
surface. 

Referring again to Fig. 163, we find that the sur-
face OPQR is illuminated at every point with an 
intensity of 1 foot candle, and we also know that 
the total amount of light striking this surface is 1 
lumen. This shows the very simple and convenient 

relation that has been established between these 
units, in their original selection by lighting engi-
neers. This relation can be expressed as follows:gl, 
When one Lumen of Light is evenly distributed 
over a surface of 1 sq. ft., that area is illuminated to 
an intensity of 1 foot candle. 
This is a very convenient rule to remember. It 

shows that, if we know the area in square feet that 
is to be lighted and the intensity in foot candles of 
desired illumination, we can then multiply these 
and find the number of lumens that will be required 
to light the area. For example, if we desire to 
illuminate a surface of 50 sq. ft. to an average in-
tensity of 5 foot candles, 250 lumens must be 
supplied at a distance of one foot from the surface. 
More light will be required as the distance is in-
creased. See Art. 157. 

/Fr 

Fig. 165. The unit foot candle refers to the intensity of illumination 
on a surface one foot distant from the standard source of one 
candlepower, as shown above. 

156. FOOT CANDLE METER 

There are a number of large and elaborate de-
vices used in laboratories for making exact test 
and measurements on light and lighting equip 
ment; but for practical convenient use right on the 
job, the Foot-Candle Meter is extensively used. 

Fig. 166 shows a view of the back of one of these 
meters opened up. They consist of a flashlight bat-
tery, small standard lamp bulb, rheostat for ad-
justing the lamp voltage to proper value, and a volt-
meter to check this voltage and make sure the lamp 
is being operated at proper voltage and brilliancy. 

BLUE GLASS— - 
SCREEN 

Fig. 1116. This view shows the important parts of a foot-candle meter. 
Note the arrangement of the standard lamp behind the paper screen. 
and also the rheostat and voltmeter used in making prop« 
adjustments. 

In front of the lamp is a long square chamber, 
over the side of which is placed a piece of tou - 
white paper. Along the center of this strip of pa 
is a row of uniform grease or oil spots which allow 
more light to show through them than the rest of 
the paper. 
We all know that the farther any object is from 
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a certain source of light, the less light will strike 
So the oil spots appear quite bright near 

Whe lamp, and are gradually dimmer as they get 
farther away from the lamp. Those still farther 
away appear darker than the paper, because, with 
normal light striking the paper from outside the 
instrument, there is less light behind these spots 
than on the observer's side, so they appear dark. 

This, we find, is the same general principle of the 
photometer explained earlier. Between the bright 
appearing spots and the dark appearing ones, there 
will be one or two that appear the same color as 
the rest of the paper around them. This is the point 
at which the light within the instrument is exactly 
equal or balanced with that striking it from the out-
side, and at this point we can read the intensity of 
the outside light in foot candles, on a scale printed 
along the paper strip. 

Photo Courtesy Western Electrical Instrument Co. 

Fig. 117. Newer type of convenient light meter, using a photo-electric 
cell to give a direct reading in foot candles on a meter. 

To use a foot-candle meter, the rheostat switch 
should be turned on and the knob rotated until the 
voltmeter needle comes up to a mark on its scale, 
which indicates that the lamp is operating at proper 
voltage and brilliancy. Then the meter is held face 
up toward the light source, and at the level of the 
working surface where the illumination is required. 
The shadow of your body should not be allowed to 
fall on the face of the meter during tests. A number 
of such tests at various places in a room will give 
the average foot candle intensity and show us 
whether the illumination is sufficient for the class 
of work being done. 
Tables of proper illumination standards for vari-

ous classes of work will be given later. 
The standard foot-candle meter is made to read 

intensities from 1 to 50 foot candles. It is possible 
to test intensities lower and greater than this by 
operating the lamp in the meter at less or more than 

elks rated voltage, by setting the rheostat to hold the 
\Voltmeter needle at the extra marks which are pro-

vided for this purpose on the scale. 
Ordinary daylight is far too bright to measure 

with these meters and is of a color that does not 
match the meter lamp accurately. 

On a normal summer day with the sun shining, 
the intensity of illumination outdoors may be 500 
foot candles even in the shade, and 5000 to 8000 in 
the direct rays of the sun. 

157. INVERSE SQUARE LAW FOR LIGHT 
\Ve have already mentioned that the farther any 

object is from a source of light, the less light it 
receives from that source. 
A very important rule to remember is that the 

illumination on a surface varies directly with the 
candle power of the source of light, and inversely 
with the square of the distance from the source. 
So we find that a small change in distance from 

a light will make a great change in the illumination 
on an object. The reason for this is illustrated in 
Fig. 168. Here we have a standard candle, and if 
the surface at "A" is 1 foot from the candle, its 
illumination intensity will be 1 foot candle. If we 
move the surface or plane to "B", which is two 
feet from the source, the same number of light rays 
will have to spread over four times the area, as that 
area increases in both directions. Then the illumi-
nation intensity at double the distance is only TA 

what it was before, as the distance or 2 squared is 
4, and this is the number of times the illumination 
is reduced. 

If we move the surface to "C", which is 3 feet 
away from the light source, the rays now are spread 
over 9 times the original areas, and the intensity of 
illumination on the surface will now be only 1/9 
of its former value, or 32 equals 9. So we call 
this the Inverse Square Law for Light 

158. LIGHT REFLECTION 
We all know that light can be reflected from cer-

tain light-colored or highly-polished surfaces. This 
fact is made good use of in controlling and direct-
ing light in modern illumination. 

Fig. 168. Note how the illumination intensity becomes less on any 
surface as its distance from the light source increases. The farther 
the surface is from the source, the greater the area a given number 
of light rays must be distributed over. 

Some surfaces and materials are much better 
reflectors than others. Generally the lighter the 
color, or higher the polish of a surface, the more 
light it reflects, and the less it absorbs. 
The percentages of light that will be reflected 

from some of the more common materials are as 
follows: 
Highly polished silver  92% 
Good silvered-glass mirrors  70% to 80% 
White blotting paper  82% 
Yellow paper   62% 
Pink paper   36% 
Dark brown paper  13% 
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The better classes of reflectors are used in direct-
ing the light of sources where we want it. The 
colors of walls and ceilings and their reflecting 
ability should also be considered in lighting interi-
ors of buildings. 

4 e 
Fig. 169. Note the angle of light reflection from a smooth surface as 

shown at "A." The illumination st "B" shows how light is re-
flected from both surfaces of a piece of silvered glass. 

ig. 170. This illustration shows how a curved reflector can be made 
to send all the light rays from a source in one direction. The 
shape of such a reflector is called a "parabola." 

159. CONTROLLING AND DIRECTING 
LIGHT WITH REFLECTORS 

Bare incandescent lamps are \von der f ti 1 source. 
of light, when we consider their efficiency and the 
quantity and quality of light they produce, but 
they may also be rather wasteful of light unless 
proper reflectors are used to direct their light 
where we want it. 

Bare Mazda lamps are a source of bad glare 
which is very tiring to the eye, and they create bad 

Fig. 171. Above are shown several types of porcelain enameled, 
metal reflectors. Note how their various shapes give different 
distribution of the light, as shown by the curves under each 
reflector. 

shadows which impair vision and are likely to cause 
accidents in industrial lighting. 
A bare lamp also wastes a great deal of its ligh 

which goes upwards and sidewise and not down as 
we usually want it to. So, to direct the light as 
desired, we use reflectors with the proper shapes 
and curves. These reflectors turn back the light that 
would otherwise go up and sidewise, and send it 
down either in a broad or narrow beam as desired. 

Fig. 172. The two top reflectors and the one at the lower left show 
how light can be controlled in any direction desired, by using 
the proper shape of reflector. The unit at the lower right shows 
a reflector which also has a glass diffusing bowl. 

160. TYPES OF REFLECTORS 
Fig. 171 shows several types of metal reflectors 

of different shapes, and beneath each one is shown 
the characteristic curve of light distribution for that 
type of reflector. From these curves it will be seen 
that the curvature of a reflector can be made to 
spread or concentrate the light more or less, as 
desired. 

Fig. 173. This larger view of the diffusing unit shows the position 
of the bulb and glass bowl in the reflector. This is a very efficient 
and popular type unit for factory lighting and other similar work. 
(Illustration Courtesy of Benjamin Electric Co.) 

Fig. 172 shows several other types of reflectors. 
The upper two are used for throwing the light,. 
one side and downward, and the lower left one f 
spreading the light in two narrow horizontal beams. 
The lower right hand unit is a combined reflector 
and glass diffusing bowl. 
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The ordinary reflectors direct the light down-
Ale ard and shield the eyes from side glare of the 
mpamps. This is often sufficient when the lamps are 

mounted high enough to be above the ordinary line 
of vision. 

Fig. 174. This shows the manner in which the light distribution from 
a lamp or reflector can be plotted on a chart, to give a charac-
teristic curve for that light or reflector. 

The reflector unit with the glass bowl reflects the 
light downward, and the bowl enclosing the bulb 
has a milky white color and spreads or softens the 
light from the bulb so there is no glare even when 
looking up at the unit from underneath. Broaden-
ing the source of light in this manner also softens Snte shadows a great deal, making this type of light-
g unit a very popular one for commercial and 

industrial buildings. 
Fig. 173 shows a larger view of this unit and also 

a sketch which shows the shape of the glass bowl 
and the location of the lamp. These units have 
ring-shaped slots in the top of the reflector to allow 
a small amount of light to reach the ceilings, and 
eliminate the dark spots that would otherwise be 
above a metal reflector and cause quite a contrast 
to the lighter areas around them. 

4) 
1-sig. 175. Corrugated, mirrored glass reflectors of the above type are 

very efficient in preventing side glare and directing light down-
wards to Use surface whore it is desired. 

161. ENAMELED METAL REFLECTORS 

The inside surfaces of metal reflectors of the types 
here shown are covered with heavy white porcelain 
enamel, to give them a high reflecting efficiency. 
While polished metal can be used as a reflector it 
usually tarnishes in a short time and is then not 
much good. So porcelain enamel or glass is better. 

Fig. 174 shows a curve of light distribution, and 
also the manner in which the various candle-power 
measurements are plotted on the chart to indicate 
the illumination intensities at different points along 
the curve. 

Fig. 176. Corrugated glass reflectors of this type break up or diffuse 
the side rays from a lamp and also reflect • greater portion of 
the light downwards, as shown in the curve at the right. 

162. MIRRORED GLASS REFLECTORS 

Glass shades and reflectors are also used exten-
sively where there is not too great danger of break-
age. Some glass reflectors have the outside silvered 
and then covered with dark paint. The silvered 
surface makes the inside of the unit of higher re-
flecting efficiency, and the dark paint stops all side 
light and glare. 

Fig. 175 shows several types of glass reflectors of 
this kind. You will note that the glass is corrugated 
to break up the light rays, diffusing them enough to 
prevent reflection of the sharp outlines of lamp fila-
ments. If this is not done the light from such a 
reflector might cause spots of glare on glossy paper 
or bright metal surfaces if they were worked upon 
under these lights. 
Another type of glass reflector in quite common 

use is the sharply corrugated type shown in Fig. 
176. These reflectors break up the light from the 
bulb enough to reduce the side glare considerably. 
While they don't soften the light source as much 
as some of the other types, they are very good for 
certain applications. Note the curve of light dis-
tribution for the reflector in Fig. 176 which shows 
that this type of unit directs a greater part of the 
light downward. 

Fig. 177 shows one of these glass reflectors with 
a special type of holder which allows them to be 
easily removed for cleaning. This reflector has a 
different shape from the one in Fig. 176, which you 
will note changes its light distribution curve con-
siderably. 

163. PRISMATIC REFLECTORS 

This type of glass reflector is made with grooves 
running in both directions, so that its outer surfa..7t. 
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Fig. 177. These glass reflectors mounted in convenient hangers, as 
shown above, are very commonly used in factory lighting and 
in some classes of  I office lighting. 

in reality consists of a number of little prisms, 
which very effectively break up or diffuse the light. 
Ilese reflectors present a very good appearance and 
are quite frequently used in office and store lighting. 
Fig. 178 shows three units of this type. You will 
nc that the bulbs are entirely enclosed with these 
fixtures, so there is no chance of any direct glare 
from the lamp. 

:64. OPAL GLASS REFLECTORS AND 
DIFFUSING BOWLS 

Glass lighting fixtures using white or opal-col-
ored glass are made in a great variety of shapes and 
sizes for general lighting and offices and stores. 
Opal-colored glass diffuses the light very effectively, 
and thus softens the source so there is very little 
glare or shadow if the fixtures are properly in-
stalled. 

Fig. 178. Several styles of prismatic glass lighting units. Note that 
these units completely enclose the lamp so that all light is 
diffused or softened before reaching the eye. 

There are two different grades of opal glass, 
known as light opal and dense opal, either of which 
will, of course, absorb or stop a certain amount of 
light from the bulb. But this small loss is more 
than made up by the greater efficiency of light-
ing which is free from glare and shadows. Persons 
can actually see much better with a little less light 

if these effects which are so tiring to the eye are 
not present. 

Fig. 179 shows two types of glass bowls of 110 
very popular style. These are fastened in the metal 
canopy with thumb screws, which can be seen in 
this illustration. This enables the globes to be 
easily removed for cleaning and replacing the bulbs. 
\Vhen attaching the globes to a fixture of this type, 
the thumb screws should be tightened firmly and 
evenly; but not too tight, as it is possible to crack 
the glass globe in this manner. 

Fig. 178. Enclosing glass bowls with milky white or opal colored 
glass, make very efficient units for office lighting. 

Fig. 180 shows two styles of glass fixtures which 
are made for mounting closer to the ceilings. 

Glassware or fixtures of the types here described 
can be plain opal-colored, or made more ornamental 
with decorative painting on the outside. These 
decorations, of course, reduce the efficiency of the 
fixture somewhat by absorbing a certain amount 
of light. Fig. 181 shows another popular type of 
glass fixture in which the lower part of the bowl 
is opal-colored and the upper part is clear glass. 
Then, above the bowl, is suspended a broad opal 
reflector. The clear glass in the top of the bowl 
allows considerable light to go upward and strike 
the under side of the opal reflector, from which it 
is again deflected downward to the working surface. 
Glass lighting fixtures of these types allow a cer-
tain amount of light to go upward, lighting the 
ceilings more or less uniformly, and present a very 
cheerful appearance as well as softening the light 
generally and reducing shadows. 

165. GENERAL CLASSES OF LIGHTING 
UNITS 

Lighting fixtures are often classed in three gen-
eral divisions called :—Direct, Indirect, and Semi. 
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Indirect. The direct lighting fixture is one from 
which the greater part of the light comes directly *from the bulb down to the working plane. The metal 
and glass reflectors of the first types described 
come in this class. The indirect lighting fixture 
is one in which no light comes directly down from 
the bulb to the working plane, but instead is all 
first thrown upward to the ceiling or to a broad re-
flector above and then directed downward. Lights 
of this type are used where it is very essential to 
avoid even the slightest glare and to eliminate 
shadows almost entirely. With such fixtures we 
might say that the ceiling is our secondary source 
of light; and as we know that shadows are more 
pronounced when the light comes from small 
"point" sources, we can readily see that light com-
ing from the broad area of a ceiling would produce 
almost no shadows. 

• 
Fig. 188. Short fixtures of the type shown above can be used for 

mounting close to the ceiling in low rooms. 

Fig. 182 shows a view in a drafting room which 
is lighted with indirect fixtures of this type. You 
will note that the light is all directed first to the 
ceiling and produces a very uniform light through-
out the entire room. While this type of light is a 
little more expensive and requires more lamps and 
current than a direct lighting installation, it is one 

-̀11e.-7nr—," 

Fig. 181. This fixture has a bowl, the lower part of which is white 
to diffuse the light, and the upper part is clear to allow the light 
to go upward and strike the reflector, from which it is directed 
back to the working surface in a well diffused mum«. 

of the very best classes of installations where exact-
ing work is to be done. 

Semi-indirect fixtures are those from which part 
of the light is directed downward through a diffus-
ing globe, and the balance is thrown upward, and 
then reflected back by the ceiling. Some fixtures are 
also classed as Direct Diffusing, because while prac-
tically all of their light is thrown directly down to 
the working plane, it must pass through a diffusing 
bowl as with some of those previously described. 

•••• ..•••• 

IL 

Fig. 182. This drafting room is lighted with indirect fixtures which 
throw their light to the ceiling first. The ceiling then reflects 
it downward to the working surface. 

166. DEPRECIATION FACTOR 
Almost all lighting fixtures are subject to a very 

definite reduction in efficiency from the collection 
of dust and dirt on their light transmitting or re-
flecting surfaces. Few people realize what an effec-
tive absorber of light a thin film of dust actually is. 

In some installations where a beautiful selection 
of fixtures has been made and the lighting is of very 
sufficient intensity when the installation is new, 
after a few months the dirt that is allowed to ac-
cumulate on the fixtures absorbs from 1/t to 34 of 

Fig. 183. This Is an actual photo showing how much of the light 
can be lost if the reflectors are not kept cleaned. 

the light. This is particularly true in certain in-
dustrial plants where smoky, oily, and dusty atmos-
pheres exist. Fig. 183 shows an actual view of a 
fixture of which one side has been cleaned and the 
other side left with the remaining accumulation of 
oil and dirt. This is undoubtedly a worse case than 
is ordinarily encountered, but it serves as a good 
illustration of the necessity of keeping fixtures 
clean. Regardless of the amount of money spent 
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in purchasing fixtures that will eliminate glare and 
shadow, a great deal of the electricity used will be 
wasted and the lighting will be unsatisfactory if 
the fixtures are not kept clean. An occasional wash-
ing with soap and water will remove ordinary 
dust and dirt from lighting fixtures, and where nec-
essary special cleaners can be employed. 
Of course, it is impossible to prevent some dust 

and dirt from accumulating, even if the fixtures 
are cleaned frequently; so when we are selecting 
fixtures we generally allow a certain amount for 
this Depreciation Factor. This will vary from 1.2 
to 1.6, and a good, safe average value to use is 1.4. 
This means that in planning a lighting installation, 
after determining the foot candles of lighting inten-
sity that would be required to produce the de-
sired illumination, we should then multiply this 
by the figure 1.4, to have enough light reserve to 
keep the lighting satisfactory in spite of ordinary 
depreciation. 

Fig. 183-B. Special hangers of the above type are often used with 
lamps which are mounted very high in shops or factories. They 
allow the lamps to be lowered with a chain for convenient cleaning 
and repairing. 

Some fixtures, of course, collect more dust than 
others in the vital places where it interferes with 
their light distribution. In some cases when buying 
fixtures, the depreciation factor for that particular 
type will be given by the manufacturer or dealer, 
but when this value is not known, the average 
factor of 1.4 can be generally used. 

167. COEFFICIENT OF UTILIZATION 
Another very important item to consider in plan-

ning a lighting installation is what is called the 
Coefficient of Utilization. You will recall that 
earlier in this section we mentioned that, if we 
knew the number of square feet that had to be illu-
minated and the foot-candle intensity to which it 
was desired to illuminate the area, the product of 
these values would give the lumens that would 
have to be utilized to produce the desired illumina-
tion. 
When we say these lumens must be utilized we 

mean that they must be effectively used and not 
absorbed or wasted in other places besides the 
working surfaces. Only a part of the total light 

emitted by any lamp reaches the working plane, 
as a certain amount will be absorbed by the re-
flector or enclosing glassware of the fixture, an 
some will be absorbed by the walls, ceilings and 
other objects. In some cases part of the light that 
is directed upwards and sidewise from the fixture 
is again reflected to the working surface. 
The coefficient of utilization therefore refers to 

the percentage of light used at the working plane. 
So we find that the coefficient of utilization de-

pends on the type of fixtures; and on the color of 
walls and ceilings to quite an extent, as the darker 
colors absorb and waste much of the light from the 
source, while light colors reflect back to the work-
ing surface more of the light which strikes them. 
Under average conditions a unit of the type 

shown in Fig. 173 has a coefficient of utilization of 
about .70. 

Fig. 184 shows a table of coefficients of utilization 
for various types of reflectors. You will note that 
the figures given vary for light or dark walls and 
ceilings. 
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Fig. 164. This table shows the percentage of light which we can expect 
to obtain at the working surface, from lampa used in differe 
types of reflectors, and in rooms of different shapes. Note that 
color of walls and ceilings also influences this percentage. 

The ratio of the room width to its ceiling height 
is also considered, because in narrow high rooms 
more of the light strikes the walls. In wide rooms 
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Fig. as. This sketch shows how the walls of narrow rooms absorb 
a certain amount of the light. if the wall in this case was removed 
and the room was twice as wide, note bow the light beams from 
the two lamps would overlap and produce more light on the 
benches. 

which are not obstructed by partitions, the light 
from the several lamps overlaps and not as much 
of it is absorbed by walls; thus the utilization factor 
is raised somewhat. Fig. 185 shows a sketch of a 
room and what the effect on the light would be, 
both with and without the center partition. 

Fig. 186 shows the amount of light absorption and 
reflection obtained from painted walls and ceilings 
of different colors, and from this we can see that 
in many cases it would pay to coat them with white 
or light colored paint, to reduce light waste by 
absorption. The white or lighter colored paints 
greatly improve the utilization factor by increasing 
reflection. 
168. WORKING PLANE 
Now that we have considered some of the more 

common types of lighting units for industrial and 
commercial lighting and some of the important leoints governing their efficiency, let us find out 
something about the proper location and arrange-
ment of lights to obtain best results and efficiency. 

In mounting fixtures for industrial or commercial 
lighting we must consider the distance the light will 
have to travel from them to reach the Working 
Plane. This term refers to the level at which the 
tight is used. In an office, it may he the top of the 
desk: or in a drafting room, the top of the tables: 
in a store, the counter top: and in a machine shop, 
the height of the machine or bench at which the 
operator works. 
As it is very seldom that the maximum light is 

wanted at the floor, we must plan to obtain the 
proper intensities at the working plane. 
Examination of the enuipment or work in a room 

or hnilding, will readily show at what height from 
the floor the working plane is: but if no measure-
ments can he made, it is usually assumed to be 
about 21/, feet from the floor. 
169. MOUNTING HEIGHT 
The next important point to consider in the loca-

tion of the fiYtures is the proper Mounting Height. 
This is the perpendicular distance from the working 
plane to the source of light: and it is. of course, 
this distance that affects the coefficient of utiliza-
tion and the light intensity obtained at the work-

Mine plane. 
1111J The distance from the floor to the ceiling in any 

room is called the Ceiling Height. 
With direct lighting the source of light is the 

lamp itself and is reflector. In indirect and semi-

indirect lighting the source is considered to be at 
the ceiling. Fig. 187 illustrates this. 

170. NUMBER AND LOCATION OF LIGHTS 
In general. we should never try to skimp on the 

number of lights or lighting circuits when plan-
ning a lighting installation. If good lighting is 
economy, then it is certainly false economy to try to 
save on wiring materials or fixture costs by cutting 
down on the number of lighting outlets or trying to 
spread them as far apart as possible. 
At the rate standards of lighting are improving 

today in all classes of up-to-date buildings, it is far 
better to plan for the future and to put in adequate 
lighting while it is being installed. 

Best results can be obtained by having sufficient 
outlets close enough together to give even distribu-
tion and uniform lighting. 

LIGHT ADSORBED 

8 

LIGHT 'REFLECTED 

80% 

70% 

Fig. 11111. The above chart shows the percentages of light that will 
be absorbed and also the percentage that will be reflected, he 
walls and ceilings painted with different colors. 

171. SPACING DISTANCE 
In small rooms that are enclosed by permanent 

partitions and where one lamp is sufficient, it is, of 
course, a simple matter to locate this unit in the 
center of the ceiling. In large rooms where a num-
ber of lamps are necessary, we need some rule or 
standard by which to determine the number and 
spacing of the lights. 
The distance between lights or lighting outlets 

is known as the Spacing Distance. This distance 
will vary somewhat with the shape and height of 
the room, but it can easily be determined by the 
following simple rule: For best efficiency the spac-

D meet Direct Dif tieing Indirect Sinei Indirect 

Mount ing Mou:ntm 
Height Heiht 

Floor 

11i. 1St Tide delete show. hew the mounting height Is *Ulna 
different types al Isturee. 



230 Illumination. Practical Lighting Problem 

ing distance should be the same as the mounting 
height. 

In some cases this may seem unnecessarily close, 
but if good illumination is desired, lights should 
seldom be spaced more than 13/2 times the mounting 
height. There may be certain cases where a build-
ing when it is first erected will not need that much 
general lighting, but if it is later changed to some 
other use, the standard amount of illumination may 
become very necessary. 

172. LIGHTING BAYS 
In large rooms where a number of lights are to 

be installed they should be lined up as neatly as 
possible for good appearance. In some buildings 
the larger rooms have posts or supports at uniform 
distances throughout them, which sort of divide 
them into Bays. If possible, the lights should be 
arranged uniformly in these bays. 

In planning an illumination layout, however, we 
should divide the room or space into imaginary 
bays or squares, as soon as the mounting height 
and spacing distance have been determined. The 
width of each bay should be made the same as the 
spacing distance, and each bay should have a light 
in the center of it. See Fig. 188. 

173. PRACTICAL ILLUMINATION 
PROBLEM 

Let us assume that the size of the room shown 
in this Figure is 30x40 ft., and 13 ft. high. We will 
assume that the working plane is 21/2 ft. from the 

floor, and that the lighting units will hang down 
23/2 ft. from the ceiling. In this case our mounting 
height will be 13' — 5', or 8'. Then, for maximutra 
efficiency, the spacing distance should be about 8 ft.,‘Ir 
and not over 12 ft., if good lighting is desired. As 
the building is 30 ft. by 4-0 ft., a spacing distance 
of 10 ft. will give us 10-foot light bays, which will 
fit this space evenly. So we will adopt the 10-foot 
spacing distance, and bays 10'xilY, as shown by the 
dotted lines. This layout will require 12 lights. 
Spacing the rows of lights 10 ft. apart leaves 

5 ft. between the outside rows and the walls; which 

D 

S. D. 

o 

Fig. 188. Dividing the area which is to be illuminated into "light 
111 bays," as shown by the dotted lines, greatly simplifies an illumina 

tion problem. 

Fig. 1M-B. This photo shows a view in a well lighted machine shop. It is easy to understand why production can be increased and greater 
safety obtained in a shop which is lighted in this manner. (Photo Courtesy Light Magazine). 
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should be all right, unless some special bench work 
is to be done along the walls. 

dik Now that we know the number of lights to use 
nd that the area of the bays to be supplied by each 

light is 10x10, or 100 sq. ft., our next step is to 
choose the desired illumination intensity. 
The required intensity in foot candles will vary 

considerably for various classes of work. For ex-
ample, a shop doing nothing but coarse assembly 
work may only require 8 to 10 foot-candles (F.C.) 
while another shop doing very fine machine work 
may require 20 to 50 F.C. A store or office may 
need 10 to 20 F.C., while a drafting room or sew-
ing room requires 20 to 40 F.C.) 
Let us assume that our problem is for an office 

building where the owner desires 15 F.C. intensity. 
Now, in order to determine the required lumens 

to produce this intensity, we recall that we must 
consider the utilization factor, according to the 
type of fixture and the color of the room walls and 
ceiling. We will use for this job a light opal-glass 
unit of the semi-enclosed type, and assume our 
walls and ceilings are both light colored. 
Looking up this fixture in the table of utilization 

coefficients in Fig. 184, and in the column for light 
walls, light ceilings, and a room with a ratio of 
width to height of about 2, we find the coefficient 
is .45. 

If we wish to assure the proper lighting intensity Ster the fixtures are installed a while, we must also 
nsider the depreciation factor of, say 1.4. 
Now we are ready to lay out all this data in a 

simple formula to make our final calculation of re-
quired lumens as follows: 

F.C. X B. A. X D.F. 
L 

C.U. 
In which: 

L = Lumens required per bay 
F.C. = Foot-candles desired intensity 
B.A. = Bay area (one bay) 
D.F. = Depreciation factor 
C.U. = Coefficient of utilization 

So, substituting our values, we have: 

15 x 100 x 1.4 
  , or 4666 -I- Lumens per bay. 

.45 

Now, from our table of lumen output of Madza 
lamps in Fig. 164, we find that a 300-watt lamp gives 
5520 lumens, so that would do very well for this 
job. 

It will be well to review this problem until you 
thoroughly understand each step of it and the rea-
sons for using each of the factors we applied in 
calculating the spacing distance, size of bays, num-
ber of outlets, size of lamps; as these are the im-
portant factors in any commercial illumination i -oblem. Once you have obtained an understanding 

,these fundamentals and a little practice in using 
them in the simple formula given here, you should 
be able to lay out a practical illumination job very 
easily. 

174. STANDARD ILLUMINATION INTENSI-
TIES IN FOOT-CANDLES 

For your convenience in determining the proper 
illumination intensity to use for various classes of 
work and different buildings, a list of the standard 
foot-candle intensities for the most common classes 
of lighting is given here: 

RECOMMENDED FOOT-CANDLE 
INTENSITIES 

COMMERCIAL INTERIORS 
Auditoriums    3 to 
Automobile showrooms  10 to 20 
Banks   10 to 20 
Barbershops   10 to 20 
Bowling alleys (general)  8 to 10 
On pins   20 to 30 

Pool and billiards (general)  8 to 10 
On tables   20 to 30 

OFFICES (private and general)  10 to 30 
Close work   20 to 30 
No close work  10 to 20 
File rooms   8 to 10 
Vaults   8 to 10 
Reception rooms   8 to 10 

RESTAURANTS   8 to 10 

SCHOOLS   8 to 30 
Auditoriums   8 to 10 
Drawing rooms   20 to 30 
Laboratories   10 to 20 
Manual training rooms  10 to 20 
Study rooms and desks  10 to 20 

STORES 
General   10 to 20 
Automobile   10 to 20 
Bakery   10 to 20 
Confectionery   10 to 20 
Dry goods   10 to 20 
Grocery   10 to 20 
Hardware   10 to 20 
Meat   10 to 20 
Clothing   10 to 20 
Drugs   10 to 20 
Electrical   10 to 20 
Jewelry   10 to 20 
Shoe   10 to 20 

SHOW WINDOWS 
Large cities 
Downtown  100 to 200 
Outer districts  50 to 100 

Neighborhood stores   30 to 50 
Medium-sized cities 
Downtown   50 to 100 
Outer districts   30 to 50 

Small towns   30 to 50 
THEATRES 
Auditoriums   3 to 5 
Foyer   8 to 10 
Lobbies .............. _ ..... 10 to 20 
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CHURCHES 
Auditorium   8 to 10 
Sunday-school rooms   10 to 20 
Pulpit or rostrum  10 to 20 
Art-glass windows   30 to 50 

INDUSTRIAL INTERIORS 
ASSEMBLING 
Rough   8 to 10 
Medium   10 to 20 
Fine   20 to 30 
Extra fine   50 to 100 

MANI 'FACTURING 
Screw machines   10 to 20 
Tool making   20 to 30 
Inspecting   50 to 100 
Drafting r000ms   20 to 40 

ELECTRICAL MANUFACTURING 
Battery rooms   8 to 10 
Armature winding   12 to 20 
Assembly   10 to 20 

FOUNDRIES   10 to 20 
MACHINE SHOPS 
Rough work  8 to 10 
Grinding and polishing  10 to 20 
Fine machine work and grinding  20 to 50 

TEXTILE MILLS  10 to 30 
ENGRAVING   25 to 100 
JEWELRY MANUFACTURING  50 to 100 
This list of recommended illumination intensities 

will give the proper values for most any kind of 
ordinary illumination. While it does not, of course, 
mention every possible class of work, a general 
study of the intensities required for the various 
types of work covered will enable you to determine 
the proper intensities to use on almost any problem 
you may encounter. 
The lower values given in the list are the mini-

mum values for efficiency in the class of work for 
which they are given. The higher values are recom-
mended as the best practice where maximum effici-
ency is desired. 
When we sum up the recommendations given in 

the foregoing list, we find that a good general 
division of proper intensities to keep in mind is 
as follows: 

5 to 10 FOOT-CANDLES 
Suitable for coarse work, such as rough assem-
bly and packing. Sufficient for warehouses, 
stockrooms, aisles, etc. This is enough light to 
prevent a gloomy appearance. 

10 to 15 FOOT-CANDLES 
Considered good lighting for most kinds of 
work on light-colored surfaces, but is not suffi-
cient for fine details on dark-colored surfaces. 

15 to 25 FOOT-CANDLES 
Excellent lihtin. Permits quick and accurate 
work, and stimulates workmen and speeds up 
production enough to more than pay for the 
small extra cost of the light. 

50 to 100 FOOT-CANDLES 
Needed only for extremely fine and accurate 

operations, inspection, etc. Generally used only 
at local spots where needed, and along with gen-
eral lighting of lower intensities. 

Another good general rule to remember is that,. 
for ordinary factory lighting, 200-watt lamps in 
standard R.L.M. reflectors and spaced 10 ft. apart 
will usually give very satisfactory lighting. The 
R.L.M. dome is a common type of unit which is 
approved by the Reflector and Lamp Manufacturers 
Association, and is very commonly used in indus-
trial lighting. 

If there are certain sections which require more 
light, larger bulbs can be used in the units at these 
points, provided the outlets are wired to stand the 
increased load. For this reason it is usually better 
to install wires plenty large enough to carry a cer-
tain increase of load in case of future improvement 
in the lighting. 
Observing the lighting needs and selecting and 

recommending the proper illumination intensities 
for various buildings and classes of work is a very 
interesting and profitable field, and should prove 
very easy and enjoyable work for the man with a 
good understanding of the fundamental principles 
of illumination covered in this section. Practice 
using the tables and simple formulas, until you can 
use them easily in planning any ordinary illumina-
tion system. Fig. 188-B shows a splendid example 
of good illumination in a machine shop. 

175. FACTORY LIGHTING PROBLEM • 
Suppose we have a job of lighting a factory room 

55 ft. wide, 100 ft. long, and 17 ft. high. The work 
to be handled is not very fine, the material is light-
colored, and the owner desires good illumination, 
which in this case should be obtained with an in-
tensity of about 12 foot-candles. 
Let us say the average working plane is about 

30 inches, or feet, from the floor; and that the 
lighting reflectors chosen will hang down feet 
from the ceiling. Then if the room is 17 ft. high, the 
mounting height will be 17 — 5 = 12 ft. 
We decide to use the maximum efficient spacing 

distance, which we have learned is times the 
mounting height. Then X 12 = 18 ft. spacing 
distance. 
Each light bay will then be 18' X 18' or 324 sq. ft. 

This figure will be approximate and may need to 
be corrected to suit the shape of the room, for even 
rows of lights. Then, to find the number of outlets, 
we can divide the total floor area by the square feet 
per bay. The floor area will be 55' x 100' = 5500 
sq. feet. Then 5500 + 324 = 16.9+; or, we will say, 
17 outlets. 
Now, as our room is nearly twice as long as it is 

wide, a good uniform arrangement will be the three 
rows of 6 outlets in each. or 18 outlets. This wil 
be one more than our figures call for, but when bal 
ancing up the rows for appearance. it is always bet-
ter to add a light or two than to remove any. See 
the layout for this problem in Fig. 189. This ar-
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rangement will give a spacing of 18Y3 ft. between 
the rows of lamps, and 16V3 ft. between the lamps ein the rows. It also leaves a space of 9% ft. be-
tween the rows and the walls on the sides, and 85/3 
ft. at the ends. 
Now that we have decided upon the number of 

outlets, our next step is to determine the exact 
number of sq. ft. per bay. So we will divide the 
total floor area by the number of outlets, or 5500 
+ 18 = 305.5+ sq. ft. per bay. 
Before we can complete our problem and deter-

mine the number of lamp lumens required per bay 
to maintain 12 foot-candles of illumination, we must 
consider our utilization and depreciation factors. 

toe 

Fig. 1». lists sketch shows the arrangement and spacing of lights 
for a practical factory lighting job. 

We will assume that we are going to use steel Odome, porcelain-enameled reflectors, and that the 
walls and ceilings of the room are both light-col-
ored. 
By referring to the table in Fig. 184, we find that 

for this fixture used with light walls and ceilings, 
and in a room whose ratio of width to height is 
about 2, the utilization factor is .57. Then, using 
1.4 as our average depreciation factor, our problem 
can be completed by the formula for lumens, which 
we have previously used. 

12 F.C. X 305 B.A. X 1.4 D.F. 
L 

.57 C.U. 
In which we will recall— 

F.C. = Desired foot-candles 
B.A. = Bay area in sq. ft. 
D.F. = Depreciation factor 
C.U. = Coefficient of utilization 

Working out this formula with our figures for 
this job, we find it gives 8989.4+ lumens required. 
Then, from the table in Fig. 164, we find that a 
500-watt lamp gives 9800 lumens, so it will be 
plenty large enough for this job. 

If the glare from bare bulbs in these units should 
be objectionable to any of the operators, we can 
install bowl frosted lamps. 
The upper view in Fig. 190 shows what happens 

when lighting units are spaced too far apart. This 

eproduces contrasting spots of bright light with 
shadows in between, and is very poor practice. The 
lower view shows the more uniform illumination 
obtained by proper spacing of the units at distances 
not to exceed times their mounting height. 

176. OFFICE LIGHTING PROBLEM 
In another problem, suppose we have a room 

92 ft. square and 13 ft. high which we wish to 
illuminate to an intensity of 10 foot-candles, with 
indirect lighting fixtures. Assume the working 
plane to be 3 ft. from floor. 
When using indirect fixtures, we will remember, 

our source of light is considered to be at the ceiling, 
so in this case we do not subtract the length of the 
fixture from the ceiling height to obtain the mount-
ing height. Instead, we subtract just the height of 
the working plane; so 13 — 3 = 10 ft., which will be 
the mounting height. 

In this case we will use the proper spacing dis-
tance for maximum efficiency, which is the same as 
the mounting height, or 10 ft. Then the first esti-
mate for the bays will be 10' X 10' or 100 sq. ft. 
The total floor area is 92' x 92' = 8464 sq. ft. Then 

the estimated number of outlets will be 8464 + 100 
= 84.6+. 
As the room is square, we can use 9 rows of 

9 lights each, or a total of 81 outlets; which is 
close enough, because we are using close spacing 
anyway. 
Now to get the accurate number of sq. ft. per 

bay, we divide the total floor area by the chosen 
number of outlets, or 8464 + 81 = approximately 
1041/2  sq. ft. per bay. 
We will assume the walls and ceilings to be light-

colored, as the ceilings should certainly be to get 
reasonable efficiency from indirect fixtures, with 
which the light must be reflected from the ceiling. 

Fig. 190. Note in the upper view the very undesirable effect of uneven 
illumination, which results from spacing lighting units too far apart. 
Below is shown the much more efficient lighting obtained with 
proper spacing distance. 

Referring to Fig. 184 again, we find the coefficient 
of utilization for indirect fixtures and light-ceilings 
and walls is .42. This is for a room of 5 to 1 ratio 
of width to ceiling height; as the one in our problem 
has a ratio of about 7 to 1, or 92 + 13. But the 
table only gives these ratios up to 5, and we will 
recall that on ratios above 5 the difference is very 
little anyway. 
With indirect fixtures, the depreciation factor is 

likely to be rather high unless both the fixtures 
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Fig. 191. This photo shows a view in a well lighted store. Plenty 
of good light always pays in such places as this. (Photo Courtesy 
Light Magazine). 

and ceiling are kept very clean; so we will use 
1.6, or the maximum average depreciation factor. 
Then our final problem can be stated in the for-

mula: 

L 10 >( 104.5 >< 1.6, or 3981-lamp lumens 
.42 required. 

From the table in Fig. 164, we find that the next 
size larger than this i• a 300-watt lamp, which gives 
5520 lumens. This is more than our estimate calls 

for but it is a good general rule always to select a 
lamp with the next larger rating in lumens, rather 
than to use one smaller. 

Of course, if we find that for a certain layout 
the next larger lamp has a considerably greater 
lumen output than is actually required, we can, if 
desired, rearrange the layout to slightly increase 
the spacing distance and size of bays. But, in gen-
eral, it is a good plan to have a little extra light, 
to keep it up to standard after the bulbs and fixtures 
start to depreciate. 
Another thought to always keep in mind, is that, 

while a certain illumination system may be con-
sidered excellent today, in a year or two it may be 
desired to increase the intensity considerably with 
improving standards. 

Fig. 191 shows a well-lighted store in a medium-
sized town, using 500-watt lamps on 10-ft. centers. 
For store and office lighting, it is general prac-

tice to use direct-diffusing, indirect, or semi-indirect 
fixtures. Both the opal glass bowls and prismatic 
glass are quite popular. 

In office lighting jobs, one should always inquire 
whether the present layout of desk, equipment, and 

Fig. 112. A well Ughted office, such as shown above, permits much taster and more efficient work with less eya strain for employees. 
It also provides a more cheerful atmosphere which improves th. morale of those working in such places. (Photo Courtesy Light 
Magazine). 
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small private offices is permanent or not. Many 
Amwoffices change these things around quite frequently, 
Ipind in such cases good general lighting which is 

sufficient for almost any work or condition in the 
office will save a lot of trouble and remodeling of 
the lighting system. 

Fig. 192 shows a very good office lighting system 
using enclosed glass bowls, which diffuse the light 
nicely over the desks and equipment. 

Fig. 193 is an installation of indirect lighting 
units, which shows the soft even light distribution 
obtainable with such fixtures and the absolute free-
dom from glare or noticeable shadows. 

lg. 193. This office is bighted with indirect units which are ideal for 
avoiding all glare and shadow effects. (Photo Courtesy Light 
Magazine). 

177. SHOW-WINDOW LIGHTING 

Show-window lighting is a branch of store light-
ing which has proven to be one of the best sales 
stimulants that the modern store has. On busy 
streets where large numbers of people pass by, a 
well lighted show window with goods interestingly 
displayed will attract a great amount of attention to 
a store that many people might otherwise pass by. 
A number of tests made on stores with various 

show-window lighting intensities showed the inter-
esting average results listed in Fig. 194. 

In show-window lighting the light sources should 
be concealed, as we must remember it is not the 
lights the store owner wants to sell hut rather the 
goods the light is to shine on. 

tif ect of lighting ,ntensities on show window results 

F oot candles 
Intenstly 

increase tn 
ne of people. 
stopprrm 

Estimated 
hourly proFét 
on sale• 

Hourly 
111httwq 
cost 

M•rchonts 
net hourly 
lam 

15 7.50 3.5 cents. 

40 33% 10.00 7.5 .. 2.46 

100 73% 1300 113. 5.56 

Fig. 194. The above table shows the results obtained with different 
lighting intensities in show-windows. Such tests as this certainly 

4 prove that good show-window lighting pays. 

The reflectors should be set so their light shines 
downward and back into the window, in order to 
put proper light on the side of the objects which 
faces toward the customer. The light should never 

Shad Drapery 
o hide iort9 

Window 

Side walk 

Fig. 195. This illustration shows how the light should be directed on 
the objects displayed, and not toward the window or observers. 

be directed toward the window glass or passers by, 
as it would then have a tendency to cause glare in 
people's eyes and defeat its entire purpose. Fig. 195 
shc,ws how a lighting unit can be concealed in the 
front top corner of the window, and the manner in 
which it should distribute its light rays over the 
depths of the window. 

Fig. 114. A common type corrugated glass show-window reflector. Note 
how the light distribution curve compares with the desired angle of 
light shown in Fig. 195. 

178. SHOW-WINDOW REFLECTORS 

Fig. 196 shows a typical show-window reflector 
of the corrugated glass type, and also its curve of 
light distribution and the manner in which its shape 
directs the light to fit show-window needs. 
- Fig. 197 shows two of the corrugated glass show-
window reflectors with silvered and painted outer 
surfaces. The one on the left is shaped to throw 
the light down and slightly back into a shallow win-
dow, while the one on the right is curved to direct 
the light farther back into deep show-windows. 

Fig. 198 shows a group of show-window reflectors 
mounted behind the concealing curtain, as men-
tioned before. A row of 150-watt lamps in such 
reflectors as these, spaced on 12-inch centers, will 
give excellent show-window lighting. If the same 
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Fig. 197. Mirrored glass show-window reflectors with different shapes, 
to properly direct the light in windows of different depths. 

sized lamps and reflectors are spaced on 18-inch 
centers, It will give good lighting, and on 24-inch 
centers fair lighting. 

Foot-candle intensities for show windows were 
given in the list in Article 174. 

Fig. 199. This photo shows the manner in which show-window reflec-
tors should be mounted and concealed for best results. 

179. SPOT AND COLOR FLOOD LIGHTS 
Proper use of special show-window flood lights 

and colored spot lights on certain objects will give 
very beautiful and attractive effects that in prac-
tically every case will pay well for the cost of in-
stalling and operating. Fig. 199 shows an adjust-
able show-window flood light with a detachable 
color screen which can be fitted over it. A number 
of different color screens can be obtained at very 
low cost, to make changes in color effects, and to 
keep up interest in a window display. Fig. 200 
shows a spot light on the left, and on the right is a 
small reflector used for lighting display cases in 
store interiors. 

Fig. 200. On the left is shown a spotlight for concentrating bright 
light on certain objects in show-windows. The small reflector on the 
right is of the tyne commonly used in glass counters and display 
cases. 

180. COUNTER LIGHTING 
For lighting display cases and interiors of glass 

counters we can also use compact tubular reflectors 
with special long slender bulbs made for the pur-
pose. These reflectors fit neatly under the wood or 
metal corner frames of the counters, so they do not 
obstruct the view or create a bad appearance in the 
case. Fig. 201 shows the method of installing this 
material in a glass show-case. Fig. 202 shows several 
different lengths of these trough-like reflectors and 
a number of the fittings used with them. The wires 
can be run in special small tubing, some of which is 
also shown. 

clo Fig. 203 shows what remarkable effects can 
obtained with properly concealed show-wind 

LAMP SECTION 
OF WHATEVER 
LENGTH REQUIRED 

HEAR ENTRANCE 
STEM ASSEMBLY 

O 
- 

Fig. 191. Adjustable flood lights with colored screens can be used 
to produce beautiful and decorative effects. 

Fig. 201. Long trough-shaped reflectors with special tubular lamps are 
obtainable for convenient installation in glass counters as shown 
above. 
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lights, and properly distributed illumination in the 
window. 

Fig. VA. Show case and counter lighting units are made in convenient 
sections which can be easily plugged together for lighting cases 
of different lengths. 

181. ELECTRIC SIGNS AND BILLBOARDS 
Electric signs today are made in such a great va-

riety of styles and types and to produce such beauti-
ful and life-like effects in some cases, that one might 
think them very complicated devices. While some 
of the larger ones are marvelous pieces of mechan-
ical construction and use very ingenious arrange-

ments of electrical circuits, they are really not hard 
to understand for one who knows the principles of 
electric circuits and the general principles of sign 
construction and operation. 

182. BILLBOARD LIGHTING 
One of the simplest forms of illuminated signs is 

the billboard type which consists simply of large 
flat panels on which are painted the pictures and 
words of the advertisement. Many of the illustra-
tions for such signs are made up on large paper sec-
tions and pasted on the boards. This makes it eco-
nomical to change or renew them as desired. 

Billboards of this type are quite commonly equip-
ped with electric lights, because, in many cases, they 
actually attract the attention of more people when 
lighted at night than they do during daylight hours. 

Fig. 204 shows the common method of mounting 
the reflectors on conduit extensions out over the top 
edge of the board. With the reflectors in this posi-
tion they do not obstruct the view of observers, and 
they direct their light toward the sign and away 
from the observers' eyes, so that the lights them-
selves are hardly noticeable. 

Fig. 203. This exhibit of Mazda lamps in a show-window of an electric store, shows the vary kantifed and decoratiwely effects which caas 
be produced by proper snow-window ligoting. (Photo Courtesy of Light Magazine. 
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This is ideal, because it is the sign we want peo-
ple to see and not the lights. This principle is a very 
good one to keep in mind in illuminating problems, 
as the best results are often obtained by having the 
light sources practically concealed, or at least very 
inconspicuous; leaving the illuminated object to be 
the principal attraction to the eye. 

Billboard lights should be mounted several feet 
out in front of the boards as shown in Fig. 204, 
because if they are placed close to the top edge, 
the light strikes the board at a sharp angle and 
causes glare and shadows. Mounting them out the 
proper distance from the board allows their light 
to diffuse evenly over the board. 

Fig. 204. This view shows the manner of mounting reflectors on conduit 
extensions for billboard lighting. Note how the reflectors are curved 
to direct the light on the board, but away from the observers. 

In some cases where reflected glare from the 
lamps above the board comes at just the exact angle 
to strike the eyes of observers who are slightly 
below the board, the lights can be arranged out in 
front of the bottom edge of the board and pointed 
upward, as shown in Fig. 205-B. This method of 
mounting can also be used where billboards are 
viewed from above and we desire to keep the re-
flectors out of the direct range of vision. 
The mounting as shown in Fig. 205-A is to be 

preferred whenever it is possible to use it, because 
the position of the reflectors keeps their inside sur-
faces and the bulbs more free from dirt and rain. 

Billboard reflectors mounted on conduit exten-
sions should usually be braced with steel wires 
running to the top of the board, to prevent the 
wind from blowing the reflectors sidewise. 

183. ELECTRIC SIGNS, CONSTRUCTION 
AND OPERATION 

Many electric signs are made of steel framework 
covered over with sheet metal. These can be made 
in square, round, high narrow, or long horizontal 
shapes; as well as ornamental designs. Some signs 
of this type merely have letter shapes cut in the 
sheet metal on both sides and covered with opal or 
colored glass. Light bulbs inside them cause the 
glass letters to show up brightly at night. 

Fig. 205. If objectionable glare is produced by mounting the units 
above the board as in "A," they can be reversed and mounted 
below as shown at "B." 

Other signs have lamp receptacles screwed into 
small round holes in the sheet metal, and bulbs 
screwed in these receptacles and projecting out from 
the face of the sign. These bulbs can be obtained in 
various colors, and arranged in rows to form letters 
or patterns of almost any desired shape. 

Beautiful action effects can then be obtained by 
connecting the bulbs to motor-driven flashers. By 
causing groups in sign borders to light up and go 
out progressively or in numerical order, they can 
be made to appear as though they are actually mov-
ing, thus giving the "chaser" and "fountain" bord 
effects, and other action displays so commonly use 
on large signs. 

Fig. zegi. This diagram shows connections for a sign floater to be 
used to light the lampe 1, 2, 3. 4, etc., In rotation. 

184. FLASHER CIRCUITS 
Fig. 206 shows how a flasher can be connected to 

light a row of lamps in order, and then extinguish 
them in the same order. A motor-driven drum haill 
a number of circular metal segments attached to it, 
and arranged with their ends staggered, or one be-
hind the other in a slanting row. A number of 
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spring-brass or copper brush contacts slide on these 
segments as the drum is rotated. The metal strip 

Ank on the left end of the drum may be continuous, or 
w nearly so, in the form of a ring around the drum. 

This ring is connected by a "jumper" to all other 
segments, so with one line wire connected to the 
left brush contact, all segments are kept alive or in 
contact with the lower live wire throughout the ro-
tation of the drum. 

If the drum rotates in the direction shown by the 
arrow, the segments will strike the stationary con-
tacts in order, from left to right, closing the circuits 
to the lamps in order—I, 2, 3, 4, 5, etc. All lamps 
are connected by a common wire back to the top 
line wire. 

Fig. 216-A. Wiring diagram for two flashers used to obtain combination 
effects on an electric sign. The flasher at the left controls the 
border lamps only, while the one on the right controls the letters 
of the sign. 

Flashers of this type can be obtained with many 
dozens of contacts, to be used to gradually spell out 
whole words composed of lamps on the sign. 

Several flashers of this type with different num-
bers of contacts and operated at different speeds 
may be used together on one large sign to get the 
various combination effects desired. Fig. 206-A 
shows how two flashers are used, one to provide a 
"chaser" border effect, and the other to flash the 
letters of the word "Eat" on in rotation, and then 
all off. 
You will note that to produce the motion effect in 

the border, it is not necessary to use a flasher with 
as many contacts as there are lamps. Instead, these 
lamps are connected in parallel groups, so that ev-
ery fourth one is connected to the same flasher con-
act. This makes the lamps come on in the order 
, 2, 3, 4, and also 5, 6, 7, 8, coming on at the same 

time; or lamps 1 and 5 together, 2 and 6 together, 
etc. The segments on the drum are usually of the 

Fig. M. Motor-driven sign flasher mounted in weather-proof boa. 
Flashers of this type are made with different numbers of drum units 
and contacts, to produce a great variety of effects. 

proper length so that one lamp of the four is out 
all the time, and as the drum rotates, the dark 
lamp is first No. 1, then 2, 3, 4, and repeat. This 
matches up with the next group, as all groups are 
operated from the same flasher; so it produces an 
appearance of continuous motion around the sign 
border. 
A large sign may have several thousand lamps 

on it, connected in groups to several branch circuits 
or return wires, and one wire from each lamp con-
nected to its proper flasher wire. 
You can see, however, from Fig. 206-A, that the 

manner of grouping the connections simplifies them. 
and makes it only an easy matter of circuit testing 
to connect each wire to its proper flasher brush. 

Fig. 207 shows a photo of a sign flasher such as 
commonly used ‘vith signs of the type just describ-
ed. Note that this flasher has two separate sections, 
and rotating segments made of strips of brass or 
copper bent to shape and attached to the shaft-like 
separate wheels. Fig. 208 shows a large sign which 
uses this type of flasher. 

Fig. 2013. Large signs of the above type often use several flashers, and 
a combination of lamps and Neon tubes to produce very beautiful 
effects. 

Sign lamps are often mounted in sheet metal 
channels or troughs which have the inner sides and 
back painted white. This gives a more sharply 
defined shape to letters and figures, as it prevents 
the light from spreading so much. Very striking 
effects can also be produced by using lamps under 
black inverted trough-shaped letters, mounted so 
they stand out slightly from a white background 
as shown in Fig. 209. 
Many large flasher signs also have lighted bill-

board areas combined with the motion effects. Some 
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Fig 209. Very attractive signs can be made with inverted trough units, 
to produce outstanding black letters on white background as shown 
above. 

of the largest flasher signs which have special "mov-
ing letters", or continuous reading effects, use a 
paper roll with holes punched in it, similarly to a 
player piano roll. This paper is in the form of an 
endless belt, and is drawn slowly along between a 
large metal plate and a "bank" of small contact 
"fingers". The holes in the paper are arranged in 
the form of letters or shapes which are to travel 
across the sign. The sign face has a bank of lamps 
arranged in rows both ways, the same as the con-
tacts are; so as g7oups of contacts drop through 
the holes in the moving paper and strike the metal 
plate completing their circuits, corresponding lamps 
light up on the sign. 

Fig. 210 shows the arrangement of the contacts 
and lamps, and the method of connecting them. The 
wires are grouped or cabled together but can be 
easily traced from the contacts to the lamps and 
you can see that any contact that is allowed to 
touch the metal plate will close a circuit to a cor-
responding lamp. 
The sketch in this figure shows only a compara-

tively few lamps. but on a sign of this type they are 
so numerous and close together that almost any let-
ter or figure can be macle to light up by having the 
groups of holes punched in the paper in the desired 
shape. Then as the paper moves and the holes slide 
from one set of contacts to another, the lighted let-
ter on the sign shifts from one set of lamps to the 
next and moves across the sign. 

Fig. 211 shows a splendid example of the adver-
tising value and beautiful effects of combined elec-
tric sign and decorative lights on the front of a 
theatre building. 

185. NEON TUBE SIGNS 
Neon gas signs are very attractive and the pecu-

liar reddish color is one that attracts the eye and 
penetrates foggy or smoky atmospheres very effect-
ively. 
These signs are made of long glass tubes which 

are bent into the shapes of letters or figures de-
sired, and then filled with neon gas. They are then 
sealed air and gas tight and mounted on a back-

ground or frame, or in some cases in sheet metal 
channels or trough letters. 
Neon is a rare gas which is extracted from the e 

air where it exists in very small quantities. When 
high voltage electricity is passed through it, it glows 
with the peculiar reddish hue already mentioned. 
Neon tubes are operated at voltages ranging from 
5000 to 20,000, according to the size and length of 
the tubes. 
These high voltages are usually obtained by use 

of small step-up transformers right at the sign, and 
the high voltage wires must be very carefully in-
sulated along the sign framework. 
One special neon sign transformer delivering 30 

milliamperes at 15000 volts will operate about 60 
feet of ordinary neon tubing, or 30 feet of blue tub-
ing using argon and helium. 
Some of the smaller signs of this type are oper-

ated with ordinary spark coils, but their light is not 
as steady as that of signs operated with transform-
ers. 
One of the particular advantages of neon signs 

is that the tubing can be heated and bent to form 
letters written out in complete words, and also 
the most intricate curves and designs for decorative 
figures. 
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Fig. 210. The above diagram illustrates the principle of signe with 
traveling reading matter. Note how each contact on the paper 
belt is wired to a lamp in a corresponding position on the sign 
above. 

In addition to neon gas, some signs use tubes with 
mercury vapor, which give a beautiful blue color 
when high voltage is applied to them. Green colo 
is obtained with mercury vapor in amber colored 
glass tubes. By using helium gas and amber colored 
glass, gold, pink and other colors can be obtained. 
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Various letters and sections of tube signs can be 
operated with flashers, and some large signs use ID a combination of neon and mercury vapor tubes 
with various colored incandescent lamps, to create 
some very beautiful and striking effects. 
A little farther along in this section of Illumina-

tion will be explained in detail the operation of neon 
signs. 

Fig. 211. This photo of the front of • large theatre shows what 
beautiful effects can be obtained by the use of flasher signs and 
lights on the building itself. 

186. SIGN WIRING, AND CONSTRUCTING 
SMALL SIGNS 

Electric signs are one of the most profitable forms 
of advertising illumination, and in many localities 
offer a very good field for the trained man to install 
or service them. 

Sign manufacturers will make almost any type or 
design of metal sign to the specifications of the 
customer or electrician. You can also build the 
smaller ones very easily in your own shop if you 
desire. 
The frame should be of angle iron, and covered 

with substantial sheet metal to form a box of the 
desired shape and size. The letters and figures can 

4 be painted on, after the sign has had a coat of 
weather-resisting paint. 
A color combination that serves well both for day 

and night visibility is a dark blue background with 
white letters. If the sign is to be lighted with bulbs, 

cut 1W' round holes in rows along the letter shapes. 
Two-piece threaded sign receptacles can be screwed 
tightly into these openings. Then wire up the re-
ceptacles, either in parallel or with one common 
wire and separate wires to a flasher if desired. All 
connections, including the binding screws on re-
ceptacles, should be soldered to prevent corrosion. 
Then the connections, backs of receptacles, and 

all exposed metal edges should be covered with a 
good coat of weather-proof paint or sealing com-
pound. If the sign is large its circuits should be 
divided so that none carries over 15 amperes, and 
each circuit should be fused separately. 

In small towns one can often have the local tin-
smith or metal shop build the sign bodies, and a 
sign painter decorate them. In this case the elec-
trician can wire and hang them, and share the 
profits. 

In hanging signs over sidewalks, they should be 
fastened very securely so there will be no chance of 
their ever falling and injuring anyone. They should 
be bolted to a substantial part of the building and 
braced with chains from above and both sides. 
The local authorities should also be consulted on 

their rulings before any signs are hung over public 
walk-ways. 

187. FLOOD LIGHTING 
Flood lighting of building exteriors is another in-

teresting branch of advertising illumination. It is 
a particularly attractive form of display on build-
ings having light-colored walls and good appearing 
architecture. 

Flood lights on buildings are usually concealed 
on a ledge or balcony of the building so their rays 
are directed upward and at the proper angle against 
the sides of the structure. 
They should never be placed in a position where 

they can shine into the eyes of passers-by. 
Fig. 212 shows several styles and sizes of flood 

light Projectors. Note their weather-proof housings 
and adjustment feature, to allow them to be "aim-
ed" or pointed at the area to be lighted. 

Fig. 213 shows the shape of the concentrated 
beams thrown by shallow-type reflectors and also 
those from deeper reflectors which spread the beams 
over a greater area. 

In many cases where it is not convenient or pos-
sible to locate flood light projectors on the same 
building they are to light, they are located on some 
other building nearby, and perhaps across a street. 

For best efficiency, the beams must be able to 
come from a short distance out from the vertical 
walls, rather than be directed too nearly parallel 
with the walls they are to light. Certain effects, 
however, can be produced by units quite close to 
the walls or columns to be lighted. 

Fig. 214 shows a row of powerful flood lights on 
the parapet of a skyscraper, and used to light the 
narrower portion of the building which projects 
on up from this level. 

Beautiful effects can be obtained by properly 
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Fig. 212. S I types of flood light projectors. Note the weather-
proof construction and adjustment features of these units. 

using mixed colors on buildings of striking architec-
ture, and also by use of "dimmer rheostats" auto-
matically operated by small motors in connection 
with automatic tilting mechanisms, to cause chang-
ing and moving colors to play over the building. 
The deeper-colored lights such as red and blue 

are, of course, not as efficient as the white or amber 
ones, because the color lenses absorb some of the 
light. The effects obtained with colors, however, 
are well worth the extra cost. 

it• 213- This diagram shows how reflectors with shallow or deeper 
curves can be made to concentrate or spread the beams of light as 
demised. 

Fig. 215 shows the effect of flood lighting on the 
top of a large office building. 

Flood lights are also very extensively used for 
lighting railway yards, race tracks, bathing beaches, 
and places where construction work is being done 
at night. In public parks flood lights are often used 
to illuminate fountains and monuments, with very 
beautiful results. Fig. 216 shows an illuminated 
fountain which uses water-proof projectors mounted 
right in the water. In the background is a beautiful 
e.ample of flood lighting on a tower. 

Fig. 214. This photo shows a row of flood light projectors in use on e the top of a skyscraper office building. (Photo Courtesy Ligh 
Magazine). 

Fig. 215. This building is a very good example of the beautiful effects 
obtainable with modern flood lighting. (Photo Courtesy Light 
Magazine). 

188. STREET LIGHTING 
Street lighting is becoming so common that many 

of us fail to notice or appreciate it any more. But 
when we think of the benefits derived, in the reduc-
tion of accidents and increased business on well 
lighted streets, and that in many of the larger cities 
great lamps of 1000 to 3000 watts each light the 
streets nearly as bright at night as in the daytime 
we find it is really a wonderful branch of electri 
illumination. The installation and maintenance of 
street lighting systems furnish profitable employ-
ment to great numbers of trained electrical men, 
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Fig. 2111. The fountain in the foreground is illuminated by flood lights 
placed within its bowl, and in weather-proof projectors. In the 0 background is shown a well flood-lighted tower. 

and in the small and medium-sized towns often pro-
vide a worthwhile contract for some alert graduate 
who can convince the officials of his home town that 
better street lighting pays. 
Arc lamps, which were formerly extensively used, 

are being rapidly replaced by Mazda lamps, because 
of their greater simplicity and reliability. 
Where arc lamps are still in use, it is a simple 

matter for the trained man to make any necessary 
adjustments on their coils and mechanisms which 
feed the carbons as they burn away, or to locate 
any trouble on the system. 

Incandescent lamps of from 200 to 2500 watts or 
more are commonly used for new street lighting 
installations. 

189. SUSPENSION TYPE UNITS 
For overhead lighting systems in small and me-

dium-sized towns, clear lamps of 200 to 500 watts 
or larger are often placed in simple reflectors of the 
type shown in the lower left view in Fig. 217. These 
units are then suspended from overhanging arms 
on poles, or hung from steel wires stretched across 
the street between poles or buildings. Reflectors 
of this type are low in cost, and when mounted at 
the proper height, provide quite effective lighting. 411 hese bare lamps, however, are the cause of a cer-

in amount of undesirable glare and shadows. 
Directly above the reflector in Fig. 217 is shown 

a swivel cross-arm used for hanging such reflectors. 
The porcelain insulators on the ends of the arm are 

for the purpose of attaching the wires of the lamp 
circuit. 
On the right in Fig. 217 is shown a street lighting 

unit of the medium-priced, enclosed type which is 
also for overhead suspension. These units soften 
and diffuse the light and produce more even illumi-
nation, with less glare and shadows. 

Fig. 217. Above are shown two types of street lighting units and 
also a swivel cross arm or hanger used in their mounting. 

Fig. 218 shows two types of "cutout" or "discon-
nect" pulleys for use with overhead street lights. 
These pulleys allow the lamp to be lowered for 
cleaning, inspection, and repairs. When the lamp 
is lowered by releasing its supporting chain or rope, 
it is disconnected from the line by the prongs of the 
cutout pulley dropping out of their sockets. This 
makes the lamp safe to work on, and when it is 
pulled back in place, a guiding device causes the 
connecting prongs to slip back in their clips as the 
lamp is drawn up tight in the cutout head. 

Fig. 2111. Cut-out pulleys used for disconnecting and lowering street 
lights for cleaning and inspection. 

190. POST TYPE UNITS AND STREET 
LIGHT CIRCUITS. 

Where more elaborate street lighting is desired, 
enclosed glass units on top of posts at the side of 
the streets are commonly used. Fig. 219 shows 
several styles of these units both for single and 
double lamps. 

Street lights are commonly connected in series 
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on high-voltage circuits, to make possible the use of 
smaller wires, as the distances between them are 
considerable. You will remember that when devices 
are connected in series the current is the same in 
all parts of the circuit, and that which flows through 
one device flows through all the others as well. 
These circuits are often operated on 2300 volts and 
higher, so the wires must be well insulated, and 
considerable care should be used in working around 
such circuits. We can now see the advantage of 
using cut-out pulleys when working on these lamps. 

Fig. 219. Hollow concrete or metal posts with large globes, as shown 
above, are used in many of the better appearing street lighting 
installations. 

191. SERIES LAMP "CUTOUTS" 

On the older series street-lighting circuits, if one 
lamp burned out, all lamps on that circuit went out, 
because they were all in series. Nowadays there 
are in use special sockets which have short-circuit-
ing springs that cut out the lamp if it opens the 
circuit. Fig. 220 shows a sectional view of a socket 
of this type from which the operation of prongs 
can be easily understood. A thin film or strip of 
insulating material is placed between the tips of 
these spring contacts and remains there as long as 
the lamp is in good condition. 

If we have, for example, a circuit of 100 lamps 
in series and 2300 volts is applied to this circuit, 
the voltage drop across each lamp when operating 
will be about 23 volts. This voltage drop we know 
is proportional to the current flow and to the lamp 
resistance. This low voltage will send current 
through the lamp, but will not puncture the insulat-

ing film in parallel with the lamp. However, if a 
lamp burns out and opens the circuit, all current 
momentarily stops flowing. With no current floe 
ing there is no voltage drop at any of the lamps, 
and the full 2300 volts will be applied for an instant 
across the springs of the lamp which has opened 
the circuit. This voltage is high enough to puncture 
the insulating film and burn it out, thus shorting 
the defective lamp out of the circuit, and allowing 
the others to operate once more. 

Special transformers at the sub-station compen-
sate for the reduced resistance and voltage drop 
due to the loss of the one lamp. These will be 
explained later in the section on transformers. 

Instead of applying the high voltage of the line 
circuit directly to the lamps and sockets, many 
modern series street lighting systems use small 
transformers at each lamp to reduce the voltage for 
the filament. All of these transformer primaries are 
connected in series, as in Fig. 221. This increases 
the safety and reduces lamp socket insulation costs. 
It also permits the use of lamps with filaments of 
larger diameter and lower resistance. They are, 
therefore, stronger and more rugged and also of 
higher efficiency. 
The current through these low-voltage bamps 

may be from 6 amperes to 20 amperes, or more 
on the different sizes; and they are made for volt-
ages from 6.6 to 60. 
Wiring for street lights can be run on the pol 

where suspension type units are used, and unde 
ground for better appearance with post type units. 
Underground wiring can consist of lead covered 
cable buried in a trench and run up through the 
hollow poles to the lamps, or of rubber covered 
wires or lead covered wires in underground ducts 
of tile or fibre conduit. 

Fig. 220. This sketch shows a sectional view of a socket and "film 
cut-out" used with series street lamps. Note how these cut-out 
springs on contact clips short circuit the shell and center terminals 
of the lamp socket. The insulating film is not shown between the 
contact clips in this illustration. 
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Fig. 221. This diagram shows the manner of connecting series street 
lighting transformers which are used to reduce the voltage at each 
light. 

192. MOTION PICTURE LIGHTING 

Electric light is used on a tremendous scale in the 
motion picture industry, both in the photography 
and in the operation of projector machines in thea-
tres; and the lighting of the theatres themselves. 

In the taking of motion pictures there are used 
some of the highest foot-candle intensities that are 
encountered in any branch of illumination. While 
it was formerly thought that such pictures had to 
be taken in sunlight, powerful electric lights now 
reproduce effects of sunlight or daylight in almost 
any required intensity. 
* Arc lamps were formerly used very extensively 

and still are to some extent, as the color of their 
light rays is particularly good for exposing the 
older types of film. However, there has been devel-
oped a new type of film that is sensitive to the 
yellow and white rays of incandescent lamps, and, 
therefore, these lamps because of their quieter and 
cleaner operation are rapidly replacing many of the 
arc units. Mazda lamps require much less atten-
tion and adjustment than arc lights, and provide a 
steadier light. Their quieter operation is a great 
advantage in their favor for the filming of talking 
pictures. 
The constantly changing lighting requirements 

on various movie "sets" and the care and main-
tenance of the lighting units provide a great field 
of fascinating work for trained electrical men who 
know practical illumination. 

Single lamps of 10,000 watts each and larger are 
commonly used in motion picture photography, and 
"banks", or portable units, consisting of 4 to 12 or 
more lamps are used. 
An interesting problem, and one which will help 

you to realize the size of this equipment, will be 
to calculate the current that will be required by two 
banks of six 10.000 watt lights each, and two single 
20,000 watt lights if they are operated on a 110-220 
volt, three-wire circuit. Also determine the size 
of cable necessary to carry this current to the lights 
in a temporary location 150 feet from their gen-
erator, with not over 5 volts drop. 

AVIATION LIGHTING 

The aviation industry is fast becoming one of 
the heavy users of modern and efficient electric 
illumination. 
A great deal of night flying as well as daylight 

flying must be done to maintain fast air-mail and 
passenger schedules, and the safety of night flying 
depends on electric illumination in many ways. 

Aviation lighting can be divided into the follow-
ing classes: 

Airport lighting 
Route beacons 
Lights on planes *Many millions of dollars have already been spent 

in airport lighting, and it is undoubtedly safe to say 
that within a very few years every town of any 
size in this country will have a lighted. airport. 

193. AIRPORT LIGHTING EQUIPMENT 

A well-lighted airport rec_uires the following 
equipment: 

Landing field beacon light 
Landing field flood lights 
Boundary lights 
Obstruction lights 
Approach lights 
Illuminated wind-direction indicator 
"Ceiling" projector 
Hangar lights 
Shop lights. 

Many of these lights are rated by government 
standards, and the airports are given ratings by the 
government according to the type and completeness 
of lighting equipment used. 
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194. AIRPORT BEACONS 
The purpose of the airport beacon is to direct 

pilots to the airport. These beacons are rotating 
or flashing searchlights of 15,000 to 100,000 candle-
power, and are usually mounted on a tower or on 
the top of one of the hangers, so their beams will 
be unobstructed in all directions. If a flashing 
light is used, the flashes should not be less than 
1/10 of a second in duration, and should be fre-
quent enough to make the light show 10 per cent 
of the time. Beacon lights for airports or route 
beacons usually have two bulbs mounted on a 
hinged socket base, so if one bulb burns out the 
other is immediately swung into place by a magnet. 
This is necessary to make these units dependable 
at all times. 

Fig. 232. On the left is shown a typical rotating beacon, such as used 
at airports and along air routes. On the right is a view of the double 
lamp mechanism, which swings a new lamp in place if the one In 
use burns out. 

Fig. 222 shows on the left a beacon light unit 
mounted on the case which contains the revolving 
motor and mechanism. On the right is shown the 
double lamp unit which can also be seen inside the 
light at the left. This light has a 24 inch diameter, 
and uses a 1000 watt, 115 volt bulb, and develops 
2,000,000 beam candlepower. Such a light can be 
seen by the pilot from a distance of 10 to 35 miles 
in fair weather, and is a great help in guiding him 
to the airport. 

Fig. 233 Tide large landing field light has a lens similar to those 
used in lighthouses, and le mounted en a Vet truck fer portable 
ere at airports. 

195. LANDING FIELD FLOOD LIGHTS 
Landing field flood lights are used to illuminate 

the surface of the landing field, in order to enable 
pilots to land their planes safely. In landing 
plane it is very important for the pilot to be able 
to see the ground and judge his distance from it, 
also to see the length of the field or runways on 
which he has to bring the plane to a stop. 

Fig. 7241. A landing field lighting unit which has a number of powerful 
lamps mounted behind the glass front, in a manner to spread their 
light over a wide area. 

Flood lights should also illuminate the field well 
enough to show up any uneven surfaces. Some 
fields are lighted by several different flood lights 
located on opposite sides of the field, while others 
use a bank or group of lights located near the 
hangars. Sometimes a large portable light is usedi p 
so it can be moved about by hand on a light weig 
wheeled truck. Fig. 223 shows a unit of this last 
mentioned type. 

Fig. 224 shows a large unit in which a number 
of lamps are mounted, and you will note that its 
shape allows the beams from the several lamps to 
spread over a wide angle in order to cover the 
entire field from this one light source. 

Fig. 225. A number of smaller projectors, arranged as shown, provide 
very effective distribution of light over the f laid. 

Fig. 225 shows a number of smaller flood lights 
arranged to throw their separate beams over th 
field in a wide spread fan shape Whatever ty 
of flood lights are used, they should light the fiel 
uniformly and without harsh shadows, and their 
color should be such that they do not distort normal 
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Fig. 221. This photo shows a well-lighted airport at night, and illus-
trates the great advantage and safety feature of such lighting for 
night flying. 

colors or appearance of objects. They should keep 
all light in an upward direction at an absolute mini-
mum, to avoid glare in the pilots' eyes. For this 
reason flood light units are equipped with reflectors 
and lenses which spread their beams in a wide angle 
horizontally, but very narrow in the vertical plane. 
The vertical beam spread is usually not over 5 

or 10 degrees, and the units should be so adjusted 
that the top edge of this beam does not point above 
a horizontal line. Flood light units should be kept own close to the ground, preferably within 10 feet. 

the top of their beams is higher than this it often 
akes the ground surface appear closer to the pilot 

than it really is, when he views it from above the 
beam. 

Fig. 226 shows a well lighted landing field which 
is illuminated by a 24 KW floodlight. Fig. 227 
shows a bank of smaller 3000-watt flood lights in 
action at night. 

Fig. 227. This landing field is lighted with a group of small flood 
lights such as shown in Fig. 225. 

MThe four lamps on the left in Fig. 228 are some 
MP the types and sizes commonly used in airport 

flood lights, while the one on the right is of the 
type used in beacon lights. Note the special con-
struction of the filaments and sockets of the larger 

lamps, and the peculiar shaped bulb of the middle 
one, which keeps the glass farther from the heat 
of the filament. 

Planes should always be landed against the wind, 
so as the wind changes the pilot must change his 
direction of approach and landing run. For this 
reason it is best to have either portable lights, or 
lights located on two or more sides of the field, 
so the direction of the light beams can be changed 
with the wind and avoid making it necessary for 
the pilot to ever face the beams. 

10,000 5000 3000 1500 1000 
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Fig. 228. Here are shown a number of powerful lamps of the in» which 
are used in airport flood lights and beacons. 

Fig. 229 shows an excellent layout for permanent 
flood lights located around the field and remotely 
controlled by switches in a control room at the 
hangar. The devices marked "remote controllers" 
are magnetically operated switches which close the 
circuits to these large lights, as their current would 
be too heavy to handle with the push buttons. 
Note that parkway cable is used to supply high 
voltage to step-down transformers at each light. 
This circuit is shown in a "one line" diagram until 
it reaches the remote control switches, where the 
two conductors are shown separated. 

Parkway cable of this type can be buried under 
the ground surface 10" or more, and makes a very 
good system of wiring for airports, where of course 
no overhead wires should be used. 
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Fig. 229. Wiring diagram for a very practical and efficient airport 
flood lighting system. The lights are fed by individual tranatoromro, 
and all remotely controlled Irma quo cabal point 
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196. BOUNDARY LIGHTS 
Boundary marker lights are used to indicate to 

the pilot, the location of the edges of the landing 
field, and are very essential in order to enable him 
to judge the length of the field and the proper 
place to approach the ground. These lights are 
white in color and should be either 25 watt lamps 
if connected in parallel, or 600 lumen series lamps. 
They should be spaced from 75 to 125 feet apart 
for best efficiency, and never more than 300 feet 
apart. Boundary lights are to be mounted 30 
inches above the ground, and the circuits must not 
have over 5 per cent voltage drop at the farthest 
points. 

Fig. 230 shows three common types of boundary 
lights. The one in the center is simply a lamp of 
the proper size enclosed in a weather proof glass 
globe, and mounted on a special pipe fitting on a 
30-inch pipe. 
These units on the pipe stems are not very visible 

in the day time, so it is well to have a circle of 
whitewashed gravel or crushed rock about 3 ft. in 
diameter around their bases. 

Fig. Z30. Several types of boundary lights used for indicating the 
outline and extent of the landing field at night. 

The unit shown at the left in Fig. 230 has a 
white metal cone base, which makes it very visible. 
This unit uses a prismatic glass globe which is 
more efficient than the clear glass, as it directs a 
stronger beam of the light upward. 
Units such as this and also the one on the right 

in the figure can be merely set on the ground and 
connected to the circuit by detachable plugs. This 
makes an added safety feature in case they are 
struck by a plane, as they will tip over easily with-
out doing so much damage to the plane. 

197. APPROACH AND OBSTRUCTION 
LIGHTS 

Approach lights are simply certain boundary 
lights that are equipped with green globes to indi-
cate good points of approach to the runways of a 
field. They can also be used to indicate wind 
direction by turning on only those which are on 
the proper side of the field to bring a plane in 
against the wind. 
Approach lights should have 50 watt parallel 

lamps or 1000 lumen series lamps, because their 
green globes absorb more of the light. 

Obstruction lights are red and should be placed 
on tops of all trees, chimneys, water tanks, power 
or telephone poles or radio towers which are near* 
to the landing fields. They should also have 50‘.. 
watt parallel or 1000 lumen series lamps, and 100 
watt lamps are recommended in some cases. 
We have mentioned several times the possible 

use of either parallel connected lamps or series 
lamps for airport lights. Both systems are in use. 
The series system has the advantages of lower 

cost of copper wire and less voltage drop, par-
ticularly in the longer circuits such as those to 
boundary lights or flood lights located on far edges 
of the field. 
The parallel system has the advantages of being 

somewhat safer due to its lower voltage, using 
lower cost lamps, and being a somewhat simpler 
system, as it doesn't require sockets with film cut-
outs or constant current transformers. 
The selection or choice of one system or the 

other would depend to some extent upon the size 
or area of the field, the number of lights to be op-
erated, and the distance from the source of current 
supply. 

198. ILLUMINATED WIND DIRECTION 
INDICATORS 

It has already been mentioned that planes should 
be landed against the wind in order to reduce their 
landing speed. Wind direction. indicators are, 
therefore, used at airports to show an approachin 
pilot the direction of the wind. These are ver 
necessary, as his own air speed may make it diffi-
cult for him to tell the wind direction accurately 
unless he can see moving clouds or smoke. 
A "wind cone" or tapered cloth sack with an 

opening in the small end is commonly used for 
a wind direction indicator. In other cases a large 
wind vane shaped like an arrow or sometimes like 
a small plane may be used. 
These devices should be mounted on a pole or 

tower, or on the top of hangars in some conspicuous 
place. To be effective at night as well as during 
the day, they should be illuminated from above 
by one large reflector and light, or better still by 
four reflectors mounted on 2 ft. brackets as shown 
in the left view in Fig. 231. These reflectors should 
have 150 watt lamps in them, and a 60 watt red 
lamp above the unit to serve as an obstruction 
light. 

In some cases wind cones are lighted from the 
inside by a 200 watt lamp and reflector pointed in 
their mouth, and free to revolve with the cone as 
the wind direction changes. 
The right hand view in Fig. 231 shows a "wind 

tee" shaped like a plane, and lighted by rows of 
bulbs on its wings and body. 

199. "CEILING" PROJECTORS 
The "ceiling" projector light is used to determille 

the "ceiling" height. This term applies to the 
height of clouds or fog above the landing field. 
It is quite important to know this "ceiling" height 
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Fig. 231. On the left is shown a wind-cone, with four lights mounted 
above it, for illuminating the cone at night. On the right is a wind 
tee made in the shape of a small airplane. This can also be illuminated 
by rows of lamps on its wings and body. 

and be able to report it by radio to aviators ap-
proaching from a distance. This gives them an 
idea of how close they will have to approach the 
ground in order to see the landing field or its 
lights. 
This information regarding "ceiling" heights can 

also be transmitted to various other airports along 
the route, either by telephone or radio, thus keeping 
the pilot informed of weather conditions at various 
airports which he may have to use. 
For a "ceiling" light a 500-watt, narrow beam 

projector can be used. If this unit is tilted upward 
at an angle of 45 degrees with the horizon, then 
the spot where its beam strikes the under side of 
clouds or fog will be directly above a spot on the 
round, which is the same distance from the light 

unit as the bright spot on the cloud is above the 
earth. This can be proven by the fact that the 
diagonal of a square is at an angle of 45 degrees 
with either its base or vertical side, and, of course, the 
base of a square is the same length as its vertical 
side. See Fig. 232. 

ee. 232. This diagram illustrates the method of calculating the heigh 
, of clouds or fog with a ceiling projector. 

Other angles can be used, and then with a simple 
quadrant and pointer set in the same plane as the 
projected beam, and a definite distance away from 

mes> 
the projector; we can by sighting along the pointer 
toward the point where the beam strikes the clouds, 
obtain a direct reading of the "ceiling" height. 

200. HANGAR AND SHOP LIGHTING 
The interior lighting of airport hangars and re-

pair shops is another very important use for electric 
illumination. In the handling of planes in and out 
of the hangars, and in making repairs on them, 
good lighting is a great time saver and promoter 
of safety. 

In the shops where some of the very critical 
repair and adjustment of engine or plane parts 
must be made, it is equally important to have effi-
cient illumination. Fig. 233 shows an exterior 
view of a well-lighted hangar in the upper part of 
the figure, and an inside view below. Industrial 
lighting fixtures and principles can be applied to 
these buildings. 

Fig. 233. The top view shows the outside appearance of a well lighted 
hangar, and below is shown the inside of the hangar and the 
arrangement of the lighting units. 

201. AIRWAY LIGHTING OR ROUTE 
BEACONS 

The Federal Government requires airway bea-
cons approximately every ten miles along principal 
flying routes. These beacons should consist of 
projectors at least 24 inches in diameter, using 
1000-watt lamps and producing 2,000,000 beam can-
dlepower. These units are kept continually re-
volving at a speed of six revolutions per minute 
by a small motor and gear mechanism. 

In addition to the revolving beacon there should 
be two "On Course" lights with I8-inch, 500-watt 
projectors to indicate to the pilot the direction of 
the next airport. These course lights can be 
equipped with a mechanism to keep them contin-
uously flashing the number of that particular bea-
con in the Morse Code. This also indicates to the 
pilot the distance he has progressed along the 
course. These lights can be fitted with amber or 
red cover glasses, while the rotating beacon uses 
a white beam. 
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Fig. 234 shows a typical airway beacon on a 
tower which is also equipped with a "wind-cone". 
This particular beacon is located at an interme-
diate landing field. Where beacons of this type 
are near to power lines they can obtain the energy 
for their lights from these lines. In other cases they 
must be equipped with an independent lighting 
plant similar to farm lighting plant installations. 
These beacons and plants have to be maintained 
and inspected by trained men, as their condition and 
dependable operation are very important. Imagine 
yourself in the place of a pilot, and the great 
comfort you would receive from being able to see 
at least one beacon ahead at all times along your 
route. These airway beacons are a great safety 
factor in night flying. 

Fig. 234. This photo shows a typical airway beacon mounted on a 
steel tower, and also provided with a wind-cone for day-light 
use only. 

202. AIRPLANE LIGHTS 
It may seem rather surprising to talk of lights 

on airplanes, as probably a great many people don't 
even realize that planes carry lights. Government 
regulations require, however, that every plane 
which flies between sunset and sunrise must be 
equipped with flying lights, to indicate its position 
and direction of flight to other pilots. 

These lights consist of small automobile-type 
lamps of 18 or 21 candlepower, mounted in stream-
lined pyralin shells. These are mounted on the 
tip of each wing, and one on the top of the tail 
or rudder. The left wing light must be red and 
the right one green, while the tail-light shows clear 
white. Government specifications can be obtained 
governing the proper angles between these lights. 
Airplanes also require lights on the control-board 
in the pilot's compartment. These lights are usu-
ally equipped with a small rheostat so they can 
be adjusted to just the right brilliancy to show 
the instruments, and in this manner avoid glare 
in the pilot's eyes and enable him to see better in 
the darkness ahead. 
Many of the larger planes, or planes intended for 

night flying, are equipped with powerful landing 

lights for use in landing on unlighted fields. These 
units use a lamp with a concentrated filament whichAK 
requires about 35 amperes. They are, therefore, 
kept switched off when the plane is flying, and 
turned on only when needed for use in making a 
landing. Otherwise they would place a very heavy 
drain on the battery. 

Lenchrxi Lamps 
35 Amperes 
260,000 CR 

Fig. 235. Simple wiring diagram for lights on an airplane. Trace this 
circuit and note which lights each of the switches control. 

Ordinary flying lights and landing lights can be 
supplied from a light-weight battery carried aboard 
the plane. Fig. 235 shows a wiring diagram for 
the commonly used lights on a plane, and Fig. 
236 shows the mounting of wing tip and rudder 
lights, as well as landing lights. The upper part 
of this figure shows the tail-light mounted on top 
of the plane rudder, in its stream-lined shell. You 
will note that the front end of this shell is painted 
black while the rear end, or more sharply tapered 
end, is clear and allows the light to escape in this 
direction. The lower left view shows a wing tip 

Fig. 234. The top view shows a tell-light mounted on the rudder of an 
airplane. The two views below show two methods of mounting wing 
tip lights and landing lights. 
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light for the right wing, and also a landing light (which is built in, or stream-lined, with the forward 
dge of the wing. The lower right view shows a 

different form of mounting for the wing light, and 
also for the landing light, which in this case is 
hung underneath the wing in a stream-lined shell. 
This stream lining is exceedingly important, and 

every device of an electrical nature or otherwise, 
that is attached to the outer surface of any air-
plane, should be stream-lined to prevent air resist-
ance to the forward motion of the plane. The 
greater part of this resistance occurs at the trailing 
ends or edges of such devices where violent whirl-
ing eddy currents are set up in the air, causing 
a sort of vacuum at these ends or edges; so you 
will notice that all of these devices taper most 
toward their rear ends. This is a very good point 
to keep in mind when installing any equipment on 
airplanes. 

Fig. 237 shows the interior lighting of a large 
cabin-type passenger plane. Many of these planes 
carry lighting of this nature, which not only makes 
them very attractive in appearance but makes it 
possible for passengers flying at night to read, play 
cards, or otherwise occupy their time. 
Where large numbers of lights are used in this 

manner the plane is usually equipped with a wind-
driven generator mounted on the outside of 
the fuselage, or between the wings, in a stream-Oned casing and driven by a small wind propeller. 
From the foregoing material on aviation lighting. 

we can see that this is developing into a tremendous 
field for trained electrical men who have a good 

knowledge of the principles of electric wiring and 
testing, as well as the fundamentals of illumination. 

It will be well for every student to keep on the 
alert for opportunities in this field, and not to 
overlook the possibility of being the first in his 
home town to suggest that they provide a well-
lighted airport for the general good of the town; 
and possibly get the job of laying out and installing 
the equipment. 

Fig. 237. The insides of large cabin-type planes are often lighted to 
give many of the seine comforts and conveniences as a Pullman 
coach. 

MERCURY VAPOR LAMPS 

A special type of lighting unit, which has be-
come very popular and generally used in industrial 
plants and large machine-shops, is the Mercury 
Vapor Lamp. 

Its particular advantage lies in the yellow-green 
color of the light it produces. This light is particu-
larly good for certain machine-shop operations, and 
the handling and assembling of small bright metal 
parts, as well as in textile mills. 
Lamps of this type are not intended for com-

mercial or home lighting, but only for such special 
applications as mentioned, and where its peculiar 
color is not objectionable. Ordinary Mazda lamps 
roduce a light which, as before mentioned, is largely 
hite in color, but also contains a considerable 
ercentage of violet and red rays. These rays are 

somewhat tiring to the eyes in certain classes of 
work. 
The Mercury Vapor lamp produces light with 

a predominance of yellow and green rays and a 
small percentage of violet and blue. In light of 
this color small objects, such as screws, pins, 
bolts, nuts, etc., stand out very sharply. Therefore, 
the use of this type of lighting unit increases pro-
duction speed and reduces errors in machine 
shops, with less eye-strain for employees. Large 
automobile manufacturing plants have installed 
many thousands of these units. 

203. MERCURY VAPOR TUBES 

The source of light in a Mercury Vapor lamp 
is a long glass tube, approximately an inch in 
diameter and 50 inches long, in which there is 
sealed a small quantity of mercury. This tube 
is suspended at a slight angle so the mercury runs 
down to the lower end, at which there is a bull) 
equipped with a metal electrode sealed into the 
glass and in contact with this pool of mercury. 
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Fig. 238 shows a view of a complete unit with 
the tube mounted in its trough-shaped reflector. 
The lamp mechanism, which will be explained later, 
is in the metal housing above the reflector. The 
upper end of the tube has two bulb-like horns or 
extensions on the glass, with a metal electrode 
sealed into each one. Wires from each end of the 
tube connect to proper coils in the lamp mechanism 
and from this to the supply line. Most of the air 
has been exhausted from the tubes of these 
lights, leaving them to operate in a vacuum. When 
they are cold most of the mercury is con-
densed and run to the pool at the lower end of 
the tube, so it is necessary to use a spark or impulse 
of rather high voltage to vaporize a small amount 
of the mercury. 

We should understand that a high voltage spark 
will pass through a much greater distance in an 
ordinary vacuum than through open air, so by ap-
plying about 2000 volts from an induction coil in 
the lamp mechanism, we can start an arc through 
the tube. 
As soon as a little mercury vapor is built up it 

forms of soft green arc or light throughout the full 
length of the tube. Thus the name Mercury Vapor 
Arc. 

Fig. 238. This view shows a complete mercury vapor lamp. Note the 
mounting of the tube under the long reflector, and the manner in 
which the lamp is hung at a slight angle. 

As long as the lamp is operated this arc continues 
to agitate the surface of the mercury pool and create 
sufficient vapor to keep it going. After the vapor 
forms and the arc is established, the resistance of the 
lamp tube is low enough so the arc can be main-
tained with from 70 to 100 volts, and about 3.8 
amperes on the common sized lamp. The total 
wattage rating of the lamp is about 450 watts, part 
of which is used up in the resistors and coils. The 
voltage from the lamp coils is about 120 to 130 
volts, but not all of this is applied to the tube. 
The source of light from these units, being spread 

over such a long tube, distributes the light softly 
and evenly with very little glare and shadow effects, 
which is one of their decided advantages. 
The average life of the tubes is two years or more 

if they are properly cared for, but they should be 
very carefully handled as it is easy to crack them 
and allow air to leak in if the tubes are strained or 
bumped. For this reason they are protected by 
long metal bars running full length of the tube and 
attached to the ends of the reflector. 

204. LAMP MECHANISM 

Fig. 239 shows a top view of the lamp mechanis 
and coils. This consists of a pair of resistance unite 
at the left end, and next to these are the coils of an 
auto transformer which raises the line voltage, and 
has taps brought out to terminals to obtain the 
proper voltage adjustment for the operation of the 
tube. The pair of coils at the right of the center 
are those of an induction coil which generates the 
high voltage for the starting spark to ignite the tube 

Fig. 239. Above is shown the mechanism and coils of a mercury vapor 
lamp. Also note the mercury shifter switch at the extreme right end. 

or start the lamp. Just to the right of these coils 
is a small mercury switch in a glass tube. This 
switch is mounted on a pivot so when the coils are 
energized and the ends of their cores become mag-
netized they attract a small iron plate on the mer-
cury switch, tilting it up and causing a "V" shap 
depression in the glass to separate the pool of me 
cury and break the circuit. 
When this circuit is broken and the flux around 

the induction coils is allowed to collapse, it induces a 
high voltage of about 2000 volts in these coils. There 
is also an added resistance unit just above this tilt-
ing or "shifter" switch in this view. 

205. LAMP CIRCUIT AND OPERATION 
Fig. 240 shows a simplified wiring diagram for 

an A. C. mercury vapor light. Examine this dia-
gram carefully and note the connections and cir-
cuits through the various coils and the tube. 
We know that alternating current is constantly 

reversing in direction, but let's assume for the mo-
ment that the current is entering at the lower line 
wire as shown by the small arrows. We can trace 
this flow of current through the lower half of the 
auto transformer—A.T., then through both wind-
ings of the induction coil—I.C., through the mer-
cury switch—M.S., and protective resistance—R3; 
then back to the upper line wire. 
This flow of current energizes the induction coils 

and magnetizes their cores. This magnetism 
attracts the metal plate or armature on the mercury 
switch, causing it to tilt and break the circuit we 
have just traced. 
When this current stops and the flux around 

induction coils collapses, it induces the high volta 
previously mentioned, and this is applied to the 
ends of the lamp tube as shown by the dotted ar-
rows. 
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We also find that this high voltage is applied 
across the two terminals at the lower end of the eube. One of these wires we know is connected to 
the electrode in contact with the mercury, and the 
other one is connected to a thin metal starting band 
which is clamped around the stem of the tube, and 
also attaches to a strip of metal foil which is pasted 
to the under side of the bulb. 
The high voltage across these two points sets 

up a capacity charge through the glass to the mer-
cury, exciting the surface of the mercury and emit-
ting the first mercury vapor. As soon as this vapor 
is started, the high voltage across the ends of the 
tube establishes the arc. After the arc is started 
the line current will flow alternately through re-
sistance R I and R2, and into the two horns or elec-
trodes at the upper end of the tube, as shown by 
the large arrows, down through the tube and back 
through both windings of the induction coil, to the 
center tap of the auto transformer. From here it 
returns to either line wire, according to the polarity 
of the A.C. line at that instant. 
The auto transformer A.T. serves to increase the 

voltage of the tube slightly above the 110 volts on 
the line. 
You will note that the current flows through the 

tube in only one direction, so we find that this tube 
also acts as a rectifier as well as a source of light. 
In other words, current can flow from the metal eectrodes at the top of the tube, into the mercury 
apor, but it cannot flow from the vapor back into 

these electrodes, because of the high resistance film 
built up at their surfaces the instant the reverse 
current attempts to flow. This principle will be 
more fully explained in a later section. 

Fig. 240. Wiring diagram of a mercury vapor lamp, showing the 
various circuits traced throtizh the tube and coils. 

These mercury vapor lights are also made to literate on direct current, and those for D.C. opera-
n have no transformer, but merely the pair of 

induction coils and mercury switch in addition to 
the tube; so their circuit is much simpler than the 
one we have just traced. 

206. INSTALLATION 
When installing lighting units of this type they 

should be suspended by two pieces of chain or 
strong rope, and hung with the tube at the proper 
angle; or otherwise they will not operate satisfac-
torily. This angle can easily be determined by level-
ing the tops of the hooks provided with the unit, as 
these hooks are made in uneven lengths to obtain 
the proper slope for the tube. The upper end of the 
reflector should be about 8 inches higher than the 
lower end when the mounting is finished. 
The next step is to insert the shifter switch in its 

mounting and connect its terminals to the binding 
post provided. This shifter when mounted, should 
rotate freely, and it should not be possible for it 
to slip to either side far enough so that the metal 
armature can touch either of the iron cores of the 
induction coils. Next, the tube should be unpacked 
and washed clean before mounting. Remember to 
handle these tubes very carefully to avoid cracking 
them. To test new tubes before placing them in the 
lamp, or for testing old tubes that are thought to 
be defective, the condition of the vacuum can be 
determined by the sound of the mercury in the tube 
when it is allowed to run slowly from one end to 
the other. Tilt the tube up so the mercury runs 
slowly down to the opposite end, and if it produces 
sharp-sounding metallic clicks like shot rolling in 
the tube, this indicates that the vacuum is good. 
If the mercury slides to the bottom end of the tube 
without producing these clicks it is an indication 
that the tube has leaked air and the vacuum is 
destroyed. 
The end with the two horns should be at the 

higher end of the reflector. Place the tube in the 
holding clamps and tighten them securely, but not 
too tight, or the glass may be cracked when heated. 
It should be possible to rotate the tube with the 
fingers after the clamps have been fastened. Be 
sure that the single negative terminal points straight 
down from the black bulb. Observe the mercury 
to see that it covers the metal contact which is 
sealed in the glass at this terminal. If these lamps 
are operated without sufficient mercury in the bot-
tom end the tube may be ruined. 

After the tube is installed, it is a very simple 
matter to connect its terminals to the wires provided 
on the lamp unit and reflector. 

207. OPERATING VOLTAGE 

The tubes are rather critical as to their operating 
voltage, and if the line voltage is considerably 
lower than normal because of voltage drop, the 
lamps may not start promptly. In this case, when 
they are turned on the mercury switch may keep 
operating and clicking repeatedly, without starting 
the lamp. When this happens the voltage at the line 
terminals should be tested with a volt meter, and 
if it is found too low the connections can be shifted 
to the inner taps shown on the auto transformer 
coils. This will enable the transformer to raise the 
voltage on the tube. 
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These terminals are usually marked for the differ-
ent voltages, so it is easy to tell where to connect 
the line wires. When these lamps are connected 
on circuits from 95 to 125 volts, wires not smaller 
than No. 12 should be used, and each circuit for a 
single lamp should be fused for 15 amperes. 

For each additional lamp placed on any branch 
circuit, the fuse should be increased by 10 amperes 
per lamp. 

208. CARE AND MAINTENANCE 

If mercury vapor lamps are installed in cold rooms 
they may be somewhat slow in starting and also 
give less than normal candlepower. In such cases 
it may also be necessary to change the line connec-
tions to apply higher voltage to the tube; or even 
to increase the line voltage somewhat. 
The resistance units used with these lamps occa-

sionally burn out but they can be very easily re-
placed, as they are screwed into standard sockets on 
the unit, the same as a lamp or plug fuse would be. 

In maintaining a group of these lamps it is very 
important to keep the tubes clean by washing them 
occasionally with soap and water, and also to keep 
the negative terminal and starting band free from 
dust and dirt. An accumulation of dirt around the 
starting band will often allow the high voltage 
starting current to flash over at this terminal and 
cause the lamp to fail to start. 

If a lamp fails to start after several operations 
of the shifter switch it shoudd be turned off until 
the trouble is located, so that this switch will not 
be damaged by continuous operation. Failure to 
start is usually due to one of the following causes: 
low line voltage, very cold tube, blown fuses, 
burned out resistance unit, stuck or broken shifter 
switch, loose connection, cracked tube, or dirt ac-
cumulated at the starting band on the negative 
terminal. Checking each of thees items systema-
tically will usually locate the trouble. 
The transformer or induction coils can easily be 

tested for open circuits, shorts, or grounds, as ex-
plained in previous sections. 
Be very careful not to connect an A.C. lamp on 

a D.C. circuit, or a 60 cycle A.C. lamp on a 25 cycle 
circuit, or it will be burned out. 
Extra tubes and resistance units can be obtained 

from the lamp manufacturers and kept on hand for 
convenient and prompt repairs. 
The extensive use of this type of lamp in manu-

facturing plants will make this material very valu-
able for any maintenance electrician to know, and 
have on hand for future reference. 

209. HIGH INTENSITY MERCURY VAPOR 
LAMPS 

A recent developed mercury vapor lamp known 
as the high intensity mercury vapor lamp, is shown 
in Fig. 241. This lamp produces a bluish white light 
which is excellent for machine shop or other indus-
trial operations where metal parts are to be handled. 

PRIMARY 
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This lamp has a very high efficiency, 
of about 40 lumens per watt, as compared 
with 15 to 18 lumens per watt for or-
dinary incandescent lamps. These lamps 
are made in 250 and 400 watt sizes. 
The larger size is constructed with two 

bulbs, one within the other as shown in 
Fig. 241. The inner bulb contains mercury 
vapor, and a small amount of argon gas, 
two main operating or arc electrodes, 
A and B, and one auxiliary starting elec-
trode C. 
An evacuated space between the inner 

and outer bulbs helps to retain enough 
heat for best operation of the lamp. 
These lamps start on about 5 amperes at 20 volts, 

and after heated up, they operate on about 2.9 am-
peres at 150 volts. These special voltages are sup-
plied by individual auto transformer or reactor 
units used with each lamp. This permits operation 
of the lamps on regular 110 or 220 volt A. C. cir-
cuits. 
When these lamps are first turned on they pro-

duce a faint blue glow from a small arc started be-
tween electrodes A and C. After a warm up period 
about 10 or 12 minutes, the main arc forms between 
electrodes A and B, producing very intense blue-
white light. The larger sized lamps of this type must 
be operated in a vertical position to prevent the 
arc from bowing and melting the glass bulb. 

210. SODIUM VAPOR LAMPS 
One of the newer types of lamps w hich is co 

ing into use for highway and street lighting, us'. 
sodium vapor in which an arc is set up by means 
of special electrodes connected to an individual 
transformer for each lamp. 
The sodium vapor and electrodes, as well as the 

starting filaments are located within a sealed inner 
glass bulb. (See Fig. 242.) An outer sealed bulb main-
tains an evacuated space or "vacuum envelope" 
around the inner bulb, to help retain the heat re-
quired for these lamps to operate at best efficiency. 
The filaments in each end of the bulb are used 

to heat the vapor and throw off electrode to start 
the lamp, after which an arc is maintained between 
the anodes in opposite ends of the tube. A small 
amount of neon gas is included in these lamps to 

aid in starting the arc. 
The lamps produce a light 

of yellow color which is 
very good for clear vision on 
highways and streets. The 
efficiency of these sodium 
lamps is about 45 lumens 
per watt, or almost 3 times 
as high as that of ordinary 
incandescent lamps. 
They operate on from 2 to 

28 volts and 5 to 10 amperes. 
The special voltages requir-
ed for the filaments and 
electrodes are supplied 
separate windings of a sidle 
cial small transformer for 
each lamp as shown in 
Fig. 242. 

Pig. 241 
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HOME LIGHTING 

With all the vast number of homes in this coun-
try that are wired for electricity, there are still hun-
dreds of thousands of old houses to be wired, as 
well as the many thousands of new ones that are 
built yearly. 
Another very important fact to consider, from the 

standpoint of opportunities for the trained electrical 
man, is that actually a majority of the homes that 
have been wired a few years do not have efficient 
or adequate lighting. This is partly because the old 
style fixtures installed years ago were not macle 
very efficient, and partly because it used to be the 
opinion that home-lighting fixtures should be chosen 
for beauty and appearance, rather than for lighting 
efficiency. 

This idea is out-of-date, and the most important 
essential in modern home-lighting is first to see that 
the wiring and fixtures are planned and chosen to give 
adequate light of the right quality; and second, to 
give proper attention to the appearance and artistic 
features. 

We should keep well in mind that good fixtures are 
now made to provide ample and proper lighting, as 

ell as pleasing appearance and decorative effects. 
Properly designed lighting is one of the greatest com-

forts and conveniences that any home owner can enjoy, 
and in building new homes or remodeling old ones, the 
lighting should be considered equally as important as 
many pieces of the furniture, and as one of the most 
important features of the decorations. 

Home lighting does not require any elaborate cal-
culations, but the illumination for practically any room 
can be easily planned by application of the simple fun-
damentals of illumination, and the general rules on the 
following pages. Furthermore, the great number of 
homes which really require improved lighting and more 
modern fixtures, offer splendid opportunities right in 
his own neighborhood, to practically every graduate 
who wishes to take advantage of them. 

211. LIVING ROOM LIGHTING 

The living room is, of course, one of the most im-
portant rooms to have well lighted, as in the average 
home this room is the one in which the members of the 
family spend much of their time, and also one that we 
wish to have most attractive when guests are present. 

Proper lighting units for the living room are the ceil-
ing shower or cluster, wall bracket lights, and portable 
floor or table lamps. The ceiling fixtures are often e lled chandeliers or by the more modern name 
uminaire. No one of these types of lights is alone 

sufficient for a well-lighted living room, but two or all 
three of them should be combined to obtain the varied 
or complete lighting effects desirable. 

212. CHOICE OF CEILING, WALL, OR 
PORTABLE UNITS 

The ceiling fixture for the average sized living 
room should consist of four or more lamps of 40 
watts each or larger, and they should be equipped 
with glass shades to soften the light and prevent glare 

Fig. 243. This photo shows a living room lighted only by the ceiling 
fixture. There is plenty of light in the center of the room, but you 
will note the room appears very plain. 

The purpose of the ceiling fixture is to provide gen-
eral light throughout the room, and it should provide 
sufficient light to give the room a bright and cheerful 
appearance. 

Ceiling fixtures should, of course, be chosen of a 
design and color to harmonize with the room furnish-
ings and decorations, and they can be hung either 
quite close to the ceiling in low rooms, or suspended 
down farther in higher rooms. 

Usually they will shed a more even light on the ceil-

il 

Fig. 244. The same Hoke room as slaws above lighted only with 
Variable lamps, for reading directly under dame lamps. 
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ing if they are down from 18 to 30 inches from it. The 
bottom of the fixture should be at least 6 ft. 6 in. or 
more from the floor; and preferably 7 ft. or more, 
even if it is necessary to use a very short fixture 
close to the ceiling. 

Fig. 243 shows a living room lighted by a ceiling 
fixture only, and while the room is fairly well 
lighted, the general appearance is plan and drab and 
the light is centered too much above and below the 
fixture. 

Portable floor and bridge lamps, as well as table 
lamps, are very good for local spots of light and for 
reading in a chair directly beneath them without 
lighting the rest of the room. They also add a great 
deal to the decorative appearance, with their local 
spots of light and their colored shades. 
There is in many homes, however, a wrong tend-

ency, to depend on portable lamps almost entirely 
for living room light. Portable lamps are not in-
tended for this, and do not give sufficient general 
illumination for many occasions. 

Fig. 245. Here we have the same room lighted by the ceiling unit. 
wall lights, and portable lamps. Compare carefully the different 
effects in the three photographs on this page. 

Fig. 244 shows a room using only the portable 
lamps, and while the effect is restful and fine for a 
quiet evening alone with a book, it would not do 
at all for a room full of company, with card games 
or social gatherings. 

Floor lamps with open tops, and in some cases extra 
lamps and reflectors to direct light to the ceiling, are 
very useful and beautiful in their effects. 

Fig. 245 shows a rom well lighted by the ceiling 
luminaire and portable lamps, and with the walls 
"livened up" by wall bracket lights. A combination of 
lighting units of this kind provides wonderful dec-
orative possibilities and comfort, by the use of all 
or certain ones of the lights at proper times. 

Novelty table lamps, concealed cove lights, and arti-
ficial electric windows, can also be added to produce 
beautiful effects and increased attractiveness of the 
living room. Some of these are shown in Fig. 246. 
Sun parlors or porches should also be well equipped 

with outlets for floor and table lamps; and ceiling fix-
tures of a type that give a soft light are desirable. 

Fig. 246. These four views illustrate some of the effects obtainable 
with lights placed behind decorative objects, concealed coves, and 
artificial windows. 

213. DINING ROOM FIXTURES 

In the dining room we should have a flood of soft 
white light on the table, and sufficient light on the walls 
and ceiling to prevent them from appearing dark and 
depressing. There should also be a reasonable amount 
of light on the faces of the diners. Here we can use 
good-looking ceiling fixture with four or more shaded 
lamps of about 50 watts each or larger. This fixture 
should be hung low enough to center its light well 
on the table, and yet not low enough to shed too 
much light in the eyes of persons seated at the table. 
About 30" to 36" above the table is generally a good 
height. 

Buffet lights add to the appearance, and provide part 
of the extra light needed for the walls. A very well-
lighted dining room is shown in Fig. 247. 

Beautiful effects in dining room lighting can also be 

Fig. 247. The above dining room photo shows the manner in veldt* the 
light should be princinally centered on the table, and yet should 
light the walls and ceiling sufficiently to prevent a dark appearance 
in the room. 
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obtained with a semi-indirect ceiling fixture and wall 
lights of the types shown in Fig. 248. 

Semi-indirect ceiling luminaires of this type shed 
soft white light on the table to make the dishes, food, 
and silverware show up to excellent advantage; and 
they also direct sufficient light on the ceiling to give a 
cheerful and well-lighted appearance to the room. 
The inverted bowl wall lights of the type shown in 

Fig. 248, add the small fountains, or touches of light 
on the walls, which just complete the good appear-
ance of this room. 

Fig. 249 shows a number of popular fixtures 
which are both efficient and beautiful in appear-
ance. These units deliver a sufficient quantity of well 
diffused light, and add to the comfort, appearance, 
and actual value of a home enough to be worth many 
times their cost. 
The semi-indirect unit in the upper right corner of 

Fig. 249 is typically a dining room fixture, and the 
one in the center of the top row is particularly good 
for use in low living rooms. The others are typical 
living room fixtures. 

Fig. 250 shows several styles of fixtures for din-
ing room lighting. 

Fig. 248. A combination of a semi-indirect ceiling fixture with shaded 
wall lights of the type shown, produces a very beautiful lighting 
effect. 

214. BEDROOM LIGHTING 
Bedrooms should also be well lighted with soft light 

that is not tiring to the eyes of one lying in bed. Ceil-
ing units of the types shown in Fig. 251 and 
mounted close to the ceiling are very good. 

It is very important to have sufficient light at dress-
ing tables and on mirrors; and wall bracket lights or 
attachable brackets for clamping on each side of the 
mirrors should be provided. 

Portable lamps on small tables by the beds, or clamp 
lights to mount on the heads of beds are ideal for read-
ing lights. 

Plenty of convenience outlets should be provided *around the walls of bedrooms, for the attachment plugs 
of portable lamps, curling irons, fans, etc. 
A switch controlling one of the lights in the room 

should be located near enough to the lied to be within 
easy reach of a person either in bed or right at its edge. 

The clamp lights on the head of the bed will accom-
plish this, or in some cases a small light is mounted 
under the bed with a switch at the head of the bed. 
These lights will shed sufficient light on the floor 
to enable one to move about the room easily, and 
yet they do not throw light in the faces of other 
sleepers. Fig 251-A shows a well lighted bedroom. 

top. 

944 

Fig. 249. 249. Several very efficient and popular types of dining room and 
living room fixtures. 

215. KITCHEN UNITS 
The kitchen is one of the simplest rooms in a 

house to properly illuminate, and yet it should al-
ways receive careful attention, because it is the one 
in which the housewife spends a great deal of her 
time. 
A low hanging fixture should never be used in a 

kitchen, but instead a short unit which is high up 
and close to the ceiling should be used. It should 
be of the enclosed type with a dense white glass 

Fig. 250. Unite el the above type are very appropriate for *dui reem 
LISI 
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bowl, and equipped with at least a 100-watt lamp. 
Such a unit will provide well diffused light of 

good intensity throughout the ordinary kitchen. In 

Fig. $1. Several trpes of bed room fixtures which are mounted close 
to the ceiling and produce soft, well-diffused light. 

addition to this overhead unit, it is usually well to 
have a wall bracket light with a white glass shade 
mounted over the sink, and possibly one over the 
range. Fig. 252 shows how cheerful a kitchen can 
be tnade with proper lighting and light colored walls 
and ceiling. 

Fig. 251-A. This photo shows a well lighted bedroom, using the dame 
light in the ceiling and portable lights on the dresser and table. 

The left view in Fig. 253 shows more clearly, the 
shape of the kitchen unit and wall light and on the 
right is shown a very good unit of the porcelain 
enameled, metal dome type, to be used in the laun-
dry room in basements. 

Lighting units of this type are so low in cost 
compared to their value in the home, that it is often 
very easy to sell the home owner modern kitchen 
and laundry lighting equipment and get the job of 
replacing his old ones with the new. 

Fig. 252. A well lighted kitchen, such as shown above, Is me of 
the greatest conveniences in any home. 

Clothes closets should be equipped with a wall 
bracket light over the door, and enough to one sideAK 
so if a pull-cord switch is used the cord will notlir 
hang directly in the doorway. A wall switch at the 
door or just inside may also be used. 

Fig. 252. At the left is shown the arrangement of ceiling unit end 
wall bracket light for kitchen. On the right a very efficient type 
of reflector for laundry rooms and basement lighting. 

216. BATH ROOM LIGHTS 
Bath rooms should have two wall bracket lights 

above the wash stand, one on each side of the mir-
ror. Another above the mirror is also very con-
venient for general light in the room and for comb-
ing one's hair. Bath room lights can be controlled 
by key sockets or pull chain sockets on the bracket 
lights at the mirror or by wall switches for lights 
out of reach. If chain sockets are used on non-
polarized wiring systems, insulator links should be 
put in the chains to reduce chances of persons ob 
taming shocks by touching the chain when one han 
is on a faucet. 
The mirror lights should be low enough to well 

illuminate one's face and the under side of the chin 
for shaving, and should use 50-watt inside frosted 
bulbs. 

Large dark colored bath rooms may also require 
a ceiling light. 

217. PORCHES, ATTICS, BASEMENTS, AND 
GARAGES 

Porches and entrances can be made safer and 
much better appearing at night, by the use of ceil-
ing lights of lantern design on the porch, or bracket 
lights of suitable weather proof type at each side 
of doors. 

Attics and basements should be lighted with drop-
cord lights or other low cost units, and in sufficient 
number to enable one to work conveniently in any 
part of them. Where basements are used for chil-
drens' play rooms ceiling fixtures similar to kitchen 
units can be used, and controlled by pull-cords or 
wall switches. 
Garages should not be forgotten, and the light 

should be controlled by three-way switches both 
from the house and garage as previously explained 
One or more attachment plug receptacles should 
also be provided, to permit the use of portable 
trouble lights or vacuum cleaners around the car. 
Fig. 254 shows a number of the various types and 
sizes of Maui!' lamps commonly used in home light-
ing. 
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In wiring any home for lights remember to in-
stall plenty of convenience outlets in all rooms, and 
hree-way or four-way switches where they will add 
to the convenience in controlling the lights. 

qtdi • ) 
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Fig. 254. Above are shown a number of modern Mazda lamps el tie 
types commonly used in home lighting. 

0218. QUALITY WORK PAYS 
Always recommend lighting equipment that will 

be a permanent satisfaction to your customer as 
well as a credit to yourself. The home owner's 
pride in the appearance of his home, and his concern 
for the comfort, convenience and safety of his wife 
and children, are points that should not be forgot-
ten in selling good lighting. 

In completing this simplified practical material 
on illumination you can readily see that it is one 

• 

of the greatest fields of opportunity for profitable 
and interesting work that the electrical industry 
offers to the trained man. We are certain that 
whether you choose to specialize in this line of 
work, either as an employee of a contractor or fix-
ture dealer, or in business for yourself, you will 
find the material covered in this section of great 
value to you. No matter what line of electrical work 

Fig. US. Sectional view el new type student or reading lamps. elbowing 
diffusing bowl. shade and stand. 

Fig. 2.55A. Note the contrast in these two photos. The new I. E. S. lamp on the right provides more 
adequate light with much lesti shadow and glare, and greatly reduces rl• strain and fatigue. 
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you may follow, a practical knowledge of these prin-
ciples of good illumination will prove handy to you 
many times in the coming years. 

219. I. E. S. STUDENT LAMPS 

A very excellent and efficient new type of lamp 
for reading, student's use, or office desk work is 
called the I. E. S. (Illumination Engineering So-
ciety) student lamp. This lamp has been carefully 
designed to meet best lighting standards, and to 
provide ample lighting intensity with a minimum of 
glare and shadow. 
A view of this lamp is shown in Fig. 255. The 

exact diameter of the shade and its height from the 
table have been carefully determined. The color 
and reflecting quality of the shade material are 
also important. The dense opal glass inverted bowl 

on which the shade rests is also an important fea-
ture in the efficient operation of this lamp. This 
bowl softly diffuses the downward light and blend. 
the bowl brilliancy nicely with the light from the 
reflecting surface of the shade. The bowl also 
permits enough light to go up to the ceiling to 
provide some general illumination in the room and 
thus avoid sharp contrasts. 
A very interesting feature of one model of this 

I. E. S. lamp is that it is equipped with a special 
3-light bulb to permit control of the amount of 
light for various purposes. These lamps are made 
in 50-100-150 watt, and also 100-200-300 watt size. 
They have two filaments controlled by an elec-
troher switch in the lamp. On the smaller size 
one filament is of 50 watts and one of 100 watts. 
Either of these can be operated separately. Another 
position of the switch puts both filaments in opera-
tion in parallel, using 150 watts. 

FLUORESCENT LAMPS 
FLUORESCENT LAMPS 

Fluorescent lighting is one of the developments 
in electricity which fairly may be classed as revolu-
tionary. So far as the field of illumination is con-
cerned, fluorescent lighting doubtless is the most 
important advance since incandescent lamps re-
placed the early arc light. Much of the importance 
is due to the wide acceptance and adoption of this 
new kind of lighting in industrial work, in com-
mercial establishments, and in home lighting. 
Fluorescent lighting became known to the general 
public only during the Chicago Centennial Exposi-
tion of 1933, yet today we see it everywhere. The 
advantages of obtaining light through fluorescence 
had been apparent to scientists for many, many 
years, but as a practical application it had been 
classed with the "impossibles". 

One of the reasons for the popularity of fluores-
cent lighting is that so much of the power produces 
light and so little, relatively, goes into heat. A 
40-watt incandescent lamp delivers about 760 
lumens, while a 40-watt fluorescent lamp delivers 
2100 lumens. Even when we consider the additional 
power for control equipment required with the 
fluorescent, and not with the incandescent, the 
fluorescent lamp still produces about 90 per cent 
more light than the small incandescent lamp for the 
same power consumed. This power efficiency not 
only saves on the cost of lighting and on wiring, 
but lessens the heat and makes it more comfortable 
for those working under bright lights during warm 
weather. 

Among other advantages of fluorescent lamps are 
that they will produce the most economical close 
approach to daylight effects, that they are the first 
lamps to produce colored light with reasonable 
efficiency, and that their large surface areas com-
pared with incandescent lamps permit getting lots 

of light from a source that is not too bright to 
look at. 

THE FLUORESCENT LAMP 

Fluorescent lamps are made with long glass tubes 
having at each end metal caps with two contact 
pins. Fig. 1 shows several such lamps, the ratingek 
from top to bottom, being 20, 40, 30 and 15 wattle. 
Fig. 2 illustrates several types of fixtures in which 
the lamps are used. 

111111111111111111111111111111111.1.1111111111 

Fig. 1. Fluormeent Lamps of Bk. IS-, SO- and 1S-watt Ratings. As 
Shown From Top to Bottom. 

The construction of a lamp as it would appear 
broken open is shown by Fig. 3. At each end is a 
small coiled wire filament connected through the 
gas-tight glass press to the two contact pins carried 
in phenolic insulation by the end cap. The filament 
is coated with materials such as used on filaments 
of radio tubes, to provide a large emision of elec-
trons at fairly low temperatures. The inside of the 
lamp tube is filled with argon gas, and there is a 
small drop of mercury which is vaporized by heat 
from the filaments and which then provides a path 
of fairly low resistance through which electrons 
may pass from one filament to the other after lib 
lamp is in operation. 
The inside of the lamp tubing is coated with a 

thin layer of materials called phosphors. A phosphor 
is a substance which becomes luminous or which 
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glows with visible light when struck by streams of 
electrons which are caused to pass through the space between filaments inside the lamp. When the 

Fig. 2. Fluorescent Lamp Fixtures. The Three At the Top Are Used In 
Stores, Offices and Residences. The Bottom Fixture Is an Industrial 
Type. 

phosphors are thus made luminous the action is 
called fluorescence, which gives this kind of lamp 
its name, fluorescent. Were there no fluorescent 
materials coated on the inside of the glass tubing 
there would be practically no visible light with the 
lamp in operation. In fact, there wouldn't be even es much light as you see inside a radio tube, for 
uring normal operation of the fluorescent lamp the 

filaments carry no current which would cause them 
to glow. Now let's see how such a lamp as this can 
be made to operate. 

Fig. 3. Construction of a Fluorescent Lamp. 

FLUORESCENT LAMP OPERATION 
The basic principle of fluorescent lamp operation 

is shown by Fig. 4, where we have the two fila-
ments connected together on one side through a 
switch and on the other side connected to the alter-
nating-current supply line. In diagram A the switch 
is closed. Current from the line flows through the 
two filaments and the switch in series, heating the 
filaments to a temperature at which they will readily 
emit great quantities of electrons and at the same 
time vaporizing the mercury to fill the tube with 

4 he low-resistance mercury vapor. 
After a few seconds of filament preheating the 

switch is opened as in diagram B. This opening 
of the switch gives, in effect, the arrangement of 
diagram C where one filament remains connected 

to each end of the a-c line but to nothing else. As 
you know, in an a-c supply the voltage will be 
highest at one end while lowest at the other, then 
will reverse to become lowest at the first end and 
highest at the second. These voltages are sufficient 
to cause flow of electrons, and current, through the 
low-resistance mercury vapor from the filament 
which, at any moment, is of higher voltage to the 
one which is of lower voltage. When the voltage 
reverses there is a similar flow of electrons and 
current in the opposite direction. Since, on a 
60-cycle supply, there is a flow in each direction 60 
times each second the reversals follow one another 
so rapidly as to produce a practically continual flow 
or discharge of electrons inside the tubing. 

Fig. 4. Fundamental Operating Principle of Fluorescent Lamps. 

The streams of electrons strike against the phos-
phor coating inside the tube and this coating glows 
brightly to make the lamp "light." To turn off 
the lamp we need only open another switch, the 
usual off-on type, in the a-c supply line. The switch 
shown in Fig. 4 is called the starter switch or 
simply the starter. It may be operated either by 
hand (manually) or automatically. 

MANUAL STARTER SWITCHES 

Although the great majority of fluorescent lamps 
are controlled by automatic starter switches, we 
shall consider the manual type first because it is 
simpler. All manual or hand-operated switches 
do three things in order. First, they close the line 
circuit through the filaments to heat the filaments 
and vaporize the mercury. The operator keeps the 
switch in this first position for from two to three 
seconds while the filaments glow, or until he notes 
that they are glowing. 
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The second movement of the manual switch opens 
the connection between the two filaments so that 
they are left connected to the two ends of the line. 
On this motion of the switch the lamp should light. 
The third motion of the manual switch opens the 
line circuit to extinguish the light and may also 
re-close the connection between filaments ready for 
the next start. 

In one style of manual switch a button is turned 
progressively clockwise through the three posi-
tions. In another style a button or lever is pushed 
down until the filaments glow, then is released and 
the bulb lights. The lamp is turned off by push-
ing the button down and releasing it immediately. 
This latter type of switch may be mounted on an 
overhead fixture and operated with a pull cord. 

The manual starter switch acts also as the off-on 
switch for the line current. The automatic starter 
switches act only as starters to open and close the 
connection between filaments, and require that some 
type of off-on switch be connected in the line as 
for any other kind of lamp. 

AUTOMATIC STARTERS 

There are three general classes of automatic 
starters. The first to be used was the magnetic 
starter which operated on the principle of a mag-
netic relay to open the filament connection after a 
time interval. This type is no longer being applied. 
The other two classes include switches that are 
operated by heat, utilizing the principle of the 
thermostat to open and close their contacts. 
The thermal starter includes a resistance element 

which carries the filament current and is heated 
by this current. The heater element heats a 
bimetallic thermostat blade and causes this blade 
to bend and open the filament connection after the 
filaments have been heated enough to glow. 

The glow type starter also uses a bimetallic 
thermostat blade, but instead of using a heater 
element the blade is heated by a glow discharge 
that takes place through neon, argon or helium gas 
that fills the glass bulb containing the switch. The 
glow type is the one most commonly used on alter-
nating-current supply. 

LAMPHOLDERS 

The fluorescent lamp is supported in the fixture 
by some form of insulating lampholder through 
which conections are made from the operating cir-
cuit to the contact pins on the end of the lamp. Two 
styles of lampholders are illustrated in Fig. 5. With 
the push type of holder the end of the lamp with 
its pins is pushed into slots where it is held by 
spring contact members. The style shown on the 
left in Fig. 5 has J-shaped slots which form a 
sort of bayonet lock for the lamp pins. A variety 
of the push type called the ejector lampholder has 
extended parts of the contact springs or holding 
springs which may be pressed to force the lamp 
out of the holder. 

PUSH ROTARY 

TYPE ---•- TYPE 

Fig. 5. Lampholders for Supporting the Lamp and Making Contact 
With the End Pins. 

With rotary types of lampholder the pins on the 
ends of the lamp are inserted into a vertical slot, 
then the lamp is rotated a quarter turn to make 
the electrical contacts and at the same time lock 
the lamp securely in place. See right hand view in 
Fig. 5. Rotating the lamp another quarter turn 
in either direction releases the locks and permits it 
to be withdrawn from the holder. Both styles of 
lampholders are produced with different mechanical 
details by different makers, but the illustrations of 
Fig. 5 show the two general principles followed. 

The rotary lampholder of Fig. 5 is attached to 

p a base in which is a socket for holding an auto-
matic starter switch and making the necessar 
electrical contacts to the switch. These automatic 
switches when made for this style of mounting are 
enclosed in small cylindrical metal shells with con-
tact pins on the end that goes into the socket. Both 
the thermal and glow types of starter are made in 
this style for socket mounting, and such a mounting 
may be used with any style of lampholder. Since 
a separate starter is required for each lamp, one of 
the holders will have a starter socket and the other 
will not. 

Starters sometimes are mounted with other parts 
of the lamp operating equipment instead of in one 
of the sockets, but the replaceable type (socket 
mounted) is now generally used. 

The starter mounted as in Fig. 5 may be replaced 
when defective by taking the lamp out of its holders, 
removing the starter by twisting it through part 
of a turn and lifting it out of its socket, then re-
placing it with a new one. Fig. 6 shows how a 

APY-

• 
Fig. O. How a Replaceable Starter Is Mounted On One of the 

Lameoldera Which Are In the Fixture 
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starter is mounted underneath one end of a lamp 
and how the starter is removed from its socket. « tarter sockets for large lamps often are placed on 
the side of the holder opposite the lamp, so that 
the starter may be replaced without taking out 
the lamp. 

GLOW SWITCH STARTER 

Fig. 7 shows the parts of a glow type starter 
switch as they appear after taking off the metal 
cylinder that enclosed them. Inside the small glass 
enclosure is the bimetallic blade that bends one way 
when heated and the opposite way when cooled. The 
glass is filled with neon, argon or helium, accord-
*ng to the size of the lamp and the voltage that 

Fig. 7. Construction and Connections of a Glow Switch Starter. 

ssill be applied to the switch. Before the lamp 
turned on by its off-on switch the bimetallic blade 

is contracted to separate the blade end from the 
fixed member of the switch. Thus the connection 
between the two lamp filaments is open, and we 
have the conditions represented by Fig. 8. 

LINE. 

LAMP 

C +-SWITCH OPEN. 

Fig. S. How the Glow Starter Is Connected To the Lamp. 

In Fig. 8 voltages from the line pass through 
the lamp filaments and to the switch contacts and 
the capacitor connected across the contacts. The 
capacitor is thus connected in order to lessen inter-
ference with radio reception as the switch contacts 
open while carrying current. The voltage difference 
across the neon or other gas inside the switch 
causes the separated parts to the switch to be 
covered with a glow as electrons flow through the *as. This glow is exactly like that which takes 
lace in the small neon-filled night lamps or signal 

lamps which doubtless you have seen. Heat from 
the glow discharge warms the bimetallic blade in 
the switch so that it bends to close the contacts 

and allow preheating current to flow through the 
lamp filaments. 

With the switch contacts closed there no longer 
is a voltage difference between them, so the glow 
discharge ceases, and the bimetallic blade com-
mences to cool. As the blade cools it bends to 
separate the switch contacts. This leaves the lamp 
filaments connected only to the line and not to 
each other, so the lamp lights. The switch con-
tacts remain open while the lamp is lighted and also 
while it is turned off by opening the regular off-on 
switch to cut off the current supply. 

If either filament of the lamp should be burned 
out no voltage difference reaches the glow switch, 
there is no glow discharge, and the switch contacts 
remain separated. If the lamp is worn out from 
use or otherwise is in a condition which prevents 
it from lighting even with the filaments complete, 
the glow switch continues to close and open its 
contacts as the glow discharge is established with 
the contacts separated and is stopped by their 
closing. This generally causes a flashing or blink-
ing in the lamp as the filaments are heated and 
cool off. 

A no-blink type of glow starter prevents the 
switch from opening and closing when the lamp 
fails to light. This no-blink type is like the one 
of Fig. 7 except that, as shown by Fig. 9, there 

Fig. 1). The No-blink Type of Glow Starter. 

is an added heater-operated bimetallic switch. This 
extra switch ordinarily remains open, but should 
the glow switch continue to close and open, the 
pulses of current through the heater finally bring 
it to a temperature that bends its enclosed bimetallic 
blade and closes the auxiliary contacts. This short 
circuits the glow switch so that it no longer oper-
ates. Current continues to flow through the lamp 
filaments, keeping them heated, and through the 
switch heater to keep the contacts closed until the 
lamp is turned off and the heater cools. 

THERMAL STARTER 

Fig. 10 shows the parts of a terminal starter and 
Fig. 11 shows how this type of starter is connected 
to the lamp. Inside the glass bulb of the switch 
is a fixed contact, another contact carried by a 
bimetallic blade that bends with heating and cool-
ing, and a heater element for heating the bimetallic 
blade. Outside the glass is the usual capacitor con-
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nected across the switch contacts to reduce radio 
interference. 

Fig. 10. Ilse Parts and Connections In a Thermal Starter. 

As shown by Fig. 11 the switch is connected so 
that current from the line passes through the heater 
element, one of the lamp filaments, the switch con-
tacts, the other lamp filament, and back to the 
line. The switch contacts are closed to begin with 
so that this circuit is completed. Within two or 
three seconds after the current is turned on by 
the regular off-on switch, the heater element has 
warmed the bimetallic blade of the switch enough 
to bend it and open the contacts. This opens the 
connection between the two filaments, leaves each 
connected to one side of the line, and the lamp 
lights. 

Fig. IL How the Thermal Starter Is Connected To the Lamp. 

So long as the lamp remains lighted current 
that flows to one of the filaments, and maintains 
the electronic discharge through the lamp, flows 
through the heater element and keeps the switch 
blade warm enough so that the contacts remain 
open. With this type of starter enough heat is 
retained in the switch to keep the bimetallic blade 
bent and the contacts open for some little time after 
the current is turned off at the off-on switch in 
the line. Consequently, with a thermal switch, it 
usually is impossible to immediately relight the 
lamp after it has been turned off. 

BALLAST COILS 

In the simple circuits shown up to this point we 
have included only a lamp and a starter switch. 
With only these parts the lamp filaments would 
be subjected to the full voltage of the line after 
the starter opens. The line voltage always is 
higher than the voltage at which fluorescent lamps 
should be operated. Operating voltages across the 
filaments are from 40 to 90 per cent of the average 
line voltage or the "design voltage," which is as-

sumed to be 118 volts on a nominal 110-125 volt 
alternating current circuit. 

Before going on to discuss how the lamp voltagell 
is controlled it may be well to explain that the 
lamp filaments really act as filaments only while 
they are carrying the preheating current. Once the 
connection between filaments is opened, leaving 
them to carry only the electronic discharge cur-
rent, they should be called electrodes rather than 
filaments. An electrode is an element through 
which current enters or leaves a gas. 

Now back to the matter of lamp voltages. In ad-
dition to requiring an operating voltage lower than 
that from the line, fluorescent lamps require for 
starting, a momentary voltage quite a bit higher 
than that from the 110-125 volt lines in order to 
establish the electronic discharge through the gas 
inside the tubing. Thus we have the problem of 
supplying a voltage higher than that from the 
line at the instant of starting, and a voltage lower 
than that from the line while the lamp continues 
in operation. Both of these things are accomplished 
by inserting in series with one side of the line an 
inductance coil or a choke coil which is called the 
fluorescence lamp ballast. 

A coil having many turns wound on an iron core 
has high inductance. When current has been flow-
ing in such a coil and suddenly is stopped the mag-
netic lines of force which have existed around th 
winding collapse and cut back through the turn 
This cutting of the conductor by lines of force 
induces a voltage which is much higher than 
that which was sending current through the coil. 
It often is spoken of as the "inductive kick." 

Fig. 12. How the Ballast Is Connected In Circuit With the Lamp 
and Starter. 

By connecting a ballast as shown at A in Fig. 12 
for a glow starter or as at B for a thermal starter, 
we will obtain an inductive kick and a high starting 
voltage at the instant the starter switch opens 
the connection between the electrodes. In these 
diagrams, and in others to follow, we indicate the 
starter by a circle enclosing a letter S. This is an 
accepted symbol in diagrams for flourescent lamp 
circuits, and since we now understand the construc-
tion and operation of starters the symbol will help 
to simplify the following diagrams. 

Once the ballast has furnished the instantaneo» 
high voltage for starting the electronic dischar 
within the lamp tubing the ballast acts as an induc-
tive reactance or choke coil to use up some of the 
line voltage and deliver only the correct value to 
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the lamp electrodes. Inductive reactance is the op-
position to flow of alternating current that results 
rom induction in a coil winding. It provides im-
pedance to flow of alternating current just as resist-
ance furnishes opposition to flow of both alternating 
and direct current. The inductance of the ballast 
makes its opposition to alternating current much 
greater than would result only from the resistance 
of the wire in the winding. The impedance of the 
ballast is such that the remaining voltage is just 
right for the lamp being used. 
The ballast must be designed especially for the 

line voltage, for the number of lamps operated in its 
circuit, for the wattage rating of the lamps, and 
for the frequency of the supply circuit. A rela-
tively high frequency, such as 60 cycles, causes a 
much greater inductive reactance in a given ballast 
than does a lower frequency such as 25 cycles. 

POWER FACTOR 
Whenever we include in an alternating-current 

circuit a coil or winding having large inductance, 
such as the fluorescent ballast, something rather 
peculiar takes place in the circuit If it were pos-
sible to construct a coil having inductance but 
having no resistance, and to connect this coil into 
an alternating-current circuit, no power would be 
used in sending current through this coil. The 
rapidly changing current (alternating current) 
would produce changes of magnetism and changes 
f voltage in the coil that would return to the 

circuit just as much power as was taken from the 
circuit. 

If this coil with inductance but no resistance were 
on a circuit with an electric meter such as used 
to measure energy consumption, just the ordinary 
kind of kilowatt-hour meter, current would flow 
into and out of the coil, but the meter would regis-
ter no energy consumption. The electric service 
company to whose lines the coil and meter were 
connected would have to supply the current going 
into and out of the coil, but would collect no money 
because no power would be used. 

It is impossible to build a coil having no resist-
ance, because there is resistance in the wire with 
which the coil is wound. However, it is entirely 
possible to build a coil having large inductance and 
comparatively little resistance. It also is possible 
to use in the same circuit with the coil a capacitor. 
The relation between the inductance of the coil, the 
capacitance of the capacitor, and the resistance of 
the conductors in all the parts determines how much 
power will be used in the circuit and how much will 
be returned to the line. 
With a fluorescent ballast used as in Fig. 12 the 

lamp circuit will take from the supply line some cer-tain amount of current which we may measure in 
mperes, and will operate at the line voltage. If this 
were a direct-current circuit the power in watts 
being used would be equal to the number of am-
peres multiplied by the number of volts. But in 

an alternating current circuit containing induc-
tance or capacitance or both inductance and capac-
itance the power being used is not equal to volts 
times amperes, or to volt-amperes, but is equal to 
something less because of the peculiar action by 
which part of the power is returned to the supply 
circuit. Only part of the current that flows does 
useful work, or furnishes power. The rest of the 
current is wasted so far as power production is 
concerned. 
The percentage of the "apparent power" (volts 

times amperes) that actually produces power and 
does useful work in the circuit is called the power 
factor of the circuit. The power factor of a fluores-
cent lamp circuit with a ballast, as in Fig. 12, is 
between 50 and 60 per cent. This means that only 
50 to 60 per cent of the current is useful. We 
must have wires large enough to carry the entire 
current without overheating, but if our power factor 
were not so low we might get along with much 
less curent and use smaller wires. 

If we connect a capacitor in series with the bal-
last coil, or introduce capacitance into our inductive 
circuit, the capacitance will counteract some of the 
effect of the coil inductance and we will raise the 
power factor. With a certain relation between the 
values of inductance and capacitance the two will 
balance. Then the circuit would act as though 
it contained neither inductance nor capacitance, but 
had only resistance. All the current would be used 
in producing power, and we would have a power 
factor of 100 per cent. If the inductance and capac-
itance were nearly balanced we might have a power 
factor of 90 per cent or maybe 95 per cent. This 
is what actually is done in many fluorescent lamp 
circuits. 

Ballasts, starters and other control elements are 
mounted inside the lamp fixtures. Fixtures which 
have no capacitor, no power factor correction, are 
specified as of low power factor. Those in which 
a capacitor or capacitors bring the power factor 
to 90 per cent or better are specified as of high 
power factor. The cost for electric power is the 
same for both types with given lamps in them. Since 
low power factor units take more current it is 
necessary to use larger circuit wiring than for the 
same wattage of lamps in high power factor units. 
This becomes important in large installations, but 
means nothing when only two or three small lamps 
are used. Some power companies require that all 
fluorescent fixtures be of high power factor types, 
since this avoids carrying useless current in the 
lines. 

Fig. 13 shows connections in a two-lamp circuit 
having power factor correction. The lower lamp, 
marked "lagging lamp" has only a ballast between 
it and one side of the line. In series with the ballast 
for the other lamp, marked "leading lamp" is a 
capacitor bypassed by a small high-resistance unit. 
The two lamps and their ballasts are in parallel with 
each other. In the parallel path for the lagging 
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lamp there is only inductance (the ballast) and re-
sistance. In the other path there is inductance, 
capacitance (the capacitor) and resistance. 

Fig. 13. A Two-lamp Circuit With Power Factor Correction. 

With only inductance and resistance in a circuit 
or a branch of a circuit the peaks of alternating 
current occur slightly later in the cycle than do the 
peaks of alternating voltage that causes the current 
to flow. Such a circuit is said to have a lagging cur-
rent, and we have marked the lamp as being the 
lagging lamp. With enough capacitance in a cir-
cuit to overbalance the effect of the inductance the 
peaks of alternating voltage occur somewhat later 
in the cycle than do the peaks of current produced 
by the voltage, hence we say that such a circuit has 
a leading current, and we mark the lamp in that 
circuit as being the leading lamp. The power factor 
of the entire circuit, including the two lamps, their 
ballasts and the capacitor, will be better than 90 
per cent. 

COMPENSATOR 

In Fig. 14 we have added another inductance coil, 
called the compensator, in series with the starter of 
the leading lamp. In the circuit of Fig. 13 there 
may be so little current in the path containing the 
capacitor and the leading lamp that this lamp lights 
with difficulty because of insufficient filament pre-
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Fig. 14. How the Compensator Is Connected In a High Power Factor 
Circuit. 

heating. To overbalance the effect of the capac-
itor and allow more current for starting, we con-
nect additional inductance in this branch, the addlli_ 
ditional inductance being the compensator. As soonnir 
as the lamp is lighted the starter switch is open, 
and since the compensator is in series with the 
starter the compensator carries no current after 
the lamp lights. Compensators are not required 
with 65- and 100-watt lamps, but are used with all 
smaller lamps in high power factor circuits. 

STEP-UP TRANSFORMER 

The voltage required to start the electron dis-
charge through, 30-, 40-, and 100-watt lamps is too 
high to be furnished even from the inductive 
kick of the ballast when operated from a 110-125 
volt supply line. With these lamps it is necessary, 
when using this supply line voltage, to provide a 
transformer which will increase the starting volt-
age. Fig. 15 shows a two-lamp circuit with a step-up 
transformer. The transformer is of the auto-
transformer type in which part of a winding acts as 
the primary and the whole winding acts as the 
secondary. In Fig. 15 we have two sections which 
act as secondaries, one for each of the lamps. All 
the windings are on one core. 

AUTO- TRANSFORMER.» 

Fig. 15. A Transformer Used To Increase the Voltage From a 110-125 
Volt Line. 

The transformer is designed with windings and 
core of such proportions that while the lamps are 
operating the voltage from the transformer is 
dropped low enough to suit the lamp requirements. 
Technically, the transformer is said to have high 
leakage reactance and poor voltage regulation, 
which is just what we need in this case. The volt-
age regulation secured with the transformer makes 
it unnecessary to include ballasts in the lamp 
circuits. 

AUXILIARIES 

Starters, ballasts, compensators and auto-trans-
formers are called auxiliaries. Whichever of these 
parts are used, and in whatever combination they 
are used, the whole collection of control devices for 
a lamp fixture is called an auxiliary. Two ballast 
coils often are wound on a single core but wir 
separately as shown in the preceding circuit die 
grams. Starters, ballasts, compensators, and 
auto-transformers may be mounted together within 
a single case and called the lamp auxiliary, or any 
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of them may be separate units and separately 
mounted. The grouping, mounting, and wiring cir-* uits vary with different manufacturers. The circuit 
diagrams which have been shown represent typical 
connections between units, but different arrange-
ments may be used and still produce fundamentally 
the same electrical circuits. 

It is a general rule that the watts of power con-
sumed in the auxiliary for a lamp or lamps must not 
exceed one-third of the rated watts for the lamp or 
lamps. Thus, the auxiliary for a 30-watt lamp may 
consume as much as 10 watts of power, making the 
total power requirement, or the power taken from 
the line, equal to 40 watts. The wattage required 
for operating fluorescent lamps and their auxiliaries 
always is greater than the wattage of the lamps 
themselves. 

Auxiliaries may be marked with the "design volt-
age" at which they are designed to operate most 
efficiently. The design voltage for 110-125 volt 
supply is 118 volts, and for 220-250 volt supply is 
236 volts. In certain three-phase circuit connec-
tions found on industrial supply lines the nominal 
line voltage is 199-216, and the design voltage is 208. 
Auxiliaries must match the supply lines on which 
they are to be used. 

LAMP CHARACTERISTICS 

S
The accompanying table shows the normal oper-

ling characteristics of fluorescent lamps in gen-
eral use. The lamps are listed according to their 
nominal wattage, which does not include the watts 
loss in the auxiliaries. The values given in the table 
apply when the lamps are operated from lines sup-
plying the design voltage and when operating at a 
suitable room temperature, which is a temperature 
allowing the lamp tubing to be between 100° and 
120° F. 

The 3500° white lamp is the type furnished when 
only "white" is specified, and is the lamp often 
used for ordinary illumination. The "soft white" 
lamp gives light with more red, so produces a 

"warmer" effect as often desired in residences. 
Daylight lamps are used chiefly where it is im-
portant to distinguish colors as they would appear 
under natural daylight. The colored lamps are 
used for decorative work, although the green lamp 
sometimes is employed in photographic processes 
where maximum illumination is desired. 

STROBOSCOPIC EFFECT 
When a fluorescent lamp is operated on alternat-

ing current the current and voltage drop to zero 
twice during each cycle, and at these instants 
the electron discharge ceases within the tubing. 
Were it not for the hold-over effect of the phosphor 
coating the light would go out twice during each 
cycle, or 120 times per second on a 60-cycle supply 
line. The light does not go completely out, but it 
does drop very decidedly. Our eyes do not dis-
tinguish variations of light occurring more than 
20 times a second, so the effect discussed means 
nothing for ordinary purposes of illumination. 

If a rapidly moving object is viewed by light 
that increases and decreases at a rapid rate, you see 
the object only while it is brightly illuminated. As 
the object moves at a constant rate you see it as a 
succession of images along the path of motion. This 
is called stroboscopic effect because it is the effect 
utilized with devices called stroboscopes which are 
used for observing the action of moving objects by 
making them appear to stand still at certain speeds 
and positions. The stroboscopic effect of fluorescent 
lamps may be objectionable when they illuminate 
moving objects such as the work revolving in lathes 
and other machine tools. You can observe the effect 
by moving any bright object rapidly back and forth 
under the light from a fluorescent lamp. 

Stroboscopic effect is worst with the daylight and 
blue lamps, and is almost as bad on the white lamps. 
The effect is relatively small with green and other 
colored lamps. Using high power factor auxiliaries 
such as illustrated in Figs. 13, 14 and 15 reduces the 
stroboscopic effect to relatively low values, so that it 
is but little more pronounced than with incandescent 

FLUORESCENT LAMP CHARACTERISTICS 

Nominal Watts  6 8 14 15 20 30 40 65 100 
Bulb Type Number  T-5 T-5 T-12 T-8 T-12 T-8 T-12 T-17 T-17 
Tubing Diameter  % Y8 lYa 1 13i 1 1 2 3 23/8 
Length, Inches   9 12 18 18 24 36 48 36 60 
Average Life, Hours  750 750 1500 2500 2500 2500 2500 2000 2000 
Lamp Amperes  .15 .18 .37 .30 .35 .34 .41 1.35 1.45 
Lamp Voltage  45 54 41 56 6) 103 108 50 72 
Lumen Output, Average: 

3500° White  180 300 460 615 900 1450 2100 2100 4200 
Soft White  325 435 640 1050 1500 
Daylight   155 250 370 495 730 1200 1700 1800 3350 
Green   900 1300 2250 
Gold   375 540 930 
Blue   315 460 780 
Pink  300 440 750 
Red   45 60 120 
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lamps. This happens because the peak illumination 
from one lamp comes in between the peaks from 
the other lamp. Three fluorescent lamps operated 
in the three phases of a three-phase circuit produce 
a negligible stroboscopic effect. When operated on 
direct current there is no stroboscopic effect what-
ever, since the voltage and current are of constant 
values. 

DIRECT CURRENT OPERATION 

When fluorescent lamps are operated on a direct-
current supply line the ballast is used in series with 
a resistor as shown in Fig. 16. The ballast produces 
the high voltage for starting the electric discharge 
through the lamp. The induced voltage caused by 
stopping direct current in the ballast causes collapse 
of the magnetic lines of force through the winding 
just as does stopping an alternating current. How-
ever, opposition to current flow caused by reactance 
in an alternating current circuit does not exist with 
direct current, and the only opposition of the ballast 
to flow of direct current is the resistance in the 
winding. Consequently, to reduce the current to 
that required by the lamp, it is necessary to use the 
series resistor. The resistor is mounted in a shield 
or case of perforated metal. It operates at tempera-
tures which are 70° to 90° F. above room tem-
perature. 

Fig. 14. The Connection for a Voltage Dropping Register Used With 
Direct-current Supply. 

The added ohms of resistance in the resistor must 
be enough so that the number of ohms multiplied 
by the number of amperes of lamp current equals 
the required drop of voltage in the resistor. The 
operating lamp current flowing continually in this 
series resistance causes a power loss in watts equal 
to the number of ohms of resistance multiplied by 
the number of amperes of lamp current. This power 
loss is so great in comparison to that in the ballast 
alone on an a-c current that direct-current operation 
of fluorescent lamps is relatively inefficient. The 
total power consumed usually is more than double 
the number of watts taken by the lamp. 

Inasmuch as a transformer cannot be used with 
direct current to step up the voltage for starting 
there is no economical way of raising the voltage 
from the line to start the larger lamps. Lamps of 
the 20-watt and smaller sizes may be operated from 
110-115 volt d-c lines, but larger sizes must be run 
from 220-230 volt lines. 
The glow starter seldom works satisfactorily on 

d-c circuits because there is no relatively high peak 

voltage (as with alternating current) to establish 
the glow in the switch. For direct-current operation 
it is usual practice to use thermal starters for lampsak 
up to and including the 40-watt size, and to uselir 
manual starters for larger sizes. The thermal starter 
continues to heat the bimetallic blade of the switch 
until it operates. 

Direct current causes an electronic discharge al-
ways in the one direction through the lamp tube 
with the result that a relatively dark space may 
appear at one end. This fault may be overcome by 
using a reversing type of off-on switch that reverses 
the direction of current flow each time it is turned 
off and then on again. Operating such a switch two 
or three times a day will usually keep the tubing 
uniformly bright. 

LAMPS IN SERIES 

Two of the 14-watt fluorescent lamps may be 
operated in series with each other and with a special 
incandescent lamp with the circuit shown in Fig. 17. 

LINE. 
INCANDESCENT BALLAST. 

I4-WATT LAMP 14-WATT LAMP 

4 1 STARTER SWITCH. 

Fig. 17. Circuit for Two 14-watt Lamps In Series and a Manual 
Sequence Switch. 

The incandescent ballast lamp has the usual screw 
base and a white glass bulb, giving light while re-
ducing the voltage from the line to that required by 
the two fluorescent lamps in series. The starter 
switch is of the manual type, constructed so that 
both lamp circuits are closed for preheating the 
filaments and so that the circuits are opened one 
after another so that the two fluorescent lamps light 
in sequence. This provides the maximum starting 
voltage for each lamp, whereas were they started at 
the same instant only half as much voltage would 
be available for each one. This circuit is used on 
110-125 volt a-c lines or on 110-115 volt d-c lines. 

Three of the 65-watt fluorescent lamps may be 
operated in series on a 220- or 236-volt a-c supply 
line with the circuit shown in principle by Fig. 18. 
Between one side of the line and the fluorescent 
lamps are two tungsten-filament incandescent lamps 
connected in parallel with each other. These incan-
descents act as resistors to reduce voltage from the 
line to that suitable for the fluorescents. The starter 
switches for the three fluorescent lamps are built in 
one unit. All three close for preheating the fil 
ments, then they open one at a time to start the 
lamps in sequence, just as with the series circuit 
of Fig. 17. 
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LINE 

65-WATT LAMP 

1-45-1 INCANDESCENT LAMPS 

65-WAT T LAMP 65-WATT LAMP 

STARTER SWITCH 

Fig. 18. Connections for Three 45-watt Lamps In Series With a 
Manual Semistm• Switch. 

Single 6-watt or 8-watt fluorescent lamps some 
times are operated in series with a voltage-dropping 
resistor and without any ballast on 110-125 volt a-c 
lines or on 110-115 volt d-c lines. The small cur-
rents taken by these lamps do not cause an exces-
sive power loss in the resistor while the lamps 
operate. The total power is much greater than that 
used in the lamps themselves, but still is compar-
able with that taken by a 15- or 25-watt incan-
descent lamp, which gives fewer lumens than the 
two small fluorescents. 

FLUORESCENT LAMP OPERATION 

Fluorescent lamps start most easily and operate 
most satisfactorily in delivering steady light when 
the room temperature is between 50° and 90° F. eThe light from standard fluorescent lamps falls off 
quite rapidly as their temperature drops, and falls 
off to some extent as the temperature rises above 
the range mentioned. There are some special types 
of lamps which will start and operate in tempera-
tures as low as zero F. 
When standard lamps must be used where tem-

peratures are low, trouble may be lessened by doing 
everything possible to maintain a fairly high supply 
voltage. It also helps in starting to use thermal 
starters rather than the glow type. Lamp tempera-
tures may be raised by covering the open side of 
the fixture with glass or with transparent pyroxylin 
sheets to retain the heat produced by the lamps 
and the auxilaries. 

The life of the fluorescent lamp depends more 
than anything else on the condition of its filaments. 
If the line voltage is low the filament coating mate-
rial is rapidly dissipated, so that the lamp becomes 
more and more difficult to start. Low line voltage 
with incandescent lamps merely lessens the light, 
and increase the life of the lamp. With fluorescent 
lamps, low voltage does decided harm. Every time 
the fluorescent lamp is started some of the coating 
is taken off the filaments. The fewer the starts dur-
ing a given number of hours of operation the longer 
the lamps will last. The best life ordinarily is ob-
tained with lighted periods of three or four hours 
each. 

The end of the useful life of a lamp usually is 
indicated by a rather rapid falling off in illumina-
tion or in lumen output. The lamp finally will refuse 
to start, or may flash on for a moment and then go 
out for good. 

Lamp requirements for a desired distribution and 
level of illumination with fluorescent lamps are cal-
culated just as they are when using incandescent 
units. The lumen output from a new fluorescent 
lamp drops quite rapidly during the first 100 hours 
or so of operation, then levels off to the average 
values given in our table of characteristics and re-
mains with little further drop until near the end of 
the life of the lamp. After planning and installing 
fluorescent equipment the illumination level at first 
will be higher than that calculated, but soon will 
fall to normal. Because the fluorescent lamp emits 
light from a long tube rather than from what 
amounts almost to a point with incandescent lamps, 
spacing center-to-center between fluorescent lamps 
may be greater when they are in line than when 
side by side. 

FLUORESCENT LIGHTING TROUBLES 

The occompanying "Check List" lists practically 
all the troubles, and apparent troubles, which occur 
during the operation of fluorescent lamps, gives the 
reasons and explanations of each kind of trouble, 
and makes suggestions for remedies. 
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CHECK LIST 

on Fluorescent Lamp 

Operation 

Here's how to use the check list. Find the 
"symptom" in the list below which indicates your 
problem and note the reference number. Locate this 
number in the reference section for possible causes 
and suggested remedies. Service problems may re-
sult from one or a combination of these causes. 

Just a word of warning. Don't neglect lamps that 
blink or whose ends remain lighted. Correct such 
trouble at once,* or remove a lamp or the starter to 
avoid damage to lamp, starter or ballast. 

SYMPTOMS 
Normal End of Life 
—Lamp won't operate; or flashes momentarily then goes 

out; or blinks on and off, perhaps with shimmering 
effect; ends probably blackened.-1-a. 

End Blackening 
—Dense blackening at one end or both, extending 2"-3° 

from base.-1-b. 
—Blackening, generally within 1" of ends.-1-I. 
—Blackening early in life (indicates active material from 

electrodes being sputtered off too rapidly).-2-a, 2-b, 
3-a, 3-b, 5-a, 6-a. 

Dark Streaks—Streaks lengthwise of tube.-1-j. 
Rings 
—Brownish rings at one or both ends, about 2" from 

base.-1-c. 
Dense Spots 
—Black, about le wide, extending about half way 
around tube, centering about 1" from base.-3-d. 

*Ends Remain Lighted-2-b, 6-b. 
*Blinking On and Off 
—Accompanied by shimmering effect during "lighted" 

period.-1-a. 
—Blinking of relatively new lamp.-1-k, 2-a, 3-c, 4-a, 4-b, 

5-c, 6-a. 
—With two-lamp ballasts; if one lamp starts, one end 

of the other may blink on and off without starting; 
occasionally, both lamps may start.-6-c. 

No Starting Effort, or Slow Starting 
—1-1, 1-m, 1-n, 2-c, 2-d, 3-a, 3-c, 3-e, 3-g, 5-c, 6-d. 

Flicker (not stroboscopic effect) 
—Pronounced, irregular flicker on looking directly at 
lamp (spiraling, swirling, snaking, etc.)-1-g, 2-e, 3-a, 
3-b, 5-b. 

—Flicker suddenly occurring.-1-h. 
—Persistent tendency to flicker.-1-k. 

Dark Section of Tube 
--IA to lh of tube gives no light (tubes longer than 24"). 

—6-e. 
Short Life—i-f, 3-f, 5-a, 7-a, 3-a, 2-a, 2-b, 3-b, 6-a. 
Decreased Light Output-4-b, 4-c, 4-d, 6-c, 7-b. 
—During first 100 hours' use.-1-d. 

Color and Brightness Differences 
—Different color appearance in different locations of 
same installation.-1-e, 7-c. 

—Lamps operate at unequal brilliancy.-5-c. 
Noise 
—Humming sound, which may be steady, or may come 
and go.-3-h, 3-1. 

Overheated Ballast-3-i, 3-j, 3-k, 6-f. 
Radio Interference-1-o, 6-g. 

Reference Guide at a Glance: 

Possible Causes Suggested Remedies 

1. LAMPS 

1-a Normal failure; active ma- 
terial on electrodes exhaust- 
cd; voltage needed for op-
eration exceeds voltage sup-
ply. 

Replace. lamp (remove old 
lamp promptly) 

1-b Normal—end of life. Replace lamp. 

1-c Likely a natural develop- 
ment during life, though 
improper starting may have 
some effect. 

New lamp, if appearance is 
too objectionable, or shield 
tube ends from view; check 
for proper starting. 

1-d Light output during first 
100 hours is above pub-
lished rating, sometimes as 
much as 10%. (Rating is based 
on output at end of 100 hours.) 

- 

1.-11 Actual slight differences (in 
white or daylight lamps) 
may be discernible; per. 
haps wrong color lamp 
used; possibly lamp outside 
limits of color standards; 
or apparent color difference 
may be only difference in 
brightness between old and 
new lamp. 

Replace lamps if objection-
able. (If warranted, color tern-
penture can be .checked itt labora• 
rai :if...tent:rim whobwealmeruchaT e 

1-f 

_ 

1-g 

Mortality laws (i. e.. for 2500-
hr. avg. life, some will fail at 
shorter life, others last much 
longer than rated hours. 2500-
hr. life based on operating lamp 
3-4 hours for each start.) 

New lamp may flicker. Flicker should clear up 
after lamp is operated or 
turned on and off a few 
times. 

1-h May suddenly develop in 
any lamp in normal service. 

Should clear up by itself. 

14 Mercury deposit, common 
especially with 1" lamps. 

Should evaporate by itself 
as lamp is operated. 

1-j 

1-k 

Globules of mercury on 
lower (cooler) part. 

Rotate tube 180°. Mercury may 
evaporate by increased warmth, 
though it may condense out again 
on cool side. 

Possibly lamp at fault. Replace lamp. Investigate 
further if successive lamps 
blink or flicker in same 
lampholders. 

1-1 Open circuit in electrodes, 
due to broken electrode, air 
leak, open weld, etc. 

If open circuit is shown by 
test or inspection as in 3-g, 
replace lamp. 

1.-rn Burned-out electrode (might 
be caused by placing one 
end of lamp across 115 
volts). 

If open circuit is shown by 
test or inspection as in 3-g, 
replace lamp. 

1-n 

1-0 

Air leak in lamp. In test 
with test lamp (see 6-8) 
leak is indicated by absence 
of glow, though electrode 
lights up. 

Replace lamp. 

Lamp radiation "broadcasts" 
through radio receiver, 

Locate aerial 9 ft. from 
lamp; or shield aerial lead-
in wire, provide good 
grognd, and keep aerial 
proper out of lamp and line 
radiation range. 
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Possible Causes Suggested Remedies 

2. STARTERS 

-a Starter defective, causing 
on-off blink or prolonged 
flashing at each start. 

Replace starter. 

2-b Ends of lamp remain light-
ed; starter failure due to: 

Short-circuited condenser 
in starter, or 
Switch contacts welded 
together. 

Replace starter. 

Replace starter. 

2-c Starter at end of life. Replace starter. 

2-d Starter sluggish. Replace starter. 

2-e Starter not performing prop- 
erly to pre-heat electrodes. 

Replace starter. 

3. AUXILIARIES AND FIXTURES 

-a No starting compensator in 
leading circuit of two-lamp 
ballast. 

Install compensator in se-
ries with starter in leading 
circuit. None required for 
65- and 100-watt lamps. 

3-b Ballast improperly designed 
or outside specifications for 
lamp wattage, or wrong bal- 
last being used. 

Use ETL approved ballasts 
of correct rating for lamp 
size. 

3-c Low ballast rating. Check ballast. 

3-d Normal—but if early in life 
indicates excessive starting 
or operating current. 

Check for ballast off-rating 
or unusually high circuit 
voltage. 

-6 Remote possibility of open. 
circuited ballast. 

Check ballast. 

54 Improper ballast equipment 
on D-C. 

Check ballast equipment. 

3- 13 Burned-out lamp electrodes 
due to: 

broken lampholders. 
lampholders with attached 
starter sockets, surface-
mounted on metal. 
one strand of conductor 
touching grounded fixture. 
improper wiring. 
D-C operation without 
necessary additional re- 
sistance. 

To determine necessity for 
replacing lamp, examine 
electrodes by viewing end 
of bulb against pinhole of .. light. (Or testin by connect-
ing b pi series with 

ase ns test lampt on 115-v circuit. 
Fluorescent glow means in 
tact electrodes and active 
electrons.) 
t cì".etaet̀t Various for MAZDA 
Lamp F 
Size Lamps 

ground from some other 
cause. 

60.w 14.w to 40.w. 
25-w Small diameter or 

miniature. 
200.w 6S-se and 100-w. 

3-h Slight transformer hum in. 
herent in ballast equipment; 
varies in different ballasts, 
Objectionable amount may 
be due to improper installa- 
tion or improper ballast de- 
Sign, 

Mount ballasts on soft rub-
ber, Celotex, etc., to pre. 
vent transferring vibrations 
to supporting members, and 
to reduce hum to a mini-
mum. 

3.1 Short in ballast or capacitor, Replace ballast or capaci-
tor. 

3-j High ambient temperature 
inside fixture housing. 

Refer to fixture manufac-
turer. 

3-k Prolonged blinking tends to 
heat ballast, and heating is 
aggravated under high am-
bient temperature inside fix-
ture housing. 

See "Blinking On and Off," 
and correct the cause. 

3-1 Overheated ballast. See 3-1, 3-1 3-k, 6-2. 

4. TEMPERATURE 

-a Low temperature (difficulty 
may be experienced below 
50° F). See Note A. 

With thermal starter, can be 
operated at lower tempera. 
tures. 

Possible Causes Suggested Remedies 

4-b Cold drafts hitting tube. Enclose or protect lamp. 

4-c Where heat is confined 
around lamp, light output is 
lower. 

Better ventilation of fixture.' 

4-d Low temperature operation. 
(Below 65° light loss is 1% 
or more per degree F.) 

Enclose. 

5. VOLTAGE 

-a Too low or too high voltage. Check voltage with range 
on ballast nameplate. 

5-b High voltage starting. Check voltage. 

5-c Low circuit voltage (n ,...ecreased 
ease of starling; also I% change 
in light output for each 1% 
change in voltage, with output of 
"lagging" lamp—in two•lamp cir-
cuit—decreasing much faster than 
that of "leading" lamp.) 

Check voltage and correct 
if possible. 

6. CIRCUIT 

-a Loose circuit contact (likely 
at lampholder) causing on- 
off blink. 

Lampholders rigidly mount-
cd; lamp securely seated. 

6-b In new installation, circuit 
may be incorrectly wired. 

Check circuit wiring. 

6-c Individual starter leads from 
the 2 pairs of lampholders 
may be crisscrossed. (I( this is 
case, one lamp will not make 
starting effort unless the other is 
in its lampholders.) 

Rewire starter leads. 

6-d Possible open circuit. Test lamp in another cit.-
cuit, being sure of proper 
contact in lampholders. 
Check voltage from one 
lampholder to the other. 
(Use voltmeter or 220-v, 100.w 
test lamp. Only one connection 
at each holder should be alive; 
hence 4 way, to check 2 live 
ones.) 

If no voltage indication from 
lampholders, check circuit 
leads to lampholders. 
If still no voltage, check 
circuit connection. 

-e D-C operation without hay- 
ing and using reversing 
switches. 

Install reversing switches. 

6-f Short in wiring. Correct wiring. 

6-8 Line radiation and line 
feedback, 

Apply line filter at lamp or 
fixture; sometimes possible 
to apply filters at power 
outlet or panel box. 

7. OPERATION 

7-a Too many lamp starts. Average life rating based 
on operating periods of 
3-4 hours. 

7-b Dust or dirt on lamp, fix- 
turc, walls, or ceiling. 

Clean. 

7-c May be due to reflector fin- 
ish, wall finish, other near- 
by light, room decorations, 
etc. 

Interchange lamps before 
assuming color difference. 

NOTE A—For satisfactory starting and operation at low tem-
peratures: (1) Keep line voltage up. (2) Conserve 
lamp heat (e. g., by enclosure). (3) Use starters 
which provide higher induced starting voltages and 
longer electrode heating periods—i. e., thermal 
switches. 
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NEON SIGNS 

The principal parts of a neon sign are shown by 
Fig. 1. Although here we show only a single letter 
formed by the luminous tubing connected to the 
transformer, ordinarily the one transformer would 
furnish current for several letters or words, and 
possibly for ornamental borders and other features 
of the sign. 

HIGN VOLIM4 SCCO..1111111 

,32,0000Q_OQ_000000) 
fo-u-o-oo   To Loot 

Fig. 1. The Principal Parts of a Neon Sign. 

The exposed and visible parts of the sign consist 
of glass tubing in which is neon or other gases 
which become luminous when high voltage from 
the secondary of the transformer forces current 
through the gas. The tubing is continuous from one 
transformer connection to the other, with portions 
which are to be invisible formed with black glass 
or coated with black paint. 

In each end of each section is a metallic electrode 
through which the alternating current enters and 
leaves the gas. Wires from the electrode pass 
through a gas-tight glass press and are soldered or 
welded to a metallic cap. The capped ends of the 
tubing section fit into receptacles to which are 
attached the high voltage cables from the secondary 
erminals of the transformer. The tubing is mount-
ed on the sign panel or framework with supports 

e 
which usually consist of a glass extension on a 
metal base, with the sign tubing wired onto the 
glass of the supports. The transformer may be in 
a box that carries the sign, or may be mounted 
separately with high voltage cables running from 
the transformer housing to the sign. 
The high voltage secondary of the transformer 

furnishes a potential difference of from 2,000 to 
15,000 volts for its section of tubing, the voltage 
depending on the length and diameter of tubing and. 
on the kind of gas or gases in the tubing. Current 
through the tubing usually is between 15 and 50 
milliamperers, or between 0.015 and 0.050 ampere. 

HOW A NEON SIGN IS BUILT 
The first step in building a neon sign is to lay 

out the letters in full size on a sheet of asbestos or 
other heat-proof material. Then the tubing is 
heated in gas flames, is bent to the shape of the 
letters, and is spliced together to make lengths 
suitable for connection to a transformer. A small 
piece of tubing, called the tubulation, is attached to 
each section of sign tubing so that air may be 
pumped out and the gas admitted. 
To each end of the tubing section is then attached 

an electrode. As shown by Fig. 2, the electrode 
with its wire lead comes made up into a short piece 
of glass tubing. This glass jacket of the electrode 
is welded (melted) to the ends of the sign tubing. 
The tubing section now is checked for air-tightness 
by using the tubulation opening, then is connected 
to a vacuum pump through the tubulation and 
enough air pumped out to lower the internal pres-
sure. 

ELECTRODE —, 

LEAD-IN WIRE 

  — — 

PRESS OR PINCH ' GLASS JACKET. 

Fig. 2. An Electrode in its Glass Jacket for Attachment to Tubing. 

The next step is to connect the electrode leads to 
a bombarding transformer, which is a transformer 
that furnishes a voltage as high as or higher than 
the regular operating voltage and furnishes a cur-
rent larger than that which will be used during 
normal operation. The bombardment current pass-
ing through the air remaining in the tubing pro-
duces brilliant light and a great deal of heat. The 
electrodes become red hot and the tubing gets so 
hot it will scorch paper. The combination of high 
temperature and reduced pressure inside the tubing 
allows all kinds of impurities to come out of the 
glass and the electrodes and to be pumped out the 
the tubing as the pressure is further reduced by 
the vacuum pump after the bombarding trans-
former is turned off. 
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The tubulation now is disconnected from the 
vacuum pump and attached to the glass flasks or 

alflasks in which are the gas or gases to be used in 
Wthe sign. Enough gas is admitted to bring the 

pressure up to the desired operating value and the 
tubulation opening is sealed off by melting the 
glass. The final step may be that of aging the sign 
by running it for a few minutes with a current that 
is about the same or somewhat greater than the 
normal operating current, continuing this aging 
for a few minutes until the gas inside the tubing 
shows normal brilliancy. The sign now is ready for 
mounting. 

GASES USED IN LUMINOUS SIGNS 
The tubing of luminous signs, which generally 

are called neon signs regardless of the gas actually 
used, are filled with neon, helium or argon, with 
a mixture of all three, or with a mixture of neon 
and argon or one of helium and argon. In addi-
tion to these gases the tubing may contain mer-
cury vapor which is produced by evaporating a 
drop of liquid mercury by means of the heat of the 
discharge through the gases. 

In clear glass tubing, neon alone produces the 
orange-red glow that is characteristic of neon signs. 
With a little mercury vapor added to the neon the 
light becomes blue. Mercury vapor by itself pro-
duces green light. Helium produces a pinkish-
white light. 
Argon alone in a clear glass tube produces a pale 

blue light which is not intense enough or brilliant 
enough for sign work. Argon is mixed with the 
other gases because it has much lower electrical 
resistance than the others and permits the dis-
charge to commence at voltages considerably lower 
than would be needed for neon or helium. Argon 
in a tube containing mercury allows the initial dis-
charge whose heat vaporizes the mercury. Argon 
often is called "blue gas" in the sign trade. Neon 
and argon give deep lavender, helium and argon 
give pink, while neon, helium and mercury vapor 
give blues and greens. 
The quantity of gas in the tubing is proportional 

to the pressure of the gas. The higher the pressure 
the more gas is in the tubing, just as a higher pres-
sure in an automobile tire means more air in the 
tire. Gas pressures always are far below the pres-
sure of open air. Average pressure in the air at 
sea level is 14.7 pounds per square inch, which is 
equal to the downward pressure per square inch of 
a column of mercury 760 millimeters, or approxi-
mately 30 inches in height. Gas pressures in lumin-
ous tubing usually run from 10 to 20 millimeters 
of mercury, which means pressures per square inch 
equal to that of mercury only 10 to 20 millimeters 
in height. This means that the gas pressure inside 

*he tube is roughly about 2% of normal atmo-
spheric pressure. 
The opposition to flow of current through the 

gas is least when the pressure is about three milli-

meters of mercury. At still lower gas pressures the 
opposition increases very rapidly and the current 
drops off accordingly with a given voltage differ-
ence across the tubing. At higher gas pressures the 
opposition to current flow increases slowly, and, of 
course, the current decreases slowly for a given 
voltage difference. 

With a given current in the tube the more gas that 
is present the more light will be produced, so as to 
obtain desirable amounts of light it is necessary to 
have in the tubing more gas and a higher pressure 
than would provide the least opposition to current 
flow. Another reason for having more gas is that 
the gas gradually disappears from the space inside 
the tubing while the sign operates. 

ELECTRODES 

The electrodes must be made of materials which 
will not deteriorate rapidly when heated in the 
gases used inside the tubing, and the materials 
must not combine chemically with the gases. Heat-
ing depends on the current carried by the electrode 
and on the drop of voltage which occurs at and 
near the surface where current enters and leaves 
the gas. The size of the electrode, or its surface 
area, varies in accordance with the current and 
with the kind of gas. The kind of gas also affects 
the operating voltages. 

Electrodes generally are made from iron, cop-
per, aluminum or nickel, any of which must be in a 
highly purified condition. Surfaces may be treated 
with chemicals that retard combination of the elec-
trode material with the gases and that retard oxi-
dation. Copper electrodes may be treated with 
borax for this purpose. The wires that pass through 
the glass press or the pinch usually are made of 
an iron-nickel alloy that expands and contracts at 
the same rate as the glass when heated and cooled, 
thus preventing cracking of the glass. 
During operation of the sign the action of gas 

molecules striking the electrode surface causes elec-
trode metal to be detached, an action called sput-
tering of the electrodes. The detached metal lodges 
on the inside of the tubing near the electrodes. The 
end blackening and the slight loss of metal from the 
electrode are of no particular consequence, but as 
sputtering continues the gas gradually disappears 
from the space within the tubing. The useful life of 
the sign comes to an end when the amount of gas 
and the gas pressure drops so far that there no 
longer is sufficient light emitted or when the rising 
opposition to current prevents a further flow with 
voltage furnished by the transformer. Sputtering 
and "cleanup" of the gas is retarded by higher gas 
pressures and by the use of electrode materials 
adapted to the kind of gas used. 

SIGN TUBING 

Luminous sign tubing varies in outside diameter 
from 5 to 45 millimeters. There are 25.4 milli-
meters in one inch, so we have tubing from about 
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1/5 inch to nearly two inches in diameter. Sizes 
most commonly used are from 6 to 20 millimeters 
in outside diameter, between which there are stand-
ard sizes at each millimeter. Fig. 3 shows com-
parisons between a few sizes of tubing. 

Fig. 3. Relative Sizes of Some Luminous Sign Tubing. 

Tubing may be transparent and colorless, or it 
may be made with various colored glasses, may 
contain uranium which gives light by fluorescence, 
or may be coated with fluorescent materials. With 
clear glass tubing the color of the light depends 
on the gases used, as previously explained. 

Neon in red glass gives a light of nearly pure 
red, while in purple glass it gives a lavender-red 
and in yellow glass gives orange. Helium in amber 
or yellow glass produces shades of yellow, tan and 
gold. Many other colored glasses may be used. 
Neon used in fluorescent tubing will produce such 
colors as orange, rose, gold, salmon, lilac or deep 
pink. The same tubings filled with mercury and 
argon will give white, blue, green, daylight effect, 
deep blue or orchid. Argon in uranium glass gives 
a clear green. The subject of Fluorescence is ex-
plained in the section on fluorsecent lamps. 

VOLTAGES AND CURRENTS 

The gas inside the sign tubing is an electrical 
conductor. As with any other conductor, the re-
sistance increases with length, so the greater the 
length of tubing the higher the voltage required to 
send a given current through it, or the less the 
current for a given voltage. Again, as with other 
conductors, the greater the cross sectional area, 
which is proportional to tubing diameter squared, 
the less is the resistance. The greater the diameter 
of the tubing, the more current will flow with a 
given voltage difference; or the lower will be the 
voltage required to produce a given current. 
The statements just made with reference to tub-

ing length and diameter, and the corresponding 
voltages and currents, apply for any given gas at 
some certain pressure, or apply when the gas and 
its pressure remain unchanged. Different gases 
offer different resistances to current flow. Of the 
three commonly used gases, argon has the least re-
sistance, neon has more than argon, and helium has 
much more than neon. As mentioned once be-
fore, the resistance is least when the pressure is 

about three millimeters of mercury, and it increases 
with either less pressure or more. 

The light emitted by the tubing depends on thee 
relation between gas pressure and current. More 
pressure, which means more gas, with a given cur-
rent means more light. More current with the 
same gas pressure also means more light. These 
relations are true because light results from col-
lisions between electron and atoms. More gas in a 
given space, or more current in the given space, 
then must mean more collisions and more light. 
This explains why a certain current produces more 
light in a tube of small diameter than in one of 
larger diameter when the gas pressure is the same, 
we simply are crowding the electrical action into a 
smaller space and so have more action and more 
light. Small diameter tubing, with its high "cur-
rent density," heats to a higher temperature than 
does larger tubing. This is a decided advantage 
of small tubing when using mercury, for the mer-
cury must be vaporized by heat in the tubing. 

In a typical sign with a tubing section 15 feet 
long the potential difference across the ends may 
be 2,500 volts, as shown by Fig. 4. The total volt-

15 FT 
E LE CT RODE ELECTRODE 

275 1950 VOLTS 275 
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Fig. S. Voltage Distribution In Sign Tubing. 

age drop is made up of 1950 volts drop along the 
length of the tubing and of 550 volts drop at the 
electrodes where current is entering and leaving 
the gas. If we make the tubing shorter the elec-
trode drop will remain the same but the tubing 
drop will decrease as the length decreases. The 
result is that we are using a greater percentage of 
the total voltage at the electrodes and a smaller 
percentage for producing light in the tubing. This 
is wasteful of power, so as a general rule it is not 
advisable to use very short lengths of tubing. On 
the other hand, if we go to extremely long lengths, 
the voltage difference required for operation be-
comes too high to be easily produced by ordinary 
transformers, or too high to be insulated by the 
usual kinds of insulation used on high-voltage con-
ductors. 

TRANSFORMERS FOR LUMINOUS TUBES 
The transformer for operating a luminous tube 

sign must furnish a very high voltage for breaking 
down the resistance of the cold gas and starting the 
discharge of current through the tubing. But 
this high starting voltage were maintained after ti 
discharge commences and the resistance drops, the 
current through the tubing would be excessive. 
Consequently we need a transformer that auto-
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matically limits the current, by lowering its volt-
age, once current commences to flow. Such a leransformer is secured with a design that permits 
igh leakage reactance. The general principle of 

one such design is shown by Fig. 5. 

Fig 5. Sign Transformer Having High Leakage Reactance, Showing 
the Magnetic Shunts Between Winding Sections. 

In a transformer we ordinarily desire that as 
many as possible of the magnetic lines of force 
from the primary winding cut through the turns 
of the secondary winding, thus producing the great-
est possible induced voltage in the secondary for 
given changes of current in the primary. Magnetic 
lines which do not cut both windings are called 
leakage lines. With little leakage, or with good 
linkage of primary and secondary, the secondary 
voltage drops but little as the current increases. 

le In the transformer which is to have high leakage y e build extensions or magnetic shunts on the core 
so that many of the magnetic lines from the prim-
ary are kept away from the secondary winding. 
Thus the greater the secondary current, the greater 
will be this magnetic leakage. The effect is as 
though we were to increase the reactance of the 
secondary winding as the current increases, so that 
the increasing reactance to flow of alternating cur-
rent would sharply limit the increase of current. 
Even when the secondary terminals of a luminous 
tube transformer are short circuited on each other 
the secondary current will be only 20 to 60 milli-
amperes, depending on the type of transformer. 
Luminous tube transformers usually are rated 

according to their open circuit secondary voltage, 
which is the voltage available for starting the dis-
charge, and according to their short circuit second-
ary current, which is the maximum current that 
will flow under any conditions in the tubing cir-
cuit. The short circuit secondary current in these 
transformers may be only 15 to 20 per cent more 
than the normal operating current for the sign. 

In transformers rated at 7,500 secondary volts 
and above, a connection or tap is brought out from 
the center of the secondary winding and, as in 
Fig. 6, is grounded through the metal case of the eransformer, which itself is connected to some good 
lectrical ground. The maximum potential at either 
end of the secondary then is only half the secondary 
voltage, so the highest external voltage to ground 
is half that of the secondary winding. This re-

duces the hazards in using these very high volt-
ages. When testing such a transformer for faults 
you will find a ground on the secondary, but this 
indicates no defect. 

Fig. I. How the Secondary Midpoint I. Grounded. 

Transformers of standard types usually are avail-
able on secondary open circuit voltages ratings of 
2,000, 3,000, 4,000, 5,000, 6,000, 7,500, 9,000, 12,000 
and 15,000 volts. Each voltage will be available in 
several ratings of short circuit currents, such as 
18, 24 or 30 milliamperes. The higher the voltage 
of the transformer the greater the number of feet 
of tubing it will operate. After allowing for the 
voltage loss at the electrodes, which does not vary 
with tubing length, the number of feet of tubing 
on any transformer varies almost directly with 
transformer voltage. The larger the diameter of 
the tubing the greater is the length that may be 
handled with any transformer voltage. The kind 
of gas has much effect on the tubing length han-
dled by a transformer. Where 30 feet of neon 
tubing might be placed on a given transformer, the 
same transformer would handle about 36 feet with 
mercury and argon, but only about 13 feet with 
helium. 
Because of the high reactance of the luminous 

tube transformer, which is necessary in producing 
the needed voltage regulation, this transformer has 
a very low power factor—usually something be-
tween 45 and 60 per cent. As explained in the 
section on fluorescent lamps, the power factor 
shows the percentage of current that is useful in 
producing power. A capacitor connected on the 
primary side of the transformer is often used to 
raise the power factor to 90 per cent or even better. 

SIGN FLASHERS 
As you know from observing luminous tube 

signs the great majority, other than in the smallest 
sizes, are of the flasher type in which various letters, 
words, and decorative parts light alternately or in 
some definite order. This method of operation not 
only attracts more attention to the sign but also 
saves power, because only part of the tubing is 
lighted at one time. 

Flasher switches are of two general types, one 
of them operating on the primary sides of trans-
formers for each section of tubing, as in Fig. 7, 
and the other operating on the secondary side of 
a single transformer which lights several sections 
of tubing, as in Fig. 8. Switching on the primary 
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side requires a separate transformer for each sec-
tion of tubing whose lighting is to be separately 
controlled. With the high voltage flasher on the 
secondary wiring the single transformer is con-
nected at different times to any tubing sections 
or combinations of sections which provide a load 
suited to that transformer. 

Fig. 7. Sign Flasher on Primary Side of Transformers. 

Note that in Fig. 8 the tubing sections are con-
nected in parallel with one another, but that only 
one section is lighted at one time. If two sections 
were in parallel and an attempt were made to 
light both at once, the one having even slightly 
lower resistance than the other would light first 
and then the voltage would drop so low due to 
flow of current that the other section never would 
light. 

Fig 8. Sign Flasher Operating in the High Voltage Secondary Circuit 
of a Single Transformer. 

The high voltage flasher of Fig. 8 operates sim-
ilarly to the high tension distributor of an auto-
mobile ignition system which sends current suc-
cessively to the spark plugs. There is quite a bit 
of sparking in this type of switch, so it is com-
pletely enclosed by a ventilated housing. In some 
styles of high voltage flasher there are additional 
contactors which cut off current from the primary 
of the transformer at the moments when the high 
voltage circuit is being switched from one point to 
the next. Thus the high voltage switching takes 
place with no current flowing and there is no 
sparking. 

LUMINOUS SIGN TROUBLES 
It already has been mentioned that the sign 

eventually will fail, due to loss of gas from the 

space inside the tubing, because of normal sput-
tering. Among the more common causes for pre-
mature failure are tubing leaks at any splices whic 
were made during construction, as at points be-
tween letters, or leaks at joints between the elec-
trode cover and the tubing. Leaks may occur also 
at the sealed-off tip of the tubulation, or anywhere 
along the tubing. Leaks at and near the elec-
trodes sometimes are caused by a broken or defec-
tive electrode housing. A style of housing having 
a spring contact for the electrode cap is illustrated 
in Fig. 9. 

Fig. 9. A Receptacle for Luminous Tubing. 

Excessive blackening of the tubing near the elec-
trodes, before the sign has operated for very long, 
usually indicates excessive sputtering which is 
caused by low gas pressure. A flasher-operated 
tube in which there is a faint glow during periods 
when no current should go to this section may in-
dicate that there is enough capacitance betwee 
parts of the flasher to permit some current to pas. 
through the capacitance and tubing section. 

It is highly important that the supply line voltage 
remain within its normal range. A low line voltage 
will cause the sign to flicker, especially when the 
transformer is operating a length of tubing near 
the maximum which may be handled with that 
transformer. If line voltage is persistently low the 
remedy is to install a larger transformer or else 
to use a shorter length of tubing. A booster trans-
former is sometimes connected between the reg-
ular transformer primary and the low voltage line. 
The booster is an auto-transformer that raises the 
voltage from the supply line by seven or eight 
volts before it reaches the sign transformer. 

A transformer that is too small for the kind and 
length of tubing in its sign will run hot, will cause 
the sign to flicker, and eventually will burn out. 
Such a transformer causes much trouble in wet 
weather when there is more than the usual leakage 
of current across wet and dirty surfaces of insula-
tion. An underloaded sign transformer, or one 
much larger than required for the connected tubing, 
also will run hot. This is because the voltage 
secondary current is too low to provide proper regu-
lation ; therefore, the operating primary current re-
mains too high. As a general rule it is advisable t 
connect to each transformer a length of tubi 
almost equal to the maximum length of that kin 
and size of tubing that the transformer normally 
should operate. 
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1. Define the terms "VOLT, "AMPERE" and "OHM". 
2. What four factors determine the resistance of a wire? 
3. Is the joint resistance of a circuit increased or decreased as equipment 

is added in parallel? 
4. Does an ammeter have a high or low resistance? WI? 
5. A new dry cell is connected across an unknown resistor. An ammeter in the 

circuit reads amperes. What is the value of the unknown resistor? 
6. If you have a voltohmmeter, how may you determine the amount of current a 

given circuit will draw? 
7. What is the unit of capacity? 
8. Is pure distilled water a good insulator? 
9. Find the total capacity of a circuit which contains a mf, mmf and 

a mmf capacitor in series. 
10. You have two pieces of wire, both eight feet long. One is of copper, the 

other is of steel. Which wire will have the lower "I squared R" losses? 
11. Consider two pieces of wire, one feet and the other feet long. 

The foot wire has   the cross sectional arca of the   
foot wire. Which has the least resistance? 

12. A voltage of  volt is impressed across a resistor of two ohms. What 
current will flow in this circuit? 

13. How many millamperea are represented by amperes? 
14. A ohm and a ohm resistor are connected in parallel. What is the 

resultant resistance? What would the resistance be if the two resistors 
were connected in series? 

15. A mf and a mf are connected in parallel. What is the total capac-
ity? 

16. A ohm lamp and a ohm relay are connected in parallel and 110 volts 
DC applied to the terminals. What power is consumed? 

17. A radio set draws watts. What will be the current drain when the set 
is connected to a volt storage battery of ampere hour capacity? 

18. Two henry inductances are connected in parallel. What is the total 
inductance? What would the total inductance be if the two inductances 
were connected in series? 

19. What is the total resistance of the resistive network as shown? 

kirk step by step and draw each equivalent circuit. 

R1 = 
i R2 . 

R3 = 
R4 = 
R5 = .< R5 
RT : f 

I. 
20. A radio set requires volts to operate. There are   six volt 

batteries available. Draw a simple diagram, showing all polarities, of 
the proper connections of these batteries to secure the twelve volt supply . 
necessary. 
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PUMP 

WIRINGMe WTN VOLTAGE DROP IN E ELECTRICAL CIRCUIT 
/  TL " 

1311i 

1 Which point is at the higher pressure? A or B, J or I, B or D, K or A. 
2 What is the difference in pressure between A-B, B-D, C-F, F-G, F-J, A-Z? 
3 What is the drop in pressure from A-B, C-E, F-G, H-K, E-U, E-G, D-I? 
4 What is the total pressure drops around the circuit? 
5 Is the sum of the pressure drops equal to the applied pressure? 
6 What is the pressure rise in pounds from Z to A? 

-B-

g  
H 

1 Which point is at the higher pressure? A or B, J or I, B or D, K or A. 
2 What is the difference in electrical pressure between A-B, B-D, C-F, E-G? 
3 What is the drop in pressure from A-B, C-E, E-F, F-G, K-Z, H-K, A-F, G-Z? 
4 What is the sum of the electrical pressure drops around the circuit? 
5 Is the sum of the pressure drops equal to the applied pressure? 
6 What is the pressure rise in volts from Z to A? 

-C-
A P 

r - -0 -

- - - - - -0 - - 1 
, 

.41 

1 ABSUM8 same conditions as shown in (B). 
2 What is the reading on each of the voltmeters? Note that each meter in-
3 dicates the difference in pressure between the points to which it is con-
4 nected. What is the sum of the "voltage drops" around the circuit? 
5 What is the applied voltage? Does the sum of the voltage drops equal 
6 the applied voltage? Mark the readings of the different meters shown. 

SOIT. 

-D-
LOAD 

DOR, 

1 What is the rate of current flow in amperes? 
2 What is the voltage drop per 10 feet of line? Res. of ten feet is one ohm. 
3 What is the total line voltage drop? 
4 What voltage is applied to the load? 
5 Does the load voltage plus the line drop equal the applied voltage? 
6 Mark in the readings on the different meters shown. 



Job #11 Name No  'OF&  

Make correct answer by underlining the leâex4 figure, or word with red pencil 

thus: B. 

Hand in as instructed for checking. Be sure to answer every question. Correct 

answers will be marked / 

1 A-B J-I B-D K- A 

2 2-1-4-6 2-1-6-4 9-3-2-6 5-10-90-95 2-90-93-92 10-5-90-100 

6-5-1-4 2-5-1-4 95-5-90-100 3-5-93-94 4-8-90-92 91-4-9-96 94-97-3-100 

4 10 0 100 90 

5 seldom never sometimes always 

6 0 lbs. 90 lbs. 110 lbs. 100 lbs. 

1 A-B J-1 B-D A 

2 6-1-4-99 2-1-97-99 3-95-98-4 96-91-5-92 

3 99-6-1-4 1-97-96-2 96-97-95-1 95-90-5-10 1-3-5-99 3-5-4-1 5-95-90-100 

4 5 volts 100 volts 90 volts 10 volts 

5 seldom sometimes always never 

6 5 volts 15 volts 100 volts 90 volts 

1 Is A at a higher electrical pressure than B? Yes No 

2 Is A more positive than B? No Yes 

3 Does voltage indicate: (A) Pressure (B) Difference in pressure 

4 Is J at a lower electrical pressure than K? Yes No 

5 Is J more negative than K? .No Yes — 

6 What is the difference in pressure between D and H? 95 93 96 0 

1 2 amps 5 amps 10 amps 1 amp 

2 1 volt 5 volts 20 volts 50 volts 

3 5 volts 10 volts 100 volts 90 volts 

4 100 volte 95 volts 90 volts 50 volts 

5 sometimes seldom never always 

6 Is the sum of the voltage drops equal to the applied voltage: 

sometimes never always seldom 

Study the checked sheet until you know and understand all the answers. 
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tors like that of Fig 8, and other apparatus with 
Aniwwhich we shall become well acquainted. 
up Group 5. Meters or measuring instruments for 

indicating, and sometimes for making records of, 
the conditions existing in all parts of the electrical 
system. 
Group 6. Apparatus for changing the energy of 

the moving electricity into some other form of 
energy which we wish to use. This is a big group. 
In it we shall find motors, electromagnets, storage 
batteries, electrochemical vats, electric arcs, elec-
tric furnaces, various inductors or coils, electrical 
resistors, many varieties of lamps, radiating systems 
for radio transmitters, electrical discharge devices, 
and many other parts which are of importance in 
certain lines of work. All these devices use the elec-
tric current to produce mechanical motion, heat, 
light, sound, chemical changes, or radiation. 

A TYPICAL SYSTEM 
To learn how our classification will work out 

when applied to an actual electrical system let's 
examine the electrical parts used on an automobile. 
We select the auto-electric system because you 
probably are more familiar with the starter, lamps, 
horn and ignition for an automobile. 

Fig. 9 shows the auto-electrical parts which we 
shall consider first. The initial source of energy 
is the automobile engine which produces mechanical Itotion. From here we may go on with our classi-
cation according to the numbered groups as pre-

viously listed. Corresponding numbers are on Fig. 9. 
Group 1. The generator receives mechanical 

energy of motion from the engine through a belt, 
and changes this mechanical energy into electrical 

energy. Compare this with our original definition 
of group 1. 
Group 2. Electric current flows to the battery 

through a copper wire covered with insulation, and 
from the battery flows through the steel of the auto-
mobile chassis back to the generator. 

Group 3. The cutout is an automatic electrical 
switch which, when the generator has attained 
speed sufficient to force electricity through the bat-
tery, connects the internal parts of the generator 
to the wire going to the battery. The cutout is our 
controlling mechanism. 

Group 4. In the system of Fig. 9 the generator 
is designed and automatically regulated to produce 
just the right amount of force and other charac-
teristics in the electric current so that this current 
will produce the desired chemical changes inside the 
battery. Consequently, in this part of the auto-
electric system we require no additional devices 
for changing the kind of current which is being 
produced. 

Group 5. The ammeter is our measuring instru-
ment which indicates the rate at which electricity 
moves through the generator and battery. 

Group 6. Flow of electric current through the 
battery produces chemical changes in the plates and 
liquid inside the battery. Energy is stored in the 
battery in the form of chemical 'changes, and later 
on this chemcial energy will be changed b'ack into 
electric current for operating the starting motor, 
for producing sparks at the spark plugs, for light-
ing the lamps, and for blowing the horn. 

In the system of Fig. 9 we started out with 
mechanical energy taken from the engine and 

Fig. 8. If this machine is rated at SOI Kw., how many horse power is this equal to? 
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ended with chemical energy stored in the battery. 
Probably you already knew that a storage battery 
does not store electricity in the form of electricity, 
but simply undergoes internal changes during the 
"charging" process which enable the battery later 
on to produce electric current while it is "dis-
charging." 

Fig, A Portion of the Auto-electric System. 

AN ELECTRIC CIRCUIT 

The electrical parts and wires in Fig. 9 make up 
what we call an electric circuit. Fig. 10 is a sim-
plified diagram of this circuit in which the parts are 
represented by "symbols" rather than by pictures. 
These, and other standard and universally recog-
nized symbols, make it easy for anyone to quickly 
draw correct electrical diagrams that are under-
stood by everyone else in the business. 

An electric circuit is the complete conductive path 
through which flows, or may flow, an electric cur-
rent. A circuit always must include at least the 
four things which we now shall list. 

Fig. le. Simplified Diagram of the Auto-electric System. 

First. The circuit must include a source of cur-
rent, meaning that there must be a generator or 
some other device which uses some kind of non-
electrical energy and which produces a flow of elec-
tricity or an electric current. Maybe it should be 
mentioned that the reason we do not have a gen-
erator or similar apparatus in every house lighted 
by electricity is that the circuit starts from outside 
the house. 

Second. The circuit must include one or more de-
vices which will change electrical energy into some 
other form of energy such as chemical energy, heat, 
light, mechanical motion, and so on. It might be 
natural to argue that one could connect a single 
length of wire from one terminal of a battery to the 
other terminal and thus let current flow without 
going through anything which produces some other 
form of energy. But current flowing through that 

wire would heat the wire, and the wire itself would 
be a device which changes the electrical energy into 
the energy which is heat. 
Even though the heat from the wire might be 

wasted, it still would be produced. We may waste 
any kind of energy, but cannot destroy it. The 
only thing that can happen to one kind of energy 
is to change to some other kind. That is a funda-
mental law of nature. 

Third. The electric circuit must include a con-
tinuous conductor or a succession of joined conduc-
tors through which electricity may flow from the 
source of current to the devices which use the cur-
rent to produce some other form of energy. 
Fourth. The electric circuit must include also 

a continuous conductive path from the device which 
uses electric current back to the part which pro-
duces the current. Since everything consists of 
molecules and atoms, and all atoms contain elec-
trons, everything is full of electricity (electrons) to 
begin with. All we can do is pump them around 
a circuit. You cannot continue pulling electrons out 
of the wires inside a generator without letting re-
placement electrons re-enter the generator, nor can 
you continue pushing electrons into a battery or 
anything else without letting an equal number move 
out and back to the source. Fig. 11 shows a cir-
cuit which includes a generator, a switch, a motor, 
and the necessary conductors. 

Fig. 11. Complete electric circuit. The current flows over the tep wire 
from the generator to the motor, then back along the lower 

wire to the generator. 

The idea of having a complete electric circuit, 
out and back, is much the same as having to have 
a complete and unbroken belt between a steam 
engine and a machine to be driven. If the belt can-
not come back from the machine to the engine 
flywheel or pulley it won't long continue to move 
out from the engine to the machine. If you cut 
either side of the belt you will prevent transfer 
of energy from the engine to the machine. It makes 
no difference which side of the belt you cut. Just 
as truly you will prevent transfer of electrical 
energy from a source of current to a consumingm 
device if you open either side of the circuit. It 
makes no difference which side. Many hopeful 
"electricians" have tried to beat this rule, but none 
have succeeded. 
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MORE ELECTRIC CURRENTS 

Ali Let's go on to Fig. 12 where we have represented 
11, most of the remaining parts of the automobile elec-

trical system. Now we shall assume that the en-
gine and generator are idle, and that the cutout 
has acted to open the circuit between generator 
and battery. This leaves chemical energy in the 
battery as our original source of non-electrical 
energy. Now for our six groups. 

Fig. 12. More Parts of the Auto-electric System. 

Group 1. The battery is not only the source of 
chemical energy, but is also the device which 
changes this energy into electric current. 

Group 2. The battery is connected through 
wires and through the metal of the automobile 
framework to the lamps, the horn, the starting 
motor, and the ignition coil. The coil, in turn, 
is connected to the spark plugs. This is our wiring, 

Group 3. Our controlling mechanisms include the 
lighting switch, the horn button, the starting 
switch, and the ignition switch. 

Group 4. The maximum difference in pressure (in 
volts) which the battery can develop is not enough 
to force electricity across the air gaps in the spark 
plugs and produce the intensely hot arc that ignites 
the mixture of gasoline and air in the cylinders. 
Consequently, we must employ the ignition coil, a 
device which uses current at the electrical pressure 
supplied by the battery and furnishes a pressure 
sufficient to force electricity across the spark plug 
gaps. The ignition coil is a kind of electrical trans-
former which converts the 6 volt pressure we have 
available into a pressure of 10,000 volts or more, 
suitable for the job to be done. 
Group 5. The ammeter which previously we 

have used to indicate the rate at which electricity 
flows through the generator-battery circuit is now 
used to indicate the rate at which electricity flows 
through the battery and the lamps, the horn, and 
the ignition coil. In actual practice we probably 
would not carry horn current through the ammeter. 
The rate of current flow through the starting motor 
is so great that it would ruin this small ammeter, 
so the starting current is not carried through the 
meter. 
Group 6. The apparatus which changes energy 

of the moving electricity into other forms of energy 
includes (1) the lamps which produce the energy 
which is light, (2) the horn which produces the 

energy which is sound, (3) the spark plugs which 
produce the energy of heat, and (4) the starting 
motor which produces the energy of mechanical 
motion. 

In the whole automobile electrical system (Figs. 
9 and 12) we commenced with mechanical energy 
of motion from the engine, changed it to electrical 
energy in the generator, then to chemical energy in 
the battery, then changed this chemical energy into 
light, sound, heat, and more mechanical energy or 
motion. All electrical systems are like that, just 
changing one kind of energy into other kinds which 
suit our needs. 

QUANTITIES OF ELECTRICITY 
Quantities of potatoes are measured by the bushel, 

quantities of water may be measured by the gallon 
or by the cubic foot, and for everything else there 
are various units in which their quantities may be 
measured. Quantities of electricity are measured by 
the coulomb. A coulomb is just as definite a quan-
tity of electricity as is a cubic foot a quantity of 
water. 

We might define the coulomb by stating the num-
ber of electrons in a coulomb, but rather than get 
into figures running into uncountable billions of 
electrons we define a coulomb by stating what it 
will do. In Fig. 13 the jar at the left contains two 
copper plates immersed in a solution of silver 
nitrate, with the plates connected to a battery 
which will cause a flow of electricity. When one 
coulomb of electricity flows through the solution 
from one plate to the other this much electricity 
will take out of the solution and deposit on one 
of the plates about 1/25000 ounce of silver. Whether 
this quantity of electricity passed in a second, an 
hour or a month, it still would take with it and 
deposit the same amount of silver. 

Fig 13. A "Voltammeter" Which Measure. Quantities et inestrielty. 

Except in the eletroplating of metals and similar 
jobs we seldom need talk about quantities of elec-
tricity such as might be measured in coulombs, 
but an understanding of the coulomb as a unit of 
quantity makes it easier to understand the real 
meaning of electric current and how current is 
measured. 

ELECTRIC CURRENT 

In order to turn a water wheel so that it will fur-
nish a desired amount of driving power it is neces-
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Fig. 14. An Ammeter for Measuring Electric Current Flow. 

sary that water flow over or through the wheel at 
a rate of some certain number of cubic feet (or 
galhns) per second. We may define the rate of 
water flow as so many cubic feet per second. Just 
as the rate of flow of water is measured in so 
many cubic feet per second, so is the electric cur-
rent measured in so many coulombs per second. 

In order to light the ordinary "60-watt" electric 
lamp bulb to normal brilliancy electricity must flow 
through the filament in the bulb at a rate of about 
one-half coulomb per second. To keep'a household 
flatiron normally hot the electricity must flow 
through the flatiron at a rate of about eight to nine 
coulombs per second. To run a small fan the elec-
tricity must flow through the fan motor at about 
four-tenths coulomb per second. In none of these 
cases are we talking about the speed or velocity 
with which the electricity or the electrons pass 
through the lamp, flatiron or fan. We are talking 
about rates of flow in the sense that certain quanti-
ties of electrictiy pass through the part in a given 
period of time. 

When electricity flows at a rate of one coulomb 
per second we say that it flows at a rate of one 
ampere. This unit of flow (really one coulomb per 
second) was named the ampere to honor Andre 
Marie Ampere, a French physicist and scientific 
writer who lived in the early part of the last cen-
tury. We should remember that the ampere means 
a rate of flow of electricity. 

Instead of saying that the electric lamp requires 
a flow of one-half coulomb per second we say it 
requires a flow of one-half ampere. Similarly, the 
flatiron takes a flow of eight to nine amperes, and 
the fan motor takes about four-tenths ampere. 

o e. AMMETER 
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Rates of flow in amperes are measured and indicated 
by an instrument called the ammeter, such as pic-

tured in Fig. 14. Fig. 15 illustrates how this and 
other types of meters are used•in practical work. 

Fig. 15. Using Meters To Test the Operation of an Electric Motor. 

AMPERE-HOUR, ANOTHER QUANTITY 

A coulomb of electricity is a very small quantity, 
and that unit is too small for convenient use in 
many kinds of electrical measurements. A more 
convenient quantity, and one more often used, is 
the ampere-hour. One ampere-hour of electricity 
is the quantity that would flow when the rate is one 
ampere and the flow continues steadily for one hour. 
The ampere-hour is a unit much used in storage 
battery work, electroplating, and similar electroe 
chemical processes. 

There are 3,600 seconds in one hour. One coulomb 
of electricity passes during each second when the 
rate is one ampere. Therefore, in 3,600 seconds the 
total quantity will be 3,600 coulombs, and we find 
that one ampere-hour is equal to 3,600 coulombs of 
electricity. 

ELECTROMOTIVE FORCE 

We have learned that all substances are made up 
of molecules and atoms, and that all atoms contain 
electrons, which are negative electricity. Conse-
quentily, all substances are full of electricity all the 
time. But in a wire or other conductor there is no 
particular tendency for the electricity to move, and 
form an electric current, until some force is applied 
to the electrons. Forces which move or tend to 
move electricity arise from mechanical energy of 
motion, from chemical energy which alters chemical 
makeup of substances, from light energy, or other 
forms of energy as these forms are changed into 
electrical energy. 

One of the commonest examples of changing 
chemical energy into electrical energy is the stor-
age battery used in automobiles. The chemical 
conditions in a "charged" battery are repre-
sented by one of the diagrams in Fig. 16, whice 
shows the active materials or the materials whic 
undergo changes. The positive plate material is 
oxygen and lead, the negative plate material is lead 
alone, and the liquid in which they are immersed 
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consists of oxygen, hydrogen and sulphur (sul-
phuric acid). These chemicals do not like to remain 

11>in the combinations shown. They are under a strain, 
and may be thought of as containing pent up chem-
ical energy. 
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Fig. IS. Chemical Changes In a Lead-acid Storage Battery Cell. 

The chemical energy in the charged battery can 
accomplish nothing until we connect the positive 
and negative plates to an external circuit in which 
electricity may flow. Then things commence to 
happen inside the battery as the chemical energy 
changes into electrical energy. As shown in the 
diagram marked "discharged," the oxygen from 
the positive plate goes into the liquid. The sul-
phur that was in the liquid splits up, part going 
into the positive plate and part into the negative 
plate. So long as these chemical changes continue, 
the chemical energy changes into electrical energy 
and changes into a force that causes electricity to 
move through the battery and around the external 
circuit. 

If we keep the circuit connected to the battery 
ador long enough, both plates will contain lead and 
Ilgulphur (sulphate of lead) and the liquid will con-

sist of two parts of oxygen and one of hydrogen, 
which form water. If electricity is forced to flow 
through the battery in a reversed direction, oxygen 

will leave the liquid and rejoin the lead in the posi-
tive plate, and sulphur will leave both plates and 
go into the liquid. Then the battery has been 
re-charged, again contains pent up chemical energy, 
and is again ready to change this energy into elec-
trical energy. 
We have examined one method of pèoducing a 

force which will move electricity or which will pro-
duce an electric current. Later we shall examine a 
method which changes mechanical motion into a 
force that causes electricity to move. 
The forces produced when some other form of 

energy is changed into electrical energy act with 
reference to the electricity as do the pressure dif-
ferences that are applied to water in a hydraulic 
system. Just as hydraulic differences of pressure 
tend to cause flow of water, so do differences of 
electrical pressure tend to cause flow of electricity. 
An electrical pressure difference or force that moves 
or tends to move electricity, and form a current, 
is called an electromotive force. The abbreviation 
for electromotive force is emf. We generally speak 
of such a force as an "ee-em-eff", pronouncing the 
letters of the abbreviation rather than using the full 
name. 

Devices such as batteries and generators in which 
some other form of energy changes to electromotive 
force are called energy sources, since they are the 
source of the force or energy which causes current 
to flow. They are not sources of electricity but only 
of energy in the electrical form, because they pro-
duce no electricity but merely place electricity in 
motion. 

The electromotive force produced in a battery, 
generator or other current source is measured in a 
unit called the volt, named in honor of Count Volta, 
an Italian physicist who lived about 200 years ago. 
The volt is a measure of the difference in elec-
tric pressure or electric force, much as the unit 
called pounds per square inch is a measure of water 
pressure, steam pressure, and other pressures or 
forces. A dry cell produces an emf of about 172 
volts, a storage battery cell produces an emf of 
about 2 1/10 volts, and electric generators or dyna-
mos produce emf's from a few volts up to thousands 
of volts, depending on the construction of the gen-
erator. 

ELECTRICAL RESISTANCE 

We have said before that the electric current con-
sists of moving electrons which have been tempo-
rarily separated from atoms and which travel among 
the atoms as they progress through the conductor. 
Movement of the negative electrons through a con-
ductor is opposed not only by the attractions ex-
isting between them and the positive parts of the 
atoms, but by constant collisions of the moving 
electrons with other electrons and with the atoms. 
The degree of opposition to electron flow depends 
largely on the structure of the conductor—in other 
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words on the kind of material of which the con-
ductor is made. 
The opposition of a conductive material to flow 

of current acts in many ways as does the opposi-
tion of piping to flow of water through it. Water 
flows less freely through a pipe that is rough or 
corroded .on the inside than through an otherwise 
similar pipe that is smooth and clean. This effect 
is similar to that of different materials in electri-
cal conductors. For instance, electricity flows much 
less freely through a steel wire than through a 
copper wire of the same size and length. 
There is no simple unit in which we may de-

fine or measure the opposition to flow of water 
through pipes. We would have to say that a given 
difference in pressure in pounds per square inch 
causes a flow of so many cubic feet per second or 
minutes. But the opposition of a conductor to flow 
of electricity through it is measured in a simple unit 
called the ohm. Like other electrical units this one 
is named after a man, in this case after Georg 
Simon Ohm, a German scientist, who lived long 
ago. 

Opposition to flow of electricity is called electrical 
resistance. One ohm of resistance is that resistance 
which permits electricity to flow at a rate of one 
ampere when the force causing the flow is one 
volt. The resistance of the filament of a lighted 
60-watt electric lamp is about 220 ohms. The resist-
ance is only one ohm in about 390 feet of the size 
of copper wire most often used in the electrical 
wiring for houses. The resistance of materials 
used for electrical insulators runs into billions of 
ohms. 

It is quite apparent that the greater the resistance 
of a conductor or of an entire circuit to flow of cur-
rent through it, the less current will flow with a 
given applied voltage, or the more voltage will be 
needed to maintain a given rate of flow. When we 
say that a resistance of one ohm permits a current 
of one ampere with a difference in pressure of one 
volt, we say also that a difference in pressure of one 
volt causes a flow of one ampere through a re-
sistance of one ohm, and that a current of one am-
pere will flow through a resistance of one ohm when 
the difference in pressure is one volt. This simple 
relationship between the units of resistance, pres-
sure and current is going to make it very easy to 
solve all manner of electrical problems. 

TERMINAL VOLTAGE 
We have learned that an energy source, such as a 

battery or generator, produces electromotive force 
measured in volts, by changing chemical or mechan-
ical energy into electrical energy. Batteries, genera-
tors, and other kinds of energy sources have within 
themselves various kinds of electrical conductors 
which form a path through which electricity may 
flow through the source itself. Were there no con-
ductive path through a source, electricity could not 
be moved around and around the circuit consisting 

of the outside connections and the source itself. 
Like all conductors, those inside a source have more 
or less electrical resistance. Part of the electro-e 
motive force is used up in sending the current 
through this internal resistance of the source, and 
only the remainder is available for sending current 
through the external connections or the external 
circuit. 
The portion of the generated emf that is available 

at the terminal connections of a source, and which 
may be used for sending current through the ex-
ternal circuit, is called the terminal voltage of the 
source. The number of volts available from a source 
should not be called emf, but should be called the 
terminal voltage, if we wish to distinguish between 
the total force or pressure difference produced and 
that which remains for use outside the source. All 
electrical pressures differences, wherever they exist, 
may be measured in volts. 

DROP IN VOLTAGE 
Consider the water circuit of Fig. 17. In this 

circuit there is a water pump which changes 
mechanical energy from its driving belt into the 
energy contained in moving water, and which fur-
nishes the difference in pressure required to keep 
water moving around the circuit. At one point there 
is a pipe coil containing a good many feet of pipe. 
At several points are gauges which indicate water 
pressures in pounds per square inch. Water ink 
assumed to flow in the direction of the arrows. Imp 
common with the electrical current, it always flows 
from a point of higher pressure to a point of lower 
pressure. 

Fig. 17. Water Circuit In Which There Are Drepe of Pregame. 

It is certain that all pressure difference available 
from the pump must be used in sending water 
around the circuit, for there is no pressure at the 
inlet side of the pump. It is quite apparent, too, 
that all the pressure available from the pump won't 
be used up at any one place in the water circuit, but 
will be used in accordance with the oppositioem 
to flow encountered by the water as it moves arounIIIP 
the piping. 
The gauge at A will show a pressure almost as 

high as the total available from the pump, because 
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it takes but little force or pressure to get water 
from the pump to A. It takes some force or pres-esure to send water through the pipe from A to B, 
so the gauge at B shows a pressure a little lower 
than the one at A. The pressure at A must be 
enough to drive water from here all the rest of the 
way around the circuit and back to the pump, but 
the pressure at B need be only enough to drive 
water from this point back to the pump. 

The coil in Fig. 17 is made of a long length 
of rather small pipe. It takes quite a bit of our 
available pressure to send water through all this 
pipe, so the pressure remaining at C will be con-
siderably less than we had at B. The pressure 
remaining at C must be enough to send water from 
here back to the pump, but no more. At D, the 
pump inlet, the pressure is zero. 

Fig. 18 represents an electric circuit quite simi-
lar to the water circuit of Fig. 17. In this electric 
circuit there is a battery from which, after using 
part of the emf to overcome resistance within the 
battery, there remains a pressure of six volts at one 
of the terminals. The pressure at the other bat-
tery terminal is zero, just as pressure is zero at 
the point where water returns to the pump in the 
water circuit. Therefore, the difference in pressure 
between the terminals is six volts. 

Fig. II. Electric Circuit In Which There Are Drops of Potential and 
Differences of Potential. 

The entire six volts is used up between A and D 
in the electric circuit, for we start out with six 
volts and end up with no volts. But, as with the 
water circuit, all the pressure is not used up in 
sending electricity through any one part of the 
circuit, but rather it is used as required to over-
come the resistance in various parts of the circuit. 
The greater the resistance in any section of the elec-
tric circuit the more pressure must be used up in 
that section to force electricity through its re-
sistance. 

In Fig. 18 we assume that it takes only one volt 

Ili pressure to overcome the resistance of the wire n, oA to B, but that in the long length of wire in 
the coil it is necessary to use up four volts of pres-
sure, which is the difference between the pressures 
at B and C. The remaining one volt of pressure 

sends electricity through the wire from C back to 
the battery. 
The pressure in any electric circuit undergoes 

a continual drop as we progress around the circuit 
and use up the pressure in overcoming resistance 
of different sections. The pressure is greatest at 
one side of the source and is least at the other side. 

DIFFERENCE IN PRESSURE 

It is the difference between the pressures at two 
points in a circuit which causes current to flow 
from one point to the other. In Fig. 18 it is the 
entire pressure difference of the battery that causes 
current to flow through the entire circuit from A to 
D. Current flows from A to B because the pressure 
at A is higher than at B, it flows from B to C be-
cause the pressure at B is higher than at C, and 
from C to D because the pressure at C is higher 
than at D. 

cV0LTtR 
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Fig. 19. Voltmeter for Measuring Potential Difference. In Volts. 

Pressure differences are measured in volts. The 
measurement of the number of volts pressure differ-
ence between two points may be made with an 

Fig. 20. Using a Voltmeter To Measure Potential DifferencP. 

instrument called a voltmeter. One type of volt-
meter is illustrated in Fig. 19. Fig. 20 shows how 
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a voltmeter might be used to meas.ure potential dif-
ference in volts by connecting wires from the termi-
nals of the voltmeter to the two points whose poten-
tial difference is to be measured. You will recog-
nize that the pressure difference between two points 
is exactly the same thing as the drop in voltage 
between those points. 

VOLTAGE 

When electromotive forces, pressure differences, 
or pressure drops are measured in volts or in multi-
ples or fractions of volts, the number of volts often 
is spoken of as the voltage. For instance, someone 
might ask about the voltage of a generator, mean-
ing the pressure difference available for the external 
circuit, or they might ask about the voltage across 
a coil or other part of a circuit, meaning the pres-
sure difference across that one part. 

In the language of electricity, which we now are 
learning, each word and term has an exact and pre-
cise meaning when used correctly. However, you 
will find that electrical men are sometimes rather 
careless in their use of these words, speaking of 
the emf across something like a coil instead of 
speaking of the pressure difference. 

ELECTRIC POLARITY 

One terminal of a source has, at any one instant, 
a pressure higher than the other terminal. The 
one of higher pressure is called the positive termi-
nal, and the one of lower potential is called the 
negative terminal. Positive terminals may be indi-
cated by the plus sign (±) and negative terminals 
by the minus sign (—), as has been done with the 
source terminals in Fig. 20. Positive is also indi-
cated by the letter P or the abbreviation POS, and 
negative by the letter N or by NEG. 

Voltmeters and other meters have one terminal 
marked positive and the other negative. In order 
that the meter may read correctly its positive termi-
nal must be connected to the point of higher pres-
sure and its negative terminal to the one of lower 
pressure. 

Because of pressure drops and differences in a 
circuit one point will have a pressure higher than 
another point. The point of higher pressure is posi-
tive with reference to the other one, which is nega-
tive with reference to the first point. In Fig. 20 
the pressure becomes lower and lower as we pro-
gress from A to D. Then point A is positive with 
reference to B, and B is negative with reference 
to A. But because the pressure at B is higher than 
at C, point B is positive with reference to C while 
being negative with reference to A. 

The words positive and negative, as just used, 
describe the polarity of points in an electric circuit 
with reference to other points in the same circuit. 

The whole mass of the earth or the ground us-
ually is considered as having zero pressure or no 
pressure at all. Then we may speak of anything 

whose pressure is higher than that of the earth as 
being positive, and of anything whose pressure is 
less than that of the earth as being negative. You e 
may wonder how we can have a pressure less than 
zero, but this is explained by remembering that the 
earth's pressure is only arbitrarily taken as zero, 
just as one certain point on the thermometer is 
arbitrarily considered zero. We may have pres-
sures lower than the earth's zero pressure just as we 
may have temperatures lower than zero on the 
thermometer. In electrical terminology, the term 
potential is often used in the sanie sense as the word 
pressure is here applied; thus the "difference in 
pressure" in volts and the "difference in potential" 
in volts mean one and the sanie thing. For purposes 
of simplification, the word pressure has been em-
ployed in the foregoing material. 

RESISTANCE OF CONDUCTORS 

Several times it has been mentioned that the re-
sistance of a conductor depends largely on the kind 
of material in the conductor. When talking about 
electron flow in conductors we listed a number of 
materials in the order of the freedom with which 
electrons pass through them. From our later dis-
cussion of resistance it is evident that the material 
(silver) permitting the freest flow of current must 
have the least resistance, and that materials per-
mitting smaller rates of flow when a given differ-
ence in pressure is applied to them, must have 
higher resistances. 
The resistance in ohms of a conductor is affected 

by other things as well as by its material. Here 
are the factors which determine resistance: 

1. The material of which the conductor is made. 

2. The length of the conductor. If a certain kind 
of conductor is made twice as long, its resistance 
\\*ill be exactly doubled, since it is twice as hard 
to force a given current through twice the original 
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Fig. 21. Effect of Length and Cross Sectional Area On Resistance 
Conductors. 

length. See Fig. 21. Halving the length of the 
conductor will drop its resistance to half the origi-
nal value. Resistance varies directly with the length 



Electrical Symbols 19 

of a conductor that is of uniform size and material 
throughout. • 3. The cross sectional area of the conductor. The 
cross sectional area is the area of the flat surface 
left on the end of a conductor when it is cut straight 
through from side to side. Changes of cross sec-
tion in the same length of conductor are shown 
in Fig. 21. If the cross sectional area is doubled 
the resistance is cut in half. It is easier for elec-
tricity to flow through a large conductor, just as 
it is easier for water to flow through a larger pipe. 
If the cross sectional area is halved the resistance 
is doubled. It is harder to force water through a 
small pipe than a large one, and harder to force 
electricity through a small conductor than through 
a larger one. 

4. The temperature of the conductor. In all pure 
metals, and in most mixtures or alloys of metals, 
the resistance increase as the temperature rises. The 
resistance of a copper wire is about 9 per cent 
greater at 70° F. than at 32°, and at 150° is about 
27 per cent higher than at 32°. Each different metal 
has a different rate at which its resistance changes 
with changes of temperature. An alloy called man-
ganin, much used to provide resistance in electrical 
instruments, changes its resistance less than one-
hundredth as much as does copper for the same 
change of temperature. Liquids which have been 
made conductive, such as those used in storage bat-eteries, have less and less resistance as their temper-
ature rises through normal ranges. The resistances 
of carbon and graphite become less as their temper-
ature rises. In order to specify resistances with 
accuracy we should know and mention the tempera-
ture of the conductor. When no temperature is 
mentioned it generally is assumed to be 68° Fah-
renheit, which is 20° centigrade. 

CONDUCTANCE 
The conductance of a conductor is a measure of 

the ease with which it permits current to pass 
through it, as opposed to resistance which is a 
measure of the opposition to current flow. The unit 
of conductance is the mho, which is ohm spelled 
backward. The conductance in mhos is equal to 
the reciprocal of the resistance in ohms. The re-
ciprocal of a number is 1 divided by that number. 
Thus, the reciprocal of 10 is 1/10. If the resistance 
of a conductor is 10 ohms its conductance is 1/10 
mho. 
Nearly all our practical calculations are made 

with resistance measured in ohms. Conductances 
in mhos are seldom used. 

ELECTRICAL SYMBOLS 
When we wish to show the wiring connections 

mand the parts included in an electric circuit or part 
lrof a circuit, it is not necessary to draw pictures 

of the parts. Conductors and various electrical 
devices are shown by symbols which represent these 
parts in a general way and which are understood 

by all men working in the electrical industries. 
Several standard symbols are shown by Fig. 22. 
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Fig 22 Symbols Used In Electrical Wiring Diagrams. 

The cell represents a single dry cell or a single 
cell of any other type which produces electromotive 
force from chemical action. Several cells together 
form a battery. The number of cell symbols drawn 
to represent the battery may or may not correspond 
to the number of cells actually in the battery to be 
shown. The long line of the cell symbol represents 
the positive terminal and the short line the negative 
terminal. 
The generator symbol is marked "direct current" 

because it represents the kind of generator which 
causes electricity to flow always in the same di-
rection around a circuit. This is the kind of flow 
we have been considering and shall continue to 
study until taking up the subject of alternating 
current later on. Alternating current is a surg-
ing back and forth of electricity in the conductors, 
moving one direction for a brief period and then in 
the opposite direction for an equal period of time. 

Wires which cross over each other without being 
joined together or in electrical contact may be 
shown in any of three ways. Electricity cannot 
flow from one to the other of wires which are not 
in actual contact, or which are separated by in-
sulation as indicated in these symbols. If two or 
more wires are in direct contact so that current 
may flow from one to the other at the point of 
contact, we show the joining by means of a small 
dot at the junction. 

If a large amount of resistance is concentrated 
into a small space, as by winding much wire into 
a compact coil, we may call the unit a resistance 
or a resistor. The symbol for such concentrated 
resistance is a zig-zag line. Many resistors are 
so constructed that a brush or other movable con-
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tact point may be slid along the resistance wire, 
thus including between the contact and one end of 
the wire more or less resistance or more or less of 
the total length of the wire. Such an arrange-
ment provides an adjustable amount of resistance 
for use in a circuit to limit the flow of current. An 
adjustable resistor may be called a rheostat. The 
arrowhead in the symbols represents the movable 
or sliding contact point. 

Switches, as you doubtless know, are devices in 
which metallic conductors may be conveniently 
brought together so that current may flow through 
them and through a connected circuit, or which may 
be separated so that they have between them the 
insulation of air, which prevents flow of current. 
A push button switch is of the type used for door 
bells. A knife switch opens and closes with a mo-
tion like moving the blade of a jack knife. The 
knife switch for which a symbol is shown has two 
blades, that simultaneously opens or closes two 
conductive current paths. 

Fig. 23 is a diagram of an electric circuit show-
ing how simple and easily understood are the con-
nections and the paths for current when we use 
symbols to represent the electrical devices. Refer 
to the symbols of Fig. 22 and see how many of them 
you can identify in Fig. 23. Fig. 23 shows two 
coils whose symbols are not included in Fig. 22. 

Fig 23 Wiring Diagram In Which Symbols Are Used. 

SERIES CONNECTIONS 

Fig. 24 shows two circuits. Each contains a gen-
erator, a switch, a resistor, and two lamps. If the 
generator were running and the switch closed, cur-
rent from one side of the generator would have 
to pass successively through each of the other parts 

Fig. 24. Series Circuits. 

before coming back to the generator. Furthermore, 
every bit of current that goes through the generator 

must go also through every other part of the circuit 
The current cannot divide at any point. All the 
current that flows in any one part of the circuits 
must flow also in every other part. 
Any circuit in which all the current flowing in 

any one part must flow also through each other 
part is called a series circuit. When parts are so 
connected that all the current through one of them 
must pass also through the other these parts are 
connected in series. It makes no difference in what 
order the parts come, if they all carry the same 
current they are in series. 

There are three things about series connections 
that we should understand. 

1. The current in amperes is the same in all 
parts connected in series. If the flow is five am-
peres in any one part it must be five amperes in 
every other respect. 

2. The total resistance in ohms of all the parts 
connected in series is equal to the sum of their 
separate resistance in ohms. In Fig. 25 we have four 
lamps in series. Each lamp has a resistance of 40 

Fig. 25. Four 40-ohm Lampe Connected In Series. 

ohms. Neglecting the very small resistance of 
the connecting wires, the total resistance of this 
circuit is 4 x 40, or is 160 ohms. 

3. The total difference in pressure in volts which 
is supplied to the parts in series, as from a current 

Fig. W. Five 50-volt Lamps Connected In Series. 
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source, must equal the sum of the pressure differ-
ences or pressure drops across the separate parts ein the circuit. This became apparent when study-
ing Fig. 18. In Fig. 26 we have five lamps, across 
each of which a voltmeter would show a pressure 
difference of 50 volts. Neglecting the small pres-
sure drops in the short wire connections, the sum 
of these voltage or pressure differences is 250 volts, 
which is the total difference in pressure that must 
be supplied by the generator. 

OHM'S LAW 

Ohm's law is a rule that helps to solve more 
different kinds of electrical problems than any other 
one rule or law that we can learn. The law says 
that if the pressure difference across a circuit or 
any part of a circuit is doubled, the current will 
double, and that half the pressure difference will 
produce half the current. In other words, the cur-
rent in amperes increases and decreases directly 
with increase and decrease of the pressure differ-
ence in volts. Ohm's law says further that dou-
bling the resistance will permit only half as much 
current to flow, and that halving the resistance will 
permit as much current to flow. This means that 
the current increases proportionately to every de-
crease of resistance, and that the current decreases 
proportionately to any increase of resistance. This 
statement assures the applied voltage to remain 

Illoonstant. 
At A in Fig. 27 we measure a pressure difference 

of 4 volts across a resistance of 2 ohms. The cur-
rent through the resistor will be 2 amperes. At B 
the pressure difference has been raised to 10 volts, 
two and one-half times as much as at A, and the 
current through the resistor now is 5 amperes, 
which is two and one-half times the original current 
through the same amount of resistance. 

Fig 27 Relatietu Between Amperes, Volts mad ,Oluns. 

At C in Fig. 27 the pressure difference across a 
2-ohm resistance measures 8 volts. The current is 
4 amperes. At D the resistance has been increased 
to 4 ohms, twice as much as at C, and now we have 

Aft current of only 2 amperes with the same pressure 
Wifference. Doubling the resistance has cut the cur-

rent to half. 
The easiest way to remember Ohm's law is to say 

that the number of amperes of current is equal to 

the number of volts pressure difference divided by 
the number of ohms resistance, or simply that 
amperes are equal to volts divided by ohms. When 
one quantity is to be divided by another we often 
write them as a fraction. For example, the fraction 
3/2 means that 1 is to be divided into 2 equal parts, 
and the fraction 6/3 means that 6 is to be divided 
into 3 equal parts. Ohm's law written with a 
fraction appears thus: 

volts pressure difference 
Amperes — or Current —  

ohms resistance 

Instead of using the words for amperes, volts and 
ohms, or for current, pressure difference and re-
sistance, we generally use letter symbols. For cur-
rent in amperes we use the capital letter I, which 
you may think of as standing for intensity of current. 
For pressure difference in volts we use the letter E, 
which stands for electromotive force. For resist-
ance in ohms we use the letter R, which stands 
for resistance. With these letter symbols we may 
rewrite Ohm's law thus: 

E 
I = 

Ohm's law shows the relation between amperes, 
volts and ohms in any part of a circuit, or, of course, 
in a complete circuit. If we use the numbers of 
amperes, volts and ohms of Fig. 27 instead of the 
corresponding letters in the formula I = E/R we 
will have for A 2 = 4/2, and for B 5 = 10/2, 
and for C 4 = 8/2, and for D 2 = 8/4, all of 
which work out correctly. 

The great usefulness of Ohm's law arises from 
the fact that if we do not know the current but 
know only the resistance and the pressure difference 
we merely divide the volts of pressure difference 
by the ohms of resistance to find the unknown cur-
rent in amperes. 

In Fig. 28 we have a battery furnishing 10 volts 
pressure difference (E) to a lamp whose resistance 
(R) is 5 ohms, and we wish to know the current 

Fig. 28. A IS-volt Battery Supplying Cutest Te a &alma Lamp. 
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in amperes. We use the known pressure difference 
and known resistance in Ohm's law thus: 

E 10 
I = — = — = 2 amperes 

5 

In all these simple problems we shall ignore the 
resistance of the connecting wires. Even were we 
to have as much as ten feet of ordinary copper wire 
the resistance of the wire would be only about 1/40 
ohm, which would have negligible effect on our figures. 
Now that the relationships between current, dif-
ference in pressure, and resistance have been es-
tablished, we shall begin to substitute the term "dif-
ference in potential" for "difference in pressure" in 
order to acquaint you with use of the word. Remem-
ber that you may substitute the word "pressure" 
for "potential" in any practical electrical situation, 
as both terms mean virtually the same thing. The 
only advantage of using the term potential lies in 
the fact that it is widely used in electrical literature. 

Probably you know that any formula such as 
I E/R which involves three quantities may be 
changed around to show any one of the quantities 
when we know the other two. We already have 
learned how to find the current in amperes when we 
know the potential difference in volts and the re-
sistance in ohms, but how about learning the poten-
tial difference from known current and resistance, 
and how about learning the resistance when we 
know only the current and the potential difference? 
Using letter symbols for the three quantities we 

may write Ohm's law for unknown potential differ-
ence as follows: 

E = IR, which means volts = amperes X ohms 

You may easily prove to yourself that this form 
of the law is a correct one by substituting for volts, 
amperes and ohms the corresponding numbers from 
Fig. 27, and you will find that the formula always 
works out. 

In Fig. 29 we have represented an electric toaster 
whose resistance is 10 ohms, and with an ammeter 
we measure the current as 12 amperes. What is 

OR 

Fig. 29. A Toaster for Which the Potential Difference Is To Be 
Calculated. 

sistance? All we need do is place the known 
values in Ohm's law, thus: 

= IR = 12 X 10 = 120 volts 

In Fig. 30 we have an electric oven in whose 
heater coils the resistance is 2 ohms, and we 

Fig. 30. An Oven of Known Resistance, Taking a Known Current, for 
Which the Potential Difference Is To Be Calculated. 

measure the current as 55 amperes. It is easy to 
find the potential difference in volts. 

E = IR = 55 X 2 = 110 volts 

Just as we changed Ohm's law around to give 
the value of an unknown potential difference, so 
we may change it again to show an unknown resist-
ance in ohms when we know the potential differ* 
ence in volts across the resistance and know thW 
current in amperes flowing through the resistance. 
Here is the third form of Ohm's law: 

E 
or Ohms — 

volts 

amperes 

Again you may prove that this form of the law 
works out by substituting in it the numbers of 
ohms, volts and amperes of Fig. 27. 

Fig. 31 shows a powerful magnet or electromag-
net used for lifting parts made of iron or steel. An 
ammeter shows that a current of 20 amperes flows 

the potential difference in volts that will cause 12 
amperes of current to flow through 10 ohms of re-

Fig. 31. An Electromagnet for Which the Potential Difference and 
Current Are Measured, and of Which the Resistance Is To Be Learned. 
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through the coils inside the magnet when the ap-
lied potential difference is shown by a voltmeter 
o be 80 volts. To find the resistance in ohms of 
the magnet coils we use the measured quantities in 
Ohm's law for resistance. 

E 80 
R = = 

20 
= 4 ohms 

USING OHM'S LAW 
Current voltage and resistance are the three most 

important things that we have to consider in prac-
tical work with the great majority of electrical 
devices and the wiring that connects them together. 
Electricity flows only through conductors, and all 
conductors have resistance. Therefore, every part 
in every electrical circuit has resistance. The cir-
cuit of Fig. 32 includes a generator, an ammeter, 
a switch, a rheostat, a lamp, and the connecting 
wires. There are various amounts of resistance in 
every one of these parts. 
The ammeter of Fig. 32 shows the current flow-

ing through the meter. Since this is a series cir-
cuit we know that the current in every other 
part is the same as that in the ammeter. The 
voltmeter is connected across the terminals of the 
generator, so it shows the potential difference 
across these terminals and across the entire ex-
ternal circuit. The voltmeter might be connected 

ross the rheostat, the lamp, the ammeter, the 
witch, or any of the wires—and then would show 
the potential difference across each of these parts. 
In every circuit in which electricity is flowing we 
have a current which is forced to flow through 
resistances by the potential differences in the 
circuit. An understanding of Ohm's law means 
an understanding of all the relations between cur-
rent, voltage and resistance, and an understand-
ing of the electrical behavior of every common 
type of circuit. 
An understanding of Ohm's law does not mean 

merely the ability to say that "amperes equal volts 

divided by ohms," and to repeat the other forms 
of the law for volts and ohms, but means under-
standing of how these rules work out in prac-
tice. Supposing that the rheostat of Fig. 
32 were enclosed within a box with only the oper-
ating handle showing, and that you wanted to know 
which way to move the handle to increase the re-
sistance. If you understand the relations between 
resistance and current as shown by Ohm's law you 
will know that the ammeter in this circuit will show 
less current when you move the handle to increase 
the resistance. You will know also that with the 
voltmeter connected across the rheostat the voltage 
will increase when you move the handle in the 
direction that increases the resistance of the 
rheostat. 
Here is a little table showing what happens to 

each of the three elements—current, voltage, and 
resistance—when one of them is kept at the same 
value and another is made more or less. In each 
part of the table is written the form of Ohm's law 
that gives the answer shown there. 

CURRENT 

Amperes 

POTENTIAL 
DIFFERENCE 

Volts 

R FS1STA N CE 

Ohms 

SAME MORE MORE  
E = IR R = E/I 

SAME LESS LESS 
E = IR R = E/I 

MORE 
I = E/R 

SAME LESS 
R = E/I 

LESS 
I = E/R 

SAME MORE 
R = E/I 

MORE MORE 
I = E/R E = IR 

SAME 

LESS 
I = E/R 

LESS 
E = IR 

SAME 

Fig. 32. A Typical Electric Circuit. 
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In this table we have the answers to the problem 
about moving the rheostat handle. On the first 
line of the table we find that more resistance means 
more potential difference in volts is required if 
the current is to remain the same, and on the fourth 
line we find that more resistance means less cur-
rent in amperes if the voltage remains the same. 
The formula R = E/I answers the questions be-
cause if in it you use different values of volts (E) 
with the same value of amperes (I), you will 
find out what happens to resistance. If you try 
different values of amperes (I) with the same 
value for volts (E) you again will find out what 
happens to resistance under these conditions. 

Supposing you know what a certain electrical 
device must have a current of six amperes to oper-
ate correctly, but an ammeter shows the current 
to be eight amperes. You can reduce the current 
by changing either the potential difference in volts 
or the resistance in ohms. The table shows that 
less current will flow with more resistance and the 
same voltage, or with less voltage and the same 
resistance. Ohm's law will answer thousands of 
electrical questions. 

When Ohm first explained his law for the rela-
tions of current, potential difference and resistance 
he did not write something like I = E/R, but he 
stated that current varies directly with potential 
difference, and inversely with resistance, that po-
tential difference varies as the product of current 
and resistance, and that resistance varies directly 
with potential difference and inversely with current. 
This is just a short way of saying all that is shown 
by our table. The three formulas by which we show 
Ohm's law are merely convenient ways for work-
ing our problems which involve certain numbers of 
amperes, volts and ohms. 
One of the easiest ways to remember all three 

formulas for Ohm's law is to remember this ar-
rangement of the letter symbols, 

E 

IXR 

Supposing you want to know the value of E or 
volts. Cover the E with the tip of your finger 
and you see only I X R, which means that multi-
plying the number of amperes (I) by the number 
of ohms (R) will give the number of volts. If 
you want to know the number of amperes just 
cover up I, the symbol for amperes, and you see 
E over R, which means to divide the number of 
volts by the number of ohms. If you want to find 
the number of ohms, cover up R, the symbol for 
ohms, and you see E over I, which means to divide 
the number of volts by the number of amperes. 

It is necessary to understand the relations be-
tween current, potential difference and resistance 
as shown in the table, but this requires no memoriz-
ing, only a little reasoning for each case. For in-
stance, you can read the first line of the table thus: 

With the SAME current there will be MORE po-
tential difference with MORE resistance. All you 
need do to figure this out for yourself is to re. 
flect that it certainly is going to take more potential 
difference or more force to send the same current 
through more resistance. Stated in another way, 
if you have the same current and observe that more 
potential difference is needed to maintain this cur-
rent, it is certain that the resistance must have 
increased, because it takes more force to get the 
same current through more resistance. 

Just as we have analyzed the meaning of the first 
line of the table, so you should check over each 
of the other lines for yourself. You will find that 
the conclusions are just common sense in each 
case, that they merely state what you already know 
about the behavior of current, voltage and re-
sistance. 

PARALLEL CONNECTIONS 

Fig. 33 shows a water circuit in which all the 
water flowing through the pump P flows also 
through the water wheel or water motor WW and 
through every other part of the circuit. The gauge 
G indicates the pressure available from the pump 

Fig. 33. Water Circuit With Its Parta ID Serial. 

or the source of pressure. Fig. 34 shows an elec-
tric circuit which is similar to the water circuit 
of Fig. 33. All the current that flows through the 
generator G in the electric circuit flows also through 
the lamp L and through every other part of this 
circuit. A voltmeter VM indicated the electrical 
pressure difference or the potential difference avail-
able from the generator. There two circuits, as 
you will recognize, are series circuits. 

In the series electric circuit we have the sail) 
current in all parts. The total resistance of the 
circuit is equal to the sum of the resistance in its 
parts. The total potential difference from the source 
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must equal the sum of the potential differences 
Anacross the parts of the series circuit. These are 

Fig. 24. Electric Circuit With Its Parts In Series. 

the rules for a series circuit, as we learned pre-
viously. 

In Fig. 35 we have added a second water wheel 
WW2 to our water circuit. Both sides of each 
water wheel are connected directly to the pump 
through pipes. The two wheels are in parallel with 

Fig. 35. Water Circuit With Two Water Wheels In Parallel. 

each other. Fig. 36 shows an electric circuit like 
that of Fig. 34 except that we have added a second 
lamp L2 and have connected both sides of this lamp 
directly to the generator through wires. The two 
lamps are connected together in parallel. 

Fig. X. Electric Circuit With Two Lampe In Parallel. 

A parallel connection of two or more parts may 
be defined as a connection with which the total 
current divides, part going through each of the 

its. If we consider each separate unit in a par-
lei connection all by itself, Ohm's law will tell 

us all the ralations between current, potential dif-
ference and resistance in that unit or in that 
"branch" of the parallel system. 

The first thing to note about a parallel connec-
tion is that the potential difference across all the 
units or across all the branches is the same. In 
Fig. 35 the pressure difference from the water pump 
is applied equally to both water wheels, since both 
are connected directly to the pump. In Fig. 36 the 
potential difference from the generator is applied to 
both the lamps, because both lamps are connected 
directly to the generator. When two wires come 
together, as do the two from the tops of the lamps 
and the other two from the bottoms of the lamps 
in Fig. 36, there can be only one potential at each 
junction. We cannot have two different potentials 
or voltages at the same point in a conductor or in 
a junction of conductors. Then, if the potentials on 
each side of the lamps are alike, there can be only 
one potential difference, and this potential differ-
ence acts across each of the lamps. 

When we know the potential difference across all 
the parts connected in parallel, and know the re-
sistance of each part, it is a simple matter to de-
termine the current in each part. All we need to 
do is use Ohm's law which says I := E/R. As an 
example, consider the parts shown in a parallel con-
nection by Fig. 37. The potential at the top of 
the diagram is 30 volts, at the bottom is 6 volts, 
so the potential difference across A, B and C must 
be 24 volts. A voltmeter connected across any one 
of these units would read 24 volts. 

-30 VOLTS 

A 

4 Owes 3 Owes. 

""--6 Vocrs 

12 Omds 

Fig 37, Three Resistances Connected In Parallel. 

The resistances of the units of Fig. 37 are marked 
in the diagram. Knowing the potential difference 
(E) and the resistance (R) for each unit allows 
finding the currents for each unit as follows: 

Unit A 
Unit B 
Unit C 

I = E/R = 24/4 = 6 amperes 
I = E/R = 24/3 = 8 amperes 
I = E/R = 24/12 = 2 amperes 

The total current for the units of Fig. 37 must be 
the sum of the separate currents, or must be 
6 8 2 amperes, which makes a total of 16 
amperes. 
Now let's consider the three units of Fig. 37 as a 

group. For the entire group we know that the 
potential difference is 24 volts, which is the same 
as the potential difference for each unit. We have 
figured out that the total current is 16 amperes for 
the group of parts. Now, what is the effective 
resistance of the entire group of units, or what 
would be the resistance of a single unit equiva-
lent to the three? 
As is usual when having to solve an electrical 

problem we call on Ohm's law. We wish to learn 
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the effective resistance, so must use the formula for 
resistance or use R E/I. Let's put our known 
potential difference (E) and our known total cur-
rent (I) into this formula. 

R =_- E/I = 24/16 = ohms, the equiv-
alent resistance. 

Supposing that we do not know the potential 
difference, but know only the resistance of several 
units connected in parallel and wish to know their 
equivalent or effective resistance considered as a 
group. All we need do is select any voltage, prefer-
ably a number of volts into which each of the num-
bers of ohms resistance will easily divide. For 
the resistance of Fig. 37 we might select 72 volts. 
Then we figure out the separate currents for 72 
volts instead of 24 volts and find that they will be 
18, 24 and 6 amperes. The total current then is the 
sum, 18 + 24 + 6, or is 48 emperes. Finally we 
use Ohm's law to find the effective resistance, this 
way, 

R E/I = 72/48 .-_--_-- ohms. 

This is an easy way to figure out the effective 
resistance of any number of resistances connected 
in parallel; just select any voltage, calculate the 
currents, and use the total number of amperes and 
the selected number of volts in Ohm's law for re-
sistance, R = E/I, and you will have the equivalent 
number of ohms. 
The rule usually used in cases like this says that 

the sum of the reciprocals of the separate resist-
ances equals the reciprocal of the equivalent resist-
ance. The reciprocal of any number is I divided 
by that number. To apply this rule to the example 
of Fig. 37 we would have to add the reciprocals 
of the resistances. 

1 1 1 
= 

4 3 12 

To 'add fractions they first must be changed to 
equal fractions all having the same denominator, or 
the same number below the line. Our present frac-
tions may be changed so that all have 12 for the 
denominator, thus, 

1 3 1 4 1 1 
— = — 

4 12 3 12 12 12 

Then we may carry out the addition. 

3 

12 

4 1 8 
— — = 
12 12 12 

Here we find that 8/12 is the reciprocal of the 
resistance. The reciprocal of any fraction is that 
fraction inverted or turned upside down. Then the 
reciprocal of 8/12 is 12/8, and 12/8 is equal to 15/2, 
which is the equivalent resistance in ohms. 

Fig. 38 shows another example of resistance in 
parallel. It would be a good idea if, before looking 

at the answer which will be given, you work out 
the equivalent resistance for yourself, either bie 
selecting any convenient voltage and using Ohm 
law to find currents and then the resistance or else 
by using the reciprocals of the separate resistances. 

ZOR 

Fig. 38. Resistances In Parallel for Which the Equivalent Resistance 
Is To Be Calculated. 

The reciprocals of the numbers of ohms are, 

1 1 1 1 1 

1 5 20 4 1/4, 

To simplify the last fraction, 1 over 54, we may 
actually divide 1 by 54, which gives us 4. To 
change 4 into a fraction we may write it as 4/1, so 
instead of working with 1 over 1/4 we may sub-
stitute 4 over 1, to which it is equal. For the next 
step we may change all the fractions so that the 
have 20 for a denominator and add them, thus, . 

20 
— 
20 

4 1 5 80 110 
— _ — — = 
20 20 20 20 20 

Since 110/20 is the reciprocal of the resistance 
we must invert this fraction to get 20/110 as the 
number of ohms. This fraction 20/110 should be 
simplified to 2/11, which is the equivalent resistance 
in ohms of the five parallel resistances. 

Fig. 39 shows four lamps connected in parallel, 
each lamp having a resistance of 40 ohms. When 
all the parallel resistances are alike their equiva-
lent resistance is equal to the resistance of one unit 
divided by the number of units. In Fig. 39 the 
equivalent resistance must be equal to 40 ohms 
(resistance of one lamp) divided by 4 (the number 
of lamps), or must be equal to 10 ohms. 

Fig. 39. Equal Resistances In Parallel. 

In practice many problems will arise which re-
quire the calculation of total resistance of two 
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resistances in parallel, and there is a most con-
venient formula for computations of this type. If 

\Pone resistance is called R1 and the other R2, the 
total resistance RT may be found from the formula 

122 X R, 
RT =   

+ R. 

Note that this formula merely indicates that we 
must take the product of the two resistors and 
divide this value by the sum of the two resistors. 
By repeated application of the same formula, the 
total resistance of any number of parallel resistances 
may easily be determined. 

In wiring diagrams such as apply to the elec-
trical equipment in buildings you often will find 
lamp circuits as shown in Fig. 40. At A there are 
12 lamps in series, which requires only a single wire 
or conductor running from lamp to lamp. At B the 
12 lamps are connected in parallel, which requires 
two wires or conductors so that both sides of each 
lamp may be connected directly to the source of 
current. 

There are three important facts to keep in mind 
about parallel conections. Here they are: 

The current for the parallel group is equal to 
the sum of the currents in the several units. 

ei
The potential difference is the same across all 
nits in the parallel group. 

The equivalent resistance of the parallel group 
always is less than the smallest separate resistance. 

SOURCES CONNECTED IN SERIES 

Two water pumps are connected end to end or in 
series for the water circuit of Fig. 41. With the 
pumps connected this way it is plain that the rate 
of water flow, in gallons per minute, must be the 
same through both pumps. One pump adds to the 
pressure developed by the other one. If we as-
sume that water comes to the inlet of the lower 

pump with zero pressure, and that this pump is 
capable of producing a difference in pressure of 
50 pounds per square inch, water will issue from 
the lower pump and pass to the inlet side of the 
upper pump at this pressure. If the upper pump 
is capable of producing a difference in pressure of 
50 pounds per square inch, this pressure will be 
added to that already existing at the pump inlet, 
and from the upper pump water will issue with a 
pressure of 100 pounds per square inch. 

Fig 41 Wate: Circuit With Two Pumps Connected In Series. 

Fig. 42 shows an electric circuit with two gen-
erators connected in series. As in all series cir-
cuits, current is the same in all parts, including 
the generators. The generators are capable of 
applying a difference in potential of 100 volts each 
to current flowing through them. Just as with 
the water circuit of Fig. 41, the electric poten-
tial differences will add together and the total 
for the two generators will be 200 volts. 

A 

Fig. O. Diagram for Lamps Connected In Series and In ParalleL 
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Fig. 42. Electric Circuit With Two Generators Connected In Series. 

Fig. 43 shows three dry cells connected in se-
ries and furnishing current to a lamp. Each dry 
cell produces a potential difference of 172 volts, 
so the three in series produce a potential difference 
of 3 X 172, or 472 volts for the battery of cells. 

Fig. 43. Sources In Seri« Add Their Potentials. 

With sources connected in series, their potential 
differences add, but the current can be no more than 
that through one of the sources. It is not necessary 
that sources in series provide equal potential differ-
ences. If a 110-volt generator and a 10-volt gen-
erator are connected together in series they will 
furnish a total potential difference of 120 volts. 
But, and this is important, the current taken from 
the two generators in series must be no greater than 
safely may be taken from either of the generators 
alone. If one generator alone is capable of de-
livering 15 amperes of current, and the other alone 
is capable of delivering only 3 amperes, then the 
maximum current from the two in series may be 
no more than 3 amperes. A greater current will 
overheat and seriously damage the generator hav-
ing the smaller current capacity. 

SOURCES CONNECTED IN PARALLEL 
In Fig. 44 we have taken the two water pumps 

which were connected in series in Fig 41 and have 
re-connected them in parallel. Each pump still is 
capable of furnishing a pressure difference of 50 
pounds per square inch when pumping water at the 
rate of 100 gallons per minute. If each unit pumps 
this 100 gallons per minute, the combined flow from 
the two together passes into the common outlet 
pipe and makes 200 gallons per minute. 
The total difference in pressure from the two 

pumps in parallel, as they deliver water to thee\ 
tank circuit, will be equal only to the difference 1111. 
in pressure of one pump. The pressures from 
the two pumps come together in the common 
pipe connected to their outlets. If the pressure 
in this common pipe were any greater than that at 

000 
2000AL 
PERM* 

ith 

Fig. 44. Water Circuit With Two Pumps Connected In Peralksl. 
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the pump outlets, we would have the impossi-
ble condition of a high pressure and a low pressure 
existing at the same point in the water circuit. 

Fig. 45 shows two electric generators connected 
in parallel. Each generator is capable of delivering 
50 amperes flow at a difference in pressure of 100 
volts. Just as with the parallel water pumps, the 
current from these parallel generators will add 
together to make a total flow of 100 amperes, but 
the potential difference applied to the external 
circuit will be only that of one generator, or only 
100 volts. 

Fig. 45. Electric Circuit With Two Generators In Parallel. 

In Fig. 46 we have four dry cells connected to-
akgether in parallel. The potential difference applied 
Wto the resistor will be that of one dry cell, or will 

be 1 volts. However, the current which may be 
sent through the resistor will be four times the 
current that could be taken from one dry cell. The 
maximum current from one dry cell ordinarily is 
considered to be one-quarter ampere, so the four 
cells in parallel would furnish a maximum of one 
ampere. 

Fig. 46. Sources In Parallel AM Their Current*. 

With sources connected together in parallel the 
combined potential difference will be the same as 
that from one of the sources alone, but the com-
bined current will be as great as the sum of the 
currents which might be taken from all the sources. 

When sources are connected together in parallel 
they all must have the same potential difference 

Wor voltage. If one of the water pumps in Fig. 44 
produced a pressure difference of 100 pounds and 
the other a pressure difference of 50 pounds, the 
higher pressure would force water backward 

through the pump of lower pressure. If you were 
to connect a 100-volt generator and a 50-volt gen-
erator in parallel, the 100-volt unit would send 
current in a reverse direction through the 50-volt 
unit. Connecting a 2-volt storage battery and a 
1V2-volt dry cell in parallel would send current 
backward through the dry cell. 

Provided that sources in parallel have the same 
voltage they need not have the same current capac-
ity. You might connect in parallel a large and a 
small storage cell, because regardless of size all 
storage cells of a given type provide the same 
voltage. Each cell would furnish to the external 
circuit its proportionate share of the total current, 
and neither cell would force current backward 
through the other one. 

POLARITY OF CONNECTIONS 

All sources which are connected together in se-
ries or in parallel must have their positive and nega-
tive terminals connected together in such a way 
that all of them act to send current in the same 
direction through the external circuit. With a se-
ries connection of sources the positive terminal of 
one source is connected to the negative terminal 
of the one following, as shown by the "Right" dia-
gram in Fig. 47. If one or more of the units are 
reversed, as in the "Wrong" diagram, the poten-
tial of the reversed unit will oppose or buck the 
potentials of the other units. If the units have 
equal potentials each one that is reversed will 
cancel the effect of one that is correctly connected. 
If the units of Fig. 47 were 2-volt storage battery 
cells the three conected right would deliver a total 
of 6 volts, but with one reversed the total ex-
ternal potential difference would be only 2 volts, 
because two of the cells cancel each other. This 
has puzzled many men who have assembled a stor-
age battery with one cell reversed. 

o  

re  

o  

Connect 

Weems 

Fig. 47. Polarities of Sources Canneeted la Series. 

Fig. 48 shows three sources connected together 
in parellel. One diagram shows the right method 
of connection, with which all three units send cur-
rent the same way to the external circuit. In the 
wrong connection one unit is reversed. Then the 
current from this unit circulates as shown through 
the other units instead of going to the external 
circuit. Because of the low internal resistance of 
sources, such an incorrect parallel connection will 
cause immense currents to circulate, and the units 
quickly will overheat and be ruined. In a parallel 
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connection of sources all positive terminals must be 
connected together and all negative terminals must 
be connected together. 

Fig 48. Polarities of Sources Connected In Parallel. 

COMBINED SERIES AND PARALLEL 
CONNECTIONS 

Fig. 49 shows six cells. Three are connected in 
series to make one group, anti the other three are 
connected in series to make a second group. If 
these are dry cells furnishing volts each, the 
total voltage of each group will be 4Y2 volts, but 
the current from the group should be no more than 
from a single cell. The two groups of Fig. 49 are 
connected together in parallel. The voltage of 
sources in parallel is the same as that from one 
source, so here we still have only volts. But 
a parallel connection permits a current equal to the 
sum of the currents from the sources so connected. 
This means that the current from the arrangement 
of Fig. 49 may be twice the current from one 
group, or twice the current from one cell. 

Fig 49. Sus Dry Cells Connected In Series-parallel. 

When units are connected in series to form 
groups, and the groups connected in parallel, 
the combination is called series-parallel connection. 
The overall voltage is that of one of the series 
groups and the overall current is the sum of the 
currents from the groups. 

In Fig. 50 the six cells have been re-connected 
with pairs in parallel. Two cells in parallel will de-
liver the same voltage as one cell, but twice the 
current. The three parallel groups are connected 
together in series. Sources in series will deliver 
a total voltage equal to the sum of the separate 
voltages, so here we have three times the voltage 
of one cell. But sources in series will deliver a 
current only as great as that from a single source. 
Each source in the series connection is a two-cell 

group whose current is twice that of a single cell, 
so the curent from the entire combination is only 
twice that from a single cell. The current and volt-
age from the arrangement of Fig. 50 is just the 
same as from the arrangement of Fig. 49. 

Fig SI Si: Dry Cells Connected In Parallel-series. 

When cells are connected together in parallel 
to form groups, and the groups are connected in 
series, as in Fig. 50, the arrangement is called a 
parallel-series connection. The overall voltage is 
the sum of the voltages of the groups, and the 
overall current is equal to the current from one 
group. 

Either series-parallel or parallel-series connec-
tions will increase both voltage and current over 
that obtainable from a single unit. Which kind of 
connection is used depends on which may be more 
conveniently made. 

Cells or other sources connected in series to form 
a group must be considered as though the groue 
were a single source when it comes to making the 
parallel connection. In Fig. 51 there are three 
cells in one series group to provide 4Y2 volts, and 

Fig. SI. Unequal Voltages of Groups Connected In Parallel. 

six cells in the other series group to provide 9 volts. 
This violates the rule that the voltages must bilk 
the same for sources connected together in parallel!'" 
The voltages of all series groups must be made alike 
by using the same number of similar cells in each 
group. 
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ELECTRICITY IN MOTION 

"'b
In the preceding pages we have discussed the 
ehavior of electricity in motion or of the electric 

current, and have studied most of the important 
rules and laws which tell just what will happen 
when electricity flows in a circuit. The subject 
of the electric current was given first consideration 
because nearly all practical and useful electric de-
vices and machines depend for their action on flow 
of current in them; also because an understanding 
of how this flow takes place will make it easier to 
understand everything which is to follow. 

We have dealt primarily with the action of direct 
current, which is a current flowing always in one 
direction around a circuit, but when we come to 
study alternating current you will find that every-
thing learned about direct current will help in that 
field, too. 

In the following section we shall learn some-
thing about how chemical changes produce an elec-
tric current, and how things may be turned around 
to produce useful chemical changes from a flow 
of current. 

ELECTRICITY AND CHEMICAL ACTION 

The fact that chemical action will produce a 
direct current of electricity was accidentally dis-
covered in 1785 by Luigi Galvani, an Italian pro-
fessor of physiology, while dissecting a frog. He 
touched the frog to a piece of iron and noticed that 
one of the legs twitched, just as your leg would 
do when traversed by an electric current. While 
trying to explain what really happened in the frog 
leg, Volta, after whom the volt is named, devised el arrangement of alternate pieces of two different 

etals separated by paper moistened in water and 
acid. This "voltaic pile" produced a continuous 
flow of electricity. 
The simplest "voltaic cell" consists of a strip of 

copper and a strip of zinc immersed in a solution 
of sulphuric acid and water as in Fig. 52. The metals 
are called elements or plates, and the liquid is 
called the electrolyte. An electrolyte is a mixture 
with water of any substance which permit the 
liquid to act as a conductor for electricity. The 
substances used are salts, acids or alkalies. 

Pig. 52. The Simplest Type of Voltaic Cell for Producing a Current. 

gleRIMARY AND SECONDARY CELLS 

If the elements of the cell in Fig. 52 are con-
nected to an external circuit, current will flow 
through this circuit from the copper element to the 

zinc element. The copper has become positive 
with reference to the zinc, which is negative. At 
the same time the zinc will commence dissolving 
into the acid electrolyte and be destroyed. Hydro-
gen gas will separate from the acid and collect as 
bubbles on the copper. The gas is an insulator, 
and after a short time will so cover the copper as 
to prevent further flow of current. 

All practical cells which produce current by de-
struction of a metal have zinc or some compound 
of zinc for one of their elements, and the zinc ele-
ment always is negative. In all these cells the zinc 
is gradually dissolved or eaten away, but nothing 
happens to the other element, which is positive. In 
all cells there is a pronounced tendency for gas to 
collect on the positive element and to retard or 
prevent flow of current. This action of the gas 
is called polarization of the cell. Most of the dif-
ferences between various types of cells are due to 
the different methods of removing the gas or 
of depolarizing the cell so that it may continue to 
furnish current. When nearly all of the zinc has 
been eaten away, or when there is practically no 
more hydrogen to separate from the electrolyte, 
the useful life of the cell is ended. 

An electric cell which produces an emf and a flow 
of current while its elements and electrolyte un-
dergo changes which render them no longer useful 
is called a primary cell. 

When discussing Fig. 16 we talked about a cell 
in which the chemical changes may be reversed by 
sending through the cell a current in a direction 
the opposite of that which the cell furnishes to an 
external circuit. There the elements or plates and 
the electrolyte are restored to their original con-
dition and the cell again is ready to provide an 
emf and current flow. Such a reversible cell is 
called a secondary cell to distinguish it from a pri-
mary cell. Secondary cells usually are called 
storage cells, and two or more connected together 
are a storage battery. Fig. 53 illustrates a number 
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of large storage batteries used for furnishing cur-
rent in telephone work. 

CELL CURRENT AND VOLTAGE 
The emf and potential difference produced by any 

voltaic cell, primary or secondary, depends entirely 
on the materials in the plates and in the electro-
lyte and not at all on the size or construction. A 
cell the size of your little finger would furnish 
just the same potential difference as any cell in the 
batteries of Fig. 53, provided both contained the 
same kinds of elements and electrolyte. 

The current that may be taken from a voltaic 
cell as a source depends on the the emf of the cell, 
on the internal resistance of the cell and the re-
sistance of the connected circuit, and on the degree 
to which polarization increases the internal resist-
ance and thus cuts down the current. Current flow 
from a cell follows Ohm's law, I = E/R, just as 
does current in every other circuit containing an 
emf and resistance. 

The total quantity of current that may be taken 
from any voltaic cell before the cell becomes dis-
charged depends on the quantities of active chemi-
cal materials in the plates and the electrolyte. Since 
more material means a bigger cell or battery, it fol-
lows that the bigger the cell or battery the more 

electricity it will deliver. The quantity of electricity 
delivered might be measured in coulombs, butin, 
nearly always is measured in ampere-hours. Th. 
quantity actually is measured as the number of 
ampere-hours that are delivered before the terminal 
voltage or potential difference drops to some speci-
fied value. 

TWO-FLUID CELLS 

The most practical way of preventing excessive 
polarization is to provide in the electrolyte, or 
mixed with the electrolyte, some substance which 
will furnish a plentiful supply of oxygen. The 
oxygen combines with the hydrogen to form water 
which remains harmlessly in the electrolyte space. 
Several types of cells accomplish such depolariza-
tion by using two different fluids or liquids. 

One of the earliest two-fluid cells is the Daniell 
cell of Fig. 54. Inside the glass jar is a copper 
cylinder on one side of which is a copper basket in 
which are placed crystals of copper sulphate or 
"blue vitriol". Inside the copper is a jar made of 
porous earthenware and around the outside of the 
copper is a solution of copper sulphate in water. 
Inside the porous jar is a piece of zinc with which 
has been mixed mercury. This amalgamated zinc 
is immersed in a water solution of zinc sulphate. 

Fig 53. Storage Batteries Which Furnish Electric Power for a Telephone System. 



Edison Primary Cell 33 

The porous jar keeps the two liquids separate, but 
emellows electricity to pass through the liquid-filled 
ebores. 

Fig. St A Daniell Two-fluid Cell With Liquids Separated BY • 
Porous Cup. 

A less costly type of Daniell cell is the gravity 
cell of Fig. 55. The copper sulphate solution is much 
heavier than the solution of zinc sulphate, so the 
zinc sulphate solution floats on top of the copper 
sulphate and they remain separated. In the copper 
sulphate solution at the bottom is placed a star-
shaped arrangement of copper strips, and in the 
zinc sulphate at the top is suspended a "crow-foot" 
of amalgamated zinc. 

• 

Fig. SS. Gravity Cell In Which the Lighter Liquid Floats Above the 
Heavier One. 

Either type of Daniell cell furnishes a potential 
difference which remains almost constant at 1.08 
volts. In order that the materials shall not dete-
riorate too rapidly these cells must be used in cir-
cuits where there is a continual small flow of cur-
rent, hence these types may be called closed-circuit 
cells. These and other varieties of two-fluid cells are 
no longer commonly used, having been displaced by 
dry cells by the Edison primary cell, and by power 
furnished by lines which now enter most buildings 
to furnish electric light and power from central etions. 
EDISON PRIMARY CELL 

The only primary cell of present-day importance 
using liquid electrolyte in jars is the Edison type, 

called also the Edison-Lalande cell, illustrated by 
Fig. 56. This cell is much used for telephone work, 

Fig. Se The Edison Primary CelL 
_ 

for railway signals as installed in Fig. 57, for many 
other kinds of signal systems, alarms, beacons, elec-
tric clocks, and for any small current requirements 
such as for operating electric time stamps and sim-
ilar devices. 

Fig. D. Edison Primary Cells In a Railway Signal Tower. 

There are three plates. The two outer ones, made 
of zinc and mercury, are connected together and to 
the negative terminal. The center plate (positive) 
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contains copper oxide, the oxide furnishing oxygen 
for depolarizing action. This plate is covered with a 
thin layer of metallic copper to provide good con-
ductivity. The liquid electrolyte is a 20 per cent 
solution of sodium hydroxide (caustic soda) in 
water. The liquid is covered with a layer of mineral 
oil which prevents evaporation of the electrolyte 
and prevents air from reaching and combining with 
the caustic. 
The Edison primary cell has a potential of 0.95 

volt when no current is flowing. When current 
flows the potential difference drops to between 0.6 
and 0.7 volt. Various sizes of cell will furnish cur-
rents of from one to six amperes intermittently, or 
from 0.6 to four amperes continuously. The total 
discharge ability varies from 75 to 1,000 ampere-
hours in the several sizes. 
When the cell has been used enough to dissolve 

the zinc to the limit of practical discharge a thin 
section, called an indicator panel, at the bottom of 
the zinc element will break through as shown in 
Fig. 58. The panel at the left has been eaten partly 
through, and the one at the right has completely 
disappeared, indicating complete exhaustion. Small 
sizes of cells may be discarded when exhausted, but 
in all the larger sizes it is economical to renew the 
plates and electrolyte, and put in fresh oil. These 
supplies are obtainable from the manufacturers or 
from electrical supply stores. 

Fig. 58. Zinc Elements of Edison Primary Cell, Illustrating Indicator 
Panels Which Show When Cell Is Exhausted. 

info4ow 
To renew a cell the old plates are taken out of the 

cell cover and thrown away, the liquid is emptied 
out and the jar washed clean. The new elements 
are held in the cover with the original nuts and 
washers. The jar is partly filled with clean water, 
then the caustic soda is added slowly while con-
stantly stirring the liquid with a clean stick or a 
glass rod. The solution must be handled very care-
fully, as it will burn the flesh and clothing if spilled 
on them. The liquid level then is brought up to 
the correct point by adding more water. 

If the cell is to be used on open-circuit work, 
where there is not a continual flow of current, a piece 
of copper wire should be connected between positive 
and negative terminals and left in place for a couple 

of minutes after the plates are immersed in the hot 
solution. The wire then must be removed. The elec-ak 
trolyte level should be kept within 34 inch of thAIII 
top of the jar by adding water to replace any 
evaporation. After adding water the electrolyte 
should be stirred to mix it. 

DRY CELLS 

From the standpoint of general usefulness the 
dry cell is the most important of the primary cells, 
since millions are made and sold every year. Fig. 59 
shows the external appearance and internal con-
struction of the usual form of dry cell. The cell is 
contained within a cylinder or can of zinc which is 
the active negative element and which forms the 
negative terminal when connections are made by 
contact with other conductors, or to which may be 
fastened some style of screw or clip terminal for 
wire connections. Around the outside of the zinc 
can be is a cardboard cover which is the insulator 
for the cell. 
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Fig. 59. The Outside and the Internal Construction of a Dry Cell. 

The positive element of the cell is a rod of car-
bon, on top of which is a brass cap to which may be 
fastened a screw or clip terminal when such a con-
nection is used. Surrounding the carbon rod is a 
mixture of black oxide or manganese and powdered 
carbon. The black oxide furnishes oxygen for de-
polarizing and the carbon provides good electrical 
conductivity. The positive carbon rod and the sur-
rounding conductive mixture are insulated from the 
negative zinc cup by a layer of porous pulp paper 
or blotting paper which lines the zinc. The electro-
lyte is a solution of sal ammoniac in water, which 
saturates the mixture and the paper liner. The top 
of the mixture around the carbon rod is covered 
with sand or other porous material and is sealed 
with a hard insulating compound. The largest size 
of the so-called "dry" cell actually contains about 
3.4 fluid ounces of water. 

The largest dry cell is 22 inches in diameter and 
6 inches high, the No. 6 size, and the smallest I. 
7/16 inch in diameter and 1 1/16 inches high, t 
size N. There are many intermediate sizes. Re-
gardless of size, one dry cell furnishes a potential 
of 11/2 volts when delivering no current or a very 
small current, and smaller voltages as the current 
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increases. A cell in good condition will show from • 1.50 volts for the larger sizes down to 1.47 volts for 
the smallest size when a voltmeter is connected 
across the cell terminals. The testing voltmeter 
must be of a high-resistance type, which means it 
has a high resistance of its own and consequently 
takes little current. Dry cells never should be tested 
with an ammeter or any other instrument of low 
resistance which allows flow of a larger current 
than the cell is designed to deliver. 
When a dry cell has been discharged to the limit 

of its useful life its voltage will have dropped to 
between 0.75 and 1.1 while a normal current is flow-
ing from it. This "end voltage" depends on the class 
of cell tested. The large No. 6 cells should show 
0R5 volt if of industrial types, 0.93 volt if of general 
purpose type, and 1.08 volt if of telephone type. 
Flashlamp cells are discharged when they show 
0.75 to 0.90 volt while delivering normal current. 
IIearing aid cells are discharged at 1.0 volt, and 
radio batteries are discharged when they drop to 
between 1.0 and 1.1 volts per cell. 
Radio batteries consist of a number of dry cells 

assembled in a case and connected togehter in series 
to furnish various total voltages. Fig. 60 shows at 
the left a battery assembled with a special form of 
flat cells which save space and at the right an other-
wise similar battery made up from cylindrical cells. 
The series connection shows up clearly in the right-eland picture. Here the left-hand terminal is the 
negative terminal. From here to the middle terminal 
there are 15 cells in series, providing 2272 volts al-
172 volts per cell. From the middle to the right-
hand terminal there are 15 more cells, providing an 
additional 2272 volts. Consequently, between the 
left-hand terminal and middle terminal, or from the 
middle to the right-hand terminal we may obtaair 
221/2 volts, and from the left-harid to the right-hand 

terminals may obtain 45 volts. Radio batteries in 
standard types may contain as many as 60 cells, to 
provide 90 volts. All the internal series connections 
are soldered or welded. 

Dry cells deteriorate even if not used. A good 
cell may be kept idle or stored for about a year 
before deterioration is at all serious. Of a number 
of cells stored, five or six per cent will show a 
noticeable drop in voltage at the end of six months. 
Deterioration will be much worse if the cells are 
stored where it is damp, or where the temperature 
is very high. When the voltage of a dry cell has 
dropped, the internal resistance has increased to a 
high value. Therefore, one low-voltage cell used in 
a series or parallel group with other good cells will 
greatly reduce the voltage or current from the 
whole group. A badly discharged dry cell often will 
show bulges or wet spots on the cardboard cover 
where the zinc has been eaten nearly or entirely 
through. 

AIR-CELL BATTERY 

The air-cell battery or air-depolarized battery is 
a type designed for radio use. The negative element 
is zinc. The positive element is a rod of porous 
carbon which extends through the cell cover to the 
outside of the battery so that oxygen from the out-
side air may enter through the pores of the carbor 
to effect depolarization. The electrolyte is a solu-
tion of caustic soda in water. 

Each air cell furnishes a potential difference of 
1.25 volts while delivering its normal current. The 
cell potential will drop gradually to about 1.15 
volts at the end of its useful life. The air cell cannot 
be recharged nor can its elements be renewed. The 
only care required during the life of such a battery 
is to periodically add clean water through a filler 

Fig. 40. Internal Construction of Two Type. of Radio "B" Batteries. 
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opening to keep the electrolyte level at the correct 
point. 

STORAGE CELLS AND STORAGE 
BATTERIES 

Storage battery cells may be of the type using 
plates of lead and lead peroxide with an electrolyte 
of diluted sulphuric acid. This is called the lead-
acid type. Another type uses plate materials of 
iron and nickel with a caustic electrolyte. This is 
the Edison storage battery or the nickel-iron-alka-
line storage battery. Both of these types of storage 
batteries will be examined in detail during a later 
section of our work. 

ELECTROLYTE CELLS 

At the left-hand side of Fig. 61 we have a plate 
of zinc and another of carbon immersed in an elec-
trolyte and connected through an external resistor. 
This voltaic cell will produce an emf or voltage, and 
current will flow through the external circuit from 
the carbon to the zinc while flowing inside the cell 
from zinc to carbon. We call the zinc the negative 
plate or element and the carbon the positive plate 
or element, these polarities referring to the poten-
tials applied to the external circuit. Zinc dissolves 
from the negative plate and combines with other 
chemicals in the electrolyte. 

Fig. al. Current Flow In Voltaic and Electrolytic Cella. 

At the right-hand side of Fig. 61 we have a cell 
with the same elements and with an electrolyte 
containing zinc in the form of zinc sulphate. If 
direct current is sent from an external source so 
that the current flows from carbon to zinc through 
the electrolyte, zinc will leave the electrolyte and 
will be deposited as pure metallic zinc on the plate 
or element toward which the current flows. This is 
an electrolytic cell and the action in the cell is called 
electrolysis. 

When talking about electrolytic cells we speak 
of the elements or plates as the electrodes. The 
electrode through which current enters the cell and 
passes into the electrolyte is called the anode. The 
one through which current leaves the electrolyte 
and the cell is called the cathode. The anode is con-
nected to the positive side of the external current 
source and the cathode to the negative side of the 
source. 

When one ounce of zinc has been dissolved from 
the negative plate in the voltaic cell the cell will 
have delivered a total quantity of 23.24 ampere-
hours of electricity. If the same quantity of 2324 
ampere-hours of electricity is put through the elec-
trolytic cell there will be deposited one ounce of zinc 
on the cathode from an electrolyte which contains 
zinc in some chemical form. The accompanying 
table lists the number of ampere-hours required to 
either dissolve or deposit one ounce of various 
common metals, depending on the direction of cur-
rent flow. 

AMPERE-HOURS PER OUNCE OF METAL 

DEPOSITED OR DISSOLVED IN CELLS 

Gold   3.85 Copper  23.90 
Silver   7.05 Tungsten  24.80 
Lead   7.33 Nickel  25.90 
Cadmium  13.53 (27.20 

Iron   
Tin  (12.9 (40.83 

(25.6 Chromium  43.80 
Platinum  15.57 Aluminum  84.50 
Zinc  -.23 24 

Where two values are shown the quantity de-
pends on the chemical form of the metal. 

Electrolysis may be defined as the separation oak 
addition of chemicals in an electrolyte, and the disNIII 
solving of metals from the anode and depositing of 
metals on the cathode, or at least the production of 
certain gases at the electrodes, when current flows. 
With many metals the process will work either 
way, the metal may be either dissolved or deposited, 
but with some metals, including nickel, iron and 
cobalt, the process can result in depositing the 
metals. 

ELECTROPLATING 

One of the most useful applications of electrolysis 
is in the plating of certain metals over other base 
metals to provide decorative effects, to provide pro-
tection against rust and corrosion, to provide a 
wear-resisting surface, or even for the building up 
and replacement of worn surfaces. Most electro-
plating is done with chromium, gold, silver, nickel, 
brass, copper, chromium and zinc although some 
such work is done also with platinum, tin, cobalt, 
iron and lead. As an example, a very thin plating 
of chromium provides a surface harder than the 
hardest steel, which protects the base metal, will 
reduce wear, lessen friction, and at the same time 
provide a fine appearance. 

As shown by Fig. 62, the object to be plated is 
made the cathode in an electrolyte containing ink 
some chemical compound the metal which is to lffl 
plated onto the base material. Anodes are used on 
both sides of or all around the cathode so that elec-
tricity may flow from all directions to the article 
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being plated and cause an even deposit of the plated 

Fig. C. Principle of Eectroplating. 

The exact chemicals, currents, voltages, tempera-
tures and general procedure vary not only with the 
kind of metal being plated but with the ideas of 
those in charge of the shop. For example, nickel 
plating often is done with an electrolyte containing 
nickel sulphate or nickel ammonium sulphate, to 
which may be added ammonium sulphate to in-
crease the conductivity, some acid to help keep the 
anode rough, and something like glue or glucose 
to make the plating extra bright. 
When plating with gold we obtain the effect 

called red gold by adding copper cyanide or copper 
acetate to the electrolyte, obtain white gold by 
adding some nickel cyanide, and obtain green gold 
by adding silver cyanides. 

dik The anodes may be of some material, such as car-
Won, which is not affected by the electrolytic action, 
whereupon all the plated metal must come from the 
electrolyte and chemicals containing this metal 
must be added to the liquid at intervals. In other 
cases the anode is made of the metal to be plated, as 
in Fig. 63. Here, in plating with copper, the anode 
is of copper. Then copper dissolves from the anode 
into the electrolyte while being deposited from the 
electrolyte onto the cathode. The object of the 
operator is to get metal dissolved into the bath 
(electrolyte) as fast as it plates out. As the anode 
metal dissolves, it generates an emf just as dissolv-
ing a metal generates an emf in a voltaic cell. Under 
ideal conditions this generated emf would equal the 
emf consumed in depositing metal on the cathode, 
so the external source would need to provide only 
enough voltage to overcome the resistance in the 
cell and the connections. 

Fig. It. Plating With Anodes of the Metal %big Plated. 

Used tin cans are detinned by making them the 
anode in an electrolytic cell having a caustic soda 

electrolyte. The tin is recovered as it plates out 
of the solution, while the iron of the old cans is left 
in a pure state. 
A variety of electroplating called electroforming 

is used for making the electrotypes used in printing 
and engraving, also for making the dies or stamps 
for reproducing phonograph records. The original 
phonograph recording, which is in wax, is covered 
with a layer of conductive graphite and then elec-
troplated with copper. The shell of hard copper thus 
formed is used as a master plate on which are made 
a number of copies by another depositing of metal 
in an electrolytic cell. These copies are used for 
stamping or molding the records to be sold. Similar 
processes are used for coating cheap plaster images 
with copper so that they look like bronze statues, 
for plating baby shoes which are to be preserved, 
and even for plating of such delicate things as 
flowers and plants. 

ELECTROLYSIS OF WATER AND OF SALT 
Water consists chemically of two parts by volume 

of the gas hydrogen and one part of the gas oxygen. 
With an electrolysis cell, whose principle is shown 
by Fig. 64, it is possible, by decomposing water, to 
produce these two gases in the relative volumes 
mentioned. A little caustic soda is added to the 
water to make it conductive. When direct current 
flows as shown by the diagram, hydrogen bubbles 
up from the cathode and oxygen at the anode. The 
water disappears, but the caustic soda remains. The 
electrodes usually are made of nickel-plated iron. 

Fig. 44. Electrolysis of Watert Producing the Gases Hydrogen and 
OxYgen. 

The hydrogen thus produced is used in combina-
tion with the oxygen in the process of oxy-hydrogen 
welding, for the manufacture of ammonia and of 
wood alcohol, for help in separating metals from 
their oxides, for the making of cooking fats from 
various oils, and for inflating balloons and dirigible 
airships. The oxygen is used for welding in the 
oxy-acetylene process, and in great amounts for 
dozens of chemical processes and medicinal uses. 
When a water solution of sodium chloride, ordi-

nary salt, is decomposed in an electrolytic cell it is 
possible to obtain a whole variety of some of the 
most important chemicals used in commerce and 
industry as well as in the home. We obtain caustic 
soda for use in making soaps, as a cleaning agent, 
and in various electrolytes. We obtain chlorine for 
use in bleaching of cloth, paper and other materials, 
for use as a disinfectant and for purification of city 
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drinking water, for use in medicine and in photog-
raphy, and for use in certain processes of extracting 
metals from their ores. We obtain sodium chlorate 
which is used in the manufacture of dyes, medicines, 
and explosives. Finally, we obtain hydrogen, whose 
uses already have been mentioned. 

ELECTROLYTIC REFINING 
In the processes of electrolytic refining of metals 

we start out with an alloy or mixture of metals 
which is used as the anode in a cell. The principal 
metal to be recovered dissolves into the electrolyte, 
as do also all other metals which are less "noble". 
By a noble metal we mean one that resists corro-
sion, a form of chemical decomposition. Platinum, 
gold and iridium are examples of highly noble metals, 
because they remain unaffected by most acids and 
other chemicals. Zinc and iron are not noble metals, 
they are base metals, because they are easily at-
tacked by many chemicals. The electrolyte, current, 
voltage, temperature and the general operating con-
ditions are such that the principal metal and those 
less noble pass into the electrolyte, while all those 
more noble remain in the anode. 

The principal metal to be recovered is deposited 
in a pure state on the cathode of the cell. The less 
noble metals remain in the electrolyte where they 
sink to form the "mud". About nine-tenths of all 
the refined copper is produced electrolytically. Gold, 
silver and arsenic are recovered in the same process. 
Cell Circuits are operated at about 200 volts and 
12,000 amperes. The cathode builds up from an 
original weight of about 10 pounds to 200 pounds 
with addition of copper to it. Total copper refining 
capacity before recent expansions was about 
1,600,000 tons a year, which, for the electrolytic ac-
tion alone would take a current of about 250,000 
amperes at 200 volts flowing day and night every 
day if all the work were done in one spot. 

In refining at the United States mints the bullion 
(alloy for the anodes) consists of about 50 to 60 
per cent silver and base metals, 30 to 35 per cent 
gold, and 10 to 15 per cent copper. The electrolyte 
is made with nitric acid and silver nitrate. Silver 
crystals are deposited on the cathodes, from which 
they are scraped off. From the remains of the 
anodes is recovered gold which is 80 to 90 per cent 
pure. This is sent to the gold refinery where the 

Fig. IS. Cell for Electrolytic Refining of Silver. 

gold is purified and where such valuable metals 
as platinum and palladium are recovered at theak 
same time. 

One style of electrolytic refining cell is shown by 
Fig. 65 where the cathodes are marked C and the 
anodes A. The anodes are encased in cloth bags 
which catch the slime that contains gold. The 
cathodes are of stainless steel, from which the de-
posited silver is scraped mechanically into trays. 

ELECTROLYTIC FURNACE 
Fig. 66 shows the action of an electrolytic cell 

which is at the same time a furnace, and with which 
is produced aluminum. Electrolytic furnaces are 
also used for the production of magnesium, sodium, 
calcium, cerium and beryllium. Some of these 
names may sound strange, but the substances are 
of great practical usefulness. For instance, steel 
alloyed with beryllium has such strength, toughness 
and other valuable properties that the results are 
-11most unbelievabe. 

Fig. II. Electrolytic Furnace for Producing Metallic Aluminum. 

The ore of aluminu—m is called bauxite, which oc-
curs naturally in earthy masses and in small rock-
like grains. The bauxite is treated in another kind 
of electric furnace to produce alumina, which is 
aluminum and oxygen. This alumina is added on 
top of the electrolyte in the electrolytic furnace. 
The electrolyte is cryolite, a substance of icy or 
waxlike appearance coming from Greenland, and 
containing aluminum, sodium and fluorine. The 
current that causes the electrolysis keeps the tem-
perature of the bath at about 1,800° F., which is the 
reason for calling this a furnace. 

The anodes through which current enters the cell 
are blocks of carbon. The cathode is the molten 
aluminum itself which settles to the bottom of the 
cell, and the carbon lining which is encased by steel. 

All voltaic cells produce direct current and all 
electrolytic cells require the flow of direct current. 
These two fields are by far the most important 
present uses of direct current. The other great fields 
of electricty require the use of alternating current, 
with which we now shall prepare to get acquainted. 
As the first step in this preparation we shall study 
magnetism and electromagnetism in the following 
section. It is the combination of magnetism and t 
electric current that is the foundation of all alterna  
ing-current applications and also of some direct-
current applications which we still have to in-
vestigate. 



39 

MAGNETISM AND ELECTROMAGNETISM 

A magnet is a piece of iron or steel which has the 
ability to attract and hold other pieces of iron and 
steel, and which is attracted and held in certain 
positions by another magnet. Doubtless you have 
used a toy magnet to pick up nails and similar 
articles. Magnets are put to practical use in mag-
netic tack hammers which hold the steel tack to be 
driven, in magnetized screw drivers which will 
hold a screw, in the compass which points north 
and south because it is attracted by the earth which 
itself is a huge magnet, and in many other ways. 

NATURAL MAGNETS were first found in 
Magnesia, a country in Asia Minor, about 600 B. C., 
and for this reason were called magnetic or mag-
nets. (See Fig. 67.) 

Fig. O. Sketch of natural magnet or lodestone. 

These first magnets were just lumps of iron ore 
or oxide, which were found to have the power of 
attracting small pieces of iron. Later it was also 
discovered that if an oblong piece of this material 
was suspended by a thread, it would always turn 
to a position with its length north and south. If 
moved or turned, the same end would always go 
back to point north. So its end which pointed north 
was called the North seeking or North end, and 
the other end the south seeking or south end. It 
was used in this manner as a crude compass and 
often called "Lodestone," meaning leading stone. 

ARTIFICIAL MAGNETS are made of steel 
and iron, in various forms. Common types are the 
straight bar and horseshoe forms. (See Fig. 67A and 
67B.) These are usually much more powerful than 
the natural magnets or lodestones. 

Artificial magnets can be made by properly strok-
ing a bar of steel with a lodestone or some other 
magnet, or by passing electric current through a 
coil around the bar. In fact we find that a piece 
of iron often becomes magnetized, just lying near 
a strong magnet. This last method is called In-
duced Magnetism. 

AK If a small bar of soft iron is held near to, but not 
Illeuching a strong magnet, as in Fig. 68, the small 

bar will be found to have magnetism also, and 
attract nails or other iron objects. But as soon as 
it is taken away from the permanent magnet, it will 

tee; 

A 

Fig. VA. Common bar magnet. 
Fig. 17B. Horseshoe magnets with "keepers" across poles. 

lose its charge. This is an example of induced 
magnetism. 

Fig. $S. The small bar or iron attracting tibe nails. obtains Its mag-
netism by induction from being near the large magnet. 

MAGNET POLES 

All magnets whether natural or artificial, usually 
have their strongest pull or effects at their ends. 
These ends or points of stronger attraction are 
called Poles. 

Ordinary magnets usually have at least two poles, 
called north and south, because of their attraction 
for the north and south poles of the earth. 

If we dip a bar magnet in a pile of iron filings 
or tacks, we find it will attract them most at its 
ends, and not much in the middle. (See Fig. 69.) 

ATTRACTION AND REPULSION 
If we take two magnets and suspend them so 

they can turn freely until they come to rest with 
their north poles pointing north, and south poles 
pointing south, then we know that their ends which 
point north are alike, as well as the two which point 
south. 

Now if we mark these magnets and bring the two 
north poles together, we find they will try to push 
apart, or repel each other. The two south poles 
will do the same if we bring them near each other. 
But if we bring a north pole of one magnet near the 
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south pole of the other they will try to draw to-
gether or attract each other. 

This proves one of the most important principles 
or rules of magnetism often called the first law of 
magnetism, as follows: Like Poles Always Repel 
and Unlike Poles Attract Each Other. This law 
should be remembered as it is the basis of opera-
tion of many electrical machines and devices. 

Prove it for yourself with magnets, at your first 
opportunity, so you will remember it better. 

Fig. 69. Sketch of bar magnet showing how iron filings are attracted 
almost entirely at its ends or poles. 

EARTH'S MAGNETISM 

We have learned that the north pole of one mag-
net attracts the south pole of another magnet, and 
that the south pole of one attracts the north pole of 
the other. We know also that the north pole of the 
compass points toward the geographic north on the 
earth. Since the north pole of the compass must be 
pointing toward the south .pole of the magnet which 
is attracting it (the earth), the earth's south mag-
netic pole must be near its north geographic pole. 
This is shown by Fig. 70. 

Fig. 70. Sketch showing earth's magnetic field and poles. Note that the 
magnetic poles do not exactly align with the geographical poles. 

The earth's magnet poles are not exactly at its 
geographic poles or are not exactly at the ends of 
the earth's axis. Consequently, the magnetic com-
pass does not point to the true geographic north 
and south. Aviators, marines and surveyors make 
suitable allowances for the difference between mag-

netic north and geographic north. The difference 
varies at various places. 

LINES OF FORCE 

Magnets do not have to be touching each other, 
but will exert their force of attraction or repulsion 
through a distance of several inches of air in many 
experiments. 

If we place a magnet under a piece of glass or 
paper which is covered with iron filings, and tap or 
jar it, the filings will arrange themselves as shown 
in Figs. 71A and 71B. 

Fig. 71-A. Iron filings on a paper over a bar magnet, show shape of 
lines of force around the magnet. (Left). 

Fig. 71-B. Filings over end of magnet. (Right). 

This gives us some idea of the shape and diresek 
tion of the lines of force acting around a magnée/ 
For practical purposes it is assumed that all mag-

nets have what are called Lines of Force acting 
around and through them, and in the direction indi-
cated in Fig. 72. 

These magnetic lines are of course invisible to 
the eye, and cannot be felt, but we can easily prove 
that the force is there by its effect on a compass 
needle. By moving a small compass around a large 
magnet we can determine the direction of the lines 
of force at various points. They always travel 
through the compass needle from its-ià-uth to north 
pole, so it will always turn to such a position that its 
north pole indicates the direction the lines are trav-
eling. It is well to remember this, as a compass can 
often be used to determine the direction of magnetic 
lines of force in testing various electrical machines. 

MAGNETIC FIELD AND CIRCUIT 

The lines of force around a magnet are called 
Magnetic Flux, and the area they occupy is called 
the Field of the magnet. 

The strong, useful field of an ordinary magnet 
may extend from a few inches to several feet around 
it, but with sensitive instruments we find this field 
extends great distances. almost indefinitely, but 
becomes rapidly weaker as we go farther from t 
magnet. 

In Fig. 72, note that the lines of force through the 
bar or Internal path, are from the south to north 
pole, and outside the magnet through the External 
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path, are from the north to south pole. This is a 
el very important fact to remember. 

I r 

- — •-•/ 

Fig. 72. Sketch of magnetic field, showing direction of lines, inside and 
outside the magnet. 

We can also get further proof of the shape of this 
magnetic field by floating a magnetized needle in a 
cork, over a bar magnet as in Fig. 73. 

If started at various points in the field the needle 
will travel the lines as indicated. 

The path of lines of force around and through a 
ma-g—net is often called the Magnetic Circuit. 
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Fig. 73. Floating a needle in a cork, in water over a magnet, to show 
shape of lines of force. 

ACTION OF MAGNETIC FIELDS 

When two magnets are placed with unlike poles 
near each other as in Fig. 74, we find that their lines 
of force combine in one common path through them 
both as shown by the dotted lines. 

These lines then seem to try to shorten th- .- path 
still more by drawing the magnets togeth, _, thus 
their attraction for each other. 

It may be well to consider magnetic lines of force 
as similar in some ways to stretched rubber bands. 
revolving like endless belts, and continually trying 
to contract or shorten themselves. 

This will help to get a practical understanding 
of many important effects and principles of mag-eism, without going into lengthy and detailed 

ory. 

If we place two magnets with their like poles 
near each other as in Fig. 75, we find their fields 
will not join, as the lines of force are coming in 

opposite directions. Therefore they crowd apart in 
separate paths between the ends of the poles, and 
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Fig.  74. Two bar magnets with unlike poles near each other, and 
attracting. Note how their fields join. 

the magnets push apart or repel each other to avoid 
this conflict or crowding of the opposing fields. 

Fig. 75. Two bar magnets with like poles near each other and repelling. 
Note how their fields oppose. 

PROPERTIES OF MAGNETIC MATERIALS 
Soft iron is very easily magnetized, but does not 

hold its charge long. In fact it loses most of its 
magnetism as soon as the magnetizing force is re-
moved. 

Hard steel is much more difficult to magnetize, 
but when once charged it holds its magnetism much 
longer. 

A good steel magnet may hold a strong charge 
for many years. Such magnets are called Perma-
nent Magnets. 

Materials that hold a charge well are said to have 
high Retentivity, meaning retaining power. 

Therefore steel has high retentivity and soft iron 
is low in retentivity. In order to understand how 
magnets become charged, and why some.will hold 
a charge better than others, let us briefly consider 
the molecular theory of magnetism. We know that 
all matter is made up of very small particles called 
molecules, and these molecules consist of atoms and 
electrons. 

Each molecule has a polarity of its own, or might . 
be considered as a tiny magnet. In a bar of iron 
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or steel that is not magnetized, it seems that these 
molecules arrange themselves in little groups with 
their unlike poles together, forming little closed 
magnetic circuits as in Fig. 76. 
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Fig. 74. Simple sketch showing the supposed arrangement of molecules 
in an unmagnetir.ed bar of iron. 

This view, of course, shows the molecules many 
times larger in proportion to the bar, than they 
really are. 

Now when lines of force are passed through the 
bar, from some other strong magnet, causing it to 
become magnetized, the little molecules seem to line 
up with this flux, so their north poles all point one 
way and all south poles the other way. (See Fig. 
77.) 

Fig. 77. Molecules lined up, in a fully magnetized bar. 

In soft iron this change is effected very easily, 
and as we have already said it can be easily mag-
netized. But the molecules of iron also shift back 
to their natural position easily, so it quickly loses 
its magnetism. 

With hard steel the molecules do not shift so 
easily, so it is harder to magnetize, but once charged 
the molecules do not shift back to their normal 
position so easily, and it holds its magnetism much 
better, as stated before. 

When charging or making permanent steel mag-
nets, tapping or vibrating the bar slightly seems to 
help speed the process. On the other hand if a 
permanent magnet that has been charged, is struck 
or bumped about roughly it will lose a lot of its 
strength, as the jarring seems to shift the molecules. 
Therefore, permanent magnets should be handled 
carefully. 

The magnetism of a bar can also be destroyed 
by heating it to a cherry red. This is one method 
of De-Magnetizing. 

If a magnet is placed in a reversing flux or field 
from some source, so its charge or polarity is rapidly 
reversed, the rapid shifting of the molecules sets up 
heat. This is called Hysteresis loss. Naturally this 
effect is much less noticeable in soft iron than in 
hard steel, as the molecules shift easier and with 
less friction and heat, in the soft iron. 

MAGNETIC AND NON-MAGNETIC 
MATERIALS 

Iron and steel are the only materials having such. 
magnetic properties as allow making them into 
useful magnets. That is, only iron and steel can be 
magnetized strongly enough to make them useful 
in magnetic circuits. Nickel and cobalt are weakly 
magnetic, but not enough so to be useful for mak-
ing magnets, especially in view of the fact that 
these metals are much more costly than iron or 
steel. 

Other metals mixed with iron or steel to make 
various "alloys" change the magnetic properties. 
Using half iron and half cobalt makes an alloy more 
easily magnetized than the purest iron. Chromium 
and nickel mixed into iron to make stainless steel 
will produce an alloy hat cannot be magnetized, but 
using straight chromium to make another type 
of stainless steel produces one that is magnetic. 

Using small quantities of chromium, tungsten, 
cobalt, aluminum or nickel to alloy the steel pro-
duces magnets which not only are very strong 
but which retain their magnetism with but little 
loss over long periods of time, thus making excel-
lent permanent magnets. Among the most gen-
erally used permanent magnets are those of the 
Alnico alloys containing aluminum and nickel 
along with the iron. These are stronger a 
more permanent than the older cobalt magnet 
which, in turn, are better than the still older 
types using tungsten and chromium. 

Among the metals which are entirely non-mag-
netic or which cannot be magnetized when used alone 
are copper, aluminum and manganese. Yet when 
these three are mixed in certain proportions to 
make Heusler's alloys the result is a metal about 
one-third as good as cast iron for a magnet. Tin 
is another non-magnetic metal, yet an alloy of cop-
per, tin and manganese is slightly magnetic. 

When we wish to use steel for its strength, yet 
wish to have the metal non-magnetic, we make 
allows containing small quantities of copper, nickel, 
chromium and manganese. Steel thus alloyed to 
be non-magnetic is called paramagnetic. 

Antimony and bismuth act very peculiarly. The 
stronger the magnetic field in which these metals 
are placed the fewer lines of force travel through 
the antimony or bismuth. These metals are said 
to be diamagnetic. 

All materials which have not been mentioned in 
the preceding paragraphs are wholly non-mag-
netic. They canot be magnetized and they have 
not the slightest effect on a magnetic field in whi*k 
they are placed. The non-magnetic materials iI 
clude air and all other gases, all the liquids, all 
metals not already mentioned, and all other solid 
substances such as glass, wood, paper and so on. 
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PERMEABILITY AND RELUCTANCE 

e
Experiments prove that magnetic lines of force 

ill pass through iron and steel, or magnetic mate-
rials much easier than through air, wood and brass, 
or non-magnetic materials of any kind. So iron and 
steel form a good path for magnetic flux, and are 
said to have high Permeability, and low Reluctance. 
The term reluctance means the same to magnetic 
flux as resistance means to electric current. 

Fig. 78A & B. Sketches showing how lines of force can be distorted 
and made to follow the easier path through the small 

iron bars. 

If we place a small bar of soft iron in the field of 
a larger magnet as in Fig. 78A or near the ends of 
two magnets as in Fig. 78B, in both cases the lines 
of force will largely choose the easier path through 
the iron as shown. This can be proven by sprinkling 
iron filings on a glass over such a group of magnets 
and iron. This not only proves tint iron is of lower fiructance than air, but also that magnetic flux will 

oose the easiest path available. 

Good soft iron has only about 1/2000th part as 
high reluctance as air. For this reason we construct 
many magnets in the form of a horseshoe, which 
brings the poles closer together, greatly reducing 
the air gap reluctance and increasing the strength 
and life of the magnet. (See Fig. 79A and 79B.) 

hiA. horseshoe magnets have a much shorter flux path through 
air from pole to pole. 

Fig. 79B. Double magnet constructed in horseshoe shape, also to 
shorten its air gap. 

In Fig. 79B, the bar joining the two magnets to-
gether is called a yoke. We often place a soft 

iron "keeper" across the ends of horseshoe magnets 
as in Fig. 80, when they are not in use, to provide a 
complete closed circuit of magnetic material and 
eliminate the air gap reluctance. This will greatly 
increase the life of the magnet. 

PULLING STRENGTH 

Horseshoe shaped magnets having unlike poles 
near each other, have a much greater lifting power 
when in contact with an iron surface, than the one 
end of a bar magnet does. This is because the 
horseshoe type has so much better complete path 
of low reluctance for its lines of force, and the field 
will be much more dense, and stronger. (Compare 
Figs. 80 and 81.) 

Fig. 80. Horseshoe magnet with keeper bar across Its poles to decrease 
air gap when not in use. 

In Fig. 81, the lines must pass a considerable dis-
tance through air, which greatly weakens them. In 
Fig. 80, the lines can travel entirely within a closed 
iron path or circuit of much lower reluctance, and 
give a much stronger pull. 

A good horseshoe magnet weighing one pound, 
should lift about 25 pounds of soft iron. 

Fig. 81. Bar magnet attracting a emcees oieff Iran. Ntote the long path 

EFFECTS OF AIR GAPS 

As air is of such high reluctance it is very im-
portant to reduce the air gaps as much as possible 
in all magnetic circuits where we wish to obtain 
the greatest possible strength of flux or pull. 

If two magnets are placed as in Fig. 82A, and 
their pull measured, and then they are moved far-
ther apart as in Fig. 82B, we find that the small 
increase in the distance or air gap makes a great 
reduction in their pull. If the distance is doubled, 
the pull is decreased to about g of what it was. 

Fig. 92.-A. & B. Doubling the distance between two magnets, decreases their pull to 5,4 of what It was. 
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If the distance is tripled, the pull decreases to 
about 1/9 of what it was. 

If on the other hand we reduce the distance to 3/2 
its original amount, the pull will increase to 4 times 
the original pull. 

So we get another very important law of mag-
netism as follows: 
The force exerted between two magnets varies 

inversely with the square of the distance between 
them. 

If we change the strength of the magnets we find 
their combined pull will vary with the Product of 
Their Separate Strengths. 

MAGNETIC SHIELDS 

While iron is a good conductor of magnetic flux, 
and air is a very poor one, we do not have any 
known material that will insulate or stop magnetic 
lines of force. They will pass through any mate-
rial. But we can shield magnetic flux from certain 
spaces or objects, by leading it around through an 
easier path. As before mentioned the line of force 
will largely choose the easiest path. So if we ar-
range a shield of iron around a device as in Fig. 83, 
we can distort the flux around, and prevent most of 
it from entering the shielded area. 

Fig. 83. Iron shield to deflect lines of force away from instrument 
or device (A). 

Quite often the magnetic field of some large gen-
erator or electric machine may affect the operation 
of a meter or some delicate device located near it. 
So you should remember how to shield such instru-
ments. Many meters are equipped with iron cases 
to shield their working parts in this manner. 
Sometimes in our work with magnets we find 

evidence of more than two poles, or points of at-
traction at other places along the magnet besides 
at its main poles. Such poles are called Consequent 
Poles, and are formed by adjoining sections being 
oppositely magnetized so the fluxes oppose. Very 
weak magnets may sometimes develop consequent 
poles. (See Fig. 84.) 
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Fig. 84. Consequent poles in a bar magnet. 

• If a long magnetized bar is broken into several 
pieces, each piece will take on separate north and 
south poles. (See Fig. 85.) 

Fig. 85. Bar magnet broken into ------- pieces. Note each piece takes 
on separate poles in this case. 

Two or more separate magnets with their like 
poles grouped together will in many cases give more 
strength than a single magnet the size of the group. 
Such a magnet is called a Compound Magnet. (See 
Figs. 86A and 86B.) 

Fig. 86A. Compound bar magnet. 
Fig. 86B. Compound horseshoe magnet. 

COMPASS TEST 
When using a compass to test the polarity of 

magnets, or the direction of flux on motors or gen 
erators, it is well to first test the compass by letting 
it come to rest in the earth's magnetism, away from 
the device to be tested. Compass needles some-
times have their polarity reversed by the influence 
of strong magnets around which they are used. But 
the end of the needle that points north is always 
the north pole, and the one which will point in the 
direction of flux travel. 

This may seem confusing because we know un-
like poles attract, and might wonder how the north 
pole of the compass would point to the north pole 
of the earth. But remember that the magnetic pole 
of the earth which is near its north geographical 
pole, is in reality a south magnetic pole. This was 
illustrated in Fig. 70. 

ELECTROMAGNETISM 

We have become familiar with the behavior of 
the electric current in electric circuits and have 
learned how magnetic lines of force act in a mag-
netic circuit. Now we are going to learn how to 
produce magnetic lines of force and magnetic fields 
by using an electric current, or how to produce 
the kind of a magnet called an electromagnet. 

For several hundred years the early scientific 
experimenters knew something about the elec-
tric current and something about magnets and mall 
netism. Yet it was only a little more than 1 
years ago that our modern electrical industry and 
science got its real start when it was found pos-
sible to produce a magnet with an electric current 
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and then to produce electric current from mag-
netism. The first "strong" electromagnet was 

()made in 1830. It would lift nine pounds. Later 
that year Joseph Henry, a famous American physi-
cist, made an electromagnet that would lift more 
than 700 pounds, and in 1831 made one that would 
lift nearly a ton. 

it The fundamental fact on which depends all our 
uses of electromagnetism is that magnetic lines of 
force appear around a conductor when current 
flows in that conductor. That is, we may use elec-
tric current to produce a magnetic field around 
a wire. 
The strength of this magnetic field around a wire 

depends on the amount of current flowing, and can 
be varied at will by controlling the current flow. 

\ The direction of the line's rotation depends on 
the direction of current through the wire; reversing 
if we reverse the current. 

If we pass a stiff wire which is carrying current, 
vertically through a piece of paper, as in Fig. 87, 
and sprinkle iron filings on the paper, they will 
arrange themselves in a pattern as shown. 

Fig. 87. Electro-magnetic lines shown by iron filings around a conductor. 

If we remove the filings and place several small 
compass needles on a cardboard around the wire, 
they will point in a circle as shown in Fig. 88. These 
experiments prove the existence of this invisible 
magnetic force, and also show the circular shape of 
the field around the wire. The north poles (black 
ends) of the compass needles also show the direc-

Fig. 88. Small compass needles showing shape and direction of lines 
around a conductor. 

tion the lines of force travel.. If the current flow 
is stopped, the needles will all point north, but as 
soon as current is again started they will point in 
a circle once more. 

DIRECTION OF LINES AROUND 
CONDUCTORS 

Note the direction of current in the wire in Fig. 
88, and the direction the needles point. If we change 
the leads at the battery, and thereby reverse the 
direction of current through the wire, the needles 
will at once reverse their direction also. This proves 
that the field reverses with the current. 

We can see from this that if we know the direc-
tion of current in any wire, we can determine the 
direction of the lines of force around it. Or if we 
know the direction of flux, we can find the direction 
of current. 

A single compass needle is all that is required 
to tell the direction of flux. See Fig. 89. 

Fig. 89. Convenient compass test for direction of fins around conductors. 
Note carefully the direction of current and flux of 

each end of the wire. 

Here we have a bent piece of stiff wire connected 
to a battery by other wires. The current in the left 
end is flowing away from us, and if we place a com-
pass under the wire it points to the left. If we move 
the compass above the wire it points to the right. 

This proves that when current is flowing away 
from you in a wire, the lines of force are revolving 
Clockwise, as the hands of a clock turn. 

When we try the compass on the right end of the 
loop where the current flows toward us, we find it 
points opposite to what it did on the left end. 

This proves that when current flows toward you 
in a wire, the lines of force revolve counter clock-
wise. See the lines of force indicated by the dotted 
lines. Study this rule over carefully and start prac-
tising it at every opportunity on actual electric cir-
cuits, because it will be very useful later in your 
work on power machines and circuits. 

RIGHT HAND RULE FOR DIRECTION 
OF FLUX 

Another simple rule by which you can determine 
the direction of current, or flux of wires, is called the 
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"Right hand rule". Grasp the wire with the right 
hand, with thumb pointing in the direction of cur-
rent flow, and your fingers will point in direction of 
flux around the wire. See Figs. 90A and 90B.) 

Fig. 90. "Right hand rule" for direction of flux around conductors. 

This rule should be memorized by practice. 

Of course in the case of a bare, uninsulated wire 
it is not necessary to touch or actually grasp it to 
use this rule. After a little practice you can use 
it very well by just holding your hand near the 
wire in a position to grasp it, and with thumb in 
direction of current, your finger tips will indicate 
the direction of flux. 

MAGNETIC FORCES BETWEEN PARALLEL 
WIRES 

If we run two wires parallel to each other, close 
together, and both carrying current in opposite 
directions, we find their lines of force being in oppo-
site directions tend to crowd apart, and actually 
make the wires repel each other. See Fig. 91A. 

In Fig. 91B, are shown two flexible wires sus-
pended close together, yet loosely and free to move. 
When a rather heavy current is passed through 
them in the direction shown by the arrows, they will 
crowd apart quite noticeably. The dotted lines show 
where they would hang normally when no current 
is flowing. 

Fig. 91. This sketch shows the repulsion of parallel wires, carrying 
current in opposite directions. 

If we run two wires parallel to each other, close 
together, and both carrying current in the same di-
rection, we find that their lines of force tend to join 
together in one common field around both wires, as 
in Figs. 92A and 92B. 

When wires are close together in this manner, 
the combined path around the two is shorter than 
the two separate paths around each. Then by join-

Fig. 92. When parallel wires carry current in the same direction, their 
flux tends to draw them together 

ing each other, the lines avoid going in opposite 
directions in the small space between the wires. 
This flux around the two wires tends to pull them 
together, as the lines of force are always trying to 
shorten their path, as we learned before. 

In Fig. 92B, we again have the two suspended 
parallel wires, this time carrying current in the 
same direction, and we find they now draw toward 
each other. 
This magnetic force exerted between wires often 

becomes very great in the heavy windings of large 
power machinery, especially in case of excessive 
currents during overloads or short circuits. So we 
find their coils are often specially braced to prevent 
them moving due to this stress. 

STRONG FIELDS AROUND COILS 

We can make excellent use of this tendency of 
magnetic flux, to join in a stronger common field 
around two or more wires, to create some very pow-
erful electro-magnetic fields. 

One of the best ways to do this is to wind a coil 
of insulated wire as shown in Fig. 93A. 

• 

— 

Fig. 93-A. The lines of force around the turns of a coil join together, 
in one very strong field. 

Fig.. 93-B. Sectional view, note how the Unes join around all turns, and 
the dense flux set up in the center of the coil. 

We can easily see that all turns of such a coil 
are carrying current in the same direction on all 
sides of the coil. If we split such a coil from end di 
end, as shown in Fig. 93B, we can then see how dn. 
flux of all the turns will unite in a common field 
through the center of the coil and back around the 
outside. 
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'SOLENOIDS 

f Such a coil of a single layer is called a Helix. "'Coils for creating strong electro-magnetic fields, are 
often wound with many layers of insulated wire on 
a spool of brass or fibre, or some other non-mag-
netic material. Such coils are called Solenoids. See 
Fig. 94. 

By referring to both Figs. 93 and 94, we see that 
all the lines of force travel one way through the 
center of the coils in a very dense field, and back 
the other way outside the coil. Thus a solenoid has 
north and south poles just as a bar magnet does. 

Now if we place an iron core inside of a solenoid 
the field will at once become much stronger, as the 
iron offers a much better path for the lines of force 
than air does. When we start to insert the core in a 
solenoid that has current flowing in it, we find it 
exerts a strong pull on the core, tending to draw 
it into the coil. This seems to be an effort of the 
lines of force to draw the iron into the most dense 
flux. which is inside the coil. 

• 

Fig. 94. Solenoid, or coil wound on a non-magnetic tube. Note the 
direction of the lines, and polarity of this solenoid. 

A solenoid will give a strong and fairly uniform 
pull for about half its own length. This is the most 
effective distance. Solenoids with movable cores 
attached to levers, or handles of switches and con-
trollers. are used considerably on electrical equip-
ment. These are called plunger magnets. 

ELECTRO-MAGNETS 
While an iron core is inside a coil and current is 

flowing, we find the iron becomes strongly mag-
netized due to the very dense field in which it is lo-eta ted. But if the core is soft it loses practically all 
s magnetism as soon as the current is turned off. 

Such a coil and core are called an Electro-Magnet. 
or in other words an Electro-Magnet is a core of 
soft iron, wound with a coil of insulated wire. 

Electro-magnets are the ones used in bells, buz-
zers, relays, lifting magnets. and electric motors and 
generators. They can be made extremely powerful. 
and have the advantage of being magnetized or 
demagnetized at will, by turning the coil current on 
or off. 

The lifting magnet in Fig. 95 is an example of a 
huge electro-magnet. With the current turned on 
it is lowered to the iron it is to lift, often raising 
tons of metal at one time. Then when we want it 
to drop the iron the current is simply turned off. 

Attraction and repulsion is the same with elec-
tro-magnets as with permanent magnets. That is, 
unlike poles of two electro-magnets attract each 
other and their like poles repel each other. This 
rule holds also when one of the magnets is an elec-
tro-magnet and the other a permanent magnet. The 
same rule holds when one of the elements is a sole-
noid or when there are two solenoids, he fact of 
the matter is that the actions of permanent mag-
nets, solenoids, and electro-magnets are alike in 
every way. It makes no difference whether a mag-
netic field is produced by a permanent magnet or 
by an electric current, the behavior of the field 
or the flux is just the same in either case. 

Fig. 95. Electro-magnet used for handling iron and steel. This magnet 
has a number of coils inside its frame or cover. 

CONSTRUCTION OF SIMPLE ELECTRO-
MAGNETS. RESIDUAL MAGNETISM. 

Electro-magnets for various tests or handy uses, 
can be easily made by winding a few turns of insu-
lated wire around any soft iron core, and connecting 
the coil ends to a dry cell or storage battery. Even 
a nail or small bolt will do, and will prove quite a 
strong magnet when wound with 50 to 100 turns of 
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No. 24 to 30 wire, and used with a dry cell. But 
you will note that as soon as the coil is disconnected, 
or the battery current turned off, the core will lose 
practically all its noticeable magnetic strength, as 
far as any attraction is concerned. However, in 
reality there is almost always a very feeble charge 
left in the core for a while after the current stops 
flowing. This charge remaining or residing in the 
core is called Residual Magnetism. The softer iron 
the core is m a t the less residual magnetism it 
will retain. Residual magnetism plays a very im-
portant part in the operation of many electric gen-
erators, as will be found later. 

Permanent magnets can bt made by placing a 
piece of hard steel in a coil for a time, with the cur-
rent turned on. Then when the current is turned 
off, the hard steel being of higher retentivity than 
iron, retains considerable of its charge as residual 
magnetism. 

Powerful electro-magnets are often used to charge 
permanent magnets, by holding or rubbing the mag-
net to be charged on the poles of the electro-magnet. 
See Fig. 96. 
A good charging magnet of this type for charging 

Fig. H. Powerful electro-magnet for charging permanent magnets. The 
horseshoe magnet is in position to be charged and 

its poles will be as shown. 

magneto magnets, can be made of two round cores 
of soft iron about 3x6 inches, wound with 500 turns 
of No. 14 wire on each. They should have a soft 
iron bar lx3x8 inches bolted to their bottom ends. 
and square pieces lx3x3 inches on their top ends. 
Such a magnet can be used on a 6-volt storage bat 
tery, and is often very handy in a garage or elec-
trical repair shop. 

95. POLARITY OF ELECTRO-MAGNETS 

It is very important to be able to determine the 
polarity of solenoids and electro-magnets. A com-
pass will, of course, show the north pole by the 
attraction of its tail or south pole. But if we know 
the direction of winding of a coil, and the direction 
current passes through it, we can quickly find the 
correct polarity with a simple rule. This rule is 
called the Right Hand Rule for Electro-Magnets. 

Grasp the coil with your right hand, with the 
fingers pointing around the coil in the same direc-

tion current is flowing in the wire, and your thumb 
will point to the north pole of the magnet. See 
Fig. 97. 

Fig. 97. Right band rule for determining polarity of electro-magnet. 

Every electrical man should know this rule, as 
there are many uses for it in practical work. Prac-
tice it until you can use it easily. 

It can also be used to find the direction of current 
flow if you know the polarity of the magnet. In 
such a case we again grasp the coil with the right 
hand, thumb pointing to north pole, and the fingers 
will point in direction of current flow around the 
coil. 

We already know that the flux around a wire will 
reverse if we reverse the current flow. This is 
equally true then of the flux around a coil or group 
of wires. So we can reverse the polarity of a sol-
enoid or electro-magnet at will, merely by reversing 
the current supply wires to it. 

A 

Fig. 98. Electro-magnet with demagnetizing coil for destroying residual 
magnetism. 

Some special electro-magnets are wound with a 
separate demagnetizing coil, in addition to the main 
coil. 

This may be a smaller coil, wound in the reverse 
direction to the main coil, so if connected just for 
an instant, after main coil is turned off, it will just 
destroy the residual magnetism that might other-
wise remain. See Fig. 98. 

If when switch (A) opens the main circuit at 
(B), it is momentarily closed to (C), it will create 
a reverse flux to more quickly demagnetize the core. 

It is also possible to wind a coil on a core so i 
will create no magnetism in the core. See Fig. 

Here the coil has been wound with two wires, and 
their ends connected together. The current flows 
through an equal number of turns in each direction, 
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so practically no magnetism will be set up in the .ore. Non-magnetic coils of this type are often used 
n meter construction. 

Fig. 99. Non-magnetic winding. One half of the turns oppose the other 
half, so the core does not become magnetized. 

THE MAGNET CIRCUIT 

A magnetic circuit includes tthe entire path 
around which flow the magnetic lines of force, just 
as the electric circuit includes th eentire path 
through which the current flows. Just as an elec-
tric circuit must include a source of electromotive 
force which causes current to fo wso must the mag-
netic circit uinclude a source of the force that causes 
magnetic lines to move around the circuit. In a 
magnetic circuit this source is a permanent magnet 41, an electromagnet. Just as there is resistance 
r opposition to flow of electric current in its circuit 

so there is °position to flow of magnetic lines of 
force in the steel and other parts of the magnetic 
circuit. 
Magnetic circuits are illustrated in Figs. 78 to 81. 

Note that in each case we show the complete path 
followed by the lines of force or the flux, sometimes 
through steel or iron and sometimes through air. 
In each of these illustrations we might replace the 
permanent magnet with an electromagnet and still 
have the saine form of magnetic circuit. In para-
graphs which follow we shall deal with some of the 
laws relating to the force, the flux, and the mag-
netic °position in magnetic circuits. You will find 
that the rule and laws are similar in many ways to 
those for the electric circuit. 

UNITS, SATURATION AND STRENGTH OF 
ELECTRO-MAGNETS 

The strength of an electro-magnet depends on 
the number of turns in its coil, and the amperes or 
amount of current flowing through them, or as we 
say the Ampere-Turns. 

The Ampere-Turns are the product obtained, 
when the amperes are multiplied by the number of 

iturns. 
A coil of 100 turns, carrying 2 amperes, has 200 

ampere-turns. (Abbreviated I.N.) 

Another coil of 400 turns carrying Y2  ampere, has 
200 ampere-turns. 

We say therefore that the number of ampere 
turns, determines the Magneto-Motive-Force. (Ab-
breviated M.M.F.) Ampere-turns measure also the 
magnetizing force. 

The greater the M.M.F. or number of ampere-
turns we apply to a given core, the stronger magnet 
it becomes, up to certain limits. 

As we go on increasing the ampere-turns and 
strength of a magnet, the lines of force in its core 
become more and more dense and numerous. After 
we reach a certain point in flux density, we find a 
further considerable increase of ampere turns of 
the coil, does not cause much increase of flux in the 
core, as we have apparently reached its practical 
limit in the number of lines it can carry. This is 
called the Saturation-Point. 

Good magnetic iron or steel can carry about 
100,000 lines per square inch, before reaching the 
practical saturation point. Therefore, if we wish 
to make electro-magnets requiring more than 
100,000 lines of force, we should use a core larger 
than 1 square inch cross sectional area. Fifteen am-
pere-turns per inch of core length, on a closed core 
of 1 square inch area, will produce approximately 
100,000 lines of force. 

The chart in Fig. 100, showing the lines of force 
per square inch, produced in soft iron by various 
numbers of ampere-turns, may often be very useful 
to you. 

To read the chart select any number of ampere 
turns at the bottom line and run up the vertical 
lines to the curve, then to the left edge, and 
read number of lines. Thus 5 ampere turns gives 
about 67,000 lines per square inch. 10 ampere turns 
gives 90,000 lines. 12 ampere turns about 95,000 
lines, etc. 

It is interesting to note how the factors in a mag-
netic circuit can be closely compared to those of 
an electric circuit. In the electric circuit, we have 
pressure or Electro-Motive-Force, Current and 
Resistance. In the magnetic circuit we have Mag-
neto-Motive-Force, Flux and Reluctance. And in 
the electric circuit we have the units volt, ampere 
and ohm, while in the magnetic circuit we have the 
Ampere-Turn, Lines of Force, and Rel. 

The Rel is a name often used for the unit of re-
luctance. Its symbol is R 

One rd l is the amount of reluctance offered by 
a prism of air or non-magnetic material, 1 inch 
square and 3.19 inches long. We know that iron 
is much lower reluctance than air, and it takes a 
bar of mild steel or wrought iron 1 inch square and 
460 feet long to have a reluctance of 1 rel. Cast 
iron is somewhat higher reluctance, and a bar 1 inch 
square and 50.7 feet long has 1 rd l reluctance. 

One ampere turn can set up one line of force in 
a reluctance of 1 rel. 
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Fig. 100. Curve showing number of lines of force that can be set up In 
soft sheet iron, with various numbers of ampere turns. 

PRACTICAL ELECTRO-MAGNET 
CALCULATIONS 

To calculate the total flux or lines of force in a 
magnetic circuit we can use the following formulas: 

= — 
R 

In which: 
ç6 equalsflux in lines of force. 
M equals 1\1 MF in ampere turns. 
R equals reluctance in rels. 

For example, if we have 1200 ampere 
M.M.F., on a magnetic circuit of .03 rel, 
mild be the total flux? 

1200 
= —, or Flux = — or 40,000 lines. 

.03 

In order to be able to calculate the reluctance of 
a magnetic circuit, we must know the Reluctivities 
of common magnetic and non-magnetic materials. 

Non-magnetic materials all have a reluctivity of 
about .313 rel, per inch cube. 

Mild steel or wrought iron usually has a reluc-
tivity of about .00018 rel, per inch cube, and cast 
iron .00164 rel per inch cube, under favorable con-
ditions. But of course, the values vary somewhat 
with the density of the flux used in the metals. 
Knowing these values, the reluctance of a core 

can be found as follows:— 

,X L 

A 

turns 
what 

In which: 
R equals rels. 
v equals reluctivity of core per inch cube. 
L equals length of core in inches. 
A equals cross sectional area of core in square 

inches. 

If you wish to make a magnet using a wrought 
iron core 2x2x8 inches, what would the core reluc-
tance be? 

X L .00018X8 
 , or R =   or .00036 rd. 
A 4 

If the same magnet has an air gap of about 
2x2x1 inches, what would the total reluctance of 
the circuit be, including the core and air? 

y X L .313 X 1" 
=  , or R =    — .07825 rd. 

A 4 
reluctance of air core. 

Then .00036 plus .07825 — .07861 rel reluctance of 
total circuit. 

If you wind 1000 turns of wire on this core, and 
pass 5 amperes of current through the coil, how 
much flux will be set up? 

5 amps x 1000 turns equals 5000 ampere turns 
or I.N., and I.N. also equals M or MMF. 
Then from our formula for determining flux: 

5000 
= —, or flux —  or 63,605 lines. 

.07861 

LIFTING POWER 
The pulling or lifting power of a magnet de-

pends on the flux density in lines per square inch, 
and the area of the poles in square inches. Then 
to determine the actual lift in pounds we use the 
figure 72,134,000, which is a "constant,' determined 
by test of the ratio of lines to lbs. 

From this we get the very useful formula: 

Area X (Flux Density)2 
Pounds Pull — 

72,134,000 

(Note, the flux density is to be squared or multi-
plied by itself.) 

If a magnet has a pole area of 4 square inches 
and a flux density of 100,000 lines per square inch, 
what would be its lifting power? 

4 X 100,0002 
Lbs.   or 554.5 pounds. 

72.134.000 
So we find that a good magnet should lift over 

138 pounds per square inch of pole surface. 
We can usually depend on a lift of over 100 

pounds per square inch even though the magnet 
is only working at a density of 90,000 lines per 
square inch. This, of course, means the lift obtain-
able when both poles of the magnet are actually in 
good contact with the iron to be lifted. 

You have now learned how to use the units Am-
pere-turn, lines of force, and rel, to calculate flux 
and pull of magnets by simplified formulas. 

C. G. S. UNITS 

It may be well to mention here another set of 
units used in some cases instead of those above 
mentioned. 

These are the Gilbert, Maxwell, and Oersted. tie 
The Gilbert is a unit of M.M.F., similar to the 

ampere-turn, but one ampere-turn is larger, and 
equal to 1.257 Gilbert. 
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The Maxwell is a unit of flux, equal to one ere of force. 
The Oersted is a unit of reluctance, and is the 

reluctance of 1 cubic centimeter of air or non-mag-
netic material. 

This second set of magnetic units are from the 
C.G.S. (Centimeter, gram, second) system of units, 
and can be used for practically the same purpose 
as the ampere-turn, line of force, and rel. They 
merely differ slightly in size, the same as the centi-
meter and the inch are both units of measurement, 
only of different sizes. 

The practical man will probably find the ampere-
turn, lines of force, and re!, much easier units to 
use, because they deal with square inches instead 
of centimeters, and the ampere-turn is so easily 
understood, as a unit of M.M.F. The other units 
are merely mentioned and explained here, so if 
you see or hear them used from time to time you 
will understand their meaning. 

Direct current is best for operation of Electro-
magnets, as its steady flow gives a much stronger 
pull per ampere-turn, than alternating current. 

However, many A. C. magnets are used on motor 
controllers, relays, circuit breakers, etc. 

MAGNET WINDING AND REPAIRS 

In making electro-magnets the core should be of 
good soft iron, and covered with one or more lay-
ers of oiled paper or varnished cloth insulation. 
This will prevent the wires of the first layer of 
winding from becoming grounded or shorted to the 
core, if their insulation should become damaged. 

Some sort of end rings should be provided to 
hold the ends of the winding layers in place. Hard 
fibre is commonly used for this purpose. See Fig. 
101, which shows a sectional view of an electro-
magnet. 

Some magnet coils are wound with thin insula-
tion between each layer of wire, and some are 
wound without it. It is not absolutely necessary to 
have the turns of each layer perfectly flat and even, 
as they are in machine wound coils, to make a good 

Fig. 101. Sectional vlew electro-magnet, showing core. insulation and 
winding. 

magnet. But they should be wound as smooth and 
compact as possible. 

Magnet wires, with insulation of cotton, silk, 
enamel, or combinations of cotton-enamel or silk-
enamel, are used for winding electro-magnets. 
Enamel is excellent electrical insulation, takes up 
the least space in the coil, and carries heat to the 
outside of coil very well. Therefore it is ideal for 
many forms of compact coils, of fine wires. But the 
cotton or silk covered wires are easier to handle 
and wind, as they stand the mechanical abuse 
better. 

When winding a magnet coil with very fine wires 
which are easily broken, it is well to splice a piece 
of heavy flexible wire to the fine wire, for both 
starting and finishing leads of the coil. The piece 
of heavier wire used in starting the coil should 
be long enough to make several turns around the 
core, to take all strain off the fine wire in case of 
a pull on this end wire. Then wind the fine wire 
over the "lead in" wire, and when the coil is finished 
attach another piece of heavy wire, and wrap it 
several times around the coil, to take any possible 
strain on this outer "lead" wire. Any splices made 
in the coil should be carefully done, well cleaned, 
and soldered, so they will not heat up, arc or burn 
open, after the coil is finished and in service. A 
layer of tape or varnished cloth should be put over 
the outside of the coil to protect the wires from 
damage. 

When repairing and rewinding magnet coils from 
motors, controllers, relays, or any electrical equip-
ment, be careful to replace the same number of 
turns and same size of wire as you remove. Other-
wise the repaired coil may overheat or not have the 
proper strength. 

If the wire removed is coarse, the turns can 
usually be carefully counted. If it is very fine and 
perhaps many thousands of turns, it can be accur-
ately weighed, and the same amount by weight, 
replaced. 

The size of the wire used for the repair should 
be carefully compared with that removed, by use 
of a wire gauge or micrometer. 

The same grade of insulation should be used 
also, because if thicker insulation is used it may be 
difficult to get the full number of turns back on the 
coil, or it may overheat, due to the different heat 
carrying ability of the changed insulation. 

TESTING COILS FOR FAULTS 
It is very simple to test any ordinary magnet coil 

for "open circuits," "grounded circuits" or "short 
circuits," commonly referred to as opens, shorts, 
and grounds. 

A test lamp or battery and buzzer can be used for 
most of these tests. 

See Figs. 102-A, B and C. 
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In Fig. 102-A, the coil has a break or "open," and 
a battery and test lamp or buzzer connected to its 
ends, will not operate, as current cannot pass 
through. If the coil was good and not of too high 
resistance, the lamp or buzzer should operate. In 
testing coils of very high resistance, a high voltage 
magneto and bell are often used instead of the bat-
tery and lamp. 

In Fig. 102-B, the insulation of one turn of the 
coil has become damaged, and allows the wire to 
touch the core. This is called a "ground." 

With one wire of the lamp and battery circuit 
connected to the core, and the other connected to 
either coil wire, the lamp will light, showing that 
some part of the coil touches the core and completes 
the circuit. If there were no grounds and the insu-
lation of the entire coil was good, no light could 
be obtained with this connection, to one coil lead 
and the core. 

Fig. 102. Methods of testing coils for faults. 

In Fig. 16-C, the coil has developed two grounds 
at different places, thus "shorting" out part of the 
turns, as the current will flow from X to X1 through 
the core, instead of around the turns of wire. With 
the battery and lamp connected as shown this ‘yould 
usually cause the lamp to burn a little brighter than 
when connected to a good coil. If a good coil of 
the same type and size is available, a comparative 
test should be made. 

Some of the turns being cut out by the -sho. 
reduces the coils resistance, and more current will 
flow through the lamp. In some cases a low read-
ing ammeter is used instead of the lamp, to make 
a more accurate test. 

Short circuits may also occur by defective insu-
lation between two or more layers of ‘vinding, al-
lowing the turns to come together and possibb 
shorting out two or more layers, thus greatly weak-
ening the coil and causing overheating. 

Figs. 103 to 106 show several types of electro-
magnets. 

Note carefully the windings and direction of cur-
rent flow in each of these magnets, and check the 
polarity of each with your right hand rule. This 
will be excellent practice and help you to remem-
ber this valuable rule. 

The two coils on the double magnet in Fig. 103 
are wound in opposite directions to create unlike 
poles together at the lifting ends. This is very 
important and necessary, or otherwise the magnet 
would have like poles, and not nearly as strong 

attraction or pull. The coils of the telephone re-
ceiver and bell, in Fig. 105, are also wound op-
positely for the same reason. 

Fig 103. Plunger type magnet at left. Shell type magnet at right. 

Those in the motors in Fig. 106 are wound 
opposite to create unlike poles adjacent, to alloN\ 
a complete magnetic circuit from one to the ‘itlier. 
Note carefully the path of the flux in each ca,(• 

If you have carefully studied this section on ma:: 
netism and electro-magnetism. you have gain, .1 
some very valuable knowledge of one of the 111.-1 
important subjects of electricity. 

You will undoubtedly find many definite uses i..r 
this knowledge from now on, and it will be a great Ailk 
help in understanding electrical machines of In-acillp 
tically all kinds. 

Fig. 104. Double and single electro-magnets. 

Fig. 105. Sketches showing use of electro-magnets in telephone receiver 
and door bell. 
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Fig. 106-A. Flux path in a simple early type of motor. Fig. 106-B. Note the several flux paths in this modern 4 pole motor frame and poles. 

••>. --.140)-0-<4111..---•••••• 

ELECTROMAGNETIC INDUCTION 

Whenever a wire or other conductor is moved in 
a magnetic field so that the conductor cuts across 
the lines of force there is an electromotive force 
produced in that conductor. If a conductor remains 
stationary and the magnetic field moves so that its 
lines cut across the conductor an electromotive 
force is produced in the conductor. This action of 
producing or "inducing" electromotive force by 
movement between a conductor and a magnetic 
field is called electromagnetic induction. 
Without electromagnetic induction we would 

have no electric generators and would be reduced 
to using batteries for all the current we need. 
Much of our need for current would disappear, 
because without electromagnetic induction we 
would have no electric motors, no transformers, 
and none of the dozens of other devices on which 
our present electrical industry depends. 

GENERATING ELECTRIC PRESSURE 
BY INDUCTION 

If we move a piece of wire through magnetic 
lines of force as in Fig. 107, so the wire cuts across 
the path of the flux, a voltage will be induced in 
this wire. Faraday first made this discovery in .831. 

If we connect a sensitive voltmeter to this wire, 
thus completing the circuit, the needle will indi-
cate a flow of current every time the wire is moved 
across the lines of force. This induction, of course, 

only generates electrical pressure or voltage in the 
wire, and no current will flow unless the circuit is 
complete as shown in Fig. 107. So it is possible to 

Fig. 107. When a wire is moved through magnetic flux, voltage le 
generated in the wire. 

generate voltage in a wire, without producing any 
current, if the circuit is open. 

In fact we never do generate current, but instead 
we generate or set up the pressure, and the pres-
sure causes current flow if the circuit is completed 
But it is quite common to use either the term 
induced voltage, or induced current. This is all 
right and sometimes simpler to state, if we simply 
remember that current always results from the 
production of pressure first, and only when the cir-
cuit is closed. 
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DIRECTION OF INDUCED PRESSURE 
AND CURRENT 

Referring again to our experiment in Fig. 1, if 
we move the wire up through the flux the meter 
needle reads to the left of zero, which is in the 
center of the scale. If we move the wire down 
through the flux, the needle reads to the right. If 
we move the wire rapidly up and down, the needle 
will swing back and forth, to left and right of the 
zero mark. This proves that the direction of the 
induced pressure and resulting current flow, de-
pends on the direction of movement through the 
magnetic field, and that we can reverse the voltage 
and current, merely by reversing the direction of 
movement of the wire. 

A simple rule to determine the direction of the 
voltage induced, when the direction of the lines of 
force and movement of the conductor are known, 
is as follows: 

Consider the lines of force as similar to moving 
rubber belts, and the wire as a pulley free to re-
volve when it is pushed against the belts. (See 
Fig. 108.) 
Assume (A) and (B) to be the ends of wires 

to be moved. (A) is moving upwards against lines 
of force traveling to the right. Then its imaginary 
rotation would be clockwise as indicated by the 
arrows around it, and this will be the direction the 
lines of force will revolve around the conductor 
from its own induced current. Then remembering 
our rule from the section on electro-magnetism, we 
know that clockwise flux indicates current flowing 
away from us. 

N S 

Fig. 108. Sketch of conductors moving through flux, as la a simple 
generator. Note directoin of induced pressure. 

Wire (B) is moving down against the lines of 
force, so if it were to be revolved by them it would 
turn counter clockwise. As this would be the di-
rection of flux around the wire from its induced 
current, it indicates current would flow toward us. 

Another rule that is very convenient, is the right 
hand rule for induced voltage, as follows: 

Hold the thumb, forefinger and remaining fingers 
of the right hand, at right angles to each other. 
Then let the forefinger point in the direction of 
flux travel, the thumb in direction of movement of 
the wire, and remaining fingers will point in the 
driection of the induced pressure. (See Fig. 109.) 

In the illustration the flux moves to the left, the 
wire moves up, and the current in the wire would 

be flowing toward you, as indicated by the three 
remaining fingers. 
• Practice this rule, as you will find a gre 

deal of use for it on the job, in working with motor* 
generators, etc. 

AMOUNT OF PRESSURE GENERATED DE-
PENDS ON SPEED AT WHICH LINES 
ARE CUT 

Referring back again to Fig. 107, if we hold the 
wire still, even though in the magnetic field. no 

Fig. 1011. Right hand rule for direction of induced voltage. Compare 
position of fingers with direction of flux and wire movement. 

pressure will be generated. Or if we move the 
wire to right or left, parallel to the path of the flux, 
no pressure will be produced. So we find that t 
wire must cut across the flux path to genera 
voltage, or as we often say it must be "Cutting" 
the lines of force. 

The faster we move the wire through the mag-
netic field, or the stronger the field and greater the 
number of lines of force, the farther the meter 
needle moves. 

So the amount of pressure or voltage produced by 
electro-magnetic induction, depends on the speed 
with which lines of force are cut, or the number 
of lines cut per second. 

A very important rule to remember is that one 
conductor cutting 100,000,000 lines of force per 
second will produce 1 volt pressure. 

This probably seems to be an enormous number 
of lines to cut to produce one volt, but we do no' 
actually have to use one magnet with that man 
lines of force, as we can speed up the movement 
of the conductor in an actual generator, so fast that 
it will pass many magnet poles per second. 

We can also atld the voltage of several wires 
together by connecting them in series in the form 
of coils. (See Fig. 110A and 110B. 

Here we have three separate wires all of which 
are moved upwards through the flux at once, and 
we find an equal amount of pressure is induced* 
each, all in the same direction. Then when 
connect them all in series as shown, so their volt-
ages will all add up in the same direction in the 
circuit, our meter reads three times as much voltage 
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as it did with one wire. Generator coils are often 
made with many hundreds of turns so connected, 

411>hus obtaining very high voltage. 

SIMPLE GENERATOR PRINCIPLES 
In Fig. 111A and 111B are shown single turn 

coils A, B, C, D, arranged to be revolved in the 
field of permanent magnets. The ends of the coils 
are attached to metal slip rings which are fastened 
to the shaft, and revolving with it. This gives 
connection from the moving coils to the lamp cir-
cuits by means of metal or carbon brushes rubbing 
on the slip rings. 

Fig. 110-A. Using several wires connected in series to obtain higher 
induced voltage. e Fig. 110-B. Coil of several turns, as used in generators. 

Assume that the coil A, B, C, D in Fig. 111A re-
volves to the right, or clockwise. The wire A. B, 
will be moving upward through the flux, and the 
induced pressure will be in the direction indicated 
by the arrow on it. 
Wire C, D, is moving downward, and its induced 

pressure will be in the reverse direction, but will 
join with, and add to that of wire A, B, as they 
are connected in series in the loop. Note that the 
current flows to the nearest collector ring, and out 
along the lower wire to the lamp, returning on the 
upper wire to the farthest collector ring and the 
coil. 

le. 111-A. Simple electric generator of one single wire loop, in the flux 
of • strong permanent magnet. 

lg. 111-B. Here the coil has revolved one-half turn farther than in (A). 

In Fig. 111B is shown the same coil after it has 
turned one-half revolution farther, and now wire 

A, B, is moving downward instead of up as before. 
Therefore, its pressure and current are reversed. 
The wire C, D, is now in position where A, B was 
before, and its pressure is also reversed. This time 
we find that the current flows out to the farthest 
collector ring, and over the top wire to the lamp, 
returning on the lower wire. 

ALTERNATING CURRENT AND DIRECT 
CURRENT 

So we see that as the conductors of such a sim-
ple generator revolve, passing first a north pole and 
then a south, their current is rapidly reversed. 
Therefore we call the current it produces alternat-
ing current, abbreviated A. C. 

If we wish to obtain direct current (D. C.), we 
must use a commutator or sort of rotary switch, 
to reverse the coil leads to the brushes as the coil 
moves around. All common generators produce 
A. C. in their windings, so we must convert it in 
this manner if we wish to have D. C. in the ex-
ternal circuit. (See Fig. 112-A and B.) 

Fig. 112-A and B. Single loop generators with simple commutators, for 
producing direct current. Note how current continues in same 

direction through the lamp, at both positions of the coil. 

Here again we have a revolving loop. In Fig. 
112A the wire A, B is moving up, and its current is 
flowing away from us, and that of C. D. toward us. 
The coil ends are connected to two bars or segments 
of a simple commutator, each wire to its own sepa-
rate bar. With the coil in this position, the cur-
rent flows out at the right hand brush, through the 
lamp to the left, and re-enters the coil at the left 
brush. 

In Fig. 6B, the coil has moved one-half turn to the 
right, and wire A, B is now moving down, and its 
current is reversed. However, the commutator 
bar to which it is connected has also moved aroun, 
with the wire, so we find the current still flows in 
the same direction in the external circuit through 
the lamp. 

INDUCTION COILS 

Now did you think of this? 

If moving a wire through lines of force will in-
duce pressure in the wire, why wouldn't it also 
generate pressure if the wire was stationary, and 
the flux moved back and forth across it? 
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That is exactly what will happen. (See Fig. 113.) 

Here we move the magnet up and down, causing 
the lines of force to cut across the wire which is 
státionary, and again we find that the meter needle 
swings back and forth. This proves that pressure 
ig generated whenever lines of force are cut by a 
wire, no matter which one it is that moves. 
You also know that every wire carrying current 

has flux around it. 

Now if we place one wire which is carrying cur-
rent, parallel and near to another wire, its flux 
will encircle the wire that has no current. (See 
Fig. 114A and B. 

Fig. 113. Induction experiment, moving the magnet and its field instead 
of the wire. 

When we close the switch the current starts to 
flow in wire "B," building up its magnetic field 
around it. In building up, these lines seem to 
expand outward from the wire, cutting across wire 
"C," and the meter will show a momentary deflec-
tion when the switch is closed. 

After the flux has been established the meter 
needle drops back to zero, and remains there as 
long as the current in wire "B" does not change. 
This shows that no induction takes place unless 
the current is changing, causing the flux to expand 
or contract and cut across the wire. 
When we open the switch interrupting the cur-

rent flow, and allowing the flux to collapse around 
wire "B," the meter needle reads in the opposite 

114-A and B. Sketches showing how induction takes place between 
two wtree, when current and flux are varied. 

direction to what it did before. Then it drops back 
to zero once more after the flux has died down. 

If we open and close the switch rapidly, causite 
a continual variation in current and flux of wire 
"B," the meter needle will swing back and forth. 
showing that we are inducing alternating current 
in wire "C." This is the principle on which induc-
tion coils and power transformers operate. 

If we arrange two coils as in Fig. 115, we find the 
induction between them much greater than with 
the single straight wires, because of the stronger 
field set up around coil A, and the greater number 
of turns in coil "B" which are cut by the flux. Thr 
meter will now give a much stronger reading when 
the switch is opened and closed. 

In Fig. 115, coil A, which is said to be excited or 
energized by the battery, is called the "Primary." 
Coil "B," in which the voltage is induced by the 
flux of the primary, is called the "Secondary. 

Fig. 11$. Induction between two coils. A is the "primary coil" in which 
exciting current flows. B is the "secondary coil" in which 

current is being induced. 

TRANSFORMERS • 
Two coils or windings on a single magnetic core 

form a transpormer. With a transformer we may 
take a large alternating current at low voltage and 
change it into a small current at high voltage, or 
may take the small alternating current at high volt-
age and change it into a large current at low 
voltage. This ability of the transformer makes it 
possible to use generators which produce moder-
ately large alternating currents at moderately high 
voltages, and to change over to a very high volt-
age and proportionately small current in the trans-
mission lines. 

Do you wonder why we want smaller currents 
in our transmission lines? It is because the power 
required just for forcing the electricity to flow 
against the resistance of the lines varies with the 
square of the current. Twice as much current 
means four times as much power just to overcome 
resistance, while half as much current means only 
one-fourth as much power to overcome resistance. 
Then when we drop the current to one-tenth its 
original value by using a transformer we have 
cut the power loss duc to resistance to one one-
hundredth what it might have been. 

With such a cut in the effect of line resistance 
on power loss we are enabled to use smaller w' 
containing less copper for our long-distance tr 
mission lines, he cost of large copper wires and the 
difficulty of handling and supporting their great 
weight in large sizes make it uneconomical to trans-
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mit direct current more than a mile or two, yet by 
eksing alternating current with transformers it is 
Wconomically possible to have transmission lines 

hundreds of miles long. 

The elementary princpie of a transformer is 
shown by Fig. 116. Here we have two windings on 
opposite sides of a ring-like core made of iron. 
Actually it is more common practice to wind one 
coil around the outside of the door and to have 
both of them on one part of the iron core. Later on 
we shall study all types of transformers and their 
uses. 

Fig. lie. Core and windings of a simple transformer. 

The source of alternating current and voltage is 
connected to the primary winding of the rtans-
former, he secondary winding is connected to the 
ilcuit in which there is to be a higher voltage and 

smaller current or else a 1árgei, Ciirrerit and smaller 
voltage than in the primary': if there are more turns 
on the secondary than on the primary winding the 
secondary voltage will be higher than that in thé 
primary and by the same proportion as: the number 
of turns. The secondary current then will be pro-
portionately smaller than the primary current. With 
fewer turns on the secondary than on the primary 
the secondary voltage will be proportionately lower 
than that in the primary, and the secondary current 
will be that much larger. Alternating current is 
continually changing, continually increasing and 
decreasing ill value. Every change of alternating 
current in the primary winding of the transformer 
produces a similar change of flux in the core. Every 
change of flux in the core, and every corresponding 
movement of magnetic field around the core, pro-
duces a similarly changing movement of magnetic 
field around the core, produces a similarly changing 
electromotive force in the secondary winding and 
causes an alternating current to flow in the circuit 
which is connected to the secondary. 

In discussing the action of the transformer we 
have mentioned electric powçr and loss of power. 
As you well realize, the production, transmission 
and use of power represent much of the practice 
of electricity. In the following section we shall talk 
about power, what it really means,. and how it is 
measured. 

POWER AND ENERGY 

When first commencing to study electricity and 
the electric current we became acquainted with the 
word energy, and found that energy means the 
ability to do work. At that time we did not talk 
about the real meaning of work as the word is used 
in a mechanical or technical sense. This we must 
do before we can understand the meaning of elec-
trical power and power measurements. 
A common definition says that mechanical work 

is done when any kind of energy is used to produce 
motion in a body formerly stationary, or to increase 
the rate of motion of a body, or to slow down its 
rate f motion. For example, you use muscular 
energy when you lift a stone from the floor onto a 
bench, and you do work. Were the stone too heavy 
for you to lift you would have done no mechanical 
work no matter how hard you tried, for you would 
have caused neither motion nor change of the rate 
of motion in the stone. This latter statement shows liew different may be the everyday and the techni-
1 uses of a word. Most people would say that you 

might do a lot of work in trying to lift a stone too 
heavy to move but the engineer would say that you 
had done no mechanical work. 

The most generally used unit of work is the 
foot-pound. One foot-pound of work is done when 
a mass (which us usually call a weight) of one 
pound is lifted one foot against the force of gravity. 
The total amount of work done is equal to, the 
number of feet of motion multiplied by the number 
of pounds moved. If the stone we talked about had 
a mass (weight) of 20 pounds and you lifted it 
through a distance of five feet you would have done 
20 times 5, or 100 foot-pounds of work. 
Whether you did all the moving of the stone at 

one time or whether you lifted it through one foot 
(luring each hour for five hours the amount of work 
would have been the sanie, because work involves 
only the mass moved and the distance through 
which it is moved. Time doeSn't enter into the 
matter of mechanical work. 

MECHANICAL POWER 

Power is the rate of doing work. Supposing you 
lifted the 20-pound stone through the distance of 
five feet in one second. You would have done 100 
foot-pounds of work in one second, and wmild have 
worked at a rate of 100 foot-pounds per second.' 
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Your power rate would have been 100 foot-pounds 
per second. Power involves work and time. One 
of the units in which power may be measured is 
"foot-pounds per second". Power is equal to the 
total amount of work divided by the time taken to 
do the work. It is assumed that the work is being 
done at a uniform or constant rate, at least during 
the period of time measured. 

Instead of taking one second to lift the stone 
supposing you took two seconds. Then your power 
rate would be 100 foot-pounds per two seconds, or 
only 50 foot-pounds per second. Taking twice as 
much time means half the power when the work is 
the same. If you took four seconds to lift the weight 
the power rate wouldt be 100 foot-pounds per four 
seconds, or only 25 foot-pounds per second. 

The foot-pound per second is a unit too small to 
be used in practice. Mechanical power most often 
is measured in the unit called a horsepower. One 
horsepower is the power rate corresponding to 550 
foot-pounds per second. Since there are 60 seconds 
in a minute, one horsepower corresponds also to 
550 times 60, or to 33,000 foot-pounds per minute. 

An electric power at the rate of one horsepower 
would be capable of raising a weight of 33,000 
pounds through a distance of one foot in one 
minute. At the same rate of one horsepower the 
motor would lift during one minute any number of 
pounds through a distance such that the pounds 
times the number of feet equalled 33,000. 

ELECTRIC POWER 
In order that the electric motor might continue 

working at the rate of one horsepower we would 
have to send electric current through the motor at a 
certain number of amperes when the pressure dif-
ference across the motor terminals was some certain 
number of volts. The number of amperes and the 
number of volts would have to be such that multi-
plied together they would equal 746. We now need 
a unit of electric power to describe this product of 
amperes and volts. Ordinarily we use a unit called 
the watt. One watt is the power produced by a cur-
rent of one ampere when the pressure difference is 
one volt. We could use for our unit of electric 
power the volt-ampere, meaning the product of 
volts and amperes which produce the power. The 
volt-ampere actually is used as a unit of power in 
some cases, which we shall investigate later on. 
• 

The total number of watts of power is equal to 
the number of amperes of current multiplied by the 
number of volts pressure difference, both with ref-
erence to the device in which power is being pro-
duced. In a preceding paragraph we said that the 
number of amperes times the number of volts must 
be 746 to produce one horsepower. hen we may say 
that 746 watts of electric power is equivalent to one 
mechanical horsepower. 
The symbol for eleCtric power in watts is P. We 

may use this power symbol together with E for 

volts and I for amperes to make a power formula, 
thus, 

WP = E X I 

Power in watts = volts X amperes. 

With this formula we may learn the number of 
watts of power when we know the number of volts 
pressure difference and the number of amperes cur-
rent. With two more formulas we may learn the 
number of volts when knowing watts and amperes, 
and the number of amperes when knowing watts 
and volts. Here are the formulas: 

E = 
1 

I —   
E 

Volis — 
watts 

Amperes — 

amperes 

watts 

volts 

Here are three typical problems in which we use 
the three formulas relating to power in watts: 

With an ameter in series you find that an electric 
flatiron is carrying 6 amperes while a voltmeter 
shows that the voltage difference across the connec-
tions to the iron is 120 volts. We may us the 
formula W = ExI to find the power in watts being 
used to heat the iron. 

W=EXI W = 120 X 6 = 720 watts 

Supposing you use an ammeter to measure thill 
current in a lamp as or 1.5 amperes and find 
that the lamp is marked as requiring 150 watts. 
What is the voltage difference at the lamp terminals. 
To find the number of volts we use the formula, 
E = W/I. 

150 
E = — = — — 100 volts 

1.5 

In this example you are assuming that the lamp 
actually is using power at the rate of 150 watts. Of 
course, if the actual power is more or less than the 
rating of the lamp the number of volts shown by 
the formula will not be exactly correct. 

If the 150-watt lamp were marked with its operat-
ing voltage you could use the formua I= W/E to 
find the normal current in amperes for this lamp. 
Say that the lamp is marked as requiring 120 volts. 
The formula would be used thus: 

I = 
E 

150 5 
  — — = 11/4  amperes 
120 4 

POWER AND HEAT 

When an electrci current is forced to flow in a 
resistance, such as in the resistance of the heati 
element of an electric range, the rate at which he. 
is produced depends on the current in amperes and 
the resistance in ohms. The rate of heat production 
depends also on the. power being used in the re-
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sistance, this power being measured in watts. The elation between power in watts, current in 
peres, and pressure difference in volts for elec-

trical devices in which there is heating is an impor-
tant one, and we find that we frequently need a 
formula which will give the number of watts of 
power when we know the current and the resistance. 
Our first power formula says that W = E X I, 

or, Watts = volts X amperes. 
Ohm's law for pressure difference says that 

E = I X R, or, Volts =•- amperes X ohms. 
Instead of using "volts" in the power formula 

let's use the equivalent of volts, which, from Ohm's 
law, we know to be "amperes x ohms". Making this 
substitution gives a new power formula, like this: 

Watts = amperes X ohms X amperes 

or IXRXI 

In this power formula we have only amperes and 
ohms, we have gotten rid of the volts. Let's use the 
formula to learn the power in watts being used in 
a resistance of 10 ohms when the current is 5 
amperes. 

Watts = IXRXI = 5X 10 X 5 = 250 watts 

Instead of writing this formula as IXR X I, we 
might write it as IX I X R, which would give the 
same result. When we multiply a quantity by itself, 
de I X I, we usually say that the quantity is squared. 
Iliffstead of writing I X I we would write 12, which 
means the same thing. Then our new power 
formula becomes W = P or W = PR. 
You will find as we 

electrical apparatus that 
one of the most useful 
always will tell us the 
used in producing heat 

proceed with our study of 
this formula, W = I2R, is 
in our whole collection. It 
number of watts of power 
is a resistance. 

ELECTRIC ENERGY. 
The total available energy which may be changed 

into work, or which will do work, must be a 
measure of the total amount of work that can be 
done with that particular source of energy, such as 
a battery for example. If less than the total avail-
able energy does work, then the amount of energy 
actually used must correspond to the amount of 
work actually done. Energy and work are so closely 
related that we use the same units of measurement 
for both. For instance, the fact-pound is a unit of 
work and also is a unit of energy which may do 
work. 

The foot-pound is a unit of mechanical energy or 
work. The foot-pound per second and the horse-
power are units of mechanical power. We already 
have become acquainted with a unit for electric 
power, the watt, but so far we have no unit in which 
to measure electric energy. 

Our unit of mechanical energy or work, the foot-
pound, measures a total quantity of work, such as 
the work done in lifting the 20-pound stone onto 
the bench. The foot-pound does not measure a rate 
of working, or a power rate, but measure a definite 
quantity of work. o have a unit of electrical energy 
or work we must have one that represents some 
total quantity and not a rate of working. Such a 
unit is the watt-hour. 

One watt-hour of electric energy is the quantity 
of energy used with a power rate of one watt when 
this rate continues for one hour. That is, the watt-
hours of energy are equal to the number of watts 
multiplied by the number of hours during which 
power is used at this rate. A 60-watt electric lamp 
uses power at the rate of 60 watts so long as it is 
lighted to normal brilliancy. But the total quantity 
of energy used by the lamp depends also on the 
total length of time it remains lighted. If the 60-
watt lamp is kept lighted for 10 hours it will have 
used 60 x 10, or 600 watt-hours of electric energy. 

Just as we use the kilowatt instead of the watt 
for measuring large powers, so we use the kilowatt-
hour, abbreviated kwhr, for measuring large quanti-
ties of electric energy. Most bills for electric light 
and power are rendered in kilowatt-hours. It is the 
total quantity of energy that you use that is the 
basis on which the power company bills you. You 
are billed not only for the rate at which you use 
volts and amperes to produce power in watts, but 
for the combination of such power rates and the 
times durnig which you use them. In other words 
you are billed for the total quantity of work or for 
the total energy used, which may be measured in 
kilowatt-hours. 

Now we have nearly finished our study of basic 
electrical principles, the principles on which will be 
built the success of all your future practical work in 
the eectrical field. Before getting into the actual 
work of installation, care and repair of electrical 
equipment w havee just one more matter to investi-
gate. That is the subject of what happens when 
more or less than the normal quantity of electricity 
exists in a body which is electrically "charged". 
That is to be our subject for the following section. 

• 
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STATIC ELECTRICITY 

CHARGES OF ELECTRICITY 
I magine that you have a sheet of mica, glass, hard 

rubber or some other insulating material and that 
on each side of the insulating material are metal 
plates. The metal plates are insulated from each 
other by the material between them. If you were 
to connect the metal plates to the two terminals 
of a battery or other source of d-c potential there 
would be a momentary flow of current from the 
pcisitive side of the battery to one plate and an 
equal flow of current from the other plate to the 
negative side of the battery. The flow of current 
would exist for only an instant, then would stop. 
No current could continue to flow because there is 
insulation between the metal plates. 

If the battery were disconnected from the metal 
plates and then reconnected to them in the same 
manner as before there would be no momentary 
flow of current provided the plates had remained 
completely insulated from all electrical conductors 
while the battery was disconnected. It is evident 
that the first connection of the battery produced 
some change in the insulating material between 
the plates which enabled them to oppose flow of 
current during the second test. 

Whet.•; 'fii-st studying electricity we learned that 
all substances consist of atoms which contain 
electrons, and that electrons are particles of nega-
tive electricity. When a potential difference is 
applied to conductors separated by insulation, as 
to the :rpetal plates just discussed, the potential 
difference causes negative electrons to flow from 
one side of the potential source to one of the con-
ductors or metal plates. These negative electrons 
pass to the side of the insulator in contact with the 
plate, and that side of the insulator becomes more 
negative. An equal quantity of electrons leaves the 
opposite side of the insulator and passes through 
the other metal plate to the other side of the poten-
tial source. This loss of negative electrons leaves 
this side of the insulator more positive than before. 

When an insulating material is used in the man-
ner described it is called a dielectric. .The side of 
the dielectric connected to the positive terminal 
of the battery acquires a positive charge of elec-
tricity—meaning that it loses some negative elec-
trons and becomes more positive. The side of the 
dielectric connected to the negative terminal of the 
source becomes negatively charged, meaning that 
it has more than the normal number of electrons. 
Since the dielectric is an insulator, through which 
electricity or electrons cannot flow, the unbalanced 

condition will persist on the surfaces of the dielectric 
when the battery or other source is disconnected, 
and would persist were the dielectric removed from 
between the plates so long as the dielectric comes 
in contact with no conductors. 

An electric potential, or a difference of potential, 
means simply that there are more electrons at one 
place than at another, ot that one place has more 
than its normal number of electrons, or that another 
has fewer than its normal number. 

Any difference of potential is measured in volts. 
Connecting the battery to the plates and the dielec-
tric produced a difference of potential on opposite 
sides of the dielectric, equal to the difference of 
potential furnished by the battery. Consequently, 
when you connect the battery to the plates a second 
time the battery potential is opposed by a potential 
equally great on the dielectric. The positive ter-
minal of the battery is connected to the side of the 
dielectric having a positive charge and the negative 
terminal of the battery to the side having a negative 
charge. The potential difference of these charges 
equal to that of the battery, so no current flows. 

CAPACITANCE AND CAPACITORS 
Conductors separated by insulation or a dielec-

tric, and having a difference of potential, have the 
ability to produce electric charges on the dielectric. 
This ability to receive and hold electric charges is 
called capacitance or may be called electrostatic 
capacity. A device which contains conductive plates 
and insulating dielectric arranged especially for re-
ceiving electric charges is called a capacitor or an 
electrostatic condenser. , .•-
Th—e- capacitance of a capacitor is measured in ac-

cordance with the quantity of electricity (electrons) 
which may be added to one side and taken off the 
other side of the dielectric. If a potential difference 
of one volt causes one coulomb of electricity to flow 
into a capacitor the capacitance is one farad. If we 
made a capacitor with mica only as thick as the 
paper in thsi page, and used a snigle square sheet, 
our capacitor would have to measure more than a 
, mile along each side to have a capacitance of one 
! farad. A unit so large as the farad is impractical for i_ordinary capacitors, so we use the microfarad which 
is equal to one one-millionth of a farad. _ 
The apicitance varies with tlfe kiiid—of dielectric, 

and the effect of the kind of dielectric on capacitana 
is called the dielectric constant of the material. TM. 
dielectric constant of air is 1.0, while that of waxed 
paper, as one example, is from 2.5 to 4.0. This 
means that a capacitor with waxed paper dielectric 
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will have a capacitance 2.5 to 4.0 times as great as 

ean otherwise similar one having air for its dielectric. 
Dielectric constants of most insulating materials 
range from 1.5 to 8.0. 

With a given knid of dielectric, capacitance be-
comes less in direct proportion as the dielectric is 
made thicker, and becomes more in direct propor-
tion as the area of dielectric in contact with the 
plates is made greater. Many capacitors which are 
to withstand voltages of only a few hundred have 
dielectrics of several sheets of thin waxed paper. 
For high voltages the dielectric usually is sheets 
of mica. 

If a capacitor is connected in a direct-current cite-
cuit there will be a momentary flow of current as 
the capacitor takes tischarge, then the current will 
stop because the dielectric is an insulator. 

If a capacitor is connected in an alternating-
current circuit the flow in amperes will be reduced 
but some current will continue to flow. The greater 
the capacitance of the capacitor the larger will be 
the remaining current. This rather peculiar action 
is due to the fact that alternating current merely 
surges back and forth in a circuit, moving first one 
direction and then the other. The alternating cur-
rent may flow in one direction until it charges the 
capacitor in that direction, then may flow in the 

gropposite direction as the capacitor discharges and is 
recharged in the opposite direction or opposite 

polarity. 

ELECTROSTATIC FIELDS 
Just as there is a magnetic field and magnetic 

lines of force around a magnet so there is an elec-
trostatic field and electrostatic lines of force around 
an insulating material or dielectric material which 
is electrically charged. The electrostatic field may 
be represented by lines between electrostatic poles 
just as the magnetic field is represented by lines 
between magnetic poles. Electrostatic lines issue 
from the positive electrostatic pole and return to 
the negative electrostatic pole. 

The positively charged end of a dielectric may be 
called its positive pole, and the negatively charged 
end its negative pole. Unlike electrostatic poles, one 
positive and the other negative, attract each other 
just as do unlike magnetic poles. Like electrostatic 
poles, or like charges, repel each other—which again 
is similar to the behavior of magnetic poles. 

The greater the dielectric constant of a substance 
the more easily it carries electrostatic lines of force. 
Consequently, when a material of high dielectric * onstant is placed within an electrostatic field this 
material tends to draw into it some of the electro-
static lines which otherwise would travel through 
the surrounding air, which is of lower dielectric 
constant. 

It is important to understand that the potential 
difference between opposite sides of a charged die-
lectric may be very high and yet the quantity of 
electricity which will flow to and from the dielectric 
may be very small. As an example, many of the 
capacitors used in radio have capacitances of only 
a fraction of a microfarad, which means they will 
charge with only a little electricity and then will 
discharge a similarly small quantity. But these 
capacitors may be charged to potentials of hun-
dreds of volts, or even thousands in transmitting 
outfits. Many a radio man has received a stinging 
shock from the high potential discharge from a 
capacitor of fairly small physical size. 

Electricity which exists as an excess or as a de-
ficiency on charged bodies such as dielectrics is at 
rest or remains stationary except while the body 
is being charged or discharged. This electricity 
which is stationary is called static electricity, and 
when talking about its effects we use the word 
electrostatic to distinguishe them from effects of 
moving electricity, which is the electric current. 

ELECTRIC CHARGES PRODUCED BY 

FRICTION 

If you rub a stick of sealing wax with wool, silk 
or cotton cloth you actually rub some electrons off 
the cloth and onto the wax. The sealing wax then 
has extra negative electrons, so is negatively 
charged. The cloth has lost negative electrons, so 
remains positively charged. Now there are electro-
static fields around both the wax and the cloth, and 
either will attract small bits of paper, thread and 
other insulating or dielectric materials—just as 
either pole of a magnet will attract pieces of iron 
and steel. This experiment shows that electric 
charges may result from friction when two insulat-
ing materials are rubbed together. Such frictional 
charges of static electricity are harmful more often 
than useful. 

METHODS OF STATIC CONTROL AND 
PROTECTION 

Now that we have an idea of the general nature 
of static electricity it will be well to consider some 
of the forms in which it is often encountered in 
every day life outside the laboratory. Also 
some of the methods of controlling, or protecting 
against it, because in some of the forms in which 
it is produced by nature, and in our industries, it 
can be very harmful if not guarded against. 

For example, one of the most common occur-
rences of static in the home, is when we walk across 
a heavy carpet, and by rubbing or scuffing action 
of our feet we collect a strong charge on our bodies, 
from the rug. Then when we come near to a 
grounded radiator, or water pipe, or large metal 
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object, a discharge takes place from our body to it, 
in the form of a hot spark, sometimes from half inch 
to an inch in length. 

In many cases the only effects of this are the sur-
prising little shocks or rather humorous incidents 
caused by it. But in some cases it becomes so bad it 
is very objectionable, and even dangerous. For ex-
ample a person's body so charged can unexpectedly 
ignite a gas flame, or vapor over some explosive 
cleaning fluid. 

Where rugs are the source of objectionable static 
it is sometimes necessary to weave a few fine wires 
into the rug, or provide a metal strip at its edges, 
and ground these by connecting them to a water or 
steam pipe. Or it may be reduced by occasionally 
dampening the rug a little. 

EXPLOSIONS FROM STATIC 

When handling any cleaning fluids of an explo-
sive nature, one should be very careful not to 
rub the cloth too briskly, as this may produce 
sparks and ignite the vapors. In dry cleaning 
plants the various pots and machines should have 
all parts connected together electrically, and thor-
oughly grounded with a ground wire. 

Another common occurrence of static in a danger-
ous place is on large oil trucks. These trucks run-
ning on rubber tires over pavements on dry hot 
days, collect surprising charges. To prevent the 
danger of this accumulated charge sparking to the 
operator's hand or a can near a gasoline faucet, and 
causing an explosion, these trucks should all carry 
a grounding chain with one end attached to the 
metal frame of the truck, and the other end dragging 
on the ground or pavement. This equalizes the 
charges, or lets them flow back to earth before the) 
build up to dangerous values. 

Passenger busses are also equipped with such 
ground chains or wires sometimes, to prevent the 
passengers receiving a shock from static charges, 
when stepping on or off the bus. 

STATIC ON BELTS 

High speed belts in factories and industrial plants 
are often sources of surprising static charges. The 
rapid movement of the belt through the air and over 
the pulleys, will often build up charges that are 
very likely to be harmful if not eliminated. In some 
cases these charges from the belts will flash over 
to electric motors or generators on which the belts 
are running, and puncture the insulation of the 
windings of these machines, causing leaks of the 
power current through this damaged insulation, 
which may burn out the machine. 

A workman around such belts may get such a 
shock from the static, that it will cause him to fall 

Fig. 121. Sketch showing how static can be removed from a belt, 
by use of either a metal comb or roller, and ground wire. 

off a ladder, or to jump against some running ma-
chinery and be injured. These dangers can be 
eliminated by placing a metal roller on the belt, or 
a metal comb with sharp points near the belt, and 
then connecting these combs or rollers to earth, or 
a grounded pipe or metal framework, to carry away 
the charges before they become so large. The 
combs should be located from ÀT to Y2  inch from 
the belt. The closer the better, as long as its teeth 
do not touch the belt. (See Figure 120 which shows 
both methods in use on a belt.) 

Many serious fires and explosions of mysterious 
source in various plants, could have been prevents 
by a trained electrician with a knowledge of how 
static is formed and how to guard against it. 

So you see, even in this first little section on 
static electricity alone, you are learning something 
which may be of great value to you on the job. 

LIGHTNING 

Lightning is probably the most sensational mani-
festation of static electricity that we know of. 

Lightning is the discharge of enormous charges 
of static electricity accumulated on clouds. These 
charges are formed by the air currents striking the 
face of the clouds and causing condensation of the 
vapor or moisture in them. Then these small 

Mg. le Win "trader the tea et • dud, aeries 'ewer "el eiesbien 
'berme te tee et it 
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particles of moisture are blown upward, carrying 
Auk negative charges to the top of the cloud, and leaving 
Wthe bottom positively charged. (See Figure 121.) 

Or the reverse action may take place by heavy 
condensation causing large drops of rain to fall 
through part of a cloud. Thus one side of a cloud 
may be charged positively and the other side nega-
tively, to enormous pressures of many millions of 
volts difference in potential. 

When such a cloud comes near enough to earth, 
and its charge accumulates high enough, it will dis-
charge to earth with explosive violence. (See Figure 
122. 

The earth is assumed to be at zero potential. So 
any cloud that becomes strongly charged will dis-
charge to earth if close enough. It is important 
to remember that whenever one body is charged to 
a higher potential or pressure than another, elec-
tricity tends to flow from the point of high potential 
to the low. The direction of this flow is usually 
assumed to be from positive to negative. It takes 
place very easily through wires when they are pro-
vided. But it is hard for it to flow through air, and 
requires very high pressure to force it to flash 
through air, in the case of sparks or lightning. 

Fig. 122. Photo of a brilliant lighting flash at night. 

Very often a side of one cloud will carry a nega-
tive charge, and the nearest side of another cloud a 
positive charge. When these charges become high 
enough a discharge will take place between the two 
clouds. (See Figue 123.) 

FRANKLIN'S DISCOVERY 
Benjamin Franklin with his kite and key experi-

ment, about 1752, discovered that lightning was 
electricity, and would tend to follow the easiest 

math, or over any conducting material to earth. 

He actually obtained sparks from a key on his 
kite line, to his fingers, and to ground. This led 
to the invention of the lightning rod, as a protection 
against lightning damage. 

We say lightning "strikes" various objects such 
as trees, buildings, etc., because in its tendency to 
follow the easiest path to ground it makes use of 
such objects projecting upwards from the earth, a, 
part of its discharge circuit or path. 

----, 

— --

, ---
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Fig. 123. Lighting flashing from ono cloud to another, whams clouds 
carry unlike charges. 

Rain soaked trees, or trees with the natural sap in 
them are of lower electrical resistance than air and 
so are buildings of damp wood or masonry, or of 
metal. And the taller these objects are above the 
ground, the more likely they are to be struck by 
lightning. 

When lightning does strike such objects, its in-
tense heat vaporizes their moisture into steam, and 
causes other gases of combustion that produce 
explosive force. And this along with an electro-
static stress set up between the molecules of the 
material itself, causes the destructive action of 
lightning. This can be quite effectively prevented 
by use of properly installed lightning rods. (See 
Figue 125. 

LIGHTNING RODS 

These rods are made of copper or material that is 
a good conductor of electricity. They should be 
installed on the tops, or very highest points of 
buildings or objects to be protected, and on all 
the various corners or projections that are separated 
to any extent. These several rods are all connected 
together by a heavy copper cable, and then one or 
more ground cables of the same size, run from this 
to the ground by the most direct path. In running 
this ground cable, it should be as straight as pos-
sible, and if any turns or bends are made, they 
should be rounded or gradual bends. 

The grounded end should be buried several feet 
in moist earth, or securely attached to a driven 
ground rod or pipe, or buried metal plate. The tips 
of lightning rods are usually sharply pointed, be-
cause it is easier for electricity to discharge to or 
from a pointed electrode, than a blunt one. These 
pointed rods, and heavy conductors of copper, form 
a much easier path to ground for electricity than the 
ordinary non-metal building does, and in some cases 
actually drain the atmosphere of small charges, 
before they become dangerously large. When a 
direct bolt of lightning does strike a rod, it usually 
flows through the cable to ground, doing a little or 
no damage to the building, because the heavy 
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Fig. 124. Large tree shattered by lightning, showing the force and 
power of heavy lightning discharges. 

charge of electricity flows through the good metal 
conductor without causing the terrific heat that it 
does in passing through air, wood, and other higher 
resistance materials. 

Such rod systems have ben proven to be a great 
protection, both by data collected on roddecl and 
unrodded buildings in different parts of the cot.ntry, 
and by actual tests in laboratories where several 
million volts of artificial lightning have been pro-
duced and used on miniature buildings. 

Tests also prove that rods of a given height, pro-
tect a certain cone shaped area around them as 
shown in Fig. 126. The diameter of this area at 
the base, is about three to four times the rod height. 
Many of the large oil reservoirs in western states 
are protected from lightning fires by installing tall 
masts around their edges, and sometimes with 
cables strung between the masts. 

Electric power lines are often protected from 
lightning by running an extra wire above them on 
the peaks of the towers, and grounding it through 
each tower. 

More about protection of lines from lightning will 
be covered later under lightning arresters. 

But in this section we have covered ordinary 
lightning protection, the general nature of static, 
and the methods of controlling it, in the places 
where it is most commonly found, in our homes and 
factories. 

Fig. 125. Sketch of house equipped with lightning rods, to carry static 
and lightning safely to earth. 

Fig. 126. Tall lightning rod used to protect oil tanks from lightning 
fires. The dotted lines show the area protected, and within 

which lightning will not strike. 

YOUR MENTAL TOOL KIT 
Now we have arrived at the point where all the 

principles and rules that you have studied will com-
mence working for you. The facts that you have 
learned are working tools of the electrical expert 
just as much as are his voltmeters, ammeters, wire 
cutters, screw drivers, and all the other things of 
more substantial form. 

The mental tools that have been given to you in 
all these pages—the tools that henceforth you will 
carry in your head—are more necessary and more 
useful than the ones made of steel and brass and 
bakelite that you use with your hands. The tools 
you carry in your head get sharper and do better 
work the more you use them. You never can lose 
these tools unless you forget to use them. They 
have stood up and proved their worth to electrical 
men over and over again, in many cases for a he 
dred years or more. 

A man with an active mind and a good knowl-
edge of basic principles is far better off than one 
with an empty mind and a trunk full of gadgets that 
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he does not know how to use to best advantage. The eman with the knowledge may start years behind 
the other one in practical experience, yet in an in-
credibly short time will catch and outstrip the other 
fellow in earnings. What's more, the greater your 
knowledge and understanding of what you are 
doing the greater will be the pleasure and excite-
ment in doing electrical work. 

If you feel that you have not remembered all of 
the dozens of facts that have been explained in pre-
ceding pages, don't let that worry you. Most, if not 
all, of them are stored away somewhere in the back 
of your mind. The day you need them on the job 
they will come popping out to help. And even 

• 

e 

though you don't remember every detail, at least 
you will remember that the point was covered in 
your Reference Set, and all you need do is look 
back to one of the sections and there you have it. 

In our preliminary studies we have gone over 
many very simple things relating to electricity, and 
have encountered others which are not so simple. 
In the job instructions which follow we shall com-
mence with the simplest kind of work—that of in-
stalling electric signals of various kinds. Such work 
is not only profitable and interesting, but it brings 
out many things with which it is essentail that you 
have experience before tackling some of the bigger 
jobs which come later. 



66 

SIGNAL SYSTEMS AND CIRCUIT WORK 

Great Opportunities In Signal Field 

l'he field of electric signalling is a very broad 
one, covering everything from simple door bells and 
call systems to elaborate burglar alarm, telephone 
and railway signal systems. 
Every year many millions of dollars are spent in 

new installations and expansion in these branches, 
creating new jobs for many more trained men 
yearly. 
There are millions of homes with their door bell 

systems and some of them with burglar alarm 
equipment to be maintained, and thousands of new 
homes being built each year. 

Hotels, office buildings, department stores, thea-
tres and hospitals have elaborate signal systems. 
Banks, stores, and offices have their burglar alarm 
systems. Fire and police departments also have 
special signal networks. 
Then there are the railroads with their block sig-

nals, crossing alarms and automatic train con-
trol equipment, to provide greater safety in the 
operation of trains. 
The telephone and telegraph field is one of the 

largest branches of the electrical industry and em-
ploys many thousands of trained electrical men. 
So you see the general field of signal work is far 
greater than many people realize, and offers inter-
esting work at good pay in all parts of the country, 
and also splendid opportunities for a business of 
your own. 
Many men entering electrical work overlook this 

branch, thinking it is of small importance because 
of the small size of the equipment. and the low 
voltage it uses. 

This however is a great mistake, and signal wir-
ing and maintenance should not be overlooked just 
because one may be interested in wiring or power 
work. 

You may plan or hope to have a business of your 
own some day. It requires but very little capital 
to start a business in this line, and many of our 
graduates are making good money specializing in 
this work in a business of their own. Others, who 
are working at some other line of electricity, do 
alarm and bell wiring jobs as a side line, and make 
extra money. Often in this way they gradually 
build up a full time business of their own. 

Signal work of any kind requires a good knowl-
edge of blue print reading and circuit tracing an 
testing, and needs men who know definite method. 
of wiring equipm'ent from a print, and how to sys-
tematically "shoot trouble." 

Even though you may not specialize in signal 
work, and no matter what line of electrical work 
you follow, the principles of these signal systems 
and the knowledge of circuit tracing and testing 
this section gives you will be very necessary and 
valuable. 

The general electrician or foreman often encoun-
ters a job of installation or repair on some signal 
system, even though his principal work is on power 
equipment. 

So make a very careful study of every part of 
this section if you wish to qualify for success in 
this branch of Electricity. 

e 



This is a schedule of the lectures and the laboratory experiments that rep-
resent the training program to be undertaken in the Elementary Department. 
File it in the notebook and use it as a study and laboratory work guide. 

LECTURE 

Room No. 1 
8:30-10:15 

MON. Introduction 

TUES. Electromagnetic 

devices 

WED. I, E, R 

THURS. Voltage Drop & 
Kirchoff's Law. 

FRI. Magnetism 

SAT. Exam. 

E22M e  

MON. Elect.- magne-
tic Induction 

TUES. Telephones 

WED. Batteries 

THURS. Wire Calcul. 

FRI. Practical 
circuits 

SAT. Exam. 

E22M e  

MON. Light control 

TUES. National code 
rules 

WED. Services 

THURS. Elec. Instal-
lations 

FRI. Exam. 

• 

LAB. LAB. 

3rd floor 3rd floor 
10:30-12:00 1:00-2:45 

#9 & 10 Splicing 

#1 Circuit Wir. & tracing 

0 Make diagram of 4 circuits 
Analyze, wire & trace. 

#3 Ohm's law experiment 

#4 Voltage drop experiment 

#5 I & E, readings & problem 

#8 Transformer experiment 

#12 Kirchoff's first law exp. 

#13 Kirchoff's second law exp. 

#14 Circuit demonstrating both 
laws. Check & calculate 

#30 Relay experiments 

#31 Relay exp. continued 

#32 Relay application exp. 

#33 Closed circuit alarm system 

#34 Wire signal system 

#35 Wire control system 

#36 Annunciator wiring 
#37 Relay wiring 

, LECTURE 

Room No. 1 
3:00-4:30 

Job #1 & relays 

Basic Electricity 

I, E, R relation 

I-Distribution & 
Kirchoff's Law. 

Electromagnetism 

Room #3 

Generator & trans-
former principles 

Elect. Cells 

Efficiency of 
Elect. apparatus 

Problems 

Wiring systems 

Room #3 

Automatic sw. 
devices & signa 

Wiring methods 

Grounding 

Inspection trip 

D. C. Motor 
Construction 

SAT. D. C. Motors Disassembling motors Transfer 
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This is a schedule of the lectures and the laboratory experiments that rep-
resent the training program to be undertaken in the D. C. Dept. File it in 
the notebook and use it as a study and lab. work guide. 

LECTUKIRE LAB. LAB. 

ROOM NO. 4 
10:30-12:00 

MON. Motor Principles 

TUES. Arm. Winding 
procedure 

WED. D. C. Motor 
characteristics 

THURS. Drum controllers 
& Dynamic braking 

FRI. Growler testing 

SAT. Lab. work 

MON. Bush sparking 

TUES. D.C. Voltmeters 
ammeters & watt 
meters 

WED. Maintenance & 
Trouble shooting 

THURS. Generator Char-
acteristics 

FRI. Parallel Opera-
tion of D.C. Gen. 

SAT. Lab. work 

MON. Switchboard 
diagram 

5th floor 5th floor 
8:30-10:00 1:00-2:45 

1. Motor construction 
2. Manual starters 

11. Prony brake job 
8. Armature winding 

3. Carbon pile starters 
Solenoid starters 

4. Magnetic controllers 

5. Drum controllers 

Exam 

12. Armature characteristics 

14. Operating lathe 

6. Maintenance work 

7. Generator work 

10. Measuring wire sizes 

Exam 

9. Operating D.C. switchboard 
15. Variable speed controller 

TUES. Wave winding 13. 

WED. Changing the 16. 
operating voltage 
of D.C. machines 

Coil forming 

Current limit controller 

THURS. Variable E con- 17. Variable voltage operation 
trol 

FRI. Lab. work Exam Transferred 

LECTURE 

ROOM NO. 4 
2:45-4:30 

Starting and 
controlling speed 

Carbon pile and 
solenoid starters 

Current limit 
starters 

Lap windings and 
armature connections 

Review period 

Brush sparking 

Testing equipment 

Self and self exci-
ted generators 

Gen. characteristics 
(continued) 

Review period 

Steel Mill 
Controller 

Wave Wdg. diagrams 

Tools & Materials 

Review period 

Difference between 

D.C. and A. C. 

SAT. Lab. work Speed, frequency & pole formulas 
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O 
ON EVERY JOB TAKE THE FOLLOWING STEPS 

1. Study the print to learn the equipment used and how it is connected. 

2. Make a complete list of all equipment to be used on the job. 

3. Test all equipment needed on the job. 

4. Wire the job ONE step at a time and test each step as completed. 

5. Mark polarity of source  and see if there is a complete circuit from 
( + ) to ( - ). 

6. If not, dot the switch or other device required to complete the cir-
cuit and then trace all paths through which current flows in the 
same color as dot. 

• 
( Be sure to make tracing neat, the arrows very ) 
( small, and the number of arrows a minimum. 

7. Then write the name  or number of the circuit  beside the diagram and 
show the color arrow used to trace it. 

8. Proceed in the same manner with the remaining circuits using colors 
in accordance with the list below: - 

Circuit No. 1 - pencil 
Circuit No. 2 - red 
Circuit No. 3 - green 

Circuit No. 4 - blue 
Circuit No. 5 - orange 

TAKE YOUR TIME - TRACE NEATLY 

• 



IDENTIFYING SWITCH TERMINALS. 

BEFORE WIRING ANY CIRCUIT that involves the use of 
switches, it is first of all necessary to test the 
switches themselves to make sure that they are the 
type required  and that they are  operating properly. 

The test circuit consists of a source of power, a test 
lamp, and a couple of leads. When the test leads are 

touched together, the lamp should light. If the lamp 
does not light, there is something the matter with the 

test circuit. 

Diagram A shows how to test a switch. Note that the 
leads from the test circuit are placed on the switch 
terminals. As this switch is normally open  the light 
will not light until the switch button  is pressed. 
If the switch lights the lamp when the button is 
pressed, two things are shown: 

1. The switch is in operating condition 
2. The switch is an  open circuit  type 

Diagram B shows the test result on a switch that is 
normally closed. If the test lamp lights when the 
leads are placed on the switch terminals but goes out 
when the button is pressed, two things are shown: 

1. The switch is in operating condition 
2. The switch is a closed circuit type 

Diagram C shows a double circuit switch. This is 
really two switches in one, for it is a combination of 
an  open circuit switch and a closed circuit switch. 
To test this switch and find which terminals connect 
to the various parts, first find the two terminals 
that will give a light without pressing the switch. 

These two terminals must connect to the  moving  contact 
of the switch and the closed contact of the switch. 
The remaining contact must be the open  contact. Mark 
0 alongside this terminal. 

Next find the pair of contacts that produce a light 
only when the switch is pressed; these will be the 

moving and open contact. As the open contact has al-
ready been found, the other contact must be the moving 

contact. Mark this terminal M. The third must be the 
closed  contact. Mark it C. In this way, all of the 

switch terminals may be identified. 

If the above indications cannot be obtained, the 
switch must be defective. Try another one. Always  
test  switches before wiring them up in a circuit. In 
this way much time will be saved and, when the connec-
tion is properly completed, the circuit will operate.  

= MOVING CONTACT. 

C NORMALLY CLOSED CONTACT, 

O as , OPEN 

SWITCH. LAMP 

eg=01(----4 

o BATTERY. 

A 

0 0 0 

0 0 0 

Coyne. 



TRACING CIRCUITS. 

THIS SHEET SHOWS HOW TO TRACE ELECTRICAL CIRCUITS, IF THE STEP BY STEP PROCEDURE 
GIVEN BELOW IS FOLLOWED, LITTLE DIFFICULTY WILL BE EXPERIENCED. UNLESS ALL OF 

THE STEPS GIVEN BELOW ARE TAKEN, THE TRACING IS NOT CORRECT AND WILL NOT BE 
CHECKED. 

a. Mark the polarity of the source of supply, 
putting a (+) mark at the point of highest 
electrical pressure, and a (-) mark at the 
point of lowest electrical pressure. 

b. See if there is a complete path from (+) 
to (-). In this case the path can be com-
pleted only by closing the switch S. To 
indicate that this switch is closed, place 
a dot beside it as shown. 

c. Now trace the circuit, using the arrows to 
indicate the direction of current flow 
around the circuit from the high pressure 
point (+) to the low pressure point (-). 

d. Mark the number of the circuit alongside 
or inside the diagram and show the color 
of the arrow used to trace it thus: 

Circuit e. 

a. Mark the polarity of the battery (+) (-). 

b. Close switch e with a lead pencil dot, 
and trace circuit controlled by this 
switch in the same color. 

c. Mark number of circuit alongside diagram 
and show colored arrow used to trace it 
thus: Circuit e. 

d. Close switch e with a red dot and trace 
the circuit controlled by this switch in 
red. 

A 

1  

4 
1 1 

C 

-F 

CIRCUIT No. I 

CIRCUIT No.2 

G.1)yne 
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RELAY CIRCUITS. 

an application in which a relay 
control circuit are used to op-
carrying more power at a hiEher 

To wire this circuit: 

1. Make a note of the apparatus required. 

2  open circuit switches; 1 relay; 
1 lamp; 2 batteries. 

2. Test all apparatus involved 
and use only that equipment 
operating condition. 

3. Wire each circuit one step 
and check each step before 
next. 

and select 
that is in 

at a time, 
wiring the 

4. Trace the circuits according to the 
method previously outlined. 

Diagram B shows a relay application similar to 
that indicated in A. In this case, however, the 
control circuit is normally closed, whereas in A 
the control circuit is normally open. The switches 
used are the closed circuit type. Note also that 
in diagram A the  open  contact of the relay switch 
is used in the power circuit, but that in B the 
closed contact is employed. The list of appara-
tus for this circuit will therefore be somewhat 
different than in the previous case. The proce-
dure for wiring will be the same as before. 

Diagram C shows relay applications in which a type 
of control not obtainable with ordinary switches 
is achieved. When switch 1 or 2 is pressed the 
relay switch closes the indicating circuit and 
the lamp lights and remains alight until switch 3 
is pressed, when the relay is energized and stays 
that way until some other switch is operated. 

Wire the circuit in 3 steps  and test each before 
going on to the next. The  first step is shown in 
solid lines, the second in dashed lines, and the 
third in dotted lines. Trace the circuits and 
show the color used in the boxed section. 

Diagram D shows another relay being used to ob-
tain a special type of control. Switches 1, 2, 
or 3 energize the relay and close the bell circuit 

--..through the relay switch. The bell rings contin-
usly until switch 4 is pressed to reset the re-

Ty. 
re a step at a time as directed in diagram C 

en trace the circuits and show colors used. 

• 

A 

CONTROL CIRCUIT. 

dowER 

CIRCUIT. 

CONTROL CIRCUIT.'"› 

POWER CIRCUIT. 

co 

POWER 

CONTROL CIRCUIT. CIRCUIT. 

CONTROL CIRCUIT. > 

POWER CIRCUIT. 

FIRST STEP 

SECOND STEP -----

THIRD STEP   

FIRST STEP   

SECOND STEP --- - 

THIRD STEP   

CONTROL CIRCUIT. 

ALARM CIRCUIT. 

HOLDING CIRCUIT 

CONTROL CIRCUIT. 

ALARM CIRCUIT. 

HOLDING CIRCUIT. 

Giay 



RELAYS. 
A RELAY IS A MAGNETICALLY OPERATED SWITCH that 
can be used to: 

1. Control circuits distant from the operat-
ing point. 

2. Control a relatively high voltage or high 
wattage circuit by means of a low power, 
low voltage circuit. 

3.. Obtain a variety of control operations 
not possible with ordinary switches. 

Whether the circuits controlled will be closed or 
opened when the relay coil is energized will de-
pend upon the arrangement and connection of the 
relay contacts.  

ACTION 

When current flows through the relay coil, it mag-
netizes the iron core with a polarity that depends 
upon the connection of the coil to the source. 
This pole induces in the iron section of the mov-
able assembly, a pole of opposite sign, and the 
attraction between these operates the relay 
switch. If the current through the coil is re-
versed, both poles are reversed; therefore at-
traction always occurs. From above it is obvious 
that relays can be designed to operate on either 
direct or alternating current. 

It is important to note that while relays may 
vary widely in mechanical construction, they all 
operate on the same principle. The sketches on 
this sheet show some of the differences in design. 

TESTING 
Before any attempt is made to connect a relay in 
a circuit: 

1. Make a sketch of the terminal locations 
2. Test and identify all terminals 
3. Make sure the relay is operating 

Using an ordinary test lamp circuit, first find 
the pair of terminals that, when the test leads 
are placed on them, causes the relay to operate. 
These are the coil terminals. Identify them on 
the terminal sketch with the symbols CT. Next 
locate by test, inspection, or both, the open, 
moving, and  closed contact terminals. Mark them 
on the terminal sketch with the symbols 0, M, and 
C respectively. 

After the terminals have been identified, check 
the operation. The relay should pull the movable 
section up as soon as the coil is energized, and 
drop it out as soon as the coil is deenergized. 
The moving section should not touch the core, and 
the tension on the spring should not be too low 

The relay switch contacts must be or too high. 
clean. 

Connecting a relay in a circuit without first 
making the above tests is, in the general case, 
an inefficient and time wasting procedure. 

1 A i 
I INSULATION. - I 
i I 
I ± I"- - — — — I 
ICT.1  
i 1 1 1 
I 1 11111 
'CT! 
I I - - -, i I I 
I L   --o b I 

0 M C ' 

WESTERN UNION RELAY. 

1111181r-

C NORMALLY CLOSED CONTACT 
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MI=MOVMG CONTACT. 
MAGNET COIL WITH TERMINALS CT. 

2= SPRING. 

— — 

lo— 
CT 

CT 
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IN C 
1 

6 1 

2 M I 

0 

ICT. ? 
- 

DIXIE RELAY. 

2 
CLAPPER 
TYPE 

RELAY. 

D 

CT. 

Coyne. 



/%14/---erel irt eillAVVieee/S° 
TECHNICAL TERMS AND THEIR MEANING 

A clear understanding of Electricity can be acquired only if the terms employed to 
explain it and the units used to measure it are clearly understood. Words used in 
the technical sense have exact meanings frequently different from those associated 
with their every day use. Definitions here given refer to the technical meanings 
only. Some of the most important terms and their units of measurement are: 

FORCE - Force is defined as "any agent that produces or tends to produce motion." 
Force may be mechanical, electrical, magnetic, or thermal in character. Note that 
force does not always produce motion: a relatively small force may fail to move a 
large body, but it TENDS to do so. The word "body" refers to any material object: 
it may be a stone, a building, an automobile, a dust particle, an electron, or any-
thing that has size. Force is usually measured in pounds; therefore the UNIT, of 
FORCE is the POUND. 

ENERGY - This word refers to the ability or capacity for doing work. One may speak 
correctly of the ENERGY in a charged automobile battery, in a raised weight, in a 
compressed spring, in a tank of compressed air, etc., as work may be done by any 
one of these devices. Energy may be mechanical, electrical, magnetic, chemical, or 
thermal type, and the different kinds of energy may be readily converted from one 
form to another; however, each conversion results in a loss of some of the useful 
energy, although the total amount of energy remains the same. Since the energy of 
a device represents the total amount of work that it can do. the units for work and 
for energy are the same. The'UNIT OF ENERGY most frequently used in electrical 
work is the JOULE. It is equal to approximately 0.74 foot pounds. 

WORK - Work is equal to the force applied to an object multiplied by the distance 
t'hrmueh which the object is moved. If the force applied to a given object is in-
bufficient to move it, no work is done. This definition illustrates the great 
difference that exists between the technical and the general meaning of the word 
work. The units used for measuring work are the same as those employed for energy. 
The most frequently used UNITS OF WORK are the FOOT POUND and JOULE. 

POWER - Power indicates the trate' at which work is done./ It is equal to the amount 
of work done, divided by the time required to do it. This unit does not show how 
much work has been done, it merely indicates how rapidly, or at what rate, the work 
is being done. The fundamental tale of electrical POMP is the WAIT. When the power 
in an electrical circuit is one watt, this means that work is being done in that 
circuit at the rate of one joule per second, or 0.74 foot pounds per second. Note 
that the WATT is not a quantity unit but a RATE unit. Larger power units are the 
horse-power and the kilowatt. The HORSEPOWER represents a rate of doing work equa> 
to 746 WATTS, or 746 joules per second, or 550 foot pounds per second. Note that 
TIME, which is not mentioned in the definitions of force or energy, is always a 
factor in the measurement of POWER. 

(a) WORK 
POWER im   

ie 
(b) (o) WORK 

WORK am POWER X TIME TIME in 
TIME POWER 

With the aid of the above formulas any of the given quantities may be calculated 
when the other two are given. Thus if work and time are given, the power may be 
found by (a). If power and time are given, the work may be found by formula (b), 
and if the work to be done and the rate at which it is to done (power) are spe ,-1-
fied, the time required to do it may he determined by formula (c). 

A little timo spent in studying the above definitions and formulas will be well 
repaid by an increased understanding and clearer conception of the units used. 
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1. The only technically correct definition of force is: (A) that agent which 
produces motioh (B) that which indicates a group acting together, such as 
a police force (C) that agent which produces or tende to produce motion(D) 
that agent which overcomes opposition, as when one force overcomes another. 

2. The only technically correct definition for the term energy is: (A)the rate 

at which work can be done (B) the total work done in a given time (G) the 
ability or capacity of some agent to do vvork (D) The rate at which work is done . 

3. The technically correct definition for power is: (A) The force required to 
overcome opposition (1.) the rate at which work is done (C) the total work 

done (D) the rate at which force is applied to an object. 

4. Work is always done: (A) when force is applied to an object (1) when the 
applied force produces motion or a change in motion (C) when one force 

opposes another. 

5. Of the four units given here the only one that measures force is the: (A) 

Watt (B) Pound (C) Joule (D) Foot-pound. 

6. The unit of energy most frequently used in electrical work is the: (A) Watt 
(D) Joule (C) Foot-pound (D) the kilowatt. 

7. Force can be: (A) mechanical only (B) electrical only (0 magnetic, mech-
anical or electrical (D) magnetic only. 

8. When the power used by an electrical circuit is one watt, work is being done 
in that circuit at the rate of (A) 0.74 ft. lb. per sec. (B) 1 ft. lb. per 

sec. (C) 550 ft. lb. per sec. (D) 75 ft. lb. per sec. 

9. When the power used by an electrical 'circuit is one watt, 
in that circuit at the rate of .74 ft. lbs. per sec. (4) 
times (C) never. 

work is being done 
always (B) some-

10. The watt, kilowatt, foot-pounds per sec., and joules-per-second all measure 
(à) work (B) Force (C) Power. 

When a battery is fully charged it is capable of doing work. To indicate 
this capacity for doing work the battery is said to store: (A) power (B) 

force (C) energy (D) work. 

To find the rate at which work is being done (power) divide the total work 

done by the time required to do it (true) (false). 

13. To find the total work done multiply the rate at which work is being done 
(power) by the time (true) (false). 

.14. When work is being done in the electrical circuit at the rate of 0.74 .foot 
pounds per second, the power absorbed is: (A) one watt (B) 74 watts (C) 
one watt-hour (D) one joule. 

15. When one ampere of current is forced through a resistance of one ohm, work 
is being done in the circuit at the rate of (A) one kilowatt \Liij one watt 
(C) one joule (D) one watt-hour. 

16. The watt-hour, kilowatt-hour, joule, and foot-pound are all units of: (A) 

power .(B) work (C) force. 

17. The answers to the problems are A ( 5.;teledv4 B (0TC,Wro ) c (,25-7 
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ANNUNCIATOR SYSTEMS 
JOB 36 

This is an alarm or sienal system using an annunciator "A", and a drop 
relay "D" (drop switch) to provide a continuous alarm until the relay is 
reset by hand. Apply the following tests to locate terminals on drop 
relay. 

(1) Be sure the drop relay is set. The little plunger must be pushed 
up as far as it will go, so that the drop contacts are held apart. 

(2) Test with test leads until you locate the two terminals which, 
when connected, will trip the relay. These terminals will be the groun-
ded coil terminal and the insulated  coil terminali. The remaining termi-
nal will be the drop contact terminal. 

(3) To distinguish between the two coil terminals, connect one lead 
to the drop contact terminal with the relay tripped and one lead to ope 
of the coil terminals. The insulated coil terminal, when connected, 
will pull the relay armature over with a click. The other coil trminal 
will be the grounded coil terminal. 

JOB 37 

This is a two-section alarm or signal system. Two or more floors, build-
ings, or departments can be protected in this manner. The annunciator 
indicates which floor or building the call comes from and the drop relay 
gives a continuous indication after the system has been disturbed. A 
bell can be used in place of the lamp if an audible signal is desired. 

CONE 



WIRING 2 

Requirements For Job #2 

(a) Draw a diagram, wirq on table, and trace the circuit of 
two lamps and two bells connected in series controlled 
by one open circuit switch. 

(b) Draw, a diagram, wire on table, and trace the circuit of 
two lamps and two bells connected parallel all controlled 
by one open circuit switch. 

(c) Draw a diagram, wire on table, and trace the circuit of 
two parallel paths, each containing a lamp and bell in 
series, all controlled by one open circuit switch. 

(d) Draw a diagram, wire on table, and trace the circuits of 
one lamp controlled from four different places using four 
open circuit switches. 

Job #3 

IQ 11Z WIRED MD ÇailQ110 LIT 1,1;U TAFt"e 

6E 

exiî 

tvwdiel°' 

.61 

Al 

6E 

'Iv 

JL 

wire this job, trace the circuits, and calculate the joint 
resistance and the resj.stance of each lamp  for 112.th connections. 

Have wiring and figures checkedh at the same time. Refer to 
notes given in the shop talks for assistance in working this 
job. 

ectice how the a,,eters are connected nd why. Also, how the 
voltmeters are connected and why. 

Reverse your battery leads and check readings. If the readings 
are different be able to explain. 



WIRING 7 

RELAY APPLICATIONS 
Low resistance Track Circuit - 

High resistance Relay Circuit -7 Safety Signal Circuit 

Danger Signal Circuit> 

6bo 

WHITE 
LIGHT 

4-111K < 
Railway crossing alarm system. When no train is on this section of the 
track, current will flow through the resistance "R" and the coil "C" of 
the high resistance relay. This will attract the relay armature, and 
complete a circuit through the open bridge contact and the white lamp, 
(clear signal.) When this section of track is shorted by the train 
wheels and axle, most of the current will flow through this lower resis-
tance path, thereby greatly reducing the current through "C" and releas-
ing the armature, closing the circuit to red lamp and bell, (danger sig-
nal.) An open circuit switch may be used in place of track on this job. 

JOB 35 

Ale— te #0 C.— 

er 6 6 io e 9 1 J*I )Idcr om  

O 00 
Al 6 

LOW VOLTAGE CONTROL CIRCUIT POWER CIRCUIT 
7  

START 
BUT TON5 

STOP 
BUTTONS 

1)  4"—± I 
2)8tarting Circuits 
3) 

V 

A. C. LINE 

stick Circuit 

This diagram shows how a motor may be operated from several different 
places. Control systems similar to the above are often used to operate 
motors driving conveyors, printing presses, lathes, multiple drilling 
machines. and so on. The principle of the control circuit is the same 
as Job 77 , but two relays are used to completely isolate te low wilt-
age control circuit from the higher voltage A.C. line. 

COY NE 



WIRING 14 

JOB #I4 NAIN4EAt&IZei/ef.j-r.4.egsTuDENT No.7,-/--e1/4 
'ilORN AND HAND IN FOR CHECKING AFTER DISCUSSION ON OHM'S LAW. 

CHECK MCER READINGS 8e COMPARE IITH READINGS GIVEN IN LECTURE. 

(a) 

LINE 

A 

, 

IF A VOLTMETER READING 15 TAKEN AS IN METHOD (4 
AND ANOTHER AS 5HOVVN IN METHOD ( b),THE SUM OF 
THE TWO READINGS SHOULD BE EQUALTO THE DIFFERENCE V 

sounce 
BETWEEN THE SOURCE VOLTMETER READING AND THE LOAD 
VOLTMETER READING, WHEN THE LOAD 1S ON. THIS 
DIFFERENCE_ IN VOLTAGE. IS KNOWN AS LINE DROP. 

V 

I 
LOAD G 

BOTH AND ALIKE 
I 

SOURCE LOAD AMMETERS READ 
BECAUSE THEY ARE IN SERIES WITH EACH OTHER SNAP 1_/ ir 
AND CURRENT FLOWS AT THE SAME RATE THROUGH SWITCHLS 

EACH DEVICE IN A SERIES CIRCUIT. 

Y  

NUMBER 
OF LAMPS 

SOURCE 
E I 

LOAD 
EI 

LINE 
DROP 

LINE. 
LOSS 

TOTAL 
W 

LOAD 
W 

LI NE 
R 

TOTAL 
R 

LOAD 
R 

NONE ec, L., ,,, (5 , 

ONE ia) g // S Y;6 /i( -//. 23 / d IcIls 
TWO 0  J4 Og_//. 1- 1 /11 '91. P l 7Ç b 9‘,/ .4,2J" 
I$14AAA)  

----- e, •,A .71t. 

APPLY FORMULAS, SUBSTITUTE THE PROPER VALUES, AND ENTER BELOW. 

FORMULA VALUES FOR ONE. LAMP VALUES FOR TWO LAMPS 

L)'NEtOROP=h, _ i t.. / 0 --//</, -2 C4-- 1\o / 6»-_-_. JqE.-

Li5 , -I- x r r ri S? y Ç  'il .1f X16 :: //.1-..J.— 
TOTAL W = 1- )(E.  

> i  ''' 4 z- ici D• 
LOAD W = 1 . A t- r L_ //Y > , Y : 9 41 /& X 44 /7 ie o 

LINE R = // ' r 
ci C 1 -.-' 7d$ / 1' -2 j‘ -_-_ 7,5 

I 

TOTAL R = F s'- /.o  72 .e , /r) / 0 7' 14 — ç 
LOAD R = FL 71 // y -7-' 'i:' - 

COYNE 
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WIRING /4.1(.). 

Job #5 APPLICATION OF OW.IS LAW 

e/FF 
5 

O 1. 7/he-I sw. 1 is on: 

Anneter 1 reads  j  I. 
2 " I. 

II 3 "  _. 

When sw.1 and 2 are on: 

Amr:leter 1 reads  i,y I. 
II 2 H 

tt 3 " • 

Then sw.1, 2, and 3 are on: 

Ammeter 1 reads  x.s 
2 

II 3 

I. 
I. 
I. 

2 3 

3 

3 

-T-
2. The Voltmeter reading is 1 . E with no resistors connected. 

3. The Voltmeter reading is <>?'f' E with all resistors connected. 

4. The cause for the difference in voltmeter readings is/a-P.1 ( 

f JL-Lr   7.4-1 ,411;_jd 

í i-t_Ll_dc4AA-L-,vi f :427,114,' 

5. The Voltmeter is connected with the lotid. 

6. Ammeter 1 is connected  , with  resistors. 

7. Switches 1, 2, and 3 are connected t_  with each other. 

8. The master switch is connectedi:(k,with switch 1,2, and 3. 

9. R-1, R-2, and R-3 are connected , with each other. 

SHOW FORMULAE IN OBTAINING ANSWERS TO TEE FOLLOWING: 
1,21, „ 

10. The total resistance is r e 2  t5-g :  

11. The resistance of each resistor is  tî X IS 3'  

12. If the resistors were connected in series with each other the 

total resistance would be  el R  1,5 -74 .3"  

1 3 . The Purpose of an armletez is to measure  

14. The purpose of a Voltmeter is to measure 

15. The total waltage when all switches are on is 2/(/::  4çj 



Job #8 
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This diagram shows how lamps may be connected to light on different 
voltages. These are obtained, on this job, by using a stip down 
transformer having taps for 6, 8, and 14 volts. Notice the Primary 
side of the transformer is already connected to the 110E source. 
You are connecting to the secondary taps only. Other voltages can 
be obtained from other transformers. 

What two factors determine the voltage induced in the secondary? 

Job #29 

(Compare this with Jobs #32 and #33.) 

_E—en 

This is a simple economical closed circuit alarm or signal system 
for protection of garages, poultry houses, etc. It uses a high 
resistance bell, with an extra connection to the breaker contact, 
a closed circuit battery (storage battery), and closed circuit 
switches. 

Make the following tests IQ_ locate the terminals on â bell: 

Place your test leads on any two terminals Lire1 If the bell viPrat.Q.1 
(rings), the test leads are on the coil and armature terminals. 
The other is the extra breaker terminal. 

Now, move one of the leads to the breaker terminal, - the armature 
is pulled over and strikes once (single stroke) the 1,ads are on 
the coil and breaker terminals, but if you ¿et a short circuit the 
leads are on the armature and breaker terminals 
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SYMBOLS FOR WIRING PLANS 

GENERAL OUTLETS Automatic Door Switch   $ D 
CEILING WALL 

Outlet 0 -0 Electrolier Switch   $ E 

Capped Outlet   © -0 Key Operated Switch   $ K 

Drop Cord . 0 Switch and Pilot Lamp   $ P 

Electrical Outlet—for use when con- Circuit Breaker   $ CB 
fused with columns, plumbing sym-
bols, etc.  0 -0 Weatherproof Circuit Breaker   $ WCB 

Fan Outlet   0 -CD $ MC Momentary Contact Switch   

Junction Box . -0 Remote Control Switch   ac 

Lamp Holder   0 -(0 Weatherproof Switch via 

Lamp Holder with Pull Switch -0Ps 

Pull Switch   0 -0 SPECIAL OUTLETS 

Any standard symbol with the ad- /..-., 

Outlet for Vapor Discharge Lamp 0 -10 dition of a subscript letter designates L.) a, b,c - etc 
some special variation of standard 

Exit light Outlet ® -0 equipment. Q a , b, c - etc 
list the key of symbols on each 

Clock Outlet (Lighting Voltage) e31 -GI drawing and describe in specifica- $ o,b,c -etc. 
tions. 

CONVENIENCE OUTLETS PANELS, CIRCUITS & 

Duplex Convenience Outlet 

Convenience Outlet other than 
Duplex. =Single, 3 Triplex, etc.  D 1,3 

Weatherproof Convenience Outlet   WP 

Range Outlet 

Switch and Convenience Outlet 

Radio and Convenience Outlet 

Special Purpose Outlet (describe in ra., 
specifications) 

Floor Outlet 0 

0111 

SWITCH OUTLETS 

Single Pole Switch   

Double Pole Switch   $ 2 

Three Way Switch   $ 3 

Four Way Switch   $ 4 

MISCELLANEOUS 

Lighting Panel 

Power Panel 

Branch 2-Wire Circuit — Ceiling or 
Wall 

Branch 2-Wire Circuit—Floor 
Indicate a greater number of wires. 

-71+ (3 wires), /hi/ (4 wires), etc. 

Feeders. Use heavy lines and des-
ignate by number from Feeder 
Schedule   

Underfloor Duct & Junction Box — 

Triple System. For double or sin-
gle systems eliminate one or two 
lines 

Generator   

Motor.   

Instrument   

Transformer   

MIR 

Cont-oller 

Isolating Switch   

AUXILIARY SYSTEMS 

Push Button   

Buzzer 

Bell 

Annunciator   

Telephone   

Telephone Switchboard   

Clock (Low Voltage)   

Electric Door Opener   

Fire Alarm Bell   

Fire Alarm Station   

City Fire Alarm Station 

Fire Alarm Central Station   

Automatic Fire Alarm Device   

Watchman's Station 

Watchman's Central Station   

Horn   

Nurse's Signal Plug 

Maid's Signal Plug 

Rad o Outlet 

Signal Central Station 

Interconnection Box   

Battery   

Auxiliary System 2-Wire Circuit — _ 

For a greater number of wires des-
ignate with numerals — 12-No. 18W-

or by listing in schedule 

COURTESY ELECTRICAL CONTRACTING 
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LECTURE i2 - ELECTRICAL UNITS AND SYMBOLS 

Co ulomb q or C; 

Unit of electrical quantity. The quantity which will de-
posit .0000116 oâ. of copper from one plate to the other 

in a copper sulphate solution. The quantity of Electri-
city which must pass a given point in a circuit fia one 
second to produce a current of one ampere. 

Ampere I or A Unit of current. (Rate of Flow) One coulomb per second. 

llilliampere MI or MA .001 I (The prefix "milli" means one-thousandth) 

Microampere µI or µA .000001 I (The prefix "micro" means one-millionth) 

Volt E or V 
Unit of pressure. (EMF - Electromotive Force) The pree 
sure required to force current at the rate of one ampere 
through the resistance of one ohm. 

Millivolt ME or MV .001 E One-thousandth volt. 

Microvolt ilii: or µV .000001 E One-millionth volt. 

Kilovolt KV 1000 S (The prefix "kilo" means one-thousand) 

Ohm R orn 

Unit of resistance. A measure of the opposition offered 
to the flow of current. Phe resistance offered by a 
column of mercury 106.3 centimeters long and 1 square 
millimeter in croes sectional area, at a temperature of 
32 degrees Fah., or 0 degrees Cent. 

Megohm Meg. 1,000,000 it one-million ohms. 

Microhm P-11 .000001 R One-millionth ohm. 

Mho g 
Unit of conductance. A measure of the ease which a con-
ductor will permit current to flow. It is the recipro-
cal of resistance. 

Watt # Unit of power. One watt is equal to current at the rate 

of one ampere under the pressure of one volt. V= I x E. 

Horsepower HP or If 746 â The power required to raise 33,000 pounds, one 
foot, in one minute. 

Milliwatt MW .001 W One-thousandth watt. 

Kilowatt KW 1000 W Unit of power. 

riatthour WE Unit of work. (Power :Time) WxH:=WH 

Kilowatt-hour KWH 1000 Wii Unit of mark. 

Farad C Unit of capacitance. Capacity of condensers. 

Microfarad Mfd. or µF .00001 0 One-millionth farad. 

Micro-microfarau MMF .000001 mfd. One-millionth microfarad. 

Henry L or H Unit of inductance. 

Millihenry ML or ME .001 L One-thousandth henry. 
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Sectional view of a house showing the wiring for doorbells, burglar alarm and telephone. These are three of the moat common signal 
conveniences in the home. 

CALL AND SIGNAL SYSTEMS 

In obtaining a knowledge of signal systems, we 
have to deal with the equipment or devices used, 
and also the circuits or methods of connection. 
There are a number of very interesting devices 

used in this work and you should become thor-
oughly acquainted with the operation, care, and 
purpose of each. With this knowledge and a good 
understanding of fundamental circuits you can lay 
out and install most any common signal system. 
The more common pieces of equipment are bat-

teries or transformers, switches of various types, 
bells, buzzers, relays, drop relays, annunciators, etc. 
The circuits are series or parallel, which you 

already know something about, and "closed" and 
"open" circuits, which will be explained later. 

1. SIMPLE CALL BELL 

IOne of the simplest of all signal systems, is the 
dinary door bell or call bell. 
Such an installation requires an ordinary bel), a 

dry cell, a switch, and a few pieces of wire as shown 
in Figure 1. 

Note how the three devices are connected to-
gether in a simple series circuit. One wire leads 
from the positive terminal of the cell to the right-
hand bell terminal, one from the left bell terminal 
to the switch, and one returning from the switch 
to the negative cell terminal, thus completing the 
electrical circuit when the switch is closed. 

In an actual installation, of course, these wires 
would be much longer, as the button would be 
located at the door, and the dry cell and bell prob-
ably near together somewhere in a rear room of 
the house. 
Or this same system can be used for an office 

call with the button located on a certain desk, and 
the bell at another desk or office where a party is 
to be called. The battery can be located at either 
end of the circuit, equally well. 
This circuit can also be used for a shop call, or 

a burglar alarm or fire alarm, by replacing the push 
button switch with a special door or window switch, 
or thermal switch, all of which will be explained 
later. 



68 Section One, Simple Door Bell 

So we find that this very simple system has a 
variety of valuable uses. 

Fig. 1. Materials and parts for a simple doorbell or call system. Note 
how the dry cell, bell and button are connected. 

2. USE OF PLANS AND SYMBOLS 
When the equipment for any signal system is 

pictured as in Fig. 1, it is of course easy to recog-
nize each part, and also to connect the wires as 
shown. But we must have some form of plan or 
sketch to do such work from, that can be made 
quicker and cheaper than photographs. So we have 
certain little marks or signs which we use to indi-
cate the different pieces of equipment in blue prints 
or job plans and sketches. These marks are called 
Symbols. 
As practically all new electrical installations 

now-a-days are made from prints or plans, the man 
who knows these symbols and can read prints has 
a great advantage over the untrained man who can-
nut 

In Figure 2 is shown a simple sketch of the same 
door bell system as in Figure 1. 
This sketch uses the symbols for the various 

parts, and can be quickly and easily made, and also 
easily understood, with a little practice. 
The part marked "A" is the symbol for a cell, 

the long line representing the positive terminal at 
which the current leaves, and the short line the 
negative terminal. "B" is the symbol for the bell, 
and "C" for the switch. 
The heavy top line of the switch represents the 

movable contact. The arrow underneath represents 
the stationary contact. Note that the arrow does 
not touch the upper part, showing that the switch 
is open as it should be normally. Imagine that 
you were to press down on this top part causing 
it to touch the arrow and close the circuit. Current 
would immediately start to flow from the positive 

cell terminal to the bell, and back through the 
switch to the negative side of the cell. The arrows àlk 
along the straight lines, representing wires, show 11, 
the direction of current flow. 

In Reading any electrical diagram from now 
on, practice Tracing Out the current flow in 
this manner. First locate and recognize all the 
parts by their symbols, and if there are any open 
switches, imagine that you close them. Then start-
ing at the battery, trace the current flow along the 
wires and through the devices, always returning to 
the opposite side of the battery from the one at 
which you started. Remember that unless you 
have such a complete circuit no current will flow. 

Fig. 2. Sketch showing the connections and circuit of simple 
system. 

3. COMMON DEVICES IN SIGNAL 
CIRCUITS 

Now let's find out more about each of the devices 
used in this simple system just covered, and also 
others. 

\V e can readily see that the principal parts which 
we must have for any electric signal system are 
a source of current supply, a means of control, and 
a device to transform the electric energy into a 
signal. 

4. BATTERIES FOR CURRENT SUPPLY 

Dry cells are very commonly used to supply cur-
rent to ordinary door bell and call systems of the 
"open circuit" type, where current is only required 
for occasional short intervals. Figure 3 shows two 
dry cells. You are already familiar with the care 
and operation of these cells from a previous section. 
(Elementary Section 6, Article 68.) When two or 
more cells are used they can be connected series 
or parallel according to the voltage and current 
requirements of the signal device. These connec-
tions were also covered in a previous section on 
Series and Parallel Circuits. Figure 4, however, 
shows two groups of three cells each, one group 
connected series, and the other parallel. 
Dry cells should not be used in closed circuit" 

systems, except where the current requirements are 
exceedingly small. 
Primary cells of the "gravity" type or the "Edi-

son" type are often used in closed circuit systems 
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because they will stand the continuous current re-
quirements much better than dry cells. The opera-

• tion and care of these cells were also covered in a 
previous section. 

Fig. 3. Two common dry cells such as used ostensively in signal systems. 
One is cut away to show terminal strip attached to the zinc. 

Storage batteries are often used in signal systems 
where the current requirements are quite heavy. 
Their care and charging will be covered later. 

5. MOTOR GENERATORS FOR SIGNAL 

e SYSTEMS 
In very large signal systems Motor-Generator sets 

are often used to supply the necessary current. 
These consist of a motor operated from the usual 

110 or 220 volt current supply in a build;ng, and 
driving a generator which supplies from 2 to 30 
volts D.C. to operate the signals. (See Figure 5.) 

Fig. 4. Sketch showing method of connecting groups el dry es% in 
series or parallel, to obtain primer voltage or 

current for various signals. 

Storage batteries are often used with motor 
generators, to supply current for short periods when 
the motor-generator might be shut down. 

Figure 6 shows a storage battery connected in 
parallel with a D.C. generator so that the generator, 
while operating, will keep the battery fully charged. 

1111Then, when the generator is stopped for any reason, 
Wthe battery supplies the current to the signals. The 

generator should be disconnected from the battery 
when it is stopped, so the battery will not discharge 
through the generator winding. 

Fig. 5. Photo of low voltage motor generator set and switchboard, used 
for supplying energy to large signal systems. 

6. BELL TRANSFORMERS 

Bell Transformers are very commonly used 
to supply current to ordinary door bell and 
simple call systems. These transformers operate 
from the 110 volt A.C. lighting circuits and reduce 
the voltage to that required for the signal bells 
or lamps. 

Liud o 110 VOCT 
SOPPLY 

1 

Mores 

Fig. Diagram of motor generator and storage battery connected 
together for dependable energy supply to large signal yetis». 

Figure 7 shows two common types of door bell 
transformers. 
A number of these transformers have three sec-

ondary wires, or "leads," giving 6, 8, or 14 volts 
with different connections. Others give still higher 
voltages. \Vhere higher voltage bells or lamps are 
used, or where the line is long, the higher voltage 
"leads" on the transformer should be used. 

In Figure 8 is shown a sketch of the windings 
and connections of a very common type of bell 
transformer. The primary winding "P" consists of 
about 1800 turns of No. 36 wire. The secondary 
winding consists of 235 turns of No. 26 wire, and 
has a "tap" or connection at the 100th turn. The 
core legs are about Y2 in. x 34 in. in size and 2s 
in. long. 
Transformers can only be used where there is 

electric supply in the building, and only on A.C. 
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They will not operate on direct current supply, 
and in fact, will "burn out" quickly if connected 
to a D.C. line. 

Fig. 7. Two different types of Icnv voltage bell transformers. These 
reduce the voltage of an A. C. lighting circuit to 11, 

8, and 14 volts for operation of bells. 

For special uses transformers are obtainable with 
taps and a switch to vary the voltage in a number 
of steps. One of this type is shown in Figure 9. 

Several other types are shown in Figure 10. 
Two of these, on the left, are mounted right on 
covers of "outlet boxes" for convenience in install-
ing and attaching them to the lighting circuits, 
which are run in conduit, or protective iron piping. 
The other is built in a box with fuses. 

110 VOLT A.0 

dO0 Q—Q-19P0 LOOLO, 

Wig. 8. Sketch showing windings and connections of • bell transformer. 

All of the various sources of current supply above 
mentioned are low voltage devices, usually furnish-
ing from 6 to 20 volts, as most bells and signal 
lamps are made to operate at these low voltages. 
Special bells are made, however, for 110 volt 
operation. But a low voltage bell should never 
be connected directly to a lighting circuit, as it 
will immediately burn out, and possibly blow the 
fuses or do other damage. 

Certain types of gigue systems using relays pm-

not be operated satisfactorily with transformers, as 
they require the continuous pull of D. C. on the 
relay magnets. Batteries or motor generators aril, 
required for such systems. 

7. CURRENT SUPPLY TROUBLES 

When signal systems fail to operate, the trouble 
can very often be traced to a weak or dead battery, 
burned out transformer, or blown fuse in the light-
ing circuit to which the transformer primary is 
connected. Cells and batteries can be quickly and 
easily tested right at their terminals with a bell or 
buzzer, low reading voltmeter, or battery ammeter. 

Fig. 9. Low voltage transformer with "taps" 
for obtaining various voltages. 

A transformer can be tested with a bell, buzzer or 
low voltage test lamp for the secondary test, or a 
110 volt test lamp for the primary test. 
When "shooting" trouble on any defective sign. 

system, you should never fail to check the source 
current supply first of all. 

8. SIGNAL SWITCHES 

Now that we know something of the different sources 
of current supply for signal systems, let us consider 
the means of control or switches used. 

Referring again to Figure 2, the purpose of the 
switch, as we have already mentioned, is to close 
and open the circuit, and start or stop the current 
flow, thus causing the bell to ring when desired. 

Fig. IS. Three types of bell transformers which are built in the covers 
of standard outlet boxes for conduit wiring. 

This type of switch is called a Push Button 
switch. Figure 11 shows the operating parts of 
such a switch with the cover removed, and also the 
assembled switch. The upper left part shows O. 
contact springs, mounted on an insulating base 
hard fibre. The short lower contact is called the 
stationary one, and the longer upper spring is called 
the movable contact. 
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Fig. 11. View showing parts of a push button switch; also completely 
assembled button below. 

When assembled, the button, which is also of insu-
lating material, rests on the large spring and is held 
in place by the cover, as shown in the lower part of 
the figure. The springs are so shaped that they nor-
mally remain separated from 38 in. to X1 in., thus 
keeping the circuit open. But when the button is 
pressed it forces the movable spring down onto the 
stationary one, closing the circuit and allowing current 
to flow through the switch. 
This type of push button switch is called an Open 

Circuit Switch, because it is normally open. 
&These switches are made for low voltages only, and 
nerrould never be used for high voltage lighting circuits, 
or heavy currents, as they may arc and overheat badly. 
When connecting such a switch in a circuit, one 

wire is attached to each of the screws which have the 
washers under their heads. This fastens one wire to 
each switch contact. 
The two holes in the fibre base are for the wires 

to pass through, and the switch is held in place by 
the cover. The button is slipped in the hole in the 
cover before placing the cover on the switch. 
Some switches have metal covers that snap on, 
while others have wood covers that screw on. In 
addition to this common open circuit switch, we 
have "closed circuit" and "double circuit" push but-
ton switches. 
A Closed Circuit switch is one that has its 

contacts normally closed, and some current flowing 
through it all the time except when it is pressed 
open. 

e. 12. Double circuit push button switch, showing clearly the ar-
rangement of contacts and parts with respect to base and cover. 

9. DOUBLE CIRCUIT SWITCHES 

A Double Circuit switch is one that has both 
a closed contact and an open contact, and when 

pressed it breaks the closed circuit and closes the 
open circuit. 

In Figure 12 is shown a double circuit switch. 
This switch is used in certain types of signal and 
alarm systems, where we wish to open one circuit 
and close another at the same time. 

Referring to the figure, you will see that it has 
a large movable contact, and one open contact un-
derneath, and also a closed contact above the 
movable spring. 
The top spring is called the closed contact be-

cause it is normally touching the movable strip, 
keeping a circuit cicsed through them until the 
button is pressed. Then the movable spring leaves 
the top one and touches the bottom one, opening 
one circuit and closing the other. 

Fig. 13. Connections for a double circuit switch to operate a signal 
lamp and bell. 

Figure 13 shows a double contact switch in use 
in a signal circuit. Normally the lamp burns con-
tinually and the bell is silent until the switch is 
pressed. Then the lamp goes out and the bell 
rings. Trace the circuit to note carefully this 
operation, and notice the symbol used to represent 
the double circuit switch at "A". 

Fig. 14. Different type of double circuit switch, very convenient for 
code signalling because of its "key-like" construction. 

It is quite important, in making a drawing of 
these switches, to have the top contact closed or 
touching the movable strip, and the bottom contact 
or arrow should not be touching, in normal position. 

Also remember that in all these switches the 
movable part is a spring, so it goes back to normal 
as soon as released. 

In Figure 14 is another type of double circuit 
switch, that has no cover, and is used for indoor 
work such as desk call systems. 
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Because of the shape of its spring and button, 
it is very convenient to use a› a signalling key for 
certain code calls. 
With either of the double contact buttons shown, 

we can remove the bottom contact or leave it un-
used, and then this switch will serve as a closed 
circuit switch. 

Fig. 15. Two closed circuit switches connected with lampa for a return 
call signal. 

Figure 15 shows a sketch of two such switches 
used with two lamps, as a signal system for two 
parties to signal each other at a distance, by blink-
ing the lamps. 
Such a circuit should use a transformer, storage 

battery or gravity battery, because the continual 
current flow through the lamps would soon exhaust 
a dry cell. 
One definite advantage of such a closed circuit 

signal system is the fact that any failure or defect, 
due to a dead battery or broken wire, is more likely 
to be noticed at once, than it is with an open circuit 
system. This is often of great enough importance 
to more than make up for the slight extra current 
cost. 

Push button switches can be obtained with orna-
mental covers as shown in Figure 16. 

Fig. 11I. Two types of ornamental covers tor use with push button 
switches. 

10. DESK BLOCKS AND SPECIAL PUSH 
BUTTON SWITCHES 

For desk call systems a smaller push button 
switch is often required, so a number of them can 
be located in one small block or panel. 
Figure 17-A shows a desk block with five of these 

small buttons, and marker plates to indicate which 
call each button operates. Figure 17-B shows a 
metal panel assembly of 10 switches, such as quite 
commonly used in office call systems. 

in Figure 18 are shown several types of small 

A 

Fig. 17-A. Push buttons arranged in a desk block for office signal 
systems. 

Fig. 17-B. Ten small push buttons with indicator tags, on a panel that 
can be used for wall or desk mounting. 

push buttons that can be mounted in desk blocks, 
or in round holes drilled in a board or desk. 

For hospitals, and certain other uses, a very con-
venient push button can be arranged on the end 
of a flexible wire, so it can be laid on the pillow, 
or moved around somewhat. A button of this type, 
and also one to be clamped onto a bed or chair are 
shown in Figure 19. 

Fig. 18. Four different types of small push buttons for use in desk 
blocks or panels. 

11. BURGLAR ALARM SWITCHES. DOOR 
AND WINDOW SPRINGS 

In burglar alarm work we have special types 
of switches called "Window Springs" and "Door 
Springs." Figure 20 shows three views of common 
types of window springs which are made to fit in 
the window casing. These switches can be ob-
tained in either open circuit or closed circuit 
types. They are mounted in the window casing 
in such a manner that when the window is 
closed, its frame rubs on the projecting slide es 
the switch and holds the switch open, so the b 
does not operate. When the window is opened and 
its frame slides off the switch, the spring closes 
the circuit and causes the bell to operate. Or the 
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Fig. 19. Two types of push buttons commonly used in hospitals. The 
one on the left for attachment to pillow cord; the one on the 

right to be clamped to bed rail or chair arm. 

reverse operation takes place where open circuit 
switches are used. 
Figure 21 shows two door spring switches. The 

one at the left is a closed circuit switch, and the 
one at the right is an open circuit type. 

Fig. 20. Three different views of open and closed circuit window springs 
used in burglar alarm systems. 

These switches are installed in the door casing, 
so that when the door is closed it holds the button 
compressed, and when the door is opened, the spring 
pushes the button out and closes or opens the 
circuit as desired, causing alarm to operate. Win-
dow and door soring-s can be obtained in both closed 
and open circuit types. 

Fig. 21. Door springs of open circuit and closed circuit types to be 
mounted in door casings for burglar alarms. 

Two types of Door Trips are shown in Figure 
22. This type of switch is to be mounted above the 
door so that as it opens, the top of the door will 
strike the suspended lever, causing the bell to 
operate momentarily. 

Fig. 22. Door trips to be mounted above a door, and ring a bell as tbe 
door is opened. 

12. KEY OR LOCK SWITCHES 
In burglar alarm systems a lock switch is often 

used so the owner can turn the system on at night 
and off during the day, or enter the building with-
out tripping the alarm if he desires. These switches 
can only be operated with a special key. Figure 23 
shows two switches of this type. 

on 

Fig 23. Burglar alarm lock switches, used to turn the system off during 
the day or when the owner wishes to enter the 

building without sounding alarm. 

13. BURGLAR ALARM "TRAPS" 
Another type of switch, often called a burglar 

alarm "Trap" is shown in Figure 24. This switch is 
arranged to be operated by a string attached to the 
(;oor, window, or device to be protected. 
Some of these "traps" will cause the alarm to 

operate if the lever is moved in either direction from 
the "set' position. 

If the string is pulled it moves the lever in one 
direction, making contact on that side. If th t string 
is cut, it releases the lever and a spring moves it in 
the opposite direction, making a contact on that 
side. 

14. FLOOR SWITCHES 
Often it is desired to have a signal system that 

can be operated from a concealed floor switch, under 
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a carpet or rug. A switch of this type is shown in 
Figure 25-A. Pressure on any part of this switch will 
close a circuit through it, and operate a bell or other 
signal. Figure 25-B shows a special burglar alarm 
matting which is equipped with wires and contacts, 
to cause a bell to ring when the mat is stepped on. 

Fig. 24. Burglar alarm trap or switch to be operated by a string 
attached to door, window, or other object. 

15. THERMAL OR HEAT SWITCHES 
Another very interesting type of switch is the 

Thermostat type. One of these is shown in Figure 
26. This switch is caused to operate by changes 
in temperature, and makes use of the different rates 
of expansion of different materials when they are 
heated. In the type shown here a strip of brass and 
one of hard rubber or composition are riveted to-
gether. When heated, the rubber or composition 
strip expands much faster than the brass, causing 
the whole strip to warp or bend downwards and 
close a circuit with the lower adjustable contact. 
When the strip is allowed to cool the contraction 
of the top strip causes the whole element to bend 
upwards again, and break the connection with the 
lower contact. If cooled beyond a certain point, 
it will bend upward still farther and close another 
circuit with the top adjustable contact. 

Fig. 25-A. Floor switch for use under carpets, near tables or desks. 
Fig. 7S-B. Burglar alarm mat to be placed under door mats or rugs, 

to close a circuit when stopped upon. 

These thermostatic switches are made in several 
different styles, and are used in fire alarm systems, 
or to indicate high or low temperature in ovens, 
refrigerators, storage rooms and various places, by 
operating a bell or signal when certain temperatures 
are reached. Some of the5r applications will be 
more fully described later. 
So you see there are switches for almost every 

need in signal work, but all are simply devices to 
open or close a circuit. 
Switches for special alarm or signal needs can 

often be easily and quickly made from two or more 
strips of light spring brass mounted on a piece of 
wood or other insulation, and bent to the proper 
shapes. 

A few other types of switches are shown in Figure 
27. Snap switches of the type used in lighting circuit 
are sometimes used in signal circuits also. 
16. SWITCH TROUBLES AND TESTS. 
Some of the mysterious little troubles that cause 

failure of signal systems are often right at the switches, 
and nothing more than a loose connection, or dirty or 
burned contacts. Or possibly some small piece of insu-
lating material such as a bit of string or fuzz from 
the wire insulation, or a bit of wood or sand, stuck 
to one of the contacts. A sure way to test any switch 
is to connect a dry cell and buzzer, or low voltage 
lamp, directly across its terminals; and then press the 
switch a number of times. If it does not operate 
the lamp or buzzer every time it is pressed, its contacts 
should be thoroughly cleaned with sandpaper, knife, 
or fine file, and its terminals carefully tightened. Re-
member a very small object or amount of dirt offers 
enough resistance to prevent current flow in low volt-
age circuits. 

Fig. 24. Thermostatic switch which closes its contacts when heated, 
and is used in fire alarm systems. 

We have seen many an "old timer" or electri 
with considerable experience sweat and worry AO 
something of this same nature. But with a knowledge 
of circuit principles, Ohms Law, and these simple defi-
nite tests, such troubles can be "cornered" and need 
not be so mysterious to the man with training. 
Now that you understand the common types of 

switches or devices for controlling signal circuits, we 
will take up the bells and devices for producing the 
call or alarm. 

Fig. 26-B. Two sketches of thermostatic switch, showing the strip in 
normal position in the upper view, and warped to close the contacts 
in the lower view. Note how the circuit is completed through the 
metal frame of this dill**. 
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17. SIGNAL BELLS AND LAMPS 

le The purpose of any signal or alarm system, is 
to call the attention of someone. To do this we can 
use either an "audible" or "visible" signal, or quite 
often a combination of both. By an audible signal, 
we mean one that creates sound loud enough to be 
heard by those whose attention is desired. Bells, 
buzzers, and horns are used for this purpose. Visi-
ble signals are those that are to attract the eye, 
such as lamps, or semaphores. The term "sema-
phore" means a sort of moving flag or shutter. 

• 

Fig. 27. Several different types of switches used in signal work. The 
two above are called Lever Switches. In the center on the left is • 
Multiple Key Switch; at the right double circuit Lever Switch. 
Below are two Knife Blade Switches. 

Visible signals as a rule can only be used where 
they are in front of, or in line with the vision of 
those whose attention is desired, and are most com-
monly used where an operator or attendant is 
watching for them continually. 

Electric bells are very commonly used in all 
types of signal systems. 
Their construction and operation is quite simple 

and yet very interesting, and important to know. 

18. VIBRATING BELLS. 

There are several different types of bells, but the 
Series Vibrating Bell is the most commonly used 
of any. Figure 28 shows a good view of such a bell 
with the cover removed, showing the coils and 
parts. 
Examine this carefully and compare it with erigure 29, which is a sketch of the same type of 

ell, and shows the electrical circuit and operating 
principle clearly. Note how easy it is to recognize 
each part in the photo, from the simple symbols in 
the sketch, and how the sketch really shows some 

things more clearly than the actual photograph. 
"A" and "A" are the bell terminals to which the 
wires are fastened. "B" "B" are the cores and coils 
or electro-magnets, which attract or operate the 
armature "C". "D" is a spring which supports 
the armature and also pulls it back every time the 
magnets release it. "E" is the end of the same 
spring, on which is mounted a piece of special alloy 
metal, which serves as a contact to close a circuit 
with the adjustable screw contact "F". These form 
the Make and Break Contacts, and are very neces-
sary in the operation of the bell. "G" is the frame 
of the bell, "H" is the hammer which is attached to 
the armature, and strikes the gong "I", when the 
magnets attract the armature. 
When a battery is connected to terminals "A", 

"A", current at once starts to flow through the bell. 
If the positive battery wire was attached to the 
left terminal, current would flow up through the 
armature, which, of course, is insulated from the 
frame, then through the "make and break" con-
tacts, through the coils and back to the right hand 
terminal and the battery. As soon as current flows 
through the coils, the magnets attract the armature, 

Fig. 28. View showing common vibrating bell with cover removed. 
Note carefully the construction and arrangement et 

coils, armature, and contacts. 

causing the hammer to strike the gong, and also 
opening the "make and break" contacts. This stops 
the flow of current, demagnetizing the coils and 
releasing the armature. As son as the armature 
falls back and closes the contacts, the magnets pull 
it away again. This is repeated rapidly as long as 
current is supplied to the bell; thus it is called a 
Vibrating Bell. 

19. BELL TROUBLES 
Most of these bells have their coils wound for 

6 to 10 volts, and should not be operated on much 
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Fig. 29. Sketch showing electrical circuit and connections of common 
vibrating bell. Observe very carefully the parts of this 

diagram, and the explanation given. 

higher voltage or the coils will overheat and burn 
'heir insulation off, which destroys them. 

lost vibrating bells are made for short periods 
of operation only, and should not be allowed to 
operate continuously for long periods, or the arc 
at the contacts will heat and burn them. If these 
contacts become badly burned or dirty, they should 
lie cleaned and brightened with a thin file. When 
a vibrating hell refuses to operate the trouble can 
usually be found at the contacts, or a loose termi-
nal nut, or poorly adjusted armature spring. 

Fis 30. Heavy duty bell triune and parts. Note the extra heavy 
carbon contacts for making and breaking the circuit at "A." 

\\ hen the contacts are worn out, they can be re-
placed on the more expensive bells, but on the 
cheaper bells it is difficult to remove them and the 
bells can be discarded more economically, because 
of their very low cost. 

In the more expensive bells, the contact points 
are faced with platinum, silver or special alloys 
that resist corrosion and burning, as even a very • 
small amount of burned metal or dirt in these con-
tacts will prevent the operation of the bell. 

In some vibrating bells both terminals are 
insulated from the frame by little fibre sleeves and 
washers, and must be kept so. 

If this insulation becomes defective the current 
is shorted through the frame and the bell will not 
operate. Other bells have only one terminal insu-
lated, and the other is intentionally grounded to the 
frame, passing the current through the frame to 
the armature, which in this case is also grounded 
to the bell frame. 
Sometimes the hammer of a bell becomes bent so 

it will not touch the gong, or rests too tightly 
against it, stopping the proper operation of the bell. 

• 

Fig. 31. Ruggedly constructed heavy duty bell. Bells of this type are 
often wound for 110-volt operation, and used where 

a very loud signal is desired. 

A good undersanding of the parts and operation 
of these bells will enable anyone with a little 
mechanical ability, to easily locate and repair their 
most common troubles. 

In Figure 31, is shown one of the larger types 
of vibrating bells which are often wound for 110 
volt operation. 

Series vibrating bells will operate on either D. C. 
or A. C. as it does not matter which way curre 
flows through them; the magnets will attract tIrle 
armature just the same. For this same reason, it 
makes no difference which way a battery is con-
nected to these bells, as far as polarity is concerned. 
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20. SINGLE STROKE BELLS 
Sometimes it is desired to have a bell that will 

alk give single taps each time the button is pressed, 
instead of the continuous vibration. 
Such a bell is called a Single Stroke Bell. Figure 

32 shows a sketch of a bell of this type. The only 
difference between this and a vibrating bell is that 
it has no make and break contacts, and therefore 
cannot vibrate. Each time the button is pressed 
and current supplied to this bell, its hammer strikes 
one tap on the gong. As long as the switch is kept 
closed the magnets hold the hammer quietly against 
the gong, after the first tap. When the switch is 
opened the hammer drops back ready for the next 
stroke. 

Fig. 32. Circuit diagram of a single stroke bell. Note that It does not 
have any "snake and break" contacts. 

These bells are very good for code calling, where 
a certain number of distinct strokes are used for 
each different call. They should be operated on 
I). C., as alternating current will cause the hammer 
to chatter slightly if held against the gong. This 
is due to the regular variations in value of alter-
nating current. 

21. COMBINATION BELLS 
There are also combination bells which are 

arranged to be used either vibrating or single stroke. 
Figure 33 shows a sketch of such a bell con-

nected to a battery and two switches, to be operated 
either as a single stroke or vibrating bell as desired. 
If button "A" is pressed, the current will flow 
directly through the coils without having to pass 
through the make and break contacts at "C", and 
the bell will operate single stroke. The arrows show 
the path of current flow, during single stroke opera-
tion. If button "B" is pressed the current will flow 

411
 • trough the armature and make and break contacts, 
d then to the coils, and the bell will vibrate be-

cause the magnets can now break the circuit rapidly 
as they pull the contacts apart at "C". 

In emergencies or when a combination bell of this 

type cannot be obtained conveniently, you can 
easily convert an ordinary vibrating bell to single 
stroke or combination operation, by attaching an 
extra wire to the stationary contact of the breaker. 
See Figure 34, and the extra wire "A". 

Fig. 33. Connections for a combination bell to be used either singe 
stroke or vibrating. Trace this circuit carefully. 

There are several other types of bells that are 
slightly different from the series vibrating type 
with principles very similar, but they are little 
used and can be easily understood with a little close 
observation and a knowledge of general principles 
covered here. 

Fig. 34. Sketch showing method of attaching an extra wire to the 
stationary contact to convert an ordinary vibrating bed foe 

single stroke or combination operatics. 
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Another type of bell used extensively in tele-
phone work, and operated on alternating current, 
will be taken up in a later section. 

22. SIGNAL BUZZERS 

In certain places such as hospitals and offices 
where noise is undesirable, a bell is too loud, and 
some device to give a softer note is needed. 

For this purpose we have buzzers. These buzzers 
are almost exactly the same in construction and 
operation as the bells, except that the hammer and 
gong are left off entirely. The vibration of the 
smaller and lighter armature makes a sort of low 
buzzing sound which is sufficient to attract the at-
tention of anyone near it. Figure 35 shows a com-
mon type of office buzzer enclosed in its metal case, 
and Figure 36 shows a sketch of the electrical cir-
cuit and parts of this buzzer. Buzzers can be ob-
tained in different sizes, and some have an adjust-
ment screw on them to change the tone and volume 
of sound. Figure 37 shows four buzzers of different 
sizes. 

Fig. SS. Common office type buzzer, very similar to a vibrating bell, 
except that it has no hammer or gong. 

23. "MUFFLING" OF BELLS 

Sometimes when a buzzer is not available it is 
desirable to partly silence a bell, without putting 
it out of service entirely. This can be done by 
plugging the back of the gong with paper, or by 
removing the hammer ball, or bending it back so 
it does not strike the gong. 

24. CARE AND TESTS OF BELLS AND 
BUZZERS 

When any bell or buzzer fails to operate, a quick 
test to find out whether the trouble is in the bell 
or some other part of the circuit, can be made by 
connecting a cell or battery of proper voltage 
directly to the bell terminals. 

If the bell does not operate then, be sure its 
terminals are tight, and its armature free to move. 
Clean the make and break contacts carefully with 
a thin file, or fine sand paper, and you will probably 
cure the trouble. If it still does not operate, 
examine the coils and the wires leading to them 
and, if necessary, test the coils as explained in 
previous sections. Usually the trouble will be found 

at the contacts, loose terminals, or armature ad-
justment. 

25. SILENT SIGNALS 

In some places an entirely silent signal is desired, 
and a visual indication is used instead of a bell or 
buzzer. 
For this purpose we have low voltage signal 

lamps of various types. These can be obtained in 
voltages from two to twenty, and with colored 
bulbs, in white, red, blue, green, amber, etc. The 
different colors can be used to indicate different 
signals or to call different parties. 

Fig. 36. Sketch showing coils and circuit of a buzzer of the type shell> 
in Fig. 35. 

Some of these lamps can be obtained with minia-
ture threaded bases, to screw into small porcelain 
sockets, and can be conveniently located most any-
where desired. Others are made in special sizes 
and types, such as those used in telephone switch-
boards, etc. 
\Vhen regular signal lamps are not available, 

automobile lamps and flashlight lamps can often be 
used to good advantage. 

In many cases both a lamp and bell are used, 
or a lamp in the daytime, and a bell at night to 
arouse a sleeping person. 
Danger signals often use both a red lamp and a 

bell. Railway crossing alarms are good examples 
of this. 
Lamps of proper size and voltage rating can 

often be connected in parallel with a bell as in 
Figure 39-A, or in series as in Figure 39-B. 
Figure 40 shows a circuit which enables the caller 

to use either the lamp or bell as desired. 

Fig. 37. Four office buzzers of different sizes. Each size gives • signal 
of a different tone and volume. 
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Fig. 36. Several types of low voltage lamps which can be used for 
signal circuits. 

26. MAGNETIC DOOR OPENERS 
A device quite commonly used in connection with 

door bells is a Magnetic Door Opener, shown in 
Figure 41. These devices will unlock the door by 
use of magnets, when a button inside is pressed. 
They are particularly popular and useful in apart-
ment buildings where the door bell may call some-
one several floors above. Such buildings usually 
have speaking tubes or telephones in connection 
with the door bells, and after the bell is rung and 
the party in the house finds out who is calling, they or unlock the door if they wish to by merely press-
g a button in their apartment. Thus they are a 

Fig. 38-A. Panel and cord for silent hospital signal. The lamp is 
located behind the glass "bulls-eye" at the left. 

great convenience and time saver. Figure 42 shows 
a sketch of a magnetic door lock in connection with 
a door bell system. Note how the same battery and 
the center wire are used for both circuits. Many 
worth while economies can be effected in wiring 
signal systems, by such simple combinations of ércuits. A number of these will be shown a little 

ter in this section. 

27. DROP RELAYS FOR CONSTANT 
RINGING SIGNALS 

In certain alarm and signal systems it is often 

A 

o 

Fig. 39-A. Signal lamp connected in parallel with a bell so they both 
operate at once. 

Fig. 39-B. Signal lamps can also be connected in series with bells if 
they are uf the proper resistance. 

Fig. 40. Connections for operating either a bell call or silent lamp 
signal, as desired. 

an advantage to have the bell continue to ring until 
it is shut off by the person it is to call. For example 
a burglar alarm in order to give a sure warning, 
should not stop ringing if the burglar stepped in 
through the window and then closed it quickly. To 
provide continuous ringing of a bell once the switch 
is closed, we use a device called a drop relay. 
Figure 43 shows one of these devices, and Figure 
44 shows a sketch of the connections of a drop 

„ 

Fig. 41. Magnetic door opener, used to unlock doors In apartztwest houses 
or buildings from a distance, by the use of a push 

Button and low voltage circuit. 
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relay with a bell, battery, and switch, ready to 
operate. Trace each part of this circuit and examine 
the parts of the device carefully, and its operation 
will lie easily understood. 

Fig. 42. Sketch showing connections for a doer bell and magnetic 
door opener. 

When the switch is closed, current first flows 
through the circuit as shown by the small arrows, 
causing the coils to become magnetized and attract 
the armature. This releases the contact spring 
which flies up and closes the circuit with the sta-
tionary contact to the bell. Before being tripped, 
the contact spring is held down by a hook on the 
armature, which projects through a slot in the 
spring. The button "B" extends through the cover 
of the relay, and is used to push the contact spring 
back in place, or reset it, and stop the bell ringing. 

Fig. 43. Common type of drop-relay to provide constant ringing la 
alarm or signal circuits. 

In tracing the bell operating circuit shown by 
the large black arrows, we find the current flows 
through the frame of the device from "C" to "D." 
The marks or little group of tapered lines at "C" 
and "D" are symbols for Ground connections. 
From this we see that a ground connection as used 
in electrical work does not always have to be to 
the earth. But instead a wire can be Grounded 
to the metal frame of any electrical device, allowing 
the current to flow through the frame, saving one 
or more pieces of wire and simplifying connections 
in many cases. It is a very common practice in low 
voltage systems, and extensively used in telephone 
and automobile wiring. So remember what that 
symbol means whenever you see it from now on. 
Another type of drop relay is shown in Figure 45, 
and its circuit and connections with a bell and 
battery are shown in Fig. 46. 

Fig. 44. Sketch showing complete drcult and connections of deep-relay 
of the type ahem% In Fig. O. Examine this *latch and 

trace the circuit vary carefully. 

This relay is a little different in construction 
than the one in Figure 43, but it performs the same 
function of causing the bell to ring constantly when 
the relay is tripped. Trace this circuit carefully and 
compare the terminals "C," "D" and "E" with their 
position on the relay in Figure 45, and this will 
show you how to properly connect the device ie 
a circuit. 
Drop relays are used very extensively in burglar 

alarms, and also in other forms of signals. Some 
special bells are made with an extra release spring 
and switch to make them ring constantly until re-
set. This is a sort of drop relay built right into the 

Fig. 4S. Media« tine of dree-rvix1 of died, different construction. 
bat doe providing constant sine«. 

28. RELAYS 

Earlier in this section it was mentioned that a 
closed circuit system is much more reliable than 
an open circuit system, because any fault such 
a broken wire or dead battery would make its 
known at once by causing the signal to operate. So 
closed circuit systems are much better for burglar 
alarms, fire alarms, etc., where it is very important 
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Fig. 46. This sketch shows the method of connecting a drop-relay such 
as shown in Fig. 45 to a bell battery and push button 

for constant ringing signals. 

not to have a fault in the system go unnoticed until 
just when the signal is most needed. 

\Ve cannot, of course, connect a bell directly in 
a closed circuit, or it would ring continually. So 
te have an interesting device which can be con-
nected in the closed circuit, using very little cur-
rent, and making no noise until its circuit is dis-
turbed. Then it immediately gets busy and closes 
a second circuit to the bell, causing it to ring. 
ak This device is called a Relay. Its name gives 
IV good idea of its function. When it receives an 
impulse or has its current interrupted, it passes on 
an impulse of current to a bell or other device, 
,imilar to the man in a relay race who passes his 
-tick to the next man to carry on. 

Fig. 47. Common Pony Relay such as used in burglar alarm and 
telegraph systems. Examine the construction and parts, 

and compare with description given. 

A relay is in reality a Magnetically Operated 
Switch. Figure 47 shows a common type of Pony 
Relay, which is used extensively in alarm, signal. 
and telegraph work. 
Examine this relay very closely. You will note 

the Coils or electro magnets, which are to attract 

* Armature or movable part of the switch. The 
mature is the vertical metal piece set in pivot 

hinges at the left end of the magnets. Then there 
is a coil spring attached to it and having its other 
end fastened to an adjusting screw to vary the 

spring tension on the armature. This spring is to 
pull the armature back each time the magnets re-
lease it. The large piece of brass with the curved 
arch above the armature is called the Bridge, and 
supports two adjustable bridge contacts. These 
screw contacts have hollow tips, in which we can 
place plugs of metal, hard rubber, or wood, ac-
cording to which contact we wish to use in the 
circuit. Note that the armature tip also has small 
points of good contact metal on each side where 
it touches the bridge contacts. 

Fig. 48. Diagram showing the arrangement elf the electrical 
and terminals of a Pony Relay. 

circuits 

29. RELAY TERMINALS AND 
CONNECTIONS 

The two connection posts or terminals on the 
right end of the base in Fig. 47 connect to the coils. 
And of the two on the upper left corner, the right-
hand one nearest the armature is connected to the 
armature, and the left one connects to the bridge. 
These connections are made under the relay base. 
It is very important to remember which of these 
terminals are for the coils, armature, and bridge. 

Figure 48 is a sketch of this relay showing its 
electrical parts and circuits from the opposite side 
to the one shown in Figure 47. Compare this very 
closely with the picture in Figure 47, and locate 
the coils, armature, bridge, contacts, and terminals, 
so you know the location of each and the operating 
principle of the relay. Figure 49 shows another 
relay of slightly different construction but same 
general principle as Figure 47. 

Fig. 49. Another type of Pony Relay similar to tha one in Fig. 47, but 
el slightly different mechanical construct:lea 
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30. OPEN, CLOSED, AND DOUBLE 
CIRCUIT RELAYS 

Relays can be used in several different ways in 
circuits, and according to their use they are called 
Open Circuit, Closed Circuit, and Double Circuit 
Relays. 
To use a relay as an open circuit device, we place 

the metal tipped bridge contact screw on the left 
side of the bridge arch, and the insulated contact 
on the right, or the side away from the coils, as 
in Fig. 50-A. 

Fig. 5I. This sketch shows in detail the manner of arranging and 
Insulating relay bridges for open circuit, closed circuit, 

and double circuit operation. 

For closed circuit operation we reverse them. 
For double circuit use we fit both bridge screws 
with metal tips, but remove one screw and insulate 
it from the bridge arch, by enlarging the hole and 
fitting it with an insulating sleeve, then replacing 
the screw in this sleeve. Then we attach an extra 
wire to this screw for the extra circuit. See Figs. 
50-A, B, and C. With a drill to enlarge the hole in 
the bridge, and piece of fibre or hard rubber, or 
even hard wood, for the insulating sleeve, any 
ordinary pony relay can be easily changed to a 
double circuit relay in this manner in a few minutes. 
This is a very important thing to remember, be-
cause some time you may not be able to get a 
double circuit relay, and it may be very handy to 
know how to change over a single circuit relay in 
this manner. 

31. RELAYS USED IN BURGLAR ALARMS 
Figure 51 shows a closed circuit relay connected 

up for operating a simple closed circuit burglar 
alarm. Here we have used just the symbol for 
the relay instead of a complete sketch. Note what 
a time saver this symbol is, and practice making 
a sketch of it until you are sure you can make it 
any time, when laying out a plan for a system using 
relays. 
Trace out the circuit in Figure 51 until you un-

derstand its operation thoroughly. Note that cur-
rent will normally be flowing all the time in the 
closed circuit "A". For this reason most relays of 
this type have high resistance coils, wound with 
many turns of very fine wire, so they will not use 
much current from the battery. Many of these 

A 

7111 

Fig. 51. Connections for a closed circuit relay used to operate • bail 
In a simple bulgier alarm system. 

common relays have coils of 75 ohms, and they can 
be obtained with higher or lower resistance for 
various uses. Recalling the use of Ohms law for-
mula, we find that if a 75 ohm relay is used in a 
circuit with a 3 volt battery, only .04 ampere will 
flow. Or as E±R=I, then 3÷75=.04. 
Many relays are made so sensitive and with such 

high resistance coils, that .001 ampere or less will 
operate them. But even with the small current 
flow of .04 ampere, it will be best to use a gravity 
cell, Edison cell, or storage battery, for the closed 
circuit "A", so the continuous current flow will not 
exhaust it quickly. 
As long as this system is not disturbed, the c 

rent flowing in the closed circuit "A" and throullP 
the relay cas, will hold the armature away from 
the bridge contact, and the bell will remain silent. 
But if a burglar disturbs the window or door to 

which the closed circuit switch "C" is attached, 
this will open the circuit and stop the current 
through the relay coils, and they will release the 
armature. Its spring will pull it against the bridge 
contact and close the circuit to the bell giving the 
alarm. 

32. PROPER LOCATIONS OF PARTS FOR 
DEPENDABLE CLOSED CIRCUIT 
SYSTEMS 

In installing such a system, the relay, bell, and 
batteries would usually all be grouped close to-
gether, possibly all on one shelf, so the wires be-
tween them and in circuit "B," would be short and 
have little chance of being damaged. The wires 
of circuit "A" would be the long ones running 
through the building to the part to be protected. 

If these wires should be cut or damaged, or this 
battery go dead, the relay would immediately cause 
the bell to operate, calling attention to the fault. 
While with an open circuit system the wire could 
be cut, or the battery dead, and the system out 
of order, without any one knowing it, and thus fal 
to operate tt hen needed the most. 
The battery in circuit "B" is not likely to 

dead so often, as there is very seldom any current 
required from it. But it should be tested occa-
sionally to make sure it is in good condition. Any 
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important alarm system should be tested daily, or 
every evening, before being switched on for the enight. 

In Figure 51, in the relay symbol, we only show 
the one bridge contact which is in use. 
When we desire to operate a bell or signal 

sounder at a considerable distance, an open circuit 
relay can be used to good advantage to save send-
ing the heavier current required by the bell over 
the long line. 

If we were to send the heavy current over the 
long line, it would cause considerable voltage drop 
and we would have to use larger, more expensive 
wires, or higher voltage supply. But the relay cur-
rent being very small can be sent over the line 
more economically, and the relay will act as a 
switch at the far end of the line, to close a Local 
circuit to the bell. See Figure 52. 
This circuit uses an open circuit relay, and the 

bridge contact on the side opposite to the one used 
in Figure 51. This method of using a relay to 
operate on a feeble impulse of current, and close 
a circuit to a larger device requiring more current, 
is one of their most common applications. 

• 

o 

Fig. 52. Connection diagram for an open circuit relay used to operate a 
bell at a considerable distance from the push button. 

33. USE OF RELAYS IN TELEGRAPH 
SYSTEMS. GROUND CIRCUITS 

Figure 53 shows two relays at opposite ends of 
a line, and operating Sounders in local circuits, in 
a simple telegraph system. The primary circuit 
includes two line batteries, two key switches, and 
two high resistance relay coils. The secondary cir-
cuits each consist of a local battery and sounder, 
and include the relay armature and bridge contacts 
as their switches. You will note that only one line 
wire is used in the primary circuit, and the earth 
is used for the other side of the circuit, by grounding 
the batteries at each end as shown. This saves 
considerable expense in line wire, and is quite com-
monly done in telegraph, telephone, and certain 
classes of signal work. 

If the ground connections are well made of buried 
metal plates, or rods driven deep into moist soil, 
the resistance of the earth is low enough so the 
losses are not very high with such small currents. 
Such ground circuits are not used to transmit 

electric power in large amounts, however. (" Both of the telegraph keys in this system have 
extra switches that are normally kept closed when 
the keys are idle. This allows a very small amount 
of current to flow through the line and relay coils 
continually, when the system is not in use. 

This keeps the relays energized, and the local 
sounder circuits closed also, through the relay 
armatures and bridges. This may seem like a waste 
of current, but the batteries, being of the closed 
circuit type, stand this current drain very well and 
do not cost much to renew when exhausted. 
When an operator wishes to send a message, 

he opens the auxiliary switch on his key, thus 
opening all circuits. Then each tap of his key 
sends a feeble impulse or very small current over 
the line, causing the relays to operate and give 
similar impulses, but of much heavier current, to 
the sounders from their own local batteries. 

Fig. 53. Sketch of simple telegraph system showing line and ground 
circuit for the relays and keys, and local battery 

circuits for the sounders. 

The operator at the other end of course hears 
the signals from his sounder. When the sending 
operator finishes, he closes his key switch, and waits 
for an answer. Then the other operator opens his 
switch and uses his key to signal back. Sometimes 
a number of such relays at various stations are all 
connected to one line, so they all operate at once, 
when any key is used. 

Figure 54 shows a double circuit relay. In this 
system, as long as the switch "A" is closed the 
relay armature is attracted and closes a circuit 
through the lamp, showing that the circuit is in 
normal condition. But when switch "A" is opened 
the relay armature is released, allowing the lamp 
to go out and causing the bell to ring. 
These double circuit relays have many uses, some 

of which will be shown a little later. 

Fig. 54. Diagram and connections for a double circuit relay to operate 
a lamp when the system is undisturbed, and to ring a bell 

when the closed circuit is molested in any way. 
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Fig. 54-B. Two additional types of relays used in various classes of 
signal circuits. 

34. RELAY TERMINAL TESTS 

If you are ever in doubt as to the correct termi-
nals on a relay, a quick test with a dry cell and 
two test wires will soon locate the coil terminals. 
When the cell is connected to the coil wires the 
armature will snap over toward the magnets. Con-
necting a cell and buzzer or small low voltage test 
lamp, to the armature and bridge terminals, and 
then moving the armature back and forth by hand, 
will soon show which terminal connects to the 
closed bridge contact and which to the open one. 

35. ADJUSTMENT AND CARE OF RELAYS 
Relays require careful adjustment to secure good 

operation. The pivot screws supporting the arma-
ture and acting as its hinges, should be tight enough 
to prevent excessive side play of the armature, but 
not too tight or they will interfere with its free 
mo‘ ement. ily turning one of these screws in, and 
the oti.cr one out, the contact points on the arma-
ture can be properly lined up with the bridge con-
tacts. The bridge contacts should be adjusted to 
act also as stops for the armature. The contact 
on the magnet side should be adjusted to allow 
the armature to come very close to the core ends, 
to reduce the air gap and strengthen the pull as 
much as possible. It should not, however, allow 
the armature to touch either core end, or it is likely 
to stick, due to slight residual magnetism, even 
after the coil current is turned off. Some relays 
have thin brass or copper caps over the iron core 
ends of the magnets, to prevent any possibility of 
this sticking. The contact on the side away from 
the magnets should be adjusted to allow the arma-
ture just enough swing to effectively break the 
circuit at the other contact; but not too far, or it 
will be very hard for the magnets to pull it back, 
due to the increased air gap between the armature 
and cores. 

This would require more current to operate the 
relay. Usually the gap or travel of the armature 
contacts should be from 1/32 in. for breaking chile 
cuits at very low voltage and small currents, to Ye 
in. or in. for slightly higher voltages and heavier 
currents; as these have a tendency to arc more, 
when the circuit is opened and the points must 
separate farther to extinguish the arc quickly. 

The armature spring should be adjusted just 
tight enough to pull the armature away from the 
magnets quickly when it is released, but not too 
tight, or the magnet will not be able to pull up the 
armature. 
The contacts on both the armature and bridge 

,liould be kept clean and occasionally polished with 
a thin file or fine sandpaper, as the slight arcing 
,dten burns and blackens them, greatly increasing 
their resistance. 

When contacts become too badly burned or dam-
aged to repair, they can easily be replaced with 
new ones, obtained from the relay manufacturers. 
Dust and dirt should be kept off from all parts, 

and all terminal nuts should be kept tight. Cores 
of magnets should be kept tight on keeper bar 
support. 

Occasionally, but not often, a relay coil may be-
come open, grounded, or shorted, or completely 
burned out. Simple tests as given in the elemen-
tary section on electro-magnets will locate any suc 
faults. In addition to these pony relays, there are 
numerous other types used in telephones, railway 
signals, power plants, etc. Some of these differ in 
mechanical construction and shape, from the ones 
just described, but their general purpose and prin-
ciple are very much the same. So if you have a good 
understanding of the relays in this section and 
always remember that any relay is simply a mag-
netically operated switch, you should be able to 
easily understand most any type. Some of the others 
will be explained in later sections. 

he 

Fig. SS. Annunciators of these types are used to indicate where various 
calls on signal circuits come irons. 
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36. ANNUNCIATORS 

In alarm or signal systems where calls may come erom several different points, it is often necessary 
to have some device to indicate which place the 
signal comes from. For this purpose we use an 
Annunciator. These devices indicate which circuit 
is operated, by arrows or numbers which are 
dropped into view by electro-magnets. Figure 55 
shows two types of annunciators, and Figure 56 
shows the electrical circuit of a 4 point annunciator. 

Fig. U. Circuit diagram of the connections for a four-drop annunciator. 
Note that the drop number 3 has been operated. 

Here for example we have four switches that may 
be used for office calls, burglar alarms, or hotel 
room calls. When any one of the switches is closed 
current will flow through the respective annunciator 
magnet, and on through the bell. When a magnet 
is energized the armature is attracted, allowing the 
weighted end of the arrow to fall off the catch, and 
the arrow to fly up, as on magnet 3. 

Fig. 57. This view shows the mechanical construction of one type of 
annunciator drop. Note how the drop is held up by a 

small hook on the end of the armature. 

In Figure 57 are shown one of the magnets and 
"number drops" of an annunciator. When this 
magnet is energized, the armature is attracted and 
releases the catch from the slot in the drop arm. eavity then causes the drop number to fall. An-
inciators usually have a system of rods and hooks, 

all attached to one lever, to push the drops back 
in place after any of them are tripped. Some are 
equipped with a strong electro-magnet to operate 

this "reset" lever, from a switch on the annunciator 
case, or a short distance away. 

Figure 58 shows a back view of an annunciator, 
and the magnets and reset mechanism. 

Fig. SS. Photograph showing the inside parts and construction of two 
common types of annunciators. 

Referring to Figure 56 again, note how one wire 
from each magnet attaches to a common terminal 
or wire leading to the bell. This is called a Com-
mon Return Wire, as it makes a common path for 
current from any magnet to return to the battery. 
This is the wire that should go to the bell, so all 
coil circuits will operate the bell when they are 
tripped. Some annunciators have the bell built in 
them, and others do not. 

37. ANNUNCIATOR CONNECTIONS AND 
TERMINAL TESTS 

When installing annunciators it is very impor-
tant to connect the proper wires to the separate 
circuits, and to the bell. Sometimes the terminals 
are marked with numbers on the box where they 
enter, but when they are not marked, they can be 
found by a simple test Using a dry cell or some 
other source of current supply, and two test wires, 
as in Figure 59-A, place one wire on one of the an-
nunciator terminals at the end of the row or group, 
and hold it there while touching the other wire to 
the remaining terminals in rotation If this causes 
the drops to operate in proper rotation then mark 
the wire to which your stationary test lead was 
connected, as the common lead, and the rest accord-
ing to the numbers of the drops they each operate. 
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If touching the free test lead to certain terminals 
causes two or more drops to trip at once, the sta-
tionary lead is not on the common wire, and should 
be tried on the terminal at the opposite end of the 
row, because the common lead is usually at one 
end or the other. Sometimes, however, it may be 
somewhere else in the group. 

C 

Fig. SL Observe these test diagrams very carefully with the instruc-
tions given for locating annunciator terminals. 

By touching the test wires to adjacent terminals 
two at a time, when two are found that cause only 
one drop to operate, one of these leads should be 
the common return. In Figure 59-B, with the sta-
tionary test lead on wire No. 1, touching the other 
test lead to wires No. 2, 4, and 5, should cause two 
drops to fall each time, if they are reset before each 
test. But when No. 3 is touched only one drop should 
fall, as No. 3 is the common terminal. Then when 
the stationary lead is placed on wire No. 3, and the 
free lead touched to the others, each one should 
cause one drop to operate. 

Fig. 60. Diagram showing connections of a three-drop annunciator in 
an open circuit, signe system. This annunicator uses a ballast 
coil shown at "A," and connected in parallel with the bell to allow 
the proper amount of current to flow to operate the drops. 

With annunciators that are equipped with a bell 
or buzzer permanently connected, it is easier to 
locate the common wire, as it is the only one that 
will cause the bell to operate when the test battery 
is applied. For example, when the test wires touch 
two terminals and cause the bell to ring, one of 
these terminals must be the common return lead. 
Trying each one with another wire will quickly 
show which (iiic up'rates the bell. 

Some annunciators have a ballast coil connected 
in parallel with the bell, as at "A" in Figure 60. 
This coil carries part of the current when the bell. 
is of high resistance and not able to carry quite all 
the current required to operate the drop magnets. 
Figure 60 also shows a different symbol which is 
often used for the annunciator in plans or diagrams. 
Some large annunciators have a separate reset 

magnet for each drop magnet, as in Figure 61-A 
and B. In Figure "A" the reset coil has been oper-
ated, and has drawn the armature toward it, car-
rying the number on the disk out of view from 
the annunciator window. In Figure 61-B the trip 
coil has operated, drawing the armature toward it 
and bringing the number on the disk into view, 
in vertical position in the annunciator window. 
(Window and case not shown in this sketch.) 

Fig. Ill. Sketch illustrating arrangement of coils and number disks on 
an "electrical reset" annunciator. 

Figure 62 shows both sets of coils for a four 
point annunciator and their connections. Each trip 
coil can of course be operated separately, but when 
the reset button is pressed all reset coils operate 
at once, resetting all numbers that have been 
tripped. - 

TRIP COILS 

11\324 a 

RESET COI Ls 

Fig. 62. Complete diagram of a four-drop annunciator using "electrical 
reset" magnets. 
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Hotels, hospitals, and steamships often have an-ieunciators with several hundred numbers each. 
levators also use thousands of these devices. 

38. LOCATING FAULTS IN 
ANNUNCIATORS 

When annunciators fail to operate, careful check-
ing and tightening of all terminals will usually 
locate the trouble. If none of the drops operate, 

• 

• 

and the supply battery to the system has been 
tested and found O. K., and all circuits are good up 
to the annunciator, then the trouble is almost sure 
to be in the common return wire, bell, or ballast 
coil, if one is used. If only one drop fails, then its 
own wire, coil, or mechanism is at fault, and care-
ful checking and testing with a dry cell and buzzer 
should locate it. 
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PLAN READING 

AND 

VARIOUS TYPES OF SIGNAL CIRCUITS 

Now that you understand some of the more com-
mon devices used in signal circuits, you will want 
to learn how they are arranged and connected in 
the larger and more complete systems. 
But first, in order to be able to more easily under-

stand and trace out these advanced circuits, we will 
cover some of the more definite methods of plan 
reading and circuit tracing. 
Remember this is one of the most valuable things 

any electrical man can know, and nothing will give 
you any more confidence, or be of greater help to 
your success on the job, than a good knowledge of 
plan reading and circuit tracing. Once you have 
learned the real system or "trick" of this, it is really 
very enjoyable and satisfying to trace out almost 
every circuit or blue print you come across, and 
you will be surprised how much better understand-
ing you can get of any device or system in this way. 

39. SYMBOLS USED IN SIGNAL DIAGRAMS. 

The chart in Fig. 62-A gives a review of the 
most common symbols used in the following dia-
grams and signal systems, and you should study 
these carefully, so you will be able to recognize 
them quickly when tracing any circuit. You will also 
want to be able to quickly select and use the proper 
symbol for any device, when laying out a plan for 
a job. 

40. METHOD OF TRACING CIRCUITS, OR 

READING PRINTS. 
In each of the following systems shown, make a 

practice of first examining the plan in general, locat-
ing and recognizing all of the devices by their sym-
bols. Then get a general idea of the layout, number 
and arrangement of separate circuits which may 
be combined in the one system. Next start with 
the primary or first operating circuit, and trace it 
out carefully until you can imagine every step of 
its operation clearly, then the next circuit, or the 
one which is operated by the first, tracing its opera-
tion and so on until you are sure you thoroughly 
understand the entire system. 
At first this may seem like quite a job, but after 

a little persistent practice you get the trick or 
method of it, and then you can read most any plan 
almost at a glance. The ability to do this will be 

worth more in the field than any beginner can 
realize, until he finds out what a great help it is 
on the job, in any kind of electrical construction 
work or "trouble shooting" and maintenance. 

Don't forget that every principle and bit of prac-
tice you get in tracing signal circuits will also ap-
ply to practically any other kind of electrical work. 

Also remember that most electrical wiring now-
adays is done from plans, and not by guesswork. 
And when we have a difficult trouble shooting prob-
lem in a large machine or system, looking over the 
plan furnished, or making a sketch of the wiring, 
will often speed up the location of the trouble more 
than anything else. The man who can do this and 
save the most time is the man who gets the be. 
jobs. 
Then too, as you carefully trace out and study 

each of the following systems you will also be gain-
ing a knowledge of the principles and operation of 
common signal, alarm, and call systems. 

STRAIGHT WIRES 

-1,--- OR --I -JOINED WIRES 

-1-- OR -1-- CROSSED WIRES 

OPEN CIRCUIT PU.SH BUTTON SWITCH 

CLOSED CIRCUIT PUSH BUTTON SWITCH 

DOUBLE CIRCUIT PUSH BUTTON SWITCH 

JINGLE CELL 

3 CELL BATTERY 

TRANSFORMER 

C=0=1 

BELL 

BUZZ ER 

ELECTRO -MAGNET 

DROP RELAY 

• DOOR OPENER 

PONY RELAY 

SOUNDER 

REY 

ANNUNCIATOR 

Fig. 6Z-A. These are some of the most important symbols used h 
signal diagrams and circuits. They should he memarized ea rig 
can madly recasai» them wham hack, any disarm Is he hash 
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41. OPEN CIRCUIT SYSTEMS. 

Fig. 63 shows an open circuit call or signal sys-litn, in which any one of three switches will operate 
e bell. Note that the switches are all connected 

in parallel. Open Circuit Switches must always be 
connected in parallel, if each one is to be able to 
close the circuit. 

If open circuit switches were connected in series 
they would all have to be closed at once, in order 
to close the circuit. Make a sketch of this same cir-
cuit, but with the switches in series, and prove this 
out for yourself, because it is very important, and 
making a sketch will help you remember it. 

o 
1_ 1_ L 

Fig. 63. Simple signal system using three buttons in parallel, any one 
of which will ring the bell. 

Fig. 63 shows only three buttons in use, but any 
number can be connected in this manner to operate 
the same device. Such a circuit can be used for the 
signals on street cars or busses, for an office call 
where several different parties are to be able to call 
one person, or for a simple burglar alarm system, 

1Pe connecting the window and door contacts of 
o n circuit type, to the bell and battery as shown. 

42. SELECTIVE CALL CIRCUIT. 

Fig. 64 shows a selective call system, in which 
switch number 1 rings bells 1 and 2, and switches 2 
and 3 both operate bell number 3. 

Bells 1 and 2 are connected in parallel and both 
controlled by button I. Buttons 2 and 3 are con-
nected in parallel, and either one will operate bell 
number 3. 
The lower wire leading from the positive term-

inal of the battery to the stationary contacts of the 
switches, can be called a Common Feeder Wire, as it 
carries current to any of the buttons as they are 
closed. 

Fig. 64. Selective call system. Button No. 1 will ring bells I and e 2; buttons Nos. 2 and 3 will ring bell No. 3. 

race this circuit carefully. When switch num-
ber 1 is closed, current will flow from the battery 
through the switch, and then divide, part of it flow-

ing through each bell. A good rule to remember in 
tracing such circuits is as follows: Electric current 
will flow through all paths provided from positive 
to negative of the source of pressure. It also tends 
to follow the easiest path, or the greater amounts 
of current will flow over the lower resistance paths. 

In the case of Fig. 64, both bells being of equal 
resistance, and the circuits to them about the same 
length, the current will divide about equally. 
The wire which leads from the left terminal of all 

three bells, back to the negative battery terminal, 
can be called a common return wire, as it serves to 
carry the current back to the battery, from any or 
all of the bells. 

43. RETURN CALL SYSTEMS. 

Fig. 65 shows a return call system using two bells 
and two single contact buttons. This is called a 
return call system because either party can signal 
the other, or can answer a call by a return signal if 
desired. 
Button number 1 rings bell number 2, and button 

number 2 rings bell number 1. When button num-
ber 1 is closed current flows as shown by the small 
arrows, and the large arrows show the path of 
current when button number 2 is pressed. 
Note that three main wires or long wires are 

used in this system. 

0 

•  III' < I . 

2 

Fig. 65. Return call system. Button No. 1 will ring bell No. ti butte. 
No. 2 rings bell No. 1. 

In Fig. 66 is shown another method of connecting 
a return call system, which causes both bells to 
ring when either button is pressed. 
This system uses two batteries, one at each end, 

but it saves one main wire, using only two instead 
of three, as in Fig. 65. 
When button number 1 is pressed current flows 

from battery number 1 as shown by the small ar-
rows, dividing through both bells. When button 
number 2 is pressed, the current flows from battery 
number 2 as shown by the large arrows, also 
operating both bells. 

In this system, if the line is very long the bell 
nearest the button pressed, may ring a little the 

o 

2 -•-!-"-

Fig. 611. Return call system using two batteries, thereby 
saving one wire. 
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loudest, because its circuit is shorter and lower 
resistance. Trace this carefully in the sketch. 

If the far bell does not ring loud enough, then 
higher voltage batteries, or larger wires should be 
used. 

Fig. 67 shows a return call system, using double 
circuit switches. 
Here also, button number 1 rings bell number 2, 

and button number 2 rings bell number 1. 
When button number 1 is pressed the current 

flow is shown by the small arrows, and the large 
arrows show the path of current when number 2 
is pressed. If both buttons should be pressed at 
once neither bell would ring. Check this on the 
diagram. 

This system also uses three main wires. 

Fia. 17. Return call system using double circuit switches. Trace this 
circuit carefully. 

44. SAVING WIRES BY USE OF DOUBLE 
CIRCUIT SWITCHES OR "GROUNDS". 

Fig. 68 shows how double circuit switches can 
be used to save considerable wire in connecting a 
return call system. 
By using two separate batteries and the double 

circuit switches, one main wire can be eliminated 
and the system operated with only two as shown. 
When button number 1 is pressed, current 

(shown by small arrows) flows from battery num-
ber 1, and operates bell number 2. When button 
number 2 is pressed, current (shown by large ar-
rows) flows from battery number 2, and operates 
bell number 1. 

Fig. 68. Return call system showing how wires can be saved by the 
use of double circuit switches, two separate batteries, and a ground 
circuit. 

When such a return call system is to be installed 
where the bells are a long distance apart and it is 
convenient to make good ground connections at 
each end, we can eliminate still another wire, by 
the use of ground connections as shown by dotted 
lines at "X" and "XI," in Fig. 68. Then we do not 
need wire "A", current flowing through the ground 
instead. Sometimes a piping system can be used 
for these grounds, and no connection to earth is 
needed. 

Trace this circuit over very carefully, and be 
sure you understand its operation, as it is often 
very important to be able to save these extra wire 
where the line between bells is long. 

45. CALL SYSTEM WITHOUT SWITCHES. 
Fig. 69 shows a system of signaling that is often 

very convenient for use on temporary construction 
jobs, where workmen need to signal each other; or 
in mines or mine shafts. 

Fig. 69. Mine signal or alarm circuit which usee no switches. The 
bells are caused to ring by short circuiting wires "A" and "B". 

No switches are used in this system, and instead 
wires "A" and "B" are bare or uninsulated, so any 
metal object can be used to "short" them or connect 
them together as shown by the dotted line at "C." 
Then if the wires "A" and "B" are strung tight 
and parallel to each other, a few inches apart and 
supported on insulators, a shovel, pick or piece of 
wire or metal touching both wires anywhere be-
tween points "X" and "X", will cause both bells to 
ring. 
You may wonder at first why current does. 

flow all the time in this circuit, as it is al% 
closed. Note how the batteries are connected posi-
tive to positive, or opposing each other, so if they 
are of equal voltage no current can flow normally. 
Of course if one battery was dead the other would 
cause both bells to ring continuously. 
When a circuit is made between the two wires 

as at "C" the current starts to flow from both 
batteries as shown by the arrows, up through the 
connection "C" and then dividing through both 
bells, and returning to both battery negatives. 
Such a system as this can also be operated from 

moving cars or elevators, by running the bare wires 
along close to the track or in the shaft. 

46. SELECTIVE AND MASTER CALLS. 
Fig. 70 shows a selective call system, with a 

master control, using one battery, three bells, and 
three single circuit switches. 

Button number 1 operates bell number 1. But-
ton number 2 operates bells number 2 and 3 in 
series. And button number 3, which is called the 
master button, operates all three bells in series. 
Trace each circuit carefully. 

Fig. 70. Selective signal circuit. Check Its operation carefully with 
the instructions. 
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Another method of arranging a selective call sys-
tem with a Master Switch, is shown in Fig. 71. In 

Wthis system any one of the double circuit switches 
1, 2, 3 or 4, will operate its respective bell of the 
same number only, but the single circuit switch 
number 5, will operate all bells when all the other 
switches are in normal position. 

\V hen any one of the double switches is pressed, 
its movable contact is disconnected from the upper, 
or normally closed contact, so when the movable 
contact touches the lower one, current can only 
flow through its own bell, and not to any of the 
others. 

0 0 0 0 

Fig. 71. Selective call system with Master Switch. This is a type of 
system very often used in executives offices. 

When button number 5 is pressed current flows 
from the positive of the battery through this button, ilken divides through the closed contacts of all the 

her switches and to all bells. Trace this on the 
sketch until you can clearly imagine this operation. 
Note how the wire from the positive of the bat-

tery is again used as a Common Feeder for all 
switches, and also the common return wire used 
for all bells. Of course one separate wire is re-
quired feeding from each switch to its bell, if we 
are to operate them separately at times, but a great 
amount of wire can be saved by proper use of 
Common Feeder and Common Return wires. 
This is where a sketch or plan laid out in advance 

helps to save materials. 

47. CONNECTING VIBRATING BELLS FOR 
SERIES OPERATION. 

When several bells are to be operated in series 
as in Fig. 70, or other systems for which they are 
connected this way, they will usually not operate 
very loudly or steadily without a special connection. 
This is because they do not all vibrate evenly or 
in synchronism, and the make and break contacts 
of one bell will open the circuit just as another 
closes for its power impulse. This results in rather 
irregular and weak operation, and the greater the 
number of bells in series, the worse it usually is. 
This can be overcome by arranging one bell only 

as a vibrator, and all the rest as single stroke bells. 

di is is done by shunting out the make and break is 
of all bells except the one, as in Fig. 72. 

Here the current will flow through the make and 
break contacts of bell number 1 only, and on the 
others it flows directly through the coils. Number 

Fig. 72. This sketch shows the proper mothcrd of connecting vibrating 
bells in series, to secure best results. 

1 bell then acts as a Master Vibrator, making and 
breaking the circuits for all the others, preventing 
them from interrupting the circuit, and forcing them 
to operate in synchronism. 
A series connection of bells is often desirable 

where they are all to be rung at once and are located 
a long distance apart, as it saves considerable wire 
in many cases. 

48. ECONOMICAL BARN OR GARAGE 
ALARM. 

Fig. 73 shows a method of connecting a bell as 
a combination single stroke and vibrator, and ob-
taining a closed circuit call or alarm system. 
When we recall that a closed circuit systen 

usually requires a relay to operate the bell, we fin 
that this connection effects quite an economy b 
saving the cost of a relay. 
Tracing the circuits we find that as long as th, 

switches are all closed, the current will flow con 
tinuously as shown by the small arrows, through 
the bell coils, then through the switches and back 
to the battery. This keeps the coils energized and 
holds the hammer quietly against the gong, after 
the first single stroke when it is connected. 

Fig. 73. Simple and economical barn or garage alarm of closed 
circuit type. 

Then when any one of the switches is opened, 
the circuit is momentarily broken, allowing the 
hammer to fall back and close the circuit again at 
the make and break contacts of the bell. 
The bell will then continue to vibrate, current 

flowing as shown by the large arrows, until the 
switch in the line is again closed. This is a very 
good circuit to keep in mind when the dependa-
bility of a closed circuit system is desired, but must 
be had at low cost. 



92 Section Two, Office and Hotel Calls 

A bell with high resistance coils should be used, 
to keep the amount of current flow small. A closed 
circuit battery should also be used, as dry cells 
would soon be exhausted by the constant current 
flow. 

This system makes a very good barn or garage 
alarm, where long wires are to be run in the open, 
between the protected buildings and the house. 
Then if anyone attempts to cut these wires, the 
alarm will operate just as though the window or 
door switches of the building were disturbed and 
opened. 
49. OFFICE OR SHOP CALL SYSTEM. 

Fig. 74 shows a selective master control call 
system that would be very convenient for an office 
executive or shop or power plant superintendent, 
to signal their various foremen or workmen. Any 
one at a time can be called, by pressing the proper 
double circuit switch, or all can be called at once 
by pressing the single circuit master switch. 
The small arrows show the path of current flow 

when one of the double switches is operated, and 
the large ones show the current flow to all bells 
when the master switch is operated. 

v_L t— A 
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Fig. 74. Another type of selective call system with Master Control. 

At first glance this circuit does not look much 
like the one in Fig. 71, does it? But look at it 
again and compare the two closely, and you will 
find they are exactly the same as far as parts and 
operation are concerned. The only difference is in 
the position or arrangement of these parts. 
This comparison is made to show you that it 

does not matter how or where the bells or switches 
are to be located, as long as certain general prin-
ciples of connection are followed. 
Note that in each of these sketches a common 

feeder runs from the positive of the battery to all 
the lower or open contacts of the switches. Another 
common wire leads from the top of the master 
switch to the top or closed contacts of all double 
circuit switches. Then the individual bell wires 
are each attached to the movable contacts of th( 
double switches in each case, and a common return 
from the bells back to the battery. 
These are the principle points to note and follow 

in connecting up any such selective, master, call 
system. 

50. APARTMENT DOOR BELL AND 
OPENER SYSTEMS.. 

Fig. 75 shows a door bell and magnetic (lutr. 
opener system for a three apartment building. 

This sketch is arranged a little differently to show 
how the wires running up to the various floors cari 
all be grouped together and run in one conduit or 
cable, and then branches taken off to each bell and 
sw itch. 

Fig. 75. Combination doorbell and magnetic door-oPonar ageism. Net* 
the use of certain wires as common "Fouler" and "Return" wires. 

Such a system is commonly used in connection 
with speaking tubes and telephones in apartment 
buildings, and could be extended to take in as many 
more floors or apartments as desired, just following 
the same scheme of connection as shown. 
Any one of the buttons in the lower hall will 

ring its own bell of the same number. Then if 
the party is at home and wishes to admit the caller, 
any one of the apartment buttons marked "A" will 
operate the door lock. 

Fig. 76 shows a similar system of apartment 
building calls and door opener, including also a 
buzzer at each apartment door, for parties within 
the building to use when calling at any other apart-
ment, and without going down to the front door 
buttons. Trace the circuit and operation carefully. 

51. HOTEL OR OFFICE CALL SYSTEM 
WITH ANNUNCIATOR. 

Fig. 77 shows a selective, master call syst 
that could be used very well in an office or hoe* 
and many other places. 
With this system a party at "A" can call any 

one of the parties "B", "C", or "D", by pressing 
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Fig. 74. Doorbell and door-opener system, Including separate local 
buzzer circuits. 

the proper buttons; or he can call them all at once 
by pressing the master button. 
The party called can also answer back or ack-

nowledge the call with their button, and the annun-
ciator and buzzer show the response to party "A". 
Or if "B", "C", or "D", wish to signal "A" at 

any time, the annunciator shows which one is 
calling. 

Fig. 77. Selective signal circuit with Master Control, return call and 
annunciator features. This is a very popular form of signal system. 

52. SAVING WIRES BY SPECIAL GROUP 
CONNECTION, and SEPARATE 
BATTERIES. 

Fig. 78 shows a method of connecting a large 
number of bells and switches in an extensive call 
system, and using separate batteries and a grouping 
system to reduce the number of main wires. 
Any one of the buttons will ring its correspond-

ing bell of the same letter. By the use of the 
three separate batteries and Cross Grouping connec-
tion of the bells and switches, this can be done 
with seven vertical line wires, while with one bat-
tery it would require thirteen wires. 

53. CLOSED CIRCUIT BURGLAR ALARM 

411 FOR TWO FLOORS OR APARTMENTS. Fig. 79 shows a closed circuit burglar alarm sys-
tem for two apartments or floors of a building, 
using an annunciator to indicate which floor the 
intruder has entered, and also a drop relay to keep 

the bell ringing constantly until some one is aroused 
and shuts it off. 
Normally, when the system is in operation, cur-

rent flows continually in the two relay circuits as 
shown by the small arrows. This keeps both relay 
armatures attracted, and no current flows in the 
annunciator, drop relay, or bell circuits. 

Fig. 78. "Group" method of connecting a large number if belle and 
switches to secure independent operation of each, with the least 
number of wires. 

But as soon as any switch in either circuit "A" 
or "B", is disturbed, the relay current stops flowing, 
releasing the armature, and closing a circuit to 
the drop relay as shown by the dotted arrows. This 
trips the drop relay, starting the bell in operation. 
The bell circuit is shown with large arrows. 
A system of this type using several separate cir-

cuits gives one an excellent chance to practice step 
by step tracing of each circuit, and the operation 
of all parts of the system. Trace it carefully. 

54. SPECIAL ARRANGEMENT OF 
VIBRATING BELL FOR CONSTANT 
RINGING. 

Fig. 80 shows a rather novel method of arranging 
a vibrating bell for a constant ringing alarm, with-
out the use of a drop switch or relay. This is done 
by placing a piece of hard cardboard, fibre or hard 
rubber, between the make and break contacts of 
the bell. The spring tension of the armature should 
hold it there normally, but if cardboard is used 
it should not be too soft, or it may stick in place 
when it is released. 
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Fig. 79. Two section alarm system using a drop relay for constant 
ringing, also an annunciator to show which section of the building 
the alarm was disturbed in. 

When one of the three open circuit alarm 
switches is closed, current will flow directly through 
the coils of the bell, attracting the armature and 
releasing the cardboard. 
This starts the bell ringing until the switch "A" 

is opened. Swith "A" should be a lever switch or 
snap switch. 
This system of course does not give the positive 

protection of a closed circuit system, or of one 
using a relay, but is very good for an emergency 
job, or one where the cost must be kept very low. 

Fig. U. Simple method of arranging an ordinary vibrating bell to 
secure constant ringing feature. 

55. STICK RELAY CIRCUITS. 

It is possible to connect an ordinary pony relay 
in an alarm circuit, so that it will provide the ad-
vantage of constant ringing of the bell, without the 
use of a drop relay. This is done by connecting the 
relay to operate as a Stick Relay. 
This term comes from the manner in which the 

relay armature closes a circuit to the coil, and 
causes the armature to stick and continue to feed 
the coil until it is forced away, or its circuit broken 
by another switch. (See Figure 81.) 

This relay has its armature and bridge connected 
in series with its coil and the battery. ImagineAik 
you were to push the armature to the left with 
your finger, until it touched the bridge contact. 
What would happen? The armature would stick 
there, because as soon as it touches the bridge con-
tact, it closes a circuit for current to flow through 
the coil, which then becomes magnetized and holds 
the armature. 
Then to get the armature to go back to its normal 

position it would be necessary to force it away, in 
spite of the pull of the magnets, or to open the 
closed circuit switch at "A". This would stop the 
current flow through the coils, and allow the arma-
ture to release. 

Fig. 81. Diagram illustrating the principle of a closed circuit stick rel. 

Remember that to connect up a "stick relay," its 
armature and bridge must be connected so they 
will close and hold a circuit through the coils when 
the armature is attracted. 

56. OPEN CIRCUIT STICK RELAYS. 

Now let's see how we connect this stick relay 
in a simple open circuit, constant ringing alarm 
or call system, as in Fig. 82. 
Here again we notice that the armature and 

bridge are in Series with the coils, and the bell is 
connected in Parallel with the coils. These are the 

Fig. 10. Open circuit alarm system using a stick relay be eartetent 
ringing when alarm le tripped. 
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two principle rules to follow in arranging such a 
system. e The parallel group of open circuit switches is 
connected in series with the battery and relay coil. 
Normally there is no current flowing in any part 

of this system, and the relay armature is not touch-
ing the bridge until the switches are disturbed. If 
any one of the open circuit switches is closed even 
for an instant, current will start to flow through the 
relay coils and bell in parallel, as shown by the 
small arrows. 
This causes the armature to be attracted, and 

then it feeds current to both the coil and bell, even 
though the first switch is opened in case the burglar 
closes the window quickly. 
The larger arrows show the path of current which 

keeps the relay coil energized and the bell ringing, 
after the system is tripped. 
To stop the ringing of the bell and restore the 

system to normal "set" condition, we press the 
Reset Switch "A". 
This stops the current flow through the coils long 

enough to release the armature; then we allow 
switch "A" to close again, and if the open circuit 
switches are again normal or open, the system re-
mains quiet until again tripped. 

57. DOUBLE CIRCUIT STICK RELAY. 
In Fig. 83 is shown a double circuit "stick relay" 
stem, which gives both the advantages of con-
ant ringing and closed circuit reliability. 
Here we have the relay armature, bridge, coils, 

closed circuit alarm switches and battery, all con-
nected in series. An open circuit reset switch at 
"A" is used in this system. To set the system in 
order, this switch is pressed and current starts to 
flow at once, as shown by the dotted arrows. This 
energizes the relay coil and attracts the armature. 
Then the reset switch can be released, and the 
armature will stick in place, as it now feeds the 
coils, and a small current will flow continually as 
shown by the small solid arrows. 

Fig. U. Double circuit stick relay used In a closed circuit burglar 0 alarm system. This is a very simple and efficient alarm circuit. 

Now if any one of the closed circuit alarm switches 
is opened, the current stops flowing through the 
coil, releasing the armature, which closes a circuit 
to the bell, as shown by the large arrows. 

This is a very simple and dependable alarm sys-
tem, and one you may often have use for. 
58. THREE SECTION ALARM SYSTEM. 

Fig. 84 shows a system of this same type, with 
three separate sections for three different floors or 
apartments, and an annunciator to indicate which 
section is disturbed. 
When an alarm switch in any one of the sections 

is opened, the relay sends current through the 
proper annunciator coil and keeps the bell ringing 
consmntiv until the reset button is pressed. 
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Fag. sa. Lapsed circuit burglar alarm system of three sections. each 
using stick relays for constant ringing; and an annunciator to 
indicate point of disturbance. 

The relay armatures in this Figure and also the 
arrows, are shown as the system would be if sec-
tions 1 and 3 were normal, but section 2 has been 
disturbed causing the alarm to operate. Observe 
the armatures and arrows, and trace all circuits 
carefully to be sure you understand them. 
At first glance such a diagram as Fig. 84 looks 

quite complicated and appears hard to understand, 
but you have probably found by now, that taking 
one section at a time, it can be traced out quite 
easily. This is true of even the largest circuit 
plans of telephone or power plant systems, and 
if you practice tracing each of these diagrams care-
fully, you will soon have confidence and ability to 
read any circuit plan. 
59. COMBINATION CLOSED AND OPEN 

CIRCUIT ALARMS. 
Fig. 85 shows a method of using double circuit 

switches to operate both the relay and annunciator 
in a closed circuit constant ringing system. 
When any one of the alarm switches is pressed, 

it opens the relay coil circuit and closes the annun-
ciator circuit at the same time. 

In this system the annunciator shows exactly 
which window or door is disturbed. 
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A number of such circuits could be arranged to 
protect separate floors or apartments in a building, 
and then all connected together through one annun-
ciator and alarm bell as in Fig. 84. The additional 
annunciator would then indicate to the watchman, 
janitor or owner, which floor or apartment the 
alarm came from. 
The small arrows in Fig. 85 show where current 

will normally flow when the system is "set". The 
large arrows show where current would flow 
through both the annunciator and bell circuits, if 
switch number 2 was disturbed. 
After this system is tripped and the bell is ring-

ing what would you do to stop the bell and reset 
the alarm? 

60. BURGLAR ALARM FOIL FOR WINDOW 
PROTECTION. 

In addition to window and door contacts, switches 
and alarm traps, some alarm systems use tinfoil 
strips for the protection of glass windows or thin 
wood panels that could be easily broken. 

Fig. IS. Combination alarm system using double circuit switches to 
operate both the stick relay and the annunciator. 

Tinfoil for this purpose can be bought in rolls, 
prepared for cementing to the inner surface of the 
glass or panel to be protected. It is then connected 
into the regular alarm circuit by attaching wires 
to its ends. 

If the glass is broken it will crack the tinfoil 
and open the circuit, causing the alarm to operate. 

Fig. 86 shows a large show window and small 
window above the door protected by burglar alarm 
foil, and the door and two small windows by door 
and window springs. All are connected in series 
to form the closed circuit for the relay coil. 
Disturbance of any one will cause the bell to 

ring. 

61. BALANCED ALARM SYSTEMS. 

Burglar alarms can be arranged so that it is 
nearly impossible for even an expert to disturb or 
tamper with them without giving the alarm. 

Fig. 87 shows a system using circuits of balanced 
resistance and a specially wound relay. 

Fig. 80. This diagram shows the use and application of burglar alarm 
foil for the protection of glass windows and doors. 

This relay has two coils wound in opposite direc-
tions on each core, so when current flows through 
them equally they create opposing magnetic flux 
and do not attract the armature. 
The variable resistance at "A" is used to balance 

the current flow through coil "R", with that of coil 
"L", by being adjusted so that its resistance is 
equal to that of the entire alarm circuit. The alarm 
circuit includes the wire, switches, and the resist-
ance unit "B" which is in series with the closed 
circuit switches. 
As long as the alarm circuit remains of equal.  

resistance to that of the balancing circuit, the cur-
rent from the battery divides evenly through coils 
"L" and "R". But if any switch is opened or 
closed, or the wires are changed, the resistance of 
the alarm circuit will be changed and more current 
will flow through one coil or the other, and magne-
tize the relay core. 

Fig. U. Balanced resistance alarm circuit. This is a very dependable 
alarm system, as it Is almost impossible to tamper with it without 
causing the alarm to sound. 

For example, if any closed circuit switch is 
opened, the current through coil "L" stops flowin 
leaving the flux of coil "R" unopposed and stroll 
enough to attract the armature and cause the bell 
to ring. Or, if any open circuit switch is closed, 
it affords a much easier path than the normal one 
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through resistance "B", and more current at once 
flows through coil "L", overcoming the opposing elux of coil "R", and again attracting the armature 
and ringing the bell. 

Variations of this principle can be used in several 
ways in different types of alarm circuits, making 
them very dependable and safe from intentional or 
accidental damage. 

62. LOCK SWITCH CONNECTIONS. 

Fig. 88-A shows how a lock switch can be con-
nected in a burglar alarm system, to allow the 
owner or watchman to enter the building without 
sounding the alarm, and also to turn off the system 
during the day. 

A 

Fig. U. These circuits "A" and "5" elbow two different methods of 
connecting& lock switch to a burglar alarm circuit. 

This switch is connected in parallel with the en-
tire line of switches here, and when it is locked 
closed, any of the others can be opened without 
tripping the alarm. 
Or we can connect it to one switch only as in 

Fig. 88-B. In this case only the one door and 
switch can be opened. Then when the lock switch 
is again locked open, the alarm will operate if any 
other switch is opened. 

63. FIRE ALARM DEVICES AND CIRCUITS. 

Fire alarms are very similar in many ways to 
burglar alarms, using many of the same parts such 
as relays and bells; and also many of the same 
types of circuits. 

deThe principle difference is in the types of switches 
ed. 
There are manually operated fire alarms and auto-

matic ones; the manual alarms being merely a signal 
system hv which someone sends a warning of fire 

when he sees it. The automatic alarms are those that 
are operated by the heat of the fire, and send in the 
alarm without the aid of any person. 
One simple type of manual fire alarm switch is 

the "break glass" type, in which the switch is held 
in a closed normal position by a small pane or win. 
dow of glass. In case of fire the person sending the 
alarm merely breaks the glass, which allows the 
switch to open by spring action and give the alarm. 
One of these devices is shown in Fig. 89. The 

illustration at the left, with the box closed, shows 
clearly how the glass holds the switch button com-
pressed against a spring, and also the small iron 
hammer provided for convenience in breaking the 
glass. At the right the box is shown open and the 
switch button can be seen in the center. 

Box Closed Box Open 

Fig. U. Fire alarm box of Me "break glass" type. Note the hammer 
used for breaking b. glass, and the location of the push button 
in the box which has the cover open. 

64. PULL BOXES AND CODE CALL 
DEVICES 

Figs. 90 and 91 show two different types of fire 
alarm "pull boxes". To send an alarm from this 
type of box, the operator opens the door and pulls 
the hook or crank down as far as it will go and 
then releases it. 
When it is pulled down it winds a spring inside, 

and when released the spring operates a wheel or 
notched cam that opens and closes a switch several 
times very rapidly. These notches or cams can be 
arranged to send a certain number of impulses in 
the form of dots and dashes, or numbered groups 
of dots, to indicate the location of any particular 
pull box. 

Fig. N. This is a firs alarm "pull box" which sends in enameled us 
•ools signala la Iodises It. kaatiaa. 
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Fig. 91. Another type of fire alarm pull box which also sends 
code signals. 

This enables the fire department crews to proceed 
direct to the location of the fire. 

Fig. 92-A shows how a notched wheel can be 
arranged to open the contacts of a closed circuit 
fire alarm, giving a series of short signals and 
sounding the number 241. Fig. 92-B shows a cam 
wheel arranged to close the contacts of an open 
cifcuit system and send call number 123. 
From this we see that such boxes are merely 

mechanically operated switches or sending keys. 
Certain types of industrial or shop "code call" 

systems use a mechanism similar to these to send 
number calls for different parties in the plant. These 
will be explained later. 

Fir. IC. This sketch shows the arrangement of the code wheel and 
contacts of closed and open circuit code call systems. 

Fig. 93 shows a fire alarm control cabinet, which 
is used to control and check the condition of such 
systems. These cabinets are equipped with relays 
which receive the small impulses of current from 
the alarm box lines, and in turn close circuits send-
ing heavier currents to the gongs or horns located 
near the cabinets. 
Meters are also often provided for indicating the 

amount of current flow through closed circuit 
systems, and thereby show the condition of the 
circuits. 
Note the diagram of connections which is in the 

cover of this cabinet, and is usually furnished by 

the manufacturer of such devices. So you can 
readily see what an advantage it is to know how 
to read these diagrams. 

Fig. 92-C uignal or alarm box of the code calling type, showing code 
wheel and contact springs. 

65. SIGNAL RECORDERS 

In fire alarm, bank burglar alarm, and police call 
systems, it is often desired to keep a record of the 
numerical code call sent in by the signal box, in 
addition to hearing the call sounded on the bell or 
horn. This helps to prevent mistakes in determining 
where the call comes from. 
For this purpose we have recording machine 

which mark or punch the call on a moving paper 
tape as the signal comes in, thus giving an accurate 
and permanent record of it. Such a device is shown 
in Fig. 94. 

Fig. LI. Fire alarm control cabinet, showing relays, test meter, and 
connection diagram. 

There is a spring and clockwork mechanism kept 
wound and ready to pull the tape through, at a 
definite speed. The first impulse of the sig 
operates a relay or magnetic trip that releases o 
starts the spring and tape. 
Then another magnet operates a small pen arm, 

shown on the outside of the box in this case, and 
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• 

marks every impulse on 
dots and dashes. 
Automatic fire alarms 

or fusible links, to open 
an alarm as soon as a certain temperature is 
reached. This type of system is very valuable in 
warehouses and buildings where no people or 
watchman are about to notice a fire immediately. 

the tape in the form of 

use thermostatic switches 
or close circuits and send 

Fig. 94. Recording device for receiving code calls on paper tape. Fire 
and police departments use such recorders. 

Thermostatic switches can be set or adjusted so 
a rise of even a few degrees above normal tem-
perature will cause them to close a circuit almost 
immediately. 
One switch of this type was explained in Art. 15 

of this section. Another type is shown in Fig. 95. 
There are various types in use but all are quite 
simple and merely use the expansion of metals 
when heated, to close or open the contacts. 

Any number of such thermostats can be con-
nected on a fire alarm circuit to operate one general 
alarm, through the proper relays. 

k.. ' 
S'7 . 

t t .iimaiiiv 

Fig. 95. One type of thermostatic fire alarm switch, that can be 
adjusted to open or dose an alarm circuit by expansion at tem-
peratures above normal. 

66. FUSIBLE LINKS FOR FIRE ALARMS 

The fusible link fire alarm is made of a soft metal 
alloy something like electrical fuse material. Some 

•of these metals are made which will actually melt 
in warm water, or at temperatures of 125 degrees 
and up. Such fusible links can be located at various 
points where fire might occur, and all connected in 
series in the alarm circuit. If any one is melted by 

fire or excessive heat near it, the circuit will be 
broken and the alarm operated. 

Fig. 96 shows a fire alarm system in which all 
three types of switches are used. The "break glass" 
switches can be located where they are easily 
accessible to persons who might observe the fire, 
and the thermostats and links installed in other 
places in the building where no one is likely to be. 

In this sketch, "A" and "A-1" are fusible link 
switches. "B" and "B-1" are "break glass" switches, 
and "C" and "C-1" are thermostatic switches. All 
of these are of the closed circuit type. In addition 
to these, an open circuit thermostat switch is 
shown at "D" to operate the bell direct in case of 
fire near the relay and alarm equipment. Fig. 96-A 
shows a fire alarm fuse or link 

Fig. 96. This sketch shows the connection of several different types 
of fire alarm switches In one system. 

67. INDUSTRIAL SIGNALS AND HEAVY 
DUTY BELLS 

In factories, industrial plants and power plants, 
where signals are used to call department foremen 
and various employees, and where the noise would 
make ordinary small bells difficult to hear, large 
heavy duty bells or horns are used. 
The bells used for such work are very similar to 

the smaller ones, but are much larger and are 
usually wound to operate on 110 volts. Instead of 
using the vibrating armature pivoted on one end, 
they often use a rod for the hammer. This rod is 
operated by the magnets in the case. Two bells of 
this type are shown in Fig. 97, and the hammer 
rod can be seen under the gong of the larger bell. 

u'stabl 
Fig. 96-A. Fire alarm fuse which melts when heated above normal 

temperature, opening the circuit and causing alarm es seen& 

68. SIGNAL HORNS OR "HOWLERS" 

Horns have a very penetrating note and for very 
noisy places are often preferred to bells. They am 
made to operate on either D. C. or A. C., and at 
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110 volts, or can be obtained for any voltage from 
6 to 250. 
Some such horns are made with a vibrator which 

strikes a thin metal diaphragm at the inner end 
of the horn. Others have small electric motors 
which rotate a notched wheel against a hard metal 
cam on the diaphragm, causing it to vibrate or 
"howl" loudly. Many of these horns are called 
"howlers". 

Fig. 97. Two types of large heavy dueicebfls for use in industrial 
plants or noisy 

Fig. 98 shows two horns of the vibrator type, and 
Fig. 99 shows one of the motor operated type. 

Fig. 100 is a sectional view of a motor horn, 
showing all its parts. 
Heavy duty bells and horns require more current 

to operate them, than can be handled by the ordi-
nary small push button, and these low voltage push 
buttons should not be used on 110 volts. 

Fig. 98. Two styles of signal horns using magnetic vibratsrs s. 
produce a loud note. 

So we usually connect the switches to a special 
relay which has heavy carbon contacts, to close 
the high voltage and heavier current circuit to the 
bells or horns. 

Fig. 99. Motor operated signal horn which produces a very penetrating 
note, and is excellent for industrial and power-plant use. (Photo 
courtesy of Benjamin Electric Company.) 

Fig. 101 shows the connection diagram for a 
group of horns with such a relay. 

69. AUTOMATIC SIGNALING MACHINES 

In large plants where a great number of different 
numerical or code calls are used for signaling 
different parties, an automatic signaling machine 
is often used. With this device, the operator simply 
pushes a button for a certain call, and this releases 
or starts a spring or motor operated disk or code 
wheel, which sends the proper signal or number 
of impulses properly timed, in a manner similar to 
the fire alarm already explained. 

Tone Adjusting Screw 

Gast Iron Housing 

I leavy Duty 
Motor 

Spring Steel 
Diaphragm 

BeU shaped projector 

Set( feeding 
oil sick cups 

Tempered Tool Steel 
ItubberiGaskets Ansi nd React 1% heel 

Fig. 100. Sectional view showing parts and construction of motor 
operated horn. (Sketch courtesy of Benjamin Electric Company.) 

• 

A box with a number of these buttons and wheels 
can be used to conveniently call any one of a num-
ber of parties, by just pressing the proper button 
once, and this does not require the operator to 
remember a number of code calls. 
A diagram for connecting such a device to signal 

horns operated from a transformer is shown in 
Fig. 102. 
Extra push buttons are also shown for sending 

special calls not included on the automatic signal 
box. 
A time clock is also connected in this system to 

sound the horns at starting and quitting periods 
for the employees. 
These clocks have two program wheels, one of 

which revolves with the hour hand, and one with 
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BENJAMIN SIGNALS 
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Fig. I01. Connection diagram for signal horns and Master relay. This 
relay operates on low voltage and very small current, and dame a gi> high voltage, heavy current, circuit to the horns. (Courtesy Ben-
jamin Electric Company.) 

the minute hand. These wheels carry adjustable 
lugs or projections which open or close electrical 
contacts as they come around. 

Schools often use these program clocks with 
signal systems, to start and dismiss various classes. 

70. INSTALLATION OF CALL AND SIGNAL 
SYSTEMS 

Now that you have learned the operating prin-
ciples of these signal devices and circuits, and know 
how to trace and understand the diagrams and 
plans, you will want to know more about how to 
install them. 

In making any electrical installation, the first 
thing should be the plan or layout, and circuit 
diagram. So as soon as we have decided upon the 
type of system desired and how it should operate 
to give best service, we should decide on the 
location of the various parts, and then lay out the 
circuits accordingly. 
Of course in many cases a complete plan is 

furnished for new installations, by the architects in 
case of new buildings, or by the engineering or con-
struction departments of large power or industrial 
plants. But if such plans are not furnished, you 

e ould at least make up a rough layout before any jloric is started. 

This can be drawn approximately to scale for 
the various distances between devices, or length of 
wire runs, and this will enable you to estimate and 
select the required materials with best eçonomy. 

Then, by following a circuit diagram, many mis-
takes and time losses can be avoided in making the 
final connections. 

In drawing up plans, or in copying them from 
other prints, it is usually much easier to sketch the 
parts and devices on the paper first, in about the 
same location and proportional spacing as in the 
original plan, or as they are to be installed in the 
building. Then draw in the wires and circuits one 
at a time, keeping them as straight and simple as 
possible. Lay out the wires and connections first to 
get the desired operation and results. Then go over 
the plan again, and possibly redraw it to simplify 
it and shorten wires, making use cf "common wires" 
eliminating unnecessary crossed wires, etc. 

71. LAYOUT OR LOCATION OF PARTS IN 
THE BUILDING 

By going carefully over the building with the 
plans, and using good common sense in choosing 
the location for the various devices and wire runs, 
you can make a more satisfactory job and save an-
ditional time and labor on the installation. 

BENJAMIN SIGNALS 
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Fig. 112- This diagram shows the oonnactkoa fer signal barns operated 
from a transformer, and controlled either by a time deeds or ante-
matte signal device. (Courtery Benianne gleetrie Compee10.) 

For example, when installing a simple door bell 
system in a home, the bell should be located in a 
rear room, probably the kitchen, because both its 
noise and appearance would probably be objection-
able in the parlor or dining room. Usually souse 
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"out of the way" place can be found in a corner or 
hall or behind a door, and preferably quite high 
from the floor, so it is out of reach of children and 
safe from accidental damage. By considering where 
the wires can best enter the room and placing the 
bell on this side if possible, time and material may 
be saved. 
The battery or transformer should usually be 

located in the basement or attic near to the bell or 
wires. However, the battery or transformer can 
sometimes be located on a small shelf or attached 
to the wall right with the bell, or in a small box. 
The buttons of course must be located at the 

proper doors, and preferably on the door casing. 
Their height should be carefully chosen to be 
within convenient reach of grown-ups, but usually 
not low enough for small children to reach, unless 
a lower mounting is requested by the owner. 

72. RUNNING THE WIRES 

All wires should be run concealed whenever 
possible. Very often it is possible to drill two small 
holes in the door casing strip directly beneath the 
button and, by loosening the strip, run the wires 
under it to the basement or attic. 

If it is not possible to get behind the strip, per-
haps the holes can be drilled at an angle to get the 
wires into the edge of a hollow wall. Or, if neces-
sary, they can be run in the corner at the edge of 
the door casing and covered with a strip of wood 
or metal moulding. 
Where wires can be run through the basement 

or attic they can usually be stapled along the base-
ment ceiling or attic floor. Care should be taken to 
run wires where they will be least likely to receive 
injury, and they should always be run as straight 
and neatly as possible. 
Sometimes it is advisable to lay a narrow board 

to run the wires on across ceiling or floor joists in 
unfinished basements or attics. 
When making long runs of wire always keep in 

mind the saving of time and material that can be 
made by using a common feeder wire to a number 
of switches, or a common return wire from bells to 
battery. This should also be carefully considered 
when laying out the diagram and plans. 

Where it is desired to run wires vertically through 
walls, they can be "Fished" through by dropping 
a weight on a string from the upper opening to the 
lower one. This device is often called a "Mouse". 
If the weight or "mouse" does not fall out of the 
lower hole, the string can be caught with a stiff 
wire hook and pulled out of the hole. 

Then the wires can be pulled through with this 
string, or if necessary another heavier cord can be 
pulled through first, if the wires are too long and 
numerous to be drawn in by the light cord on the 
"mouse". 
In horizontal run s through walls a steel "Fish 

Tape" (spring steel wire) can be pushed through 

first, and hooked or snared at the outlet opening, 
then drawn through with the signal wires attached. 
A little "kink" that often comes in very hand 

in either signal or light wiring is as follows: 
When you desire to locate the exact spot to drill 

up or make the hole in the basement ceiling, so that 
it will come directly under the center of the parti-
tion above, or some other certain spot, stick the 
point of a magnetized file in the floor above or ceil-
ing below, and then use a pocket compass to locate 
this spot on the other side. 
The compass needle will be attracted by the file 

tip. Moving the compass around will locate the 
center of attraction, which should be the point 
directly opposite the file tip. Then measure the 
distance between the spot located by the compass 
and to the edge of the partition, and add one-half 
the thickness of the partition. Measure off this 
distance in the same direction from the file and 
you should have a point about in the center of the 
partition. 

In other cases measurements in two directions 
from certain outside walls may be accurate enough. 
Sometimes an exact spot can be located best by 

drilling through the wall or floor with a long thin 
feeler drill, 1/8 or 3/16 in diameter. 

If the hole does not come near the exact spot de-
sired, it will serve as an accurate point to measure 
from, and can be easily plugged and conceal, 
afterward. 

Fig. 103-A shows how to use the magnetized file 
and compass and make the measurements to locate 
the center of partition. Fig. 103-B shows by the 
dotted lines how the small "feeler" holes can be 
drilled for the same purpose. The first hole should 
be drilled down at the proper angle and the second 
one drilled up, to try to strike the center of the 

Fig. lis-A. Sketch showing uses of magnetized file and compass to 
locate spot to drill for wires. "B," dotted lines show bow the 
"feeler drill" can be used. "C," dropping a "maim" an a alle1 
through holes in wall and floor. "D," pulling the wires in 
the cord which was attached to the "mouse." 
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partition. Or, the fi rst one can be drilled sti aight 
down and then the proper distance measured over 

.0 partition. 
Figs. 103-C and 103-D show the method of drop-

ping a "mouse" through the holes and pulling the 
wires in. 

73. RUNNING SIGNAL WIRES IN 
CONDUIT 

In some cases, especially in modern fireproof 
office or factory buildings, signal wires are run in 
conduit. Conduit, as previously mentioned, is iron 
pipe in which the wires are run for protection from 
injury and to provide greater safety. 

Signal wires should always be run in separate 
conduits of their own, and never with wires of the 
higher voltage lighting system. 
A fish tape is usually pushed through the conduit 

first, and used to pull the wires in. 

74. TESTING TO LOCATE PROPER WIRES 
FOR CONNECTIONS 

When a number of wires all alike and without 
color markings are run in one conduit, cable or 
group, it is easy to find the two ends of each wire 
by a simple test with a battery and bell, or test 
lamp. 
Simply connect one wire to the conduit at one 

end, and then attach the bell and battery to the enduit at the other end, and try each of the wires 
the bell, until the one that rings it is found. 

fhis is the same wire attached to the conduit at 
the other end. (See Fig. 104-A.) Mark or tag 
these ends both No. 1 or both "A", and proceed to 
locate and mark the others in the same manner. 
When testing or "ringing out" wires in a cable 

or open group with no conduit in use, very often 
some other ground to earth or some piping system, 
can be obtained at each end, making it easy to test 
the wires. (See Fig. 104-B.) 

75. TROUBLE TESTS 
When troubles such as grounds, opens or shorts 

occur in wires in conduit, the fault can be located 
as follows: 
Suppose one wire is suspected of being broken 

or "open." Connect all the wire ends to the conduit 
at one end of the line, as in Fig. 104-C. Then test 
with the bell and battery at the other end, from 
the conduit to each wire. The good wires will each 
cause the bell to ring, but No. 2, which is broken 
at "X" will not cause the bell to ring, unless its 
broken end happens to touch the conduit. 
When testing for short-circuits between wires, 

disconnect all wires from the devices at each end 
of the line and test as in Fig. 104-D. 
When the bell is connected to wires Nos. 1 and 2 
will ring, as they are shorted or touching each 
er at "X", through damaged insulation. Con-

necting the bell to any other pair will not cause 
it to ring. 
Sometimes one wire becomes grounded to the 

conduit because of defective insulation as in Fig. 
104-E. 
For this test we again disconnect the devices 

from the wires, and connect the test bell and bat-
tery as shown. 
With one test lead on the conduit, try the other 

lead on each wire. It will not ring on Nos. 1, 2, or 3, 
but will ring on No. 4 which is touching the pipe 
at "X", thus making a closed circuit for the test 
bell. 
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Fig. 1M. Sketches showing methods of testing for various culta ln 
wires run in conduit. Compare carefully with test Instructions 
given. 

76. EMERGENCY WIRES, AND PULLING-IN 
REPLACEMENTS 

Where long runs of wires are installed in conduit 
or signal cables, it is common practice to include 
one or more extra wires for use in case any of the 
others become damaged. 
This is especially good practice with cables, be-

cause it is difficult to remove or repair the broken 
wire. In a conduit system, where no extra wires 
are provided and a new wire must be run in to 
replace a broken or grounded one, it is sometimes 
easier to pull out all wires, and pull a new one back 
in with them. 
Where this is not practical or possible, it some-

times saves time and money to pull out the broken 
or bad wire, and then attach two good wires to the 
end of one of the remaining wires, and pull it out, 
pulling in the two good ones with it. This replaces 
both the bad wire and the one good wire pulled out. 

If the bad wire was not broken but only grounded, 
it can be used to pull in the new wire; but, of 
course, a broken wire cannot be used for this pur-
pose. Therefore, it is often advisable to sacrifice 
one good wire, to pull in two new ones. 
The several tests and methods just explained are 

very valuable and should be thoroughly understood, 
for use on other wiring systems as well as signal 
wiring. 
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While some of these tests were explained for 
wires in conduit, they can be also used on groups 
of open wires or cabled wires, by using in place 
of the conduit, some other ground or an extra wire, 
run temporarily for the tests. 

77. SIGNAL WIRING MATERIALS 

Now for the materials. In addition to the bell, 
battery or transformer, and push button switches, 
we will need the proper amount of wire, and in case 
or open wiring, staples to fasten the wire in place. 

Ordinary bell or annunciator wire as it is called, 
is usually No. 16 or No. 18, B. & S. gauge, and is 
insulated with waxed cotton covering. It can be 
bought in small rolls of 1/2 lb. and up, or on spools 
of 1 lb., 5 lbs. or more. It can also be bought in 
single wires, or twisted pairs, and with various 
colored insulation. 
Where several wires are to be run together, the 

use of different colors helps to easily locate the 
proper ends for final connection. 

For damp locations, where the cotton insulation 
might not be sufficient, wire can be obtained with 
a light rubber insulation and cotton braid over it. 

As ordinary door bells use only very low voltage, 
it is not necessary that the wires be so heavily 
insulated. In many cases they can be run with no 
other protection, such as conduit or mouldings. 

To fasten the wires we use staples which have 
paper insulation to prevent them from cutting into 
insulation of the wire. However, these staples 
should not be driven too tightly down on the wires, 
and never over crossed wires, or they may cut 
through the insulation, causing a short circuit. 
Such a "short" under a staple is often hard to locate, 
and great care should always be used in placing 
and driving the staples. 

Small cleats with grooves for each wire, and holes 
for screws to fasten them, are sometimes used. In 
other cases where twisted pairs of wires are run, 
a small nail with a broad insulating head is driven 
between the two wires, so the head holds them 
both. Fig. 105 shows several sizes of insulated 
staples, and Fig. 106 shows the nail and cleats 
mentioned. 

Fig. 105. Several different sizes and styles of insulated staples used 
in bell wiring. 

On installations where a large number of wires 
are to be run in a group, cables with the desired 
number of wires can be obtained. These wires are 
usually marked by different colored insulation, so 

that the ends of any certain wire can be quickly 
and easily located at each end of the cable. Such 
cables simplify the running of the wires, save spaces 
and time, and make a much neater job in offices 
and places where numerous separate wires would 
be undesirable. 

In large signal installations terminal blocks are 
used on some of the equipment, and all wires are 
brought to numbered terminals on these blocks. 
Then with the plans, on which the wires can also 
be numbered, it is very simple to make proper con-
nections of cables with dozens or even hundreds of 
wires. 

This is common practice with telephone installa-
tions and elevator signals, and also on modern 
radio sets, as well as for office and industrial call 
systems. 

Fig. 106. Bell wires can also be fastened with the large headed nails 
and cleats shown here. 

78. CAUTION NECESSARY FOR SAFE AND 
RELIABLE WIRING 

Considerable care should be used when drawing 
bell wires through holes and openings, or the insu-
lation may be damaged. Where the wires are left 
against the edge of a hole they should be protected 
from damage by vibration and wear, by means of a 
piece of hollow "loom" or insulating tubing slipped 
over the wires and taped in place. Also, where 
wires cross pipes or other wires, they should be 
well protected with such extra insulation. 

Even though signal and bell wires carry low 
voltage and small current, they are capable of creat-
ing sparks and starting fires if carelessly installed. 

So, for this reason and also that the finished 
system will give good service, all signal work should 
be done with proper care. 

Low voltage signal wires must never be run 1, 
the same conduits with higher voltage lighting 
power wires as it is very dangerous, and is also a 
violation of the National Electric Code, which will 
be explained in later sections. 
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If such wires were run with high voltage ones, 
and a defect should occur in the high voltage wires e nd allow them to touch the signal wires with their 
thinner insulation, it would create a serious fire and 
shock hazard. 

When installing bell transformers, the wires from 
the lighting circuit to the transformer primary must 
he regular No. 14 rubber covered lighting wire, and 
must run in conduit, B X, or approved fashion for 
110 volt wiring, according to the code of that par-
ticular town or territory. 

When making splices or connections to devices 
all wires should be well cleaned of insulation 
and all connections carefully made and well 
tightened. Splices in wires should be carefully 
soldered and well taped, to make secure and well 
insulated joints. 

Any bell or signal system should be thoroughly 
tested before leaving it as a finished job. Pride in 
your work and neatness and thoroughness in every 
job should be your rule in all electrical work. That 
will be the surest way to make satisfied customers 
and success, in your job or business. 

79. TROUBLE SHOOTING 

In each section of this work on signal devices 
and circuits, common troubles and methods of lo-•ating them have been covered. In order to apply 

ur knowledge of these things to solve any troubles 
in signal systems, your first step should be to get 
a good mental picture of the system, either from 
the plan or by looking over the system and making 
a rough sketch of the devices and connections. 

Then go over it one part at a time Coolly and 
Carefully, and try to determine from the faulty ac-
tion or symptoms of the system where the trouble 
may be. 

80. KEEP COOL AND USE A PLAN AND A 
SYSTEM 

A great mistake made by many untrained men 
in trouble shooting, is that they get rattled and 
worried as soon as they encounter a difficult prob-
lem of this nature. They forget that a plan or rough 
sketch of the wiring will usually be of the greatest 
help, and they make a few wild guesses as to what 
the trouble is. If these don't hit it, they often get 
still more rattled and indefinite in their efforts, and 
as a result sometimes mess up the system making 
it worse instead of improving it. 

Remember that Every Trouble Can Be Found, 
and Someone Is Going to Find It. If you can do it, 
it will be to your credit and often put money in 
your pocket, or get you a promotion. 

Aik You can find any fault, by thoughtful systema tic 
wsting of each circuit and device and applying the 
knowledge you have of this work. 

In general, a good rule to follow is to first test 
the source of current supply. See that it is alive and 

at proper voltage. A test lamp or voltmeter will 
do this nicely. 

Then test the devices that fail to operate, using 
a portable battery and test wires to make sure the 
device itself is not at fault, or has no loose 
terminals. 

If the power supply and all bells, relays, and 
switches are tested and O. K., then start testing 
the main wires and circuits with the proper switches 
closed to energize them. Use a test lamp of the 
proper voltage, or a voltmeter, to make sure the 
current can get through the lines. 

Any time you are not sure just how to test the 
wires, just refer back to Article 75 of this section 
and refresh your memory on the various steps. 

No one can remember all these things perfectly 
the first time, but referring back to them and trying 
them out on the job at every opportunity is the 
quickest and surest way to fix them in your mind. 

Never be ashamed to refer to a plan or notes 
when you have a problem of connection or other 
trouble. The most successful electricians and engi-
neers always follow plans. 

When a system has several separate circuits, 
test them one at a time and mark them off on the 
plan or sketch as each is proven O. K. In this man-
ner you know at all times how far you have gone, 
and where to look next, and can feel sure of corner-
ing the trouble in one of the circuits or devices. 

Remember a portable battery and bell, buzzer, 
or test lamp, and a few pieces of test wire, used 
with a knowledge of the purpose and principles of 
the circuits and devices, and plain common sense, 
will locate almost any signal trouble. 

When any certain device is found to be out of 
order, you also have its troubles and repairs covered 
in the section on that device, in this Reference Set. 
Refer to it if you need to. 

Welcome every "trouble shooting" job as a 
chance to get some excellent experience. 

81. PUTTING YOUR TRAINING INTO 
PRACTICE 

Now, if you have made a careful study of this sec-
tion so far, you should be able to install almost any 
ordinary call or signal system. 

Start with a small job if you wish, and you will 
quickly find that you can apply every principle 
covered in this Set and in your shop work. After 
the first job or two, your confidence will grow and 
you will be ready to tackle any work of this nature. 

Fig. 107 shows a floor plan of a house equipped 
with a modern bell call system, that affords great 
convenience in any home. Here are shown front 
and back door buttons, and buttons to call a maid 
from the parlor, bedroom, or dining room. An 
annunciator indicates which door or which room 
any call comes from. The switch in the dining 
room can be a floor switch under the table for foot 
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operation, while those in the other rooms can be 
neat push buttons in convenient locations on the 
walls. 

In homes where no maid is kept, several of these 
buttons may not be necessary, but practically every 
home should have a door bell. 

They are becoming quite popular in many rural 
and farm homes. And in these homes a call bell 
from the house to the barn or garage is often a 
great convenience. 

In Fig. 107 the wires are shown in a simple layout 
to be easily traced, but they should be run through 
the basement or attic, or through the walls where 
necessary. 

Fig. IV. Diagram showing layout el wiring tor doorbell and conveni-
ence call system with annunciator. Such systems are commonly 
used in modern homes and are very well worth their cost of 
Installation. 

82. STARTING A BUSINESS OF YOUR OWN 

To start a business of your own or side line jobs 
for extra money in bell and signal wiring, as men-
tioned before, very little capital or material is 
required. 

Many men have started big businesses with only 
a few pounds of annunciator wire, a box of staples, 
a few push button switches, and a couple of bells and 
buzzers, along with a few tools, such as pliers, 
knife, screw driver, hammer, brace and bit, key-
hole saw, star drill for brick walls, etc. 

You may not even need to buy any materials, 
and only a few tools, until you get your first jobs 
lined up. 
A little salesmansiiip will often convince the 

ownet of a home, shop, or store that a door bell or 

signal system would be a great improvement and 
convenience, and well worth the very small ex-
pense, or that a burglar alarm system would be 
excellent protection for their property, or perhaps 
fire alarms from shops, garages, barns, etc., to the 
houses. 

Both practice in salesmanship, and electrical 
practice are extremely valuable to every beginner. 

83. GOOD WORKMANSHIP IMPORTANT 
In every job you do, from the smallest door bell 

system to the most elaborate burglar or fire alarm 
system, make a practice of doing nothing but first 
class work—work that will be a credit to youi 
profession, your school, and yourself. 
Whether working for a customer or an employer, 

start building your reputation with your first job, 
and keep this thought in mind on all the rest. 

84. ESTIMATING JOB COSTS 
Try to do all work at a fair price to the customer, 

and a fair wage, plus a reasonable profit for your-
self. 
A good plan on the first job or two, is to do them 

on a "time and material" basis. After determining 
the type of system desired and parts and materials 
needed, let the customer buy them, and then charge 
for your time on installing them by the hour. 
Keep a record of your time, wages, materials, 

and costs, and these will help you estimate future 
jobs quite accurately. Then you can buy your owdli 
materials, and charge 25 per cent or more for handW 
ling them and for overhead or miscellaneous ex-
pense; in addition to a good wage for your time, 
all in the estimate figure. 

In many cases, time and money can be saved on 
alarm installations by arranging the relays, bells, 
batteries, and reset switch all on one panel or shelf 
board, in advance at your home or shop. Then 
when you go to the job, it is only necessary to 
mount this assembled unit and install the wires and 
proper switches. 
And again let us emphasize the value of doing 

all work neatly and with good workmanship, both 
for the appearance of the job, and for its quality 
and dependability of operation. 
A customer is usually better satisfied in the end, 

to have a first class job done at a fair price, than 
to have a poor job at a cheap price. 

85. VALUE OF ADVERTISING 
Don't hesitate to let the people in your neighbor-

hood know of your training and ability. With just 
a little confidence and real ambition you can do 
these things you want to. Prove it to them and to 
yourself, and be proud of your training, mid every 
job well done. 

Very often the repair of bell and signal systems 
already installed, will bring you some extra mone 

After completing your entire course you will I. 
able to do repair and installation work, not only 
on signal and alarm systems, but also on radios. 
lighting systems, electric motors, appliances, etc 
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• Fig. 107-B This photo shows a view of the more common parts and materials used in signal 

If you have spare time evenings and week ends, 
and wish to do such work aside from your regular 
job, or to make a business and specialty of it, it 
will usually pay to do a little advertising. An adver-
tisement in your local newspaper, and printed cards 
left at houses and shops will call attention of people 
to yourself, as a trained man available to install or 
service such equipment for them. In many cases 
this will bring all the work of this kind that you 
can handle, especially after you have done some 
work and have a few satisfied customers boosting 
for you. 
Small advertisements and a few hundred cards 

of the type mentioned can often be gotten out at 
as low a cost as five to ten dollars. 

If you should make a specialty of this line of 
work, and build up quite an active shop and 
business, then you can add to your tools and ma-
terials to make a more complete equipment for 
greatest time saving and convenience. 

For a more complete list of tools and materials 
in case you want them later, see the following list. 
Remember, however, that you can make a good 

start in this work with probably no more than one 
tenth of this amount. 

IIle 2" screw driver for bell adjustments. 
4" screw driver for small screws. 

1 6" screw driver for small screws. 
1 ratchet for wood bits. 
6 assorted wood bits. 

and alarm wiring. 

3 long electrician's bits, 24" to 36", for long holes 
through walls and floors, and through mortar 
joints in brick walls. 

1 pair side cutter pliers. 
1 pair long nose pliers. 
1 pair diagonal pliers. 
1 claw hammer. 
1 light machine hammer. 
1 staple driver. 
1 compass saw. 
1 hack saw. 
1 carpenter's saw. 
1 small pipe wrench. 
1 small set of socket wrenches. 
2 small star drills. 
1 Yankee drill. 
2 ignition point files, for bell contacts. 
20-ft. of steel fish tape. 
1 wood chisel. 
1 cold chisel. 
1 doz. assorted push button switches. 
3 to 6 vibrating bells. 
3 to 6 vibrating buzzers. 
3 drop relays. 
3 bell transformers. 
12 dry cells, No. 6. 
5 lbs. No. 18 annunciator wire. 
3 boxes insulated staples. 

electric or gasoline soldering iron_ 
3 rolls friction tape. 
1 lb. solder. 
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After getting a start in this work so you are buying 
considerable of materials and parts, you can get dis-
counts or wholesale prices from your dealer, or by 
sending to some mail order house, and in this manner 
make still more profit on your jobs. 
Now, whether you choose to follow bell and alarm 

wiring or not, every bit of the knowledge of these cir-
cuitc and devices that you have gained in this sec-
tion will be of great help to you in any line of elec. 
trical work, and particularly if you should enter 
any of the other great fields of a similar nature, 
such as railway signal, telephone, or radio work. 

• 

• 
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Observe that when the receiver is off the hook, as shown in the above 
diagram, all of the contacts on the hook switch (at "A") are closed, 
thus completing both the receiver circuit to the line and the trans-
mitter circuit. 

Hang the receiver back on the hook. Notice that all of the contacts 
open, thereby breaking receiver and transmitter circuits. This type 
of telephone is called silent ringing because, by turning the crank 
on the magneto to call out, the bell is shunted and does not ring. 

The reason for this can be clearly seen when turning the crank. The 
.nechanical arrangement of the shaft moves the moving contact of the 
doable-circuit switch, on the end of the magneto, away from the clos-
ed contact over against the open contact. 

This type of telephone can be used on a grounded line by connecting 
line "2" to the earth and line "1" to a wire extending to the other 
telephone. It can also be used on metallic line by connecting one 
wire of the line to line "1" and the other to line "2". 

It should be noted that the pulsations in the battery circuit produc-
ed by operation of the transmitter result in alternating voltages be-
ing induced in the secondary winding of the transformer and that 
tnese A.C. voltages force A.C. currents through the line which oper-
ate the receiver at the other end. 

The magneto shown is also an alternating current device. This ex-
plains the need for using a polarized bell on this unit, since posi-
tive ringing cannot be satisfactorily obtained on a bell of the ordi-
nary type when it is operated from an alternéiting current source. 
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This is a comparison of Local Battery Telephone, and the Central 
Energy Telephone each with a magneto ringer. 

The purpose of the condenser in the Central Energy Telephone is 
to prevent the D.C. of the transmitter circuit flowing through the 
receiver circuit, but still permitting the A.C. for ringing and the 
receiver circuit. 

When ringing is done fro!n a central source the magneto will not 
be necessary. Instead of connecting the polarized bell to the moving 
contact, connect it direct to line 1 and eliminate the connection from 
the receiver to the open contact on the magneto. 
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ELEMENTARY DIAGRAM OF THE TELEPHONE 
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The above diagram shows the equipment and connections for one tele-
phone. Connection can be made to another telephone through points indi-
cated Line "1" and Line "2". The transmitter button is everything en-
closed in the brass cup. Sound waves (voice waves), through the mouth--
niece, strike the aluminum diaphragm, causing it to vibrate. These vi-
brations move the front of the transmitter button in and out, which 
tightens and loosens the carbon granules. This decreases and increases 
the resistance of the transmitter circuit, thus affectinq the value of 
the current through the prihnary side of the induction coil. The effect 
of the change in rate of current in the primary induces an alternating 
voltage in the secondary, which causes current to flow first one direc-
tion then the other through the receiver circuit. A.C. in the electro-
manets, which varies the strength of the permanent maznet and causes 
the iron diaphragm to vibrate. These vibrations of the receiver dia-
phragm, which means that the sound waves thus produced by the receiver 
-diaphragm are a reproduction of those impreesed on the transmitter dia-
phragm. 

The diagram shows conditions as they exist when the receiver is off 
the hook. Ordinarily the receiver hook-switch opens the transmitter 
circuit to prevent drain on the battery, and also opens the receiver 
circuit. Notice there is nothing magnetic about the operation of the 
transmitter. Its purpose is curely to convert sound waves to electri-
cal impulses, producing PDC in the transmitter circuit. The receiver 
operates on the magnetic effect of current. It demonstrates the appli-
cation of the three artificial magnets - namely - permanent magnet, tem-
porary magnet, and electro-magnet. 

PERMANENT MAC,NET 

POLARIZED BELL 
OPERATES ON A.G. 

The polarized bell is the device 
commonly used in connection with the 
telephone to sound an audible alarm 
when calling. It requires a source 
of energy separate from the transmit 
ter circuit and receiver circuit. 

The N-pole of the permanent mag-
net induces the consequent poles "So 
and "S", in the soft iron bar, making 
the main poles both N-poles. The 
iron bar is pivoted in the center, 

which permits its ends to move up and down when attracted or repelled as 
A.C. changes the polarities of the electro-magnets. 

By tracing the circuits for each alternation separately, it will be 
seen that the "right-hand rule for electro-magnets" applies here; also 
the "First Law of Magnetism." 

COYNE 



109 

TELEPHONES 

Nothing illustrates better than the telephone the 
rate at which electrical industries expand and how 
opportunities open up to men who are trained in 
electrical principles. 
The first complete sentence was heard by tele-

phone in 1876. Now the average is 75 million con-
versations a day. This first employee was hired in 
1877. Today there are more than 325,000 men in the 
telephone industry. The first exchange was opened 
in 1878. Two years later there were nearly 50,000 
telephones and now there are more than 20 mullion 
in the United States alone. 

The first underground telephone cable was run 
between two Massachusetts towns in 1882. Today 
there are more than 50 million miles of wire in un-
derground cables and another 30 million overhead. 
It was only 16 years ago that telephone service was 
opened between New York and London. Overseas 
connections now make it possible to reach more 
than 90 per cent of the world's 40 million telephones. 
Thomas A. Watson, who was the assistant of 

Alexander Graham Bell in developing the telephone, ed, "There were few books on electricity at that 
urne. The one that interested me most was Davis' 
Manual of Magnetism, published in 1847, a copy of 
which I made mine. That same old copy in all the 
dignity of its dilapidation has a place of honor on 
my book shelves today. Before two years had 
passed I had tried my skill on call bells, annuncia-
tors, galvanometers, telegraph keys, and printing 
telegraph instruments." 

86. GREAT FIELD FOR MEN WITH ELEC-
TRICAL TRAINING 

To keep all this vast and marvelous system of 
telephones functioning perfectly requires thousands 
of well trained electrical men who are familiar with 
circuit tracing, trouble shooting, and care and ad-
justment of the relays, bells, coils, etc. Many 
more men are required to install the thousands 
of new telephones constantly being added to this 
vast system. 

87. TELEPHONE KNOWLEDGE VALUABLE 
IN ANY LINE OF ELECTRICAL WORK 

The telephone field is one in which you can use 
many of the principles that have been covered so far 
in this signal section, and in the sections which 
follow there will be much information applying to 
telephones in particular. And even though you may It desire to specialize in or follow telephone work,. 
u should at least have an understanding of the 

fundamental principles of telephone equipment. 
Many power plants, factories, shops and offices have 
their own private telephone systems, and in any 

line of electrical maintenance work you are likely 
to find good use for this knowledge. 

88. PRINCIPLES OF OPERATION 
The telephone is an instrument for transmitting 

sounds and voice from one point to another. Tele-
phones do not actually carry the sound itself, but 
instead reproduce it by means of electric current 
impulses. 

In order to understand how this is done, we 
should first know something of the nature of 
sound. Most everyone knows that any sound is 
transmitted by means of waves in the air. These 
air waves may be set up by one's voice, clapping 
of hands, firing a gun, or anything that causes a 
disturbance of the air. 

Different sounds have waves of different volume 
Ind frequency. A loud sound has waves of greater 
volume or energy, and a low or feeble sound has 
waves of less volume or energy. A high pitched 
sound has waves of high frequency, and a low 
note has waves of lower frequency. 

These little puffs or waves of air strike our ear 
drums and cause them to vibrate and transmit 
impressions of various sounds to our nerves and 
brain, thus enabling us to hear them. Figs. 108 
and 109 show several different forms of sound 
waves, represented by curves showing their volume 
and frequency. 

Fig. lit This sketch shows a number of different forms of sound waves 
represented by curves. The upper line shows two groups of waves, 
both of about the same frequency, but the first group of considerably 
greater volume than the second. The second line shows twe groups 
of about the same volume, but the first is of much lower frequency 
than the second. The third line shows waves of varying volume and 
varying frequency. 
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CLARINET C 

in order to be heard by the ordinary human ear, 
sound waves must be between 16 per second and 
15,000 per second, in frequency. These are called 
Audible sounds. Many people cannot hear sounds 
of higher pitch or frequency than 8,000 to 9,000 
waves per second, and it is only the highest of 
musical or whistling notes that reach a frequency 
of 10,000 or more per second. 
Sound waves travel about 1,100 feet per second 

in air, and abount 4,700 feet per second in water. 
Ordinary sounds can only be heard at distances 

from a few feet to a few hundred feet, and the 
loudest sounds only a few miles. 
This is because the actual amount of energy in 

the sound waves is very small and is quickly lost 
in traveling through air. 

Electricity travels at the rate of 186,000 miles 
per second, and can be transmitted over hundreds 
of miles of wire without much loss. So if we 
change sound wave energy into electrical impulses 
and then use these impulses to reproduce the 
sounds at a distance, we can greatly increase both 
the speed and the distance sounds can be trans-
mitted. 
This is exactly what the telephone does. 

'tv\e 

Fig. 108. These waves are typical of various musical notes, having the 
email variations in frequency and volume occurring at regular inter-
vals, forming groups or large variations in the general note. 

89. TRANSMITTING AND REPRODUCING 
SOUND WAVES ELECTRICALLY 

In Fig. 110-A is shown a sketch of a simple form 
of telephone. Sound waves striking the Transmit-
ter at the left, cause it to vary the amount of 
current flowing from the battery through the 
transmitter, and also through the Receiver at the 
right. These varying impulses of current through 
the receiver magnet vibrate a thin diaphragm or 
disk and set up new air waves with the same fre-
quency and variations as those which operated the 
transmitter. Thus the original sound is reproduced 
quite faithfully. 
This illustration of the telephone principle shows 

that the actual sound does not travel over the 
wires, but that the wires merely carry the elec-
trical impulses. 

Figs. 110-B and 110-C show the same circuit with 
different amounts of current flowing in each case, 
as they would be at the time different sound waves 
strike the transmitter. 

This simple telephone would serve to transmit 
the sound only in one direction, but would not per 
mit return conversation. For two-way conversa 
tion we can connect a transmitter and receiver a. 
each end of the line, all in series with a battery, 
as shown in Fig. 111. 

e 

Fig. 111I-A. Sound waves striking the transmitter are reproduced do, 
trically by the magnets in the receiver. 

B. When feeble waves strike the transmitter only small cur 
rents flow in the circuit. 

C. When stronger waves strike it heavier currents flow. • 
When sound waves enter either transmitter, both 

receivers are caused to operate, so this system can 
be used to carry on conversation both ways. 
However, we still do not have any means to 

call the distant party to the telephone. 
This can be arranged very easily, as in Fig. 112, 

by simply attaching a return call bell and push 
button system. In this circuit we have made use 
of one of the talking circuit wires, and a ground 
path for the bell circuit, but it still requires an 
extra wire for the signals. This wire can be elimi-
nated by the use of a Receiver Hook Switch, to 
separate the talking and ringing circuits when the 
receiver is up or down. 

Fig. 111. Two transmitters and two receivers connected in series to f 
• simple two-way telephone circuit. 

The circuit shown in Fig. 112 can be used for 
a very practical telephone for short distances, such 
as between a house and barn, or in a large shop 
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or office building. But for longer distances we 
should also have the hook switch to save the extra Swire, and an Induction Coil to increase the voltage 
for the long line. The bells should also be of a 
special high resistance type, so they will operate 
on less current and maintain better line economy. 

EDD-

o o 

flg.112. Sbnple telephone system for two-way conversadons, and ha-
ducting beds and buttons for calling the parties to the telephone. 

90. IMPORTANT PARTS AND DEVICES 

Now we have found that the more important 
parts of a telephone are the Transmitter, Receiver, 
Bell, Hook Switch, Induction Coil, and Battery, or 
source of current supply. Some types of telephones Oso require a special Magneto to operate the high 
esistance bells. 
In order to more thoroughly understand the 

operation of various types of telephones, and also 
their care and repair, we should now find out more 
about each of these important parts mentioned. 
Although there are many styles of telephones 

and various circuits and systems, they all use these 
same fundamental parts, and if you get a good 
general knowledge of these parts it should be much 
easier for you to understand any ordinary telephone 
installation. 

• 
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91. TRANSMITTER 

The transmitter, as was mentioned before, acts as 
a valve to release from the battery, electric current 
impulses in synchronism with the sound waves 
which operate the transmitter. This is done by the 
use of a variable resistance in the form of carbon 
granules (particles) in a small cup-like container. 

This cup has a loose cover or front end, which 
is attached to the thin disk or diaphragm directly in 
front of the mouthpiece. 

The mouthpiece acts as a sort of funnel, to con-
centrate the sound waves on this disk. As the 
waves strike the disk, they cause it to vibrate 
slightly and this moves the loose end of the carbon 
container and compresses and releases the carbon 
grains or granules. See Fig. 113, which shows 
these parts in detail. 

The transmitter circuit is arranged so the cur-
rent from the battery must flow through the carbon 
granules from one end of the cup to the other. 
When the carbon particles are compressed tightly 
the contacts between them are better, their electri-
cal resistance is lower, and they allow a strong cur-
rent to flow. When they are released and their 
contacts loosened, the resistance increases and less 
current will flow. 

So, as the various sounds strike the transmitter 
and cause the disk and button to vibrate rapidly, 
it controls or liberates from the battery corre-
sponding impulses of current. Fig. 114 is a sketch 
showing the connections and electrical circuit 
through a transmitter. 

Fig. 115 shows several different forms of electric 
current represented by curves. The straight lines 
are base or zero lines, and are considered as points 
of no current value. \Vhen the curve goes above 
the line it represents positive or current in one 
direction; and when it goes below it means nega-
tive or current in the opposite direction. Fig. 
115-A shows a steady or continuous flow of direct 

FELT OLSCA 

CmAAPFJG SPRING 

Fig. 113. This diagram shrew two different views of • tdephone trans-
snider and he parts. Esatnine each very closely, 

and note the names et ea& part • 
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current, such as the battery would ordinarily 
supply. Fig. 115-B shows pulsating direct current 
such as the transmitter would produce. The height 
of the curve above the line indicates the value of 
the various current impulses. While this current 
varies in amount, it is still flowing all in one 
direction. 

Fig. 114. Simple sketch showing principle of telephone transmitter 
button, and how the varying pressure on the carbon granules 

varies the resistance and current flow in the circuit. 

Fig. 115-C shows ordinary alternating current, 
such as a magneto or A. C. generator would pro-
duce. This current continually varies in amount 
and regularly reverses in direction. Fig. 115-D 
shows alternating current of irregular frequency 
and varying volume, such as produced by a tele-
phone induction coil, which will be explained a 
little later. 

Fig. 116 shows another type of transmitter of 
slightly different construction, but similar in oper-

Fig.11S. Various kinds of electrical current represented by curves. 
Examine each curve very closely and compare 

with die explanations given. 

ating principle to the one in Fig. 113. This trans-
mitter has the disk or diaphragm mounted in a 
soft rubber ring, to allow it free movement without e 
rattling or chattering. 
Sometimes the carbon granules in a transmitter 

become packed or worn and need to be removed. 
In many transmitters the entire cup can be easily 
removed and exchanged. Loose terminals, broken 
connections, or dirt around the diaphragm also 
cause occasional trouble. 

92. RECEIVER 

The ordinary telephone receiver consists of a 
strong permanent magnet of horsehoe shape, a pair 
of electro-magnet coils at the ends of the permanent 
magnet poles, a thin disk or diaphragm, and the 
shell and cap in which these parts are enclosed. 

See Fig. 117. The receiver at the left shows the 
parts named, while the one at the right shows a 
slightly different type which does not use the large 
permanent magnet, but just a strong electro-mag-
net instead. 

• 

Fig. 116. Sectional view of a common type of telephone transmitter. 
The carbon cup is here shown empty or with-

out any carbon granules in it. 

The permanent magnet normally holds the iron 
disk attracted when the receiver is not in use. 
When "talking current," or current from the talk-
ing circuit, passes through the coils of the electro-
magnets, its current variations strengthen and 
weaken the pull of the permanent magnet on the 
diaphragm, causing it to vibrate. 

Telephones using induction coils have alternating 
current in the line and receiver circuits. This cur-
rent reverses rapidly, and the reversals or alterna-
tions are of the same corresponding frequency and 
volume as the sound waves which caused them. 

Some of these impulses were shown in Fig. 
115-D. As these impulses pass through the receiver 
coils, they not only vary the magnetic strengt 
of the coils, but also actually reverse their polarit 
This causes the electro-magnets to strengthen the 
polarity and aid the pull of the permanent magnets 
on the diaphragm while the current flows in one 
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Fig. 117. Two sectional views showing the construction and parts of two 
types of telephone receivers. Examine all the parts carefully and 
note the names of each. The receiver on the right has a lead weight 
at the top of the shell to make it heavy enough to operate the hook 
switch, which will be explained later. 

direction. But when it reverses, the magnetism 
of the coils opposes that of the permanent magnet 
and weakens it, thus making a considerable varia-
tion in pull on the diaphragm. 
The coils of the receiver electro-magnets are esually wound with many turns of very fine wire, 

and if these coils are bruised or scratched it often 
breaks one or more turns of the wire and stops 
:he operation of the receiver. 
Some of the other more common receiver troubles 

re as follows: Loose end cap, allowing diaphragm 
to fall away from magnets; bent diaphragm, weak 
permanent magnet, loose cord connections, or 
broken receiver cord. The wires in these cords 
often become broken inside the insulation, from 
twisting and kinking, or from rough handling and 
dropping of receivers. 
Testing with a dry cell, first at the cord tips, 

then at the receiver terminals, and listening for a 
click at the diaphragm as the circuit is made and 
broken, will easily disclose this trouble. 

Another type of receiver, often called a "watch 
case" type, is shown in Fig. 118. These small 
receivers are used in head sets for telephone oper-
ators, and are very similar to those used by radio 
operators. 

Their construction is much the same as the 
larger ones, except that they are much lighter in 
weight and have the permanent magnet in more 
of a circular shape. 

93. HOOK SWITCH aThe receiver is hung on a spring hook when not 
use, and this hook operates a switch to discon-

nect the talking circuit and places the ringing cir-
cuit in readiness for the next call. This is called a 
Hook Switch. 
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By disconnecting the talking circuit, it saves 
wasting the battery current when the 'phone is 
not in use. It also disconnects the bell circuit 
when the 'phone is in use, and thus prevents the 
bell from being rung while parties are talking. 
Having this switch operated by the receiver makes 
it automatic, as the party naturally removes and 
replaces the receiver when starting and finishing 
the conversation. 

Fig. 119 shows a very simple type of hook switch. 
While the receiver is on the hook it holds the hook 
down, and the end of the hook lever presses against 
the center contact of the switch, keeping it in con-
tact with the spring "C." This closes the ring-
ing circuit. 
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Fig. 118. Sectional view and front view of watch case receiver, such as 
used on telephone operators' head sets. 

When the receiver is removed from the hook, 
the spring causes the hook to raise and the end 
of the hook lever to move to the left, allowing the 
center spring to make contact with "A" and close 
the talking circuit. It also opens the ringing cir-
cuit at the same time. 
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There are a number of different types of hook 
switches, but the principle of all of them is very 
similar and easy to understand. 

If the contacts of a hook switch become burned 
or dirty, or if the contact springs become bent out 
of shape, it is likely to cause faulty operation of 
the talking and ringing circuits. 

Fig. 1111. Sketch showing the principle of a simple "receiver hook 
switch." Note what the operation of the spring contacts 

would be if the receiver was raised and lowered. 

94. BATTERIES AND CURRENT SUPPLY 
Telephones require, for the successful operation 

of their talking circuits, direct current supply of 
a very "smooth" or constant voltage value. This 
is because we do not want any variations in the 
current, except those made by the transmitter and 
sound waves. 

In small private telephone systems and rural 
lines, dry cell batteries are often used, and in many 
cases each 'phone has its own battery. 
Large telephone systems for city service use 

storage batteries or D. C. generators for talking 
current supply. Generators for this use have 
special windings and commutators for providing 
"smooth" D. C., as even the slight sparking and 
variations of voltage at the commutator of an ordi-
nary power generator would produce a disturbing 
hum in the 'phone receivers. 

Rural line telephones often use a hand-operated 
magneto to supply current to ring the bells, and 
some small exchanges do also. However, most 
exchanges use a generator to produce alternating 
current or pulsating direct current, for the operators 
to ring the various parties by merely closing a key 
switch. 

95. INDUCTION COIL 

As mentioned before, most telephones that are 
to be used on lines of any great length use an 
induction coil. The purpose of this coil is to 
act like a transformer and increase the voltaze of 

the impulses in the talking circuit, so they can be 
transmitted over long lines with less loss. 
When a transformer "steps up" the voltage. it. 

reduces the current in the same proportion, and 
the less current we have to send through the re-
sistance of any line, the less loss we will have. 
By briefly recalling your study of Ohms Law and 
voltage drop principles, this should be quite easily 
understood. 

Induction coils have a primary and secondary 
winding around a core of soft iron, and when the 
current impulses are sent through the primary, 
corresponding impulses of higher voltage are set 
up in the secondary by magnetic induction. Thus 
the name, "induction coil." 

Fig. 120 shows a sketch of an induction coil. 
"C" and "C" show the ends of a core which is 
made of a bundle of soft iron wires. "H" and 
"H" are ends or "heads" to support the coil on 
the core. "P" and "P-1" are the terminals of the 
primary winding. "S" and "S-1" are the terminals 
of the secondary winding. 

leutal ***** 

• 
Fig. In. This sketch shows the construction of the windings and C01111 

of a telephone induction coil. 

The primary winding should be connected in the 
transmitter and battery circuit. The secondary 
winding connects to the receiver and line circuit. 
These connections will be shown a little later, in 
a diagram of a complete telephone circuit. 

Fig. 121 shows a single, and also a double induc-
tion coil. Fig. 122 shows a sketch of the coils, core, 
and terminals of the induction coil as they are 
often shown in connection diagrams. 
We recall from an earlier section on transformer 

principles, that transformers will not operate on 
ordinary direct current, but in the case of this 
telephone induction coil, the current from the bat-
tery is caused to pulsate or increase and decrease 
rapidly, by the action of the transmitter. 

Asit • 
Fig. 121. On the left is shown a single induction coil with the terminal 

connections plainly visible. On the right is shown a 
nalr mounted so one base. 
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These variations in the talking current cause the 
flux of the primary coil to expand and contract, and educe the higher voltage impulses in the secondary. 

Fig. 122. The primary and secondary windings and core of an induction 
coil are often shown in the above manner in electrical diagrams. 

96. TELEPHONE BELLS 

While some telephones in small private systems 
use ordinary vibrating bells, the more common 
'phones in general use in public systems use a 
Polarized bell, which operates on alternating cur-
rent. 
These bells have two electro-magnets and an 

armature, which is a permanent magnet; and two 
gongs instead of one, as in the case of the vibrating 

O h. 122-B shows two views of this type of tele-
phone bell. 

In some cases, instead of the armature itself 
being a permanent magnet, a larger permanent 
magnet is mounted behind the bell coils and with 
one end close enough to the armature to maintain 
induced poles in it. 
The coils of these bells are usually wound with 

many turns of very fine wire, and are designed to 
operate on very small amounts of current at rather 
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Fig. 122-B. Front and side views of a polarized telephone bell. Note 
the end of the permanent magnet, which is used to dze the 
armature by induction. Also note the biasing spring a to one 
end of the armature. 

MAGINE1 

high voltage, which makes them economical to 
operate on long lines. 
The operating principle of the polarized bell can 

be easily understood by referring to Fig. 123. You 
will note that when current flows through the coils 
in one direction it sets up poles on the electro-
magnets, which attract one end of the armature 
and repel the other, causing the hammer to strike 
the left gong as in Fig. 123-A. 
Then, if we reverse the current as in "B," this 

reverses the poles of both electro-magnets, causing 
them to attract and repel opposite ends of the arma-
ture to what they did before. This makes the 
hammer strike the right-hand gong. 

A 

F g. 123. These sketches show the electrical circuit of a polarized tele-
phone bell. Note the polarity and position of the armature in "A,' 
and again in "B," after th. current has been reversed. 

Then, if we supply alternating current from a 
magneto or central generator, it will cause the coils 
to rapidly reverse and operate the hammer at the 
same frequency as that of the current supply. 
Check carefully the polarity of the permanent 

magnet, the movable armature, and the electro-
magnets in both bells in Fig. 123. 
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97. BIASED POLARIZED BELLS FOR PUL-
SATING D. C. OPERATION 

Sometimes these polarized bells are equipped 
with a Biasing spring attached to their armature. 
This spring can be noted in Fig. 122-B. It enables 
the bell to be operated on pulsating direct current, 
which is sometimes used by the operators at central 
stations for ringing various parties on the line. 

In such cases a rotary pulsating switch is used 
in the battery circuit to provide the interruptions 
in the current. The biasing spring normally holds 
the hammer against one of the gongs when the 
bell is idle. When current is sent through the coils 
in the proper direction, the electro-magnets will 
attract and repel the proper ends of the armature, 
to cause the hammer to strike the other gong. 
When the current is interrupted, the spring 

draws the armature and hammer back again, strik-
ing the first gong once more. This will be repeated 
as long as the pulsating current flows. See Fig. 
124. The pulsating wheel "W" has alternate sec-
tions of metal and insulation, so as it is rotated 
it rapidly makes and breaks the circuit of the 
battery and bell. 

Fig. 125 shows a very good view of a telephone 
bell with the gongs removed. 

Fig. 124. ThIs sketch shows how a "pulsator" or interruptor can be 
used to supply pulsating current from a battery and 

for • operation of telephone bells. 

98. POLARIZED BELL WITH PERMANENT 
MAGNET ARMATURE 

Another type of polarized bell used in some tele-
phones, has both coils wound in the same direction 
and uses the permanent magnet for an armature. 
See Fig. 126. 

In these bells the armature has unlike poles at 
opposite ends, so in order for one of the electro-
magnets to attract and the other to repel, they 
must have like poles. When alternating current is 
passed through this bell, the polarity of both elec-
tro-magnets changes at the same time. This causes 
attraction of first one end of the armature, and 
then the other. 
Observe carefully the direction of current and 

polarities of the magnets in both bells "A" and 
"B" in this figure. 
When telephone bells fail to operate, the trouble 

can usually be found in a loose connection, broken 
coil lead, weak permanent magnet, loose gongs, or 
magnet cores loose on keeper or frame. 

Fig. 125. Photograph of coils, armature, and hammer of • common 
telephone bell. 

99. TELEPHONE MAGNETOS 

As mentioned before, rural lines often use maii  
netos at each 'phone for the subscriber to ring a 
other party on that line, and also to call the central 
operator. These magnetos, when operated by the 
hand crank at normal speed, produce alternating 
current at fairly high voltage, usually from about 
80 to 100 volts, and at a frequency of about 20 
cycles. 

A 

Fig. 1211. This sketch shows the construction and winding. of another 
type of polarized bell, which uses • permanent magnet for its arma-
ture. Note the polarity and position of armature at "A," and again 
at "B," after the current has been reversed. 

Fig. 127 shows a sketch of a magneto of the 
type. The armature is usually of the shuttle type 
with just two large slots, in which are wound many 
turns of very fine wire. It is located in the base 
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of the magneto between the poles of several large 
horseshoe magnets. ° The magnets supply the magnetic flux which is 
cut by the armature winding to generate the volt-
age. The armature is revolved quite rapidly by 
means of a large gear on the hand crank shaft, and 
small pinion on the armature shaft. 

Fig. 127. Diagram of telephone magneto showing shaft extension which 
operates contact springs. 

The crank shaft shown at "0" is equipped with 
a slotted extension and spring which pushes out 
against the contact spring "N" each time the crank 
is turned. This operates a sort of "shunt" switch. 
When the magneto is idle this spring falls back, 

touching contact "C," and shunts out the magneto 
Minding from the line circuit, so the talking current 
Wes not have to pass through this resistance. 

When the crank is turned the shaft is forced out 
a small distance and opens these contacts, allowing 
the magneto current to flow to the line and bells. 
One end of the armature winding is usually 
grounded to the shaft, and the other end is insu-
lated and carried out through the center of the 
shaft, which is hollow. This end or tip of the 
shaft is in contact with the small spring as the 
shaft rotates. 

Fig. 128 shows two photos of telephone mag-
netos. The one at the right is equipped with a 
hand crank for use in a subscriber's telephone. 
The one at the left is equipped with an extension 
shaft such as used by central operators in some 
of the small exchanges. 

Fig. 128.1 nose photos show two telephone magnetos. The me on the 
left for use In • small exchange, and the one on the 

right for • subscriber's telephone. 

Some exchanges use a power-driven magneto, 
having it operated continuously by a small motor. 
In this case it is only necessary for thé operator 
to close a key or switch to ring the party being 
called. 

In Fig. 128 the spring contacts operated by the 
magneto shaft are quite clearly shown. 
The permanent magnets in these magnetos often 

become weak after a certain age and need to be 
remagnetized or replaced. Sometimes a little oil and 
dirt collects on the contact springs, causing them 
to fail to make good connections; or they may 
become bent or worn so they do not make proper 
contact. 

100. COMPLETE TELEPHONES AND 
CIRCUITS 

Now that you understand the function and opera-
tion of the important parts of a telephone, let's see 
how they all work together in the complete 'phone. 

Fig. 129 shows a common type of party line tele-
phone used on rural lines and in small towns. 
The view on the left shows the box closed, and 

the location of the receiver, transmitter, and bell 
gongs. On the right the box is opened up, show-
ing the battery and magneto, hook switch in the 
upper left corner, and bell magnets on the door. 
The induction coil is not visible in this view. 

Fig. 121. Common type of party 11ne telephone used en rural Saes. This 
telephone is complete with its own batteries and magneto. 

You will note that this 'phone is complete with 
all necessary parts, and has its own current supply 
for both the talking and ringing circuits. 
Two or more telephones of this type can be 

connected in parallel on a line, and if desired can 
be operated without any central exchange or any 
other equipment. 

Any party can ring any other party by a system 
of different calls, arranged in combination of short 
and long rings, similar to dots and dashes. 

Party lines with a number of these 'phones can 
also be run to a central office and from there they 
can be connected to any other line on the entire 
system. This is the purpose and function of a 
central office or telephone exchange. It is practical 
to have on •one line only a certain limited number 
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of 'phones, as otherwise the line would always be 
busy, and no other subscriber could use it while 
two parties were already talking over it. On rural 
lines the number of parties may be from ten to 
twenty per line. In cities, there may be from two 
to four parties per line. 

When a subscriber on one line wishes to talk 
to someone on another line, he or she signals the 
central operator, who can, by means of switches 
and plugs, connect the Calling Line to the one 
called and then ring the party desired on the Called 
Line. The equipment and operation of exchanges 
is covered later. 

Fig. 130 shows a complete diagram of the elec-
trical circuit and connections of a telephone of the 
type shown in Fig. 129. Here we can see the rela-
tion of each part to the others and get a clearer 
idea of how they all operate together. 

Trace out this circuit very carefully, until you 
are sure you clearly understand its entire operation. 

The receiver is shown off the hook and the hook 
is raised, allowing the main contact spring to move 
to the left and close the two contacts on that side, 
completing the talking and line circuit. The large 
arrows show where the current flows from the local 
battery, through the transmitter, induction coil pri-
mary, hook switch contacts, and back to the battery. 

Fig. in. Diagram showing connections and circuits of a telephone such 
as shown in Fig. 1211. 

When the party talks into the transmitter, this 
local current is caused to pulsate and sets up 
induced impulses of higher voltage but smaller 
current, in the secondary coil, receiver and line 
circuit. This is shown in the small arrows. You 
will remember that this current induced in the 
secondary coil and in the receiver circuit is alter-
nating and rapidly reverses, so we show the arrows 
both ways. It also flows a short distance through 
one of the same wires with the battery current, but 
this does no harm. 
The magneto is shown here in idle position, so 

its spring contact is open and keeps the magneto 
winding out of the ringing and line circuit at 
present. When the magneto is operated, the sha 
pushes out and closes the circuit, and sends curren 
through the bell and also out on the line to the 
other bells. 

In order to ring anyone, the receiver must be on 
the hook, keeping the hook down and holding the 
main spring or line contact to the right and in 
contact with the spring on that side. The ringing 
current then flows as shown by the dotted arrows. 

Fig. 131. Circuit diagram of another telephone using a different kie 
switch and sot of magneto contacts. Trace the circuit very 

carefully and observe its operation. 

Fig. 131 shows another telephone circuit, using 
a hook switch with only three spring contacts 
instead of four, and a magneto with three contacts 
instead of one or two. Compare this diagram care-
fully with Fig. 130. Here again the large arrows 
show the transmitter and local battery circuit; the 
small arrows, the receiver and line circuit; and the 
dotted arrows, the ringing circuit. 

You will note that this hook switch does not 
make and break the ringing circuit as did the one 
in Fig. 130. Here the ringing circuit is controlled 
by the magneto springs. \Vhen the magneto is 
idle, the long center spring presses to the right, 
keeping the bell connected to the line, ready to 
receive an incoming call. When the magneto crank 
is turned it forces the shaft outward and pushes 
the center spring to the left. This short-circuits 
the bell and makes a connection direct to the line 
to ring outside bells. In this type of 'phone the 
subscriber's own bell does not ring when the mag-
neto is operated. 

There are a number of different ways to arrange 
party line telephone circuits, hook switches, mag-
neto contacts, etc.; but if you have a good undllb 
standing of these fundamental circuits and the op 
ation and purpose of these important parts, you 
should have no difficulty understanding any 'phone 
circuit after tracing out its wiring or diagram. 
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101. CENTRAL ENERGY SYSTEMS 
AND 'PHONES 

ill In large city telephone systems a central source 
of current supply is generally used for both the 
talking and ringing. In such systems the subscrib-
er's 'phone does not need a battery or magneto. 
The hook switch and circuit are so arranged that 

as soon as the receiver is removed from the hook, it 
closes a circuit and lights a small lamp on the 
exchange operator's switchboard. 
The operator then plugs her 'phone onto this 

calling line and closes her key so the caller can 
give her the number desired. Then, if the called 
line is not busy, the operator connects the calling 
line to it and rings the party to be called. 
A .simple circuit for a telephone of this type is 

shown in Fig. 132. Keep in mind, when tracing this 
circuit, that the current supply comes in on the line 
from the exchange. 

Fig. 132. Wiring diagram lot a simpie tidepituale lu lie lama Mu a ....trial 
energy system. This telephone gets al/ the energy 

from the line and central supply. 

You will note that a condenser is used here 
to prevent the direct current for the transmitter 
circuit from passing through the bell or receiver 
circuits. 
A condenser will pass or allow alternating current 

or pulsating direct current to flow in the circuit, 
but it blocks or stops ordinary direct current. 
The "talking current," shown by the large arrows, 

comes in on the left line wire and passes through 
the induction coil primary, hook switch, transmit-
ter, and back out on the right line wire. When the 
party is talking, the induced current in the secon-
dary coil, shown by small arrows, flows out through 
the condenser and right line wire, to the receiver of 
the operator or called party; and back in the left 
line wire, through the primary coil, hook switch and 
subscriber's own receiver, and returns to the 
econdary coil. In tracing the receiver and line 

cuit, consider the secondary coil as the source of 
is energy. 
A different symbol is used here for the bell, as 

it is simpler to draw in plans and easy to recognize 
once you are acquainted with it. 

Fig. 133 shows a complete telephone of this type, 
for wall mounting. The bell, condenser and coil are 
mounted in the box, while the receiver is on the 
usual hook on the side, and the back of the trans-
mitter can be seen in the front of the open cover. 

Note the terminal blocks to which all connections 
are brought and numbered, making it easy to con-
nect up or test the telephone. 

Fig. in. Photograph of wall type telephone for central energy systems. 

Fig. 134 shows another telephone of the central 
energy type, for use on a desk. This desk-type 
'phone has the receiver and transmitter mounted 
on a separate stand for convenient use on the desk; 
while the bell, coil, and condenser are in a separate 
box to be mounted on or near the desk. 
The hook switch is inside the upright handle of 

the stand. 

Fig. 134. Commas desk type telephone with bell box to be mounted 
separately. 

102. TELEPHONE EXCHANGES 

As already mentioned, the telephone exchange 
serves to connect telephones of one line to those of 
other lines, and there are thousands of these central 
exchanges throughout this country, to handle the 
many millions of telephones in use. 
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The exchange in the small town handles the calls 
of the subscribers in the town, those of rural lines 
calling in to city 'phones, and those of one rural 
line calling through to another line, perhaps run-
ning out of town in the opposite direction. Thus 
this exchange serves the 'phones in that town and 
surrounding territory. Then it has its Trunk Lines 
connecting to exchanges of other cities, and can 
complete a circuit for one of its own subscribers, 
through the exchange of another town several hun-
dred or even several thousand miles away. 
This vast network requires many types of elabo-

rate exchange circuits, which it is not our pur-
pose to cover here, as they represent a very highly 
specialized type of work. They also require much 
more time than the average electrician cares to 
spend on such circuits, unless he intends to spe-
cialize in teleph-me work. But, in order to give 
you a better understanding of the general opera-
tion of the exchange in connection with the 
'phones we all use daily, and also to give you a 
good foundation to work from in case you should 
later specialize in such work, we will cover in the 
following material some of the fundamental parts 
and principles of exchanges. 
Telephone exchanges are of two general types, 

namely, manual and automatic. 
The general function of either type is to receive 

a signal from the calling subscriber, and get a con-
nection and ring his party on any other line as 
quickly as possible. 
With the manual exchange, the plugging, switch-

ing and ringing operations are performed by human 
operators, usually girls. With the automatic ex-
change these operations are performed by electrical 
and mechanical equipment. 

103. SWITCHBOARDS FOR MANUAL 
OPERATION 

Fig. 135 shows a manual exchange or switch-
board, for handling one hundred lines. These lines 
are brought up to Jacks on the upright front of the 
board. 
On the flat, desk-like, part of the board is a set of 

Plugs, attached to Cords beneath, and also a set of 
Key Switches. Directly above each jack is a Drop 
similar to an annunciator drop. 
When a subscriber on any line signals the oper-

ator, the little drop window or shutter for his line 
falls down, showing the operator that someone on 
that line is calling. There are two plugs in front of 
that line, one for talking and one for ringing. 
The operator lifts the talking plug and inserts it 

in the line jack opening. Then, by pressing her 
key in one direction, she can answer the Calling 
Party and receive the number he wishes to call. 

If the line of the party desired is not busy, the 
operator then lifts the other plug in line with the 
first one, and places it in the jack of the "called" 
line. Then, by pushing the key in the other direc-
tion, she can ring the party desired. 
By pushing the key back to the listening position 
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Fig. 135. A small exchange switchboard of the magneto type, ohnerbag 
plugs, Jacks, and the operator's transmitter and receiver. 

again, the operator can hear the party answer. 
When he does, she can release the key to vertical 
or neutral position. The parties then carry on their 
conversation through the wires in the cords. 
The cords are equipped with very flexible wires, 

and have weights on little pulleys as shown in the 
left view in Fig. 136. At the right is shown a large 
view of the pulley and weight. These weights keep 
the cords straight and pull them down again each 
time the plugs are dropped to idle position. 
The operator's head-set is shown lying on the 

keyboard in Fig. 135, and the transmitter is shown 
on an adjustable arm and cord in front of the 
board. 

Fig. 137 shows a closer view of the keys, plugs, 
and jacks of a board of this type. The key switches 
are shown in the foreground, and directly behi 
these and indicated by the arrow is a row of am. 
lamps to show the condition of the circuit to the 
operator. Behind the lamps are the plugs, and 
above are the plug jacks and drops. 
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Fig. 138. The view on the left shows the manner in which the plug cords 
are held straight by the weighted pulleys. A larger view of 

one of these pulleys is shown on the right. 

104. KEY SWITCHES 

A very good view of two switchboard keys is 
shown in Fig. 138. The levers or key handles can 
be pushed in either direction, and their lower ends 
have rollers or cams that push and operate a set of 
spring contacts on either side, depending on which 
way they are pushed. Examine these switches and 
all their parts carefully. 

Fig. 137. This photo shows very cievniy in. arrangement ot the operator's 
key switch, plugs, and Jacks-

105. SWITCHBOARD LAMPS 

Fig. 139 shows a special type of lamp used for 
switchboard signals, and also two of the glass caps 
or 'bull's-eyes" that are used over the ends of the 
lamps. 
These lamps are made very small in order to 

get them in the small spaces on the boards. The 
actual size is only about one-fourth that of the 
Moto in this figure. The bulb is held in the two 
Wetal clips shown on the top and bottom, and these 
are separated at the base by a piece of hard insula-
tion. The lamps are pushed into their sockets end-
wise, and these metal strips make the contacts to 

complete the lamp circuit. The forward end of the 
lamp is all that shows in the opening they are 
placed in. 
The bull's-eyes are made in white and various 

other colors to indicate various circuit conditions. 

Fig. 138. Here we have an excellent view of two key switches, showing 
how the key levers and rollers operate the spring contacts, 

and open and close various circuits. 

106. PLUGS 

Fig. 140 shows a cord plug. These plugs can be 
made with two, three, or more separate metal ele-
ments for as many separate circuits through them. 
The plug tip at the extreme right end is part of a 
small metal rod which runs through the center 
of the plug to the left end, where the wires are 
attached. Around this is placed a tube of insulating 
material. Then another slightly larger, but shorter, 
metal sleeve is fitted over this. Still another tube 
of insulation, and a third metal element are often 
fitted over the first ones, and then an outer shell 
of insulation over the whole. 
The several separate metal elements and ends 

of the black insulating sleeves can be seen in Fig. 
140, which is an actual size view. 
When these plugs are inserted in the jacks, the 

various jack springs make contact separately with 
each of the plug elements and circuits. 

Fig. 139. The upper view shows one of the special telephone switchboard 
lamps, and below are shown two types of glass cape, 

or bull's-eyes used vritli such lamps. 



122 Section Three, Switchboard Plugs and Jacks 

107. JACKS AND DROPS 
A complete jack, with the drop and drop magnet 

mounted above it, is shown in Fig. 141. This view 
clearly shows the jack thimble, contact springs, 
wire terminals, drop magnet, armature, and shutter. 
Examine the photo and printed description very 
carefully. 

Fig. 140. Full-sized view of a switchboard plug allowing how the several 
circuits are obtained through its tip and insulated sleeves. 

Note that the armature to operate the drop is at 
the left end of the drop magnet, hinged at the top, 
and attached to a long lever arm which runs over 
the top of the magnet to the drop latch at the right 
end. This construction enables a very small move-
ment of the armature to give a greater movement 
at the drop latch. 
The plug would be inserted from the right in the 

thimble at the lower right-hand corner; and as it 
goes in, its tip and sleeve elements make contact 
with the spring shown. It forces some of the 
springs apart, opening certain circuits, and closes 
others from the springs to the cord wires. 

Fig. 142 shows two diagrams of jack and drop 
circuits from opposite sides, one without the plug 
and one with the plug in. 

In the upper diagram you will note that springs 
3 and 4 are making contact, also springs 5 and 6. 
Springs 5 and 6 close a circuit from the line through 
the drop magnet. 

Fig. 141. This descriptive diagram shows Use parts of a telephone jack 
and drop complete. Examine wadi and its descrip-

tion very 

In the lower view, showing the plug inserted, 
we find that springs 5 and 6 have been opened, 
breaking the circuit through the drop magnet, as 
it is not needed while the plug is in. Springs 3 
and 4 are also opened. This is done by an insulating 
piece which is not shown here, but fastens 5 and 3 
together mechanically, so the upward movement of 
5 also forces 3 up. Springs 3 and 4 are not shown 
connected to any circuit in this illustration. 

Referring again to the lower view, we find that 
the plug has a circuit to its tip and sleeve from 

spring 5 and thimble 7, thus making a circuit from 
the line to the cord wires. 

108. SIMPLE SWITCHBOARD 
CONNECTIONS 

A sectional view of part of a switchboard is 
shown in Fig 143. This shows the line connection 
to a simple jack and drop of the separated type; 
and also the plug, cord, and switch connections. 
When an impulse comes in on the line, the drop 

magnet releases the shutter, the operator inserts 
one plug and closes her key to listening position. 
After receiving the number she inserts the other 
plug in the jack of the called line (not shown) and 
pushes key to ringing position, sending current 
from the board magneto to ring the called party. 
When this party answers, the talking current from 
the two lines flows through the jacks, plugs, cords, 
and key switch. When the conversation is finished, 
the plugs are pulled and dropped to their present 
positions in the diagram, the drop reset, and the 
key restored to normal position. 
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Fig. la. The upper sketch shows the electricel connections and position 
of contact springs without the plug inserted. Below are shown the 
electrical circuit and position of springs with tha plug in the jack 

Fig. 144 shows a switchboard with some of the 
cords in place in the jacks for conversations between 
various lines. 
Many large switchboards use only the signal 

lamps to indicate an incoming call, and do not use 
the magnetic drops. 

Fig. 145 shows two views of the inside and back 
of a manual switchboard. In the left view you 
can see the drop magnets in the upper section, a 
group of relays in the center, and the induction coils 
and part of the terminals below. At the extre. 
right of this view are shown the wires grouped 
cabled along the side of the cabinet. 

In the right-hand view the relay panel or "gate" 
is opened, showing the jacks and cords. 
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Fig. 143. This simple sketch shows the general operating principle of a 
manual switchboard. 

Fig. 146 shows a small desk type switchboard 
for mounting on a table or desk in private offices, 
where an operator is to be able to call various 
people in the building. 
Telephone wiring requires men who are expert 

in reading plans and making careful and accurate 
connections of the thousands of wires and devices 
used in the switchboards. 

109. TELEPHONE RELAYS 

The top photo in Fig. 147 shows a telephone 
relay. Its armature is at the right-hand end of 
the magnet, and is bent and hinged to the corner 
of the magnet frame. When the magnet attracts 
the lower end of the armature to the left, its upper 
horizontal portion moves upward at its left end, 
pushing the center contact springs upward. This 
causes them to break circuits with the lower con-
tacts and make circuits with the upper ones. So 
you see that while these relays are constructed 
differently and are much smaller and more compact 
than the pony relays used in alarm and telegraph 
systems, still their operation and principles are tech the same. 

110. CABLES AND TERMINALS 
The center photo in Fig. 147 shows a piece of 

lead-covered telephone cable with many paper-

covered wires inside it, and covering of extra in-
sulation between them and the lead sheath. Cables 
of this kind are very necessary to carry the vast 
numbers of wires in telephone systems. 

Fig. 1414. Side view of a magneto type switchboard with some of the 
plugs In place in the various line jacks. 

The lower view in the same figure shows a 
terminal block to which a number of wires can be 
neatly and conveniently connected. The wires from 
a cable can be soldered to the lower ends of the 
terminal strips, and the switchboard wires con-
nected to the other ends by means of the small 
screws shown. 

Fig. 14$. These two vow, of the rear ce a switchboard show the relays. 
drops, and cords very clearly. Note the neat and com-

pact arrangement of all parts and wires. 
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Fig. 1411. Small desk type telephone exchange. 

These terminal blocks greatly simplify the wiring 
and testing of telephone and switchboard circuits. 

In wiring telephone switchboards, ground con-
nections are also used to simplify much of the 
wiring. Metal strips and plates are used for com-
mon ground connections to the battery negative 
terminal. This eliminates a number of unnecessary 
wires. 

Some exchanges also use a ground connection to 
earth for ringing their subscribers. 

Fig. 147-D is a complete wiring diagram of e 
simple manual exchange showing just two sub-
scribers' phones connected through the exchange. 
The different circuits are marked with different 
kinds of arrows and symbols. 
Trace out carefully, one at a time, the transmitter 

and receiver circuits of the calling subscriber's 
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Fig. 147. The upper view shows a telephone relay. In the center is 
shown • section of telephone cable. Below is a group 

of terminal springs in a terminal block. 
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Fig. 147-D. Complete diagram of • simple telephone exchange with two subscribers' telephones connected. This will enable you to trace the 
talking and ringing circuits wittcb Sr. marked with different terms et arrows and symbols. Carefully tracing this diagram win help yeu te 
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'phone at the left, and through the exchange to the 
called subscriber's 'phone at the right. Also trace ehe operator's magneto and calling circuit to the 
called 'phone; and the operator's talking circuit. 
Note the positions the various keys must be in to 
get the different circuits closed, and in order to 
trace some of the circuits it will be necessary for 
you to imagine certain switches are closed to the 
opposite positions. 

There are many other types of exchange circuits, 
and this simple one shown here is more typical of 
an army field telephone exchange, but is chosen 
because of its simplicity and just to give you a good 
idea of their general nature. 
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147-E. Simple "one-line" diagram showing a telephone circuit 
through two exchanges and a trunk lins. 

Fig. 147-E is a simplified diagram showing how 
a call from one subscriber is routed through his 
local exchange over a trunk line to the distant 
exchange, and from there to the called subscriber. 

This sketch is what is known as a one-line dia-
gram, using only one line to trace the pairs of line 
wires actually used. 

Fig. 147-F shows a photo of a large manual 
exchange switchboard in operation, and Fig. 147-G 

Fig. 147-F. This photograph shows a section of • large manual telephone 
exchange. Each operator controls a section of the board 

with Its respective plugs and Jacks. 

Fig. 147-G. Rear view of a central exchange switchboard of the type 
shown in Fig. 147-F. Note the very neat and compact manner in 
which all parts and wires are arranged to simplify connections and 
testing of such exchange units. 

shows the rear of such board. Note the very neat 
and systematic arrangement of all parts and wires, 
which greatly simplifies the wiring and testing of 
such switchboards. 

In apartment houses and offices, small telephone 
installations called inter-communicating systems 
are often used. 

Any party of the group can call any other party 
by means of proper push buttons. There are sepa-
rate push buttons and call circuits for each 'phone. 

These systems are very useful and practical 
where the lines are not long and where the system 
is not large enough to pay to keep an operator. 

Fig. 147-H shows the wiring diagram for three 
such 'phones. Trace out the talking and ringing 
circuits, and the operation of the system will be 
clearly understood. A, B, and C are groups of push 
buttons for calling the different 'phones. The num-
bers on each button contact indicate which 'phone 
it will call,. 

Fig. 1474 shows a photo diagram of five different 
styles of 'phones which can be obtained for such 
inter-communicating service. 

Fig. 1474 shows two types of inter-communicat-
ing 'phones, one with the push buttons on a desk 
block, and the other having them on its base. 
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Fig. 147-H. Wiring diagram of three telephones on an inter-communi 
eating system. 

Fig. 147-J. Two types of Inter-communicating telephones. The one on 
the right has the call buttons on the base of its stand. 

-46 

Fig. 147-I. Photo diagram of several types of inter-communicating tele-
phones, showing their connections and batteries, and ringing and 
talking wires. Such telephone systems are commonly used to co. 
municate with various offices in one building. No exchange 
operator is needed, as each party ir called by Lae of a number 
push buttais.. 

• 
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AUTOMATIC TELEPHONES 

Automatic exchanges do all switching, ringing, 
and signalling by means of electrical and mechan-
ical devices. This not only saves the cost of labor 
of numerous operators, but accomplishes faster and 
more accurate operation. It provides much more 
complete privacy for telephone conversations, and, 
because it is purely electrical and mechanical, the 
possibility of human error is largely eliminated. 
The automatic telephone exchange is undoubt-

edly one of the greatest triumphs of telephone 
engineering, and they are rapidly replacing many 
of the largest manual exchanges in this country. 
There are several different types of automatic 

telephone equipment, and most of them are still 
undergoing rapid changes in the processes of devel-
opment and perfection. One of the most successful 
systems is called the "Strowger System", after the 
man who developed it. 
Complete automatic exchange circuits require a 

great deal more time and study than most students 
would care to spend on the subject, unless they evere preparing to specialize in this work. The 
fundamental principles of this equipment, however, 
can be quite simply explained. 
The following paragraphs are intended to give 

you a general understanding of automatic tele-
phones. 

110. SIMPLE OPERATING PRINCIPLE 

The Strowger System uses what is known as the 
"step by step" equipment. When the subscriber 
wishes to call a certain party, he dials the desired 
number with the dial on his own telephone. This 
dial in its rotation sends a number of impulses 
to magnets and relays at the exchange, causing 
them to move a selector element which picks out 
the desired line. Other parts of the mechanism 
then test the line to determine whether it is busy 
or not, and if it is clear an automatic switch starts 
ringing the called party. 

111. DIALS, CONSTRUCTION, AND 
OPERATION. 

The principle difference between a subscriber's 
'phone to be used on an automatic exchange and 
those for manual systems is the dial. The trans-
mitter, receiver, and other parts remaining funda-eentally the same. 

Fig. 148 shows an early type desk telephone, 
equipped with a dial for automatic operation. You 
will note that this dial has ten holes or finger open-
ings, around the outer edge of the rotating part. 

When this finger plate rests in the normal posi-
tion, there is a number on a white stationary disk 
directly under each of these openings. Starting at 
the one on the right hand side, and reading counter-
clockwise, these numbers are 1, 2, 3, 4, 5, 6, 7, 
8, 9 and O. 

When the subscriber wishes to dial or call party 
No. 246, he places his finger in the opening over 
No. 2, and pulls the dial around to the right until 
his finger strikes the Stop Hook shown at the bot-
tom of the dial, and then releases it. He then places 
his finger in the opening over No. 4, and again pulls 
the dial around to the right until his finger is 
stopped by the hook. Once more the dial is re-
leased, and allowed to return to normal position. 
Then No. 6 is dialed in the same manner. 

Each time the dial is rotated clockwise it catches 
and winds a helical spring inside the case, and a 
pawl secured to the rotating plate slides over the 
teeth of the ratchet on a combined ratchet and gear 
wheel. When the finger plate is released the spring 
causes it to return to normal position, and the pawl 
in this backward movement engages the ratchet and 
gear wheel, turning them back with it at a definite 
speed, a certain exact distance for each number 
dialed. 

Fig. la Desk telephone Ipp.d with dial ter one ow autionntle 
entente 
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112. IMPULSE SPRINGS. 

The rotation of this main gear drives a smaller 
gear or pinion at higher speed, and this pinion ro-
tates an Impulse Cam, which rapidly opens and 
closes a set of contacts or Impulse Springs. By 
means of a worm wheel the pinion also rotates a 
small speed governor, which causes the gear and 
dial to turn at a definite speed. This, of course, 
is necessary to make the impulse springs open and 
close at regular intervals. 

Fig. 149 is a sketch showing the various parts 
we have just mentioned. Examine this sketch 
closely, and observe how the main gear drives the 
pinion, impulse cam, and governor. In the lower 
right hand corner of the sketch another view of 
the cam and impulse springs is shown. The ar-
rows indicate their position with respect to the 
other parts. This view of the governor shows 
quite clearly how it operates. 

Fig. 140. This sketch shows the mechanism and operating principles of 
the dial and impulse springs. 

If the governor shaft attempts to rotate too fast 
the small governor balls fly outward on their 
springs, due to centrifugal force, and rub the inside 
of the cup, thus retarding the speed of the mecha-
nism. 

Fig. 150 shows another view of this same mecha-
nism, in which some parts can be seen a little more 
clearly than in Fig. 149. 

Fig. 151 shows a photo of the complete dial 
mechanism. In this view you can get an excellent 
idea of the arrangement of the parts. In addition 
to the impulse springs at the left of the cam, you 
will also note an extra set of spring contacts called 
"Shunt Springs". These are used to temporarily 
short circuit the other parts of the telephone, during 
ringing operation. This is necessary because it 
would be difficult to send the ringing impulses 
through the resistance of these other parts. 
These springs are operated by a small additional 

cam as soon as the dial is turned from the "off-
normal" position. But they are opened as soon as 
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Fig. 150. Another view showing some parts of the dial mechanism more 
clearly. 

the dial returns to normal. In addition to cutting 
out the resistance of the other telephone parts, 
these springs also prevent the clicking that would 
otherwise occur in the receiver during the opera-
tion of the dial. 

The impulse cam revolves one-half revolution for 
each movement of one number on the dial, and as 
the cam has two projections it opens the impulse 
springs twice in each revolution. Thus, when we 
dial the number 8, the cam makes four revolutions, 
and opens the spring contacts eight times. The 
dial is so set with a certain distance from the num-
ber 1 to the finger hook, that an extra one-halal 
revolution is made each time any number is dialed!.. 
This will be explained later. 

Fig. 152 shows a better view of the top of the 
dial, and its numbers. 
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Fig. 151. This photograph shows an excellent view of the impulse springs 
and cam, shunt springs, and governor of a dial. 

113. LINE BANKS AND "WIPER" 
CONTACTS. 

The various groups of impulses, sent into the 
exchange by dialing different numbers, cause cer-
tain relays to energize as each impulse passes 
through them. These relays and magnets, as b 
fore stated, perform the switching and ringin. 
operations. 

In order to enable you to understand this equip-
ment and these circuits more easily, let us first 
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examine the arrangement of the various line termi-
nals at the exchange. 

up For an exchange to handle 100 lines, the terminals 
of the lines would be arranged in a Bank of Con-
nectors as shown in Fig. 153. 

Fig. 152. Front view of dial, showing finger plate, holes, numbers and 
finger stop. 

In order to eliminate unnecessary wires and sim-
plify this figure only two telephones, Nos. 14 and 
33, are shown connected to the bank at present ir first glance the arrangement of the line n umbel s 

this connector bank may seem peculiar, but sup-
pose some automatic device was to move the 
Wipers of the calling telephone step by step, up 
into this bank and select a certain line, say No. 14. 

One step upward would bring the wipers in line 
with the lower row of connectors. Then four steps 
to the right would bring them in contact with No. 
14. Dialing the numbers 1 and 4 would have ac-
complished this. 

Fig. 153. Simple sk‘...b showing the arrangement and principle et the 
c-r‘,...ctor bank of an automatic exchange. 

• Then suppose we dial the number 33. The first 
three impulses sent in by the dial would cause the 
switching magnet to lift the wiper three steps, 
bringing it in line with the third row of contacts 

from the bottom. The next three impulses received 
would cause the wipers to make three steps to the 
right, and engage line No. 33. 
So we find that these numbers are arranged as 

they are, for convenience and simplicity in the 
operation of the mechanical selector. 
This figure gives us some idea of the arrange-

ment of the various lines and the connector bank 
at the exchange. 

114. WIPER SHAFT AND SELECTOR 
MECHANISM. 

Fig. 154 shows a sketch of the wipers attached 
to the shaft which raises and rotates them step 
by step. It also shows the Vertical Magnets—V. 
M., and the Rotary Magnets—R. M., which lift and 
rotate the shaft step by step. 
By means of a special relay in the exchange cir-

cuit the first impulses which are sent in by the 
dial come to the lifting magnets, and the next group 
of impulses are switched to the rotary magnets. 

Fig. 155 shows photos of both sides of one of 
these selector units. 

Figs. 154 and 155 should be referred to while 
tracing out the circuit diagram in 156. 

I- 1g. 1.4. Ibis d1 fram shows the arrangement of the selector mechanism 
th its vertical magneto, rotary magnets. 

wipers, sad wiper abaft. 
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Two photographs showing front and opposite sides of a complete selector unit. Note the relays above; vertical and rotary 
magnets, wiper shaft and rack in the center; and the connector banks below. 

At the top of each unit in Fig. 155 are the relays 
which perform different switching operations in the 
exchange circuit. Underneath these are the vertical 
magnets or lifting magnets, and below are the 
rotary magnets. 
On the shaft are two sets of notches called the 

Vertical Rack and Rotary Rack respectively. These 
are engaged by the hooks which are operated by 
the lifting and rotary magnets. 

After th?, selector has completed a connection to 
a certain line, and the conversation is finished, then, 
when the subscriber hangs up his receiver, it closes 
a circuit to the Release Magnet, which trips the 
locking mechanism, allowing the wipers and shaft 
to return to normal position by the action of a 
spring and gravity. 

115. SIMPLIFIED CIRCUIT OF IMPORTANT 
PARTS. 

In Fig. 156 is shown quite a complete diagram 
of the more important circuits of the automatic 
exchange. 

It is not at all necessary for every student to 
trace and understand this diagram at present, but 
it provides excellent circuit tracing practice, and 

if you are sufficiently interested in the principles 
of automatic telephones, or should later decide to 
prepare to specialize in this field, this simplified 
circuit should be of great help to you in obtaining 
an understanding of the most important parts. 

In order to trace a circuit of this kind, it is 
necessary to do it step by step, and very carefully. 
If this method is followed, it will be found very 
interesting, and not nearly as difficult as it first 
appears. 
This diagram shows a complete connection be-

tween a calling telephone, the automatic exchange, 
and the called telephone. Each circuit is traced 
with different types of arrows to make them easier 
to follow. 

The equipment in the calling phone consists of 
an ordinary transmitter, receiver, bell, condenser, 
and switch hook; and in addition to these, the 
impulse springs, and shunt springs used with the 
dial telephone. 

As soon as the receiver is lifted from the hoo 
the hook switch will close the circuit, shown b 
the small solid arrows, from the positive terminal 
of battery No. 2, through the top winding of relay 
"L". Then through the shunt switch, impulse 
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• Fig. 15. Complete simplified diagram showing the wiring and operating principle of the fundamental parts of an automatic telephone ex-
change. Trace this circuit very carefully with the complete instructions given in these pages. 

springs, and top contact of the hook switch at 
caller's 'phone, back through the lower winding of 
relay "L", and to ground. 
You will note that the ground connections in 

this circuit are returned to negative of the bat-
teries, so when starting to trace a circuit from any 
battery, as soon as this circuit is completed back 
to ground, you will know it has returned to nega-
tive of the battery. 
-ro simplify this circuit a number of separate 

batteries are shown. 
These current impulses in the circuit we have 

just traced, will cause relay "L" to become ener-
gized and attract its armature. When this arma-
ture is pulled down it closes a circuit shown by 
the large solid arrows from the positive of battery 
No. 3, through the coil of relay "R", "make" contact 
of relay "L", and to ground, which completes this 
circuit. 
The term "make contact" is used here, meaning 

the contacts made when the relay is energized and 
the armature attracted. The term "break contact" 
when used, means the contacts that are closed when 
the relay is de-energized. In other words, the con-

acts made when the armature is attracted are 
ferred to as "make contacts". Those made when 

the armature is released are called "break contacts". 
When the circuit just traced through relay "R" 

is completed this relay becomes energized and at-

tracts its armature. So we find that both relays 
"L" and "R" became energized merely by the sub-
scriber removing his receiver from the hook. 
Now, assume that he dials the figure 1. When 

the dial is released, and as it returns to normal, 
the cam is rotated one-half turn, and opens the 
impulse spring once. This momentarily opens the 
circuit of the line relay "L", which is de-energized 
for an instant, and its contacts open the circuit of 
release relay "R". 
However, relay "R" remains energized through 

this short period even though its circuit was mo-
mentarily opened. This is because it is a Slow 
Acting relay, and does not release its armature 
the instant the current is interrupted, but holds it 
for about a second afterward. This will be ex-
plained later. 

If the calling subscriber now dials the number 7, 
opening the impulse springs seven times, the cir-
cuit of relay "L" will be broken each time, and 
allow its armature to release momentarily seven 
times. Each time it releases, the circuit of relay 
"R" is broken for an instant, but relay "R" acts 
too slowly to de-energize and release its armature 
during these periods, so it remains closed through-
out the seven short interruptions of its circuit. But 
something else did happen. 
Keeping in mind that the armature of relay "R" 

is now attracted to the "make contact", we find 
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that the first time the armature of relay "L" was 
released it closed a circuit shown by the small 
open arrows from the positive of battery No. 5 
through the vertical magnet, V.M., through relay 
"S", "break contact" of 0.N.S., "make contact" of 
relay "R", "break contact" of relay "L", and to 
ground. 

The letters "O. N. S." stand for Off Normal 
Switch, which will be explained later. 

This circuit we have just traced energizes both 
the vertical magnet and relay "S". Relay "S", 
being another slow acting relay, will retain its 
armature in an attracted position during current 
interruptions of a fraction of a second. 

The second time the armature of relay "L" was 
released it allowed current to flow, as shown by 
the large open arrows, from positive of battery 
No. 5 through vertical magnet and relay "S" again, 
then through the "make contact" of relay "S," 
"make contact" of the off normal switch, "make 
contact" of Relay "R," "break contact" of relay 
"L," and to ground. 

The off normal switch is operated by the line 
wiper shaft as soon as it moves from off normal 
position. So as soon as the dialing operation is 
started, the first movement of this shaft closes cer-
tain contacts and circuits, but when the shaft is 
dropped and allowed to fall back to normal, it again 
opens these circuits. 

Shortly after the last impulse of current has 
passed through the relay "S" it will de-energize and 
cannot again become energized, because the circuit 
has been opened at the off normal springs. Each of 
the seven impulses passing through the vertical 
magnet causes it to raise the wiper shaft one step, 
so the line wiper will now rest in line with the sev-
enth row of line bank contacts. 
Now we are ready for the subscriber to dial the 

second number. Let's assume that he dials No. 5. 
This again rapidly opens the line circuit five times, 
causing the line relay "L" to release momentarily 
the same number of times. Each time relay "L" 
is de-energized, now since the off normal switch 
is opened, a circuit can be traced as shown by the 
small dotted arrows from the positive of battery 
No. 4, through the rotary magnet R. M., break 
springs of relay "S," "make contact" of off normal 
springs, "make contact" of relay "R," "break con-
tact" of relay "L," and to ground. 
These impulses in this circuit will cause the 

:otary magnet to become energized each time and 
rotate the wiper shaft, carrying the wipers five steps 
to the right. This brings them in contact with No. 
75 of the line bank, as indicated in the diagram. 
The dotted lines from the normal position of the 

line wipers show the upward movement of the 
shaft caused by the vertical magnet, and the rotat-
ing movement to the right caused by the rotary 
magnet; and they show the circuit which will now 
be completed to the called subscriber's telephone. 

As soon as the line wipers are in contact with 
No. 75 in the bank a circuit is completed through 
the bell of the called telephone. This circuit car. 
be traced (backwards) by the large dotted arrows 
from the top brush of the generator, through Inter-
mittent Ringing Switch, "break contacts" of relay 
"C", lower switch spring and lower contact No. 75 
on the bank, "make contact" of hook switch, bell 
and condenser, then back to the upper contact in 
the bank and upper wiper spring, on through the 
top "break contact" of relay "C", low resistance 
winding of relay "C", through battery No. 6, to 
ground. 
This is a long circuit to trace and should be gone 

over again until you have it well in mind. 
You will note that relay "C" has two windings, 

one of low resistance and the other a high resistance 
coil of many more turns. The low resistance coil 
is to receive a heavy current impulse to first attract 
the relay armature, then the high resistance lock-
ing coil will hold the armature attracted with less 
current. 
The current from the generator is A. C. and will 

not energize the coil of relay "C." The intermittent 
switch at the generator keeps making and breaking 
the circuit at regular intervals, so the called sub-
scriber's bell rings for short, repeated periods and 
not continuously. 
This flow of alternating current through batter 

No. 6 to ground does no particular harm to t 
battery. We will remember from an earlier article 
that the alternating current will pass through the 
condenser at the bell, but this same condenser will 
not allow direct current to pass. As soon as the 
called subscriber liftr his receiver off the hook a 
flow of direct current from battery No. 6, and 
traced by the round dots, passes over the same 
circuit we have just traced to the bell, except that 
the bell is now cut out by the hook switch, and 
the transmitter is placed across the line. 
Trace this carefully by following the round dots. 

This flow of direct current will now energize the 
low resistance winding of relay "C," closing contact 
"K," which acts quickly before 'any of the other 
contacts of this relay can move, thus closing a 
lock circuit in which current flows from the positive 
of battery No. 6 through the high resistance wind-
ing of "C," lower "make contact" of relay "C," 
"make contact" of relay "R," and to ground. This 
circuit is traced by the square dots. 
With relay "C" fully operated, the talking circuit 

is now complete through both telephones. This 
circuit can be traced by the short dashes across the 
line. 
Now, when the calling subscriber hangs up his 

receiver and breaks the circuit through the line 
relay "L," it in turn releases and breaks the circ 
through relay "R," which, after an instant of dell, 
because of its slow action, releases its upper arma-
ture and makes the circuit from battery No. 1 
through the release magnet "Y," "make contact" 
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of off normal spring, "break contact" of relay "R," 
"break contact" of relay "L," and to ground. e This circuit will energize the release magnet "Y," 
which trips the wiper shaft, allowing it to fall back 
to normal position. This action interrupts the cir-
cuit of release magnet "Y," because the dropping 
of the wiper shaft opens the "make contact" of the 
off normal spring. 

When relay "R" was de-energized it also opened 
the high resistance locking circuit of relay "C," 
allowing its contact to move back to normal posi-
tion. 

Telephone No. 48 merely shows where another 
telephone of this number would be connected in 
the back. It is not expected that you will perfectly 
understand all of this diagram the first time you 
trace it through, as it is rather complicated and 
one which requires some time to absorb. But if 
you are interested enough in this branch of work 
to trace each step of the operation through this 
circuit several times it will not only be excellent 
practice, but will give you a good understanding 
of the fundamental principle and more important 
parts of this type of automatic telephone. 
There are a number of other auxiliary relays and 

contacts used with this equipment in larger ex-
changes where it is necessary to have a number 
of line banks from which to select. 

Ali There is also an added mechanism which auto-
Watically tests out any line before completing the 

calling circuit. If that particular line is busy at 
that instant, this relay will close a circuit which 
gives an intermittent buzzing note to the calling 
subscriber, indicating that the line he desires is 
busy. 

Fig. 157. Two types of slow acting relays. The one on the left has a 
short-circuited coil of a few turns, and the one on the right has a 
large copper ring around the end of the core. 

116. SLOW ACTING RELAYS 

The slow acting relays used with these automatic 
telephones are very interesting devices. In addition 
to the regular winding on the core there is also a 
heavy ring of solid copper placed around the core 
end. Or, in some cases, just a short-circuited wind-
g of a few turns. This copper sleeve, as it is 

Walled, acts as a single turn secondary winding. 
When the current is interrupted in the main coil 

of the relay its collapsing flux induces a rather 
heavy current in this copper ring. The extremely 

low resistance of this ring circuit allows the current 
flow to continue with infinitely small voltage, and 
as long as there is any flux left from the decreasing 
current, both in the main coil and in the ring itself. 
This persisting flow of current in the ring devel-

ops enough magnetism in the core to cause it to 
retain its armature a little longer. Thus we get 
the terms "slow acting" relay. 
By changing the size of these copper rings, or 

the number of turns when a shorted coil is used, 
we can vary the amount of time the relay will delay 
its action from a very small fraction of a second 
to one or more seconds. 

Fig. 157 shows two sketches of relays of this type. 
The one at "A" uses a short-circuited coil. The 
one at "B" uses a copper ring. 

Fig. MS. This sketch shows die use of a dash-pot to slow the action 
of solenoids and electro-magnets. 

Some relays have what is called a "dash-pot" 
attached to their armature to slow its action. These 
dash-pots may consist of a plunger in a cylinder 
filled with oil or air which only allows the plunger 
to move rather slowly as the oil or air escapes past 
the edges or through the small opening in the 
plunger. 

Fig. 158 shows a relay equipped with such a 
dash-pot. 

Various selective circuits can be arranged in 
automatic telephone systems by the use of con-
densers and choke coils of different sizes. 
A condenser placed in the circuit of certain relays 

will only allow alternating current to pass through 
and stops all flow of direct current. A choke coil, 
however, will allow direct current to pass rather 
freely, but quite effectively blocks the flow of 
alternating current. 

Many of the telephones being installed nowadays 
for use with manual exchanges are also equipped 
with a place to mount the dial, because in many 
localities it is expected that the automatic exchange 
will replace the manual in a short time. 

Fig. 159 shows a very convenient, modern type 
of desk telephone. With this telephone the receiver 
and transmitter are both mounted on one handle, 
so the subscriber doesn't have to move a trans-
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mitter stand close to his mouth to carry on a con-
versation. This receiver and transmitter, when not 
in use, are laid in a "cradle" which has a small 
strip in the bottom that is attached to a spring 
in the stand. This operates a hook switch each 
time the receiver is removed from or replaced in 
the "cradle." 

F g. 199. Modern desk type telephone equipped with dial for automatic 
operation. 

Fig. 160 shows a room in an automatic telephone 
exchange. At the right can be seen a long bank 
of selectors with white covers over their mech-
anisms. 

Fig. 161 shows a view in another exchange with 
a switchboard at the left, selector banks in the rear. 
and a motor generator for supplying the talking 
and ringing current at the right. 

117. TELEPHONE LINES 

The operation of the millions of telephones in 
this country today requires a vast network of 
telephone lines. These lines can be divided into 
two general classes—the small individual or party 
lines which connect one telephone or a small group 
of telephones to the central exchange, and main 
lines, or Trunk lines, as they are called, which 
connect from one exchange to another. 
The individual or party lines, of course, are only 

in use when the subscribers whose telephones are 
on them are talking. 
The trunk lines, however, carry the main business 

between exchanges and large towns, and are kept 
busy the greater portion of the time. These trunk 
lines might be called the arteries of the telephone 
system and are fed by the smaller branch lines from 
each exchange. 

118. GROUND CIRCUITS. CABLES 

Some telephone lines are made up of two insu-
lated wires for each circuit and known as metallic 
circuits. Other lines use one insulated wire on the 
poles, and the other side of the circuit is completed 
through earth by carefully made ground connec-

tions. Some lines which use a two-wire or metallic 
talking circuit use a ground circuit for ringing. ink 
Telephone line wires are usually bare and withir 

out any insulation except the small glass insulators 
which support them on the poles. Under normal 
conditions this is sufficient insulation, because they 
do not operate at high voltages. Many telephone 
lines use galvanized steel wire and some use copper 
wires. Most all of us have seen trunk lines follow-
ing highways or railroads from one town to another 
and with their dozens of wires on numerous 
cross arms on the poles. This type of line is being 
replaced in many localities by the more compact 
telephone cables. 
The large masses of open wires on the older lines 

offer a great deal of wind resistance and accumulate 
enormous loads of sleet at certain times of the year. 
This has a tendency to break down poles and dis-
able the lines, making them very costly to keep in 
repair. Where cables are used, one lead sheath 
about 2 to 3 inches in diameter may carry from 500 
to 1,200 pairs of small wires. These individual wires 
are all insulated from each other with proper wrap-
pings and the entire cable insulated from the lead 
with an additional wrapping. Such cables are very 
heavy and not strong enough to support their own 
weight between long spans. Therefore, they are 
usually supported by what is called a "Messenger" 
cable made of stranded steel wires, and to which 
the lead cable is attached at frequent intervals be 
means of hooks or wire supports. 

Fig. 1811. This photograph shows a view of the seiector units In ea 
automatic telephone exchange. 

The lead sheath protects the wires from moisture 
and injury, and cables of this type can be run un-
derground in cities, as well as overhead on poles 
across the country. In connecting or repairing such 
cables the small wires are spliced separately, sol-
dered, and carefully reinsulated with sleeves of 
paper or other insulation over the splice. Th 
numerous splices are often staggered or made 
few inches apart to prevent too large a bulge in the 
cable at the joints. 
When the wires are all spliced, a large lead 

sleeve, which has been previously slipped over the 
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cable, is then slid over the splice and sealed in place 
with hot lead, similar to a "wiped" joint in lead • piping. 
The entire splice is then dried out by pouring 

hot parafin through it and finally filled with parafin 
or other insulating compound, and the small filler 
hole in the lead sleeve is then sealed tightly. 

All moisture must be kept from the inside of such 
cables and splices. 

Fig. 161. Here we have another view of an automatic exchange showing 
the switching units in the background, power switchboard on 

the left, and motor generator on the right. 

119. LIGHTNING PROTECTION AND 

TRANSPOSITION 

Where open wire lines are used, it is customary 
Akio run lightning ground wires from the top of 
\Pertain poles along the line down to an earth ground 

at the bottom of the pole. These wires serve as 
small lightning rods to drain severe static charges 
and lightning from the telephone line. Small light-
ning arresters are often used at the 'phones on rural 
party lines to ground any lightning charges and 
prevent damage to telephones and property. 

Where telephone lines run parallel to power lines 
they often pick up, by magnetic induction, an inter-
fering hum. To avoid this, the pairs of wires should 
occasionally be crossed into opposite positions on 
the poles or cross arms, so that one wire will not 
be closest to the transmission line throughout its 
entire length. 

This crossing of wires to prevent induced inter-
ference is known as transposition. Sometimes it is 
also done to avoid "cross-talk" or induction from 
other telephone wires. 

Transposing the wires frequently and evenly will 
balance out most of this induction. Telephone wires 
should never be left close enough to high voltage 
power lines so that there would be danger of them 
coming in contact with each other, for in case they 
did people using the telephone lines might be 
injured. 

Satisfactory telephone operation depends to quite 4. extent on proper line construction. Therefore, 
1 telephone lines should be made with the proper 

materials and the wires properly spliced with low 
resistance joints, ground connections kept in good 
condition. etc. 

120. PHANTOM CIRCUITS 

Considerable economy and saving of wire can be 
effected in telephone line construction by the use 
of what are known as "Phantom" circuits. By this 
method one additional circuit can be obtained for 
each pair of lines already in existence. This can 
be done without the addition of any other wires, 
merely by using two existing lines, one to form 
each side of the new line or phantom circuit. 
By the use of proper induction coils, or Repeater 

Coils, as they are called, a conversation can be 
carried on over this phantom line without inter-
fering with either of the two actual lines. A re-
peater coil is simply a transformer with primar 
and secondary windings of an equal number of 
turns. 

Fig. 162 shows the manner in which a phantom 
circuit is obtained from two metallic circuits. Lines 
No. 1 and 2 are ordinary metallic lines or physical 
circuits using repeater coils to transfer the current 
impulses from the transmitter circuits to the lines. 
Line No. 3 is a phantom circuit obtained by con-
nection of its coil to the exact center of each of the 
others on lines 1 and 2. With this connection the 
current in line 3 can divide equally through each 
of the other lines or pairs of wires and, therefore, 
does not interfere with their talking currents at all. 
With four metallic circuits we can obtain two 

phantom circuits directly, and then a third phantom 
circuit between the first two, so we find that where 
a considerable number of trunk lines are run from 
point to point a large number of phantom circuits 
can be arranged to use the same lines. 

Fig. 162. Elementary sketch showing how a phantom circuit is obtained 
from two metallic or physical circuits. 

This practice is also followed in telegraph work. 
Telephone lines, if used on trunk circuits and 

special radio station wires, are constructed with a 
carefully determined amount of resistance. Special 
resistance and impedance coils are placed in the 
circuit of such lines to make them most efficient 
in the handling of certain frequencies set up by 
voices or musical notes. This principle will be 
more fully explained in a later section on radio. 
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Operators of radio broadcast stations frequently 
lease wires from the telephone companies to use in 
picking up and transmitting certain news or enter-
tainment features at quite a distance from a broad-
cast station. Telephone systems are becoming 
more and more linked up with the radio stations, 
not only for amusement programs, but for the trans-
oceanic and commercial conversations as well. 

121. TELEPHONE TROUBLES 
Faults and troubles arising in telephones or tele-

phone exchanges can usually be located by the same 
general methods of systematic testing that have 
been covered in connection with other signal cir-
cuits. A diagram of the wiring and connections is 
always of the greatest help in testing any telephone 
circuit. 
Some of the more common telephone troubles 
iich occur in the separate parts, such as trans-

mitter, receiver hnek •;‘v itch. etc., have already been 
mentioned. Other likely places to look for faults 
are at the spring contacts of key switches and relays, 
which may have become burned, dirty, or bent out 

of shape; wire terminals, which may have become 
corroded or loose on the binding screws; weak bat-
teries, weak magneto magnets, weak receiver mag-
nets, etc. 

Telephone circuits and equipment can often be 
tested very conveniently with a telephone receiver, 
as well as with test lamps and buzzers. The re-
ceiver can be used to determine if the talking cur-
rent is coming through to certain circuits, and also 
to determine whether high resistance circuits are 
completed or not, by the clicks which should be 
heard in the receiver when its terminals are touched 
to any line circuit. 

Careful application of your knowledge of the 
principles of fundamental telephone parts and cir-
cuits and methods of systematic trouble shooting 
should enable you to locate most any of the ordi-
nary troubles in telephone equipment. 

Don't forget that a thorough understanding of 
the material covered in this section on telephones 
will be of great help to you in any line of electrical 
or radio work. 

e 
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FUSES AND SWITCHES 

68. FUSES 

Every wiring system, no matter what type it 
may be, must be properly fused. This is a strict 
requirement of the National Code, and an absolute 
necessity, both to protect the wiring and equipment 
on the circuits as %veil as persons who might handle 
them. 

Fuses in electrical circuits are similar in purpose 
to safety valves on steam boilers. With a boiler, 
whenever the steam pressure rises so high that it 
is unsafe and more than the strength of the boiler 
should stand, the safety valve opens and relieves 
this pressure. ln electrical circuits, whenever the 
current load becomes more than the wires can 
stand without ci‘ erheating and burning their in-
sulations, the fuse blows and opens the circuit. 
So we can readily see the great importance of hav-
ing in every electrical system fuses of the proper 
size and type. 
Fuses are made in many different styles and sizes 

for different voltages and current loads, but they 
all operate on the same general principle, that is, 
opening the circuit by melting a piece of soft metal 
which becomes overheated when excessive current 
flows through it. 
The temperature rise which melts a fuse depends 

upon the amount of excess current, the duration of 
excess current, and the ease with which heat es-
capes from the fuse. 

69. LEAD LINK FUSES 

Early types of fuses were simply a piece of lead 
wire connected in the circuit, through which cur-
rent flowed to the lines and devices to be protected. 
This lead wire, being soft and easy to melt, would 
blow out as soon as th_. current load in amperes 
went above a certain amount. These pieces of wire 
were kept short and fastened securely under termi-
nal screws, so that their resistance would not be 
high enough to cause much voltage drop in the cir-
cuit. By selecting the proper size of lead wire they 
could be made to open the circuit at almost any 
desired current load. This type of Link or lead 
wire fuse is not very safe or dependable. Such fuses 
have a tendency to oxidize and corrode, and become 
quite inaccurate after being in service a while. In 
addition to this, when they do blow out, the molten 
metal spatters over equipment, and is likely to 
injure persons if they are nearby. 

70. CARTRIDGE FUSES 

You will still find lead link fuses in use in some 
places, but in general they have been replaced by 
the modern Cartridge Fuses on all circuits of over 
30 amperes capacity, and some of less; and by the 
Plug Fuse on circuits with under 30 amperes load. 

Fig. 103 shows two types of cartridge fuses and 
the renewable fuse link used with them. This type 
of fuse consists of a hard fibre cylinder in which 
the fuse strip of soft metal is contained. This strip 
is gripped tightly by the brass screw caps on the 
end of the fuse chamber, so the entire cartridge 
can be conveniently mounted in a Fuse Block. 
Several types of fuse blocks are shown in Fig. 104. 

Fig. 103 The above view shows two types of cartridge fuses and one 
of the fusible lead links which are used inside these cartridges. 

The fuses are held in the blocks by spring clipi 
which grip the metal ferrule at the end of the cart-
ridge. This makes them very easy and quick to re-
new when one blows out. The cartridge fuse is 
much more reliable and accurate because the fuse 
link is enclosed in the cartridge, and its temperature 
is not affected by air currents as is the open fuse 
link. 

With a cartridge fuse, when the link blows out 
the arc or flame and molten metal are all confined 
within the cartridge, except in very rare cases when 
a heavy short circuit may cause the cartridge to 
explode. 

Most cartridge fuses are of the renewable type 
in which the burned out link can be quickly re-
placed by unscrewing the ferrules or caps at the 
ends. The burned piece can then be removed and 
a new link inserted, the ends being folded over and 
securely gripped by the caps when they are screwed 
back on, or held under bolts on the knife blade 
type. The cost of this renewal link is very small, 
and as the cartridge very seldom needs to be re-
placed, the proper fusing of circuits is of very small 
expense compared with its protection value. 

Fig. 104. These porcelain fuse blocks are equipped with spring clips in 
which dap cartridge fumes are held 
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71. "CUT-OUT" BLOCKS AND KNIFE 

"' BLADE FUSES The porcelain blocks for holding the fuses are 
often called Cut-Out Blocks. The smaller fuses are 
used in circuits up to 60 amperes and are made in 
the ferrule type, or with the round end caps. Large 
sizes for from 65 to 600 amperes are made in the 
knife-blade type, with short flat blades attached to 
the end caps. These blades fit into clips on the fuse 
block, which are similar to regular knife switch 
clips. This type of construction is used on the 
heavier sizes because it gives a greater area of con-
tact surface at the clips for heavy currents to flow 
through. Fig. 105 shows two knife-blade type cart-
ridge fuses. 

u44teeamaigaj, 

Fig. 105. For the heavier loads of current, knife blade type cartridge 
fuses of the above type are used. 

Ferrule type fuses for voltages from 250 to 600 
are commonly made in the following ampere 
ratings: 3, 5, 6, 10, 20, 25, 30, 35, 40, 50, and 60. 

Knife-blade type fuses for the same voltages are 
made with current ratings of 65, 70, 75, 80, 90, 100, 
125, 150, 175, 200, 225, 250, 300, 350, 400, 450, 500, 
550, and 600. 
72. PLUG FUSES 
Plug fuses are made with ampere ratings as 

follows: 3, 6, 10, 12, 15, 20, 25, 30. These plug fuses 
are the type most commonly used for fusing branch 
circuits in house wiring systems. They are made 
with a threaded base to screw into a socket in the 
cut-out block, similar to lamp sockets. Several types 
of plug fuses are shown in Fig. 106. Those in the 
top row are ordinary fuses with small mica win-
dows, so it is easy to see when they have been 
blown. The fuse shown below with an extra ele-
ment is of the renewable plug type. These fuses 
when blown can be taken apart and the small link 
replaced similarly to the renewal of the cartridge 
fuses. 

ig. 107 shows several types of cut-out blocks for 
fuses. 

‘ hen any circuit is overloaded a small amount 
beyond the capacity of its wires and fuses, the 
fuses gradually become warmer and warmer, until 
the link melts out and opens the circuit. When a 
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Fig. 105-B. These sectional views show the construction and arrange-
ment of cartridge fuses and the manner in which the fuse strips are 
fastened in them. Note the difference In the mounting of this strip 
in the upper and lower cartridges. 

circuit becomes severely overloaded or a short cir-
cuit occurs, the fuse blows instantly, and sometimes 
with considerable flash. This is as it should be be-
cause, if fuses didn't blow at once, a short circuit 
would very quickly ruin the insulation of the wires 
with the intense heat of the great rush of current. 

73. NATIONAL CODE RULES ON FUSES 
In general, every electrical circuit and system 

should be protected by fuses of the proper size con-
nected in series with its lines, and care should be 
used never to allow fuses to be replaced with others 
that are too large. The National Code is very strict 
in the matter of fusing circuits and a few of the most 
important rules are as follows: 

Fig. 106. The three fuses In the upper row are of the ordinary plug 
type with fusible windows to show when the link is blown out. 
The lower view shows a refillable plug fuse and one of its refill 
elements. 
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1. Fuses must be provided at every point where 
the wires of a system change in size, except when 
fuses closer to the service are small enough to pro-
tect these wires. 

2. Fuses on fused switches must be placed on 
the dead side of the switch when it is open. 

3. Every ungrounded service conductor should 
be provided with a fuse, except the neutral wire of 
a porarized system, which must never be fused at 
any point. 

4. All ungrounded wires of branch circuits 
should be protected by fuses. 

5. Two-wire branch circuits on ungrounded sys-
tems must have both wires protected by a fuse in 
each wire. 

6. Ordinary branch circuits using No. 14 wire 
must be protected by fuses not larger than 15 am-
peres at 125 volts, or 10 amperes at 250 volts. 
Sometimes, when a fuse blows, some person who 

doesn't understand the function and safety value 
of a fuse may replace it with a piece of copper wire 
or in some cases even put pennies behind plug 
fuses. This is exceedingly dangerous practice and 
should never be used under any circumstances, as 
it is practically treating the wires of an electrical 
system, as if the safety valve of a boiler were locked. 

Fig. NM. Several types of "cut-out" blocks or fuse blocks for plug 
fuses are shown above. 

When the size of fuses for any certain circuit is 
not specified by the Code, it can easily be deter-
mined by the use of the Watts law formula. If we 
know the voltage of any circuit and the load rating 
in watts of the equipment on any circuit, we can 
easily find the current in amperes by dividing the 
watts by the volts. This will indicate the proper 
size of fuses, providing we are also sure that the 
size of the wires is large enough to carry this load. 
The table previously given, showing the current 

capacity of rubber covered wires, will also be a con-
venient guide to the selection of proper fuses. More 
about fuse troubles and maintenance will be covered 
in a later section on trouble shooting, and in the 
advanced sections on motors and power machinery, 
additional information will be given on the proper 
sizes of fuses for machines of different horse-power 
ratings. 

74. PANEL BOARDS AND FUSE CABINETS 

In small house-wiring systems, the fuses are usu-

ally placed at the place where the supply wires enter 
the house and near the service switch and meterak 

In some small homes there may be only one circuW 
and one pair of fuses, and in larger homes or those 
better equipped with complete electric wiring there 
may be from 2 to 6 or more branch circuits and 
fuses. Fig. 108 shows two types of fuse blocks and 
safety switches in metal boxes. This is the modern 
and approved way to install them. 

Fig. UM. Fuee blocks of either the cartridge or plug fuse api, ars 
commonly mounted with a safety switch in metal boxes. 

In larger buildings—such as apartment houses, 
stores, and offices—there may be from a dozen to 
a hundred or more branch circuits, all requiring 
separate fusing. 

In such cases it is common practice to install in 
one central cabinet all the fuses for a large group 
of circuits. Fig. 109 shows two such cabinets, o 
for a two-wire system and one for three wires. B 
have main service switches which disconnect th 
entire cabinet and all circuits from the supply wires, 
and also separate switches and fuses for each circuit. 
The branch circuit switches in these cabinets are 
enclosed under safety panels through which only 
the handles protrude. • 

Fig. 109. On the left is shown a two-wire "cut-out" panel, and on the 
right one for three-wire circuits. Note the arrangement of the 
safety switch, plug fuses, and branch circuit switches. 

Fig. 110 shows a modern fuse cabinet and m 
panel of the type used in many large apartme 
buildings and offices, and Fig 111 shows a connec-
tion diagram for an entire cabinet of this type, in-
cluding the meters. 
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Fig. Ile. This is a modern fuse and meter panel for large buildings 
which have a great number of branch circuits. 

75. SWITCHES. 
There are numerous types of switches used in 

electrical wiring. It is very important to select the 
proper types for various applications and to proper-
ly understand their use, operation and care. 
The purpose of any switch is to conveniently and 

safely make and break an electrical circuit and start 
or stop the flow of current, thereby controlling the 
operation of the devices on that circuit. 

1›. KNIFE SWITCHES Knife Switches are one of the most common types 
and are used for opening and closing the heavier 
circuits, such as main service wires in light and 
power wiring systems, and also branch circuits to 
motors and equipment using large amounts of cur-
rent. 

Knife switches consist simply of one or more 
copper blades hinged at one end and with clips at 

Fig. lii. Wiring diagram for modern fuse and meter cabinet. 

the other, and proper terminals for connecting the 
wires to them. Fig. 112 shows three common types 
of knife switches. One is called a Single Pole, one 
a Double Pole, and one a Three Pole switch. The 
number of poles indicates the number of blades, or 
the number of wires the switch can open. They are 
also made with 4 poles or more, and Single or 
Double Throw. Those shown in the figure are all 
single throw. Double throw switches have two sets 
of clips, one at each end, so the blades can be thrown 
either way into either set of clips, thus shifting 
from one circuit to another. 

Knife switches are made with or without fuse 
clips as desired. The three pole switch in Fig. 112 
is of the fusible type, while the other two switches 
are not. 

\Vhen installing knife switches, they should be 
mounted so that the blades when opened cannot 
fall closed by gravity, and they should be connected 
so that when opened the blades as well as any fuse 
that may be on them will be dead. The blades of 
knife switches should always be enclosed, except 
when the switches are mounted on approved switch 
boards or panel boards. 

Single-Pole- Double-pole-

3-Pole—Fusible 

Fig. 117. Three common types of knife switches. The lower one is 
equipped for knife blade type fuses. Note the lugs which are used 
for attaching large wiree or cables to the., switch terminals. 

Knife switches that are enclosed in a safety box 
and used for service switches in wiring systems 
should have a handle on the outside of the box, so 
the switches can be opened or closed without open-
ing the door, and some indication or marks should 
be on the box to show when the handle is in the 
open or closed position. 

Switches used for motor circuits should have a 
current capacity or continuous duty rating of 125% 
of the motor current rating. 

It is very important that the clips of knife 
switches be kept properly fitted to the blades, so as 
to secure proper contact and prevent overheating 
of the switch due to high resistance. 

77. SNAP SWITCHES 
For the control of lights and branch circuits the 

Snap Switch is commonly used. There are several 
types of snap switches made, and their name comes 
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from the quick snapping action with which they 
break the circuit. This action is obtained by a small 
spring and is a very important feature of such small 
switches, as the speed and suddenness with which it 
opens the circuit extinguishes the arc much more 
rapidly and effectively, thus to a great extent elimi-
nating fire hazard and preventing burning of the 
switch contact. 

Snap switches are made in Single Pole, Double 
Pole, Three Way, Four Way, and Electrolier types. 
Each of these types will be explained. 

78. SURFACE TYPE SNAP SWITCHES 

One of the very common and simple types of 
these switches is the Surface Type Snap Switch. 
Fig. 113 shows two switches of this type, one of 
them having the cover removed to show the work-
ing parts. 

Fig. 113. Above is shown an ordinary surface type snap switch. mi 
view cc the right shows the cover removed. 

These switches have a small rotating blade that is 
snapped in or out of stationary clips set on the por-
celain base. When the button is turned it first 
winds a small coil spring on its shaft, and as it is 
turned farther this spring snaps the rotating blade 
in or out of the stationary clips. 

For convenient connection of the wires, termina) 
screws are provided. These screws are of soft brass. 
While they should be tightened enough to hold the 
wires securely, they should not be forced too tight 
or their threads are likely to be stripped. 

Fig. 114 shows several types of surface type snap-
switches. 

Surface type Toggle or Tumbler switches are be-
ing installed in preference to rotary button snap 
switches in many places today. Fig. 115 shows a 
surface type toggle switch on the left and two of 
the tumbler type on the right. These switches are 
more convenient to operate, as it is only necessary 
to push their levers up or down, instead of twisting 
a button as on the rotary snap switch. 

Pit, lit Serena types et snap switches. Note the «sir and "ea" 
~Wage need es imileating switches. 

Fig. 115. Toggle and tumbler switches of the above type are very 
commonly used for surface mounting. 

79. FLUSH TYPE SWITCHES 

The snap switches mentioned so far are called 
"surface" type, because they are made to mount 
right on the surface of the wall. This is often not 
as desirable in appearance as the Flush Type 
switch, which mounts in an opening cut in the wall, 
has a neat flush cover plate, and is a very popular 
type. Fig. 116 shows two views of a Push Button 
type switch. The left view shows an open side 
view and the manner in which the two buttons are 
used to rock a small blade back and forth. The right 
view shows the top of a switch of this type. 

• 
Fig. 1111. These two views show the construction and mechanism of 

push button type snap switches. 

Fig. 117 shows another type of push button 
switch on the left, and a toggle switch on the right. 
The metal extensions or "lips" on these switches 
are used to fasten them in the switch box, which 
is mounted in a hole cut in the lath and plaster. 
Then the switch plates, or covers, are placed over 
them and fastened in place with small screws, pres-
enting a finished appearance as in Fig. 118. 
Where it is desired to control a separate light 

by means of a switch on the ceiling near that light, 
a ceiling pull-cord switch, such as shown in the 
left view in Fig. 119, is used. The one on the left 

Fig. 117. Above are shown a push button switch on the left and a toggle 
switch on the right. Both are for flush mounting in switch outlet 
bases. 
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is made to mount right on the surface of the ceiling, 
while the one on the right is made to mount in 

&the side of the outlet box or fixture canopy and is 
weaned a Levolier switch. 

There are also small snap switches which are en-
closed in lamp sockets called Key Sockets or Pull 
Chain Sockets. Fig. 120 shows a key socket on the 
left and a pull chain socket in the center. 

Toggle Push Button 

Fig. 110. This shows the finished appearance of properly mounted flush 
type switches with the covers placed over the outlet boxes. 

80. SINGLE POLE SWITCHES 
Single Pole Switches are used to break only 

one wire of a circuit, and must always be connected 
in the ungrounded wire. They are used to con-
rol a light from one place only, and are the most 
mmonly used of all switches in residence lighting 

ystems. Single pole switches can always be easily 
distinguished from the others because they have 
only two terminals for the wires, and only one 
blade. 

Fig. 110. Two types of pull cord switches for ceiling mounting and 
used to control individual lights. 

81. DOUBLE POLE SWITCHES 
Double Pole Switches are used to open both 

wires to a light or device, and thus break all connec-
tions from it to the line. Opening both sides of the 
circuit at once also more quickly extinguishes the 
arcs at the switch points. A double-pole surface-
type switch always has four terminals and two , des. These blades are mounted one above the 

r on the shaft, and are insulated from each 
other. On this type of switch, never connect the 
line wires to opposite terminals, but always to ter-
minals on the same side nf the switch. 

Fig. 120. On the left la a key socket or switch for controlling lights on 
drop cords. The center view shows • pull-chain socket, and on the 
right la a push button switch that can be mounted on the end of 
a suspended pair of wires. 

Fig. 121 shows some of the symbols used for com-
mon surface-type snap switches, so you will be able 
to recognize them in the following connection dia-
grams. 

Fig. 122 shows the connections of a single pole 
switch and a double pole switch for controlling the 
lamps, "L" and "L". 

82. THREE-WAY SWITCHES 
Three-Way Switches are used to control a light 

or group of lights from two di fferent places, so they 
can be turned on or off at either switch. This is a 
connection very commonly used in all modern 
homes for lights in halls, on stairways, and other 
places. It is also very convenient for controlling 
garage, barn, or yard lights, as the lights outside 
can be turned on at the house and off again at the 
garage or barn. Or the lights can be turned on at 
the outer buildings and turned off at the house. 

5. R 
CLOSED 

D. R 
CLOSED 

-e--
3 WAY 

ONE POSIT/ON 

4 WAY 
ONE POSITION 

4- WAY 
OTHER postrioni 

S. R 
OPEN 

D. P. 
OPEN 

3 WAY 
OTHER POSIT/ON 

ELECTROLIER ELECTROLI ER 
ONE ciRCOir CLOSED TWO CIRCUITS CLOSED 

Fig. 121. The above symbols will be used to represent various types of 
switches in the following connection diagrams. Clew examination of 
these symbols will also help you obtain a better understanding ed 
each of these switches. 

Three-way surface-type switches have four ter-
minals and usually one blade. Sometimes there are 
two blades in one line. Two of the terminals are 
permanently connected together in the switch with 
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LINE 5. 

D. P. 

Fig. 122. The top diagram shows a simple single-pole switch connected 
to control one light. The lower diagram shows a double-pole switch 
connected to break both sides of the circuit to a light. 

a shunt wire. Usually these terminals can be located 
by a strip of sealing ;wax in a groove between them 
on the base of the switch. This wax covers the shunt 
wire. This construction is one means of telling a 
three-way switch from other types of surface snap 
switches. On flush type switches, the three-way is 
the only one which has just three terminals. 

Fig. 123 shows the connection diagram for two 
three-way switches used to control a light from two 
different points. Note that the line always connects 
to the shunt terminal of one switch and the lamp 
to the shunt of the other switch. The other two 
terminals of each switch are connected together as 
shown. This is a good rule to remember in connect-
ing up three-way switches. Trace this diagram care-
fully and you will find the circuit to the lamp is 
closed. Shifting either switch blade will open it, 
and again shifting either one will close it once more. 

Fig. 123. Two three-way switches used for controlling a light from 
two different places. Note carefully the marner of connection. 

Fig. 124 shows another method of connecting 
three-way switches, known as the Cartweis system. 
This method is not approved by the Code as it 
places line wires of opposite polarity on adjacent 
terminals of the switch. This is in contradiction to 
the rule given for the common approved connection 
and is not considered as safe. 
However, this method is sometimes used on 32 

volt systems and saves one wire where both 
switches are to be located near the line wires, as in a 
case where a live line is run from a house to the 

garage or barn to operate other devices there in 
addition to the light. 
The first system should always be followed :40 

interior wiring in houses with 110 volt circuits. 

83. FOUR-WAY SWITCHES 
Four-way switches are used where it is desired to 

control a light or group of lights from more than 
two places. By their use in combination with three-
way switches, we can control a light from as many 
places as desired. 

Fig. 124. This sketch shows the Cartweis system o/ connecting three-
way switches. This method should not be used on 1111-volt circuits 
In interior wiring. 

The four-way surface-type switch has four ter-
minals and two blades, and can be quite easily dis-
tinguished from the other switches because its 
blades always connect to adjacent terminals on the 
sides of the switch. No matter which position the 
switch is in, the blades always connect together 
one or the other set of adjacent terminals. 

Fig. 125 shows a method of connecting two thr 
way switches and two four-ways to control a ugh 
from four different places. 
The important points to note in this connection 

are as follows: The two three-way switches are 
always connected at the ends of the control group, 
with their shunts to the line and lamp, as before 
mentioned. Any number of four-way switches can 
then be connected in between them as shown. With 
surface-type snap switches, the one wire connect-
ing the three-way and four-way switches together 
should always be crossed at each switch as shown, 
but the other one just connected straight through 
from terminal to terminal on the same side of the 
switches as shown. With some flush-type switches 
it is not necessary to cross the wires on one side of 
the four-ways, as they are already crossed inside 
the switches. 

Fig. 123 This diagram shows two three-way and two four-way switches 
connected to control • light from four different places. Note care-
fully the connection and arrangement of the three-way liwitdies at 
the ends, and the manner in which the wine, ta am aide et the 
four-way switches are crossed. 
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Trace the diagram in Fig. 125 very carefully and «sou will find that, with the switch blades in their 
resent position, the circuit to the lamp is closed. 
Moving any one of the switch blades into its other 
position will open the circuit, and moving any other 
one will close it again. 
This type of connection is a very valuable one to 

know, and you will find it much easier to under-
stand and remember the rules for its connection if 
you try drawing several combinations with different 
numbers of switches and tracing them out to see if 
they give the desired results. 
A very important rule to remember in installing 

three-way and four-way switches is that they must 
all be connected in the ungrounded wire of the 
line, and never to the grounded wire. This is a Code 
rule, as it is with single pole switches, to make sure 
that the "hot" or ungrounded wire to the light 
is always open when the switch is turned off. 

84. SUBSTITUTING VARIOUS SWITCHES 
Sometimes in emergencies you may not have the 

proper switches on hand and certain others can be 
substituted temporarily if desired. For example, 
you can use either a three-way or four-way switch 
in place of a single pole switch. To use a three-way 
in place of a single pole, connect the line wire to 
the shunt terminal and the lamp wire to either of 
the separate terminals, as in the upper view in Fig. 

Fig. us. Ili. above three diagrams show methods el substituting vari-
ous switches whim the proper ones are not available. The top and 
center connections show the use of three-way and four-way switches 
la place of single-pele switches. The lower connection shows four-
way switches used in place of three-way switches at the ends of 
the group. 

To use a four-way switch in place of a single pole, 
i i r onnect the line and lamp wires to any two adjacent 

minais, as in the center view in Fig. 126. 
To use four-way switches in place of the usual 

three-ways at the ends of a group for controlling 
a light from several places, connect them as shown 
in the lower view in Fig. 126. 

Some of these switches will cost more than the 
proper ones for which they are substituted—for 
example, three-way and four-way switches cost 
much more than single pole switches—so these sub-
stitutions should only be made in emergencies. 
85. ELECTROLIER SWITCHES 

Electrolier Switches are used to control one or 
more circuits, such as several lights on a chandelier, 
or the several sections of a heater element in an 
electric range, etc. These switches are obtainable 
with two or three circuits. Fig. 127 shows a method 
of connecting a three-circuit electrolier switch to 
turn on one, two, or all three of the lamps; or turn 
them all off if desired. In the upper view all lamps 
are out, in the center view only one lamp is on, and 
in the lower view two lamps are on. If the rotating 
element of the switch were turned one more point 
to the right all three lamps would be on. 

Fig. 127. These three diagrams show the manner In which an elec. 
troller switch can be used to turn on one or more lights at a time. 

These switches are very commonly used on elec-
tric ranges and heaters, to get low, medium, or high 
heat. 

Fig. 128 shows several of the connections for push 
button and toggle-type flush switches. The sketch 
at "A" shows the terminal location and connections 
of a single-pole push button switch connected to 
control one lamp. "B" shows the terminals and 
connections of another type of flush single-pole 
switch. "C" shows a double-pole switch connected 
to control one lamp. "D" shows two flush-type, 
three-way switches connected so that either one can 
turn the light on or off. "E" shows two three-way 
switches and one four-way switch connected to con-
trol a light from three places. The wires are crossed 
at the four-way switch, as is necessary with some 
types of flush four-ways. "F" shows the connec-
tion of two three-ways and one four-way, using the 
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type of four-way switch that has its terminal con-
nections crossed inside, so the wires are run straight 
through. "G" shows a flush-type two-circuit elec-
trolier switch with connections made to its marked 
terminals for turning on first one light, then both 
lights, then both off. "H" shows a two-circuit elec-
trolier switch connected to first turn on one light, 
then turn it off; next turn on the second light, and 
then turn it off. "I" shows a three-circuit electro-
lier switch connected to first turn on one light, next 
turn on two lights, next all three lights on; then 
all off. 

Fig. 123. The above sketches show methods of connecting flush type 
switches as represented by manufacturers' symbols. Check each 
connection with Its explanation in the accompanying paragraphs. 

A great many types of special switches are made 
for different applications. However, with a good 
understanding of these more common types, and 
a careful examination of the blades, terminals, and 
parts of any switches you may encounter, you 
should be able to understand them quite easily. 
Sometimes the small copper blades and clips of 

snap switches become badly burned from the arcing 
when the circuit is interrupted or because they 
don't fit properly and make good contact with each 
other. 
Snap switches are made in different current rat-

ings according to the load they are supposed to con-
trol, and they should never be placed in circuits 
where they have to carry more current than they 
are rated for, because this will overheat them, burn-
ing and softening the blades and clips until they 
are useless. When a snap switch arcs badly or 
sticks frequently it is usually an indication of a 
defect in the switch or an overload on it. 

86. CONVENIENCE OUTLETS AND 
RECEPTACLES 

In the preceding pages we have occasionally men-
tioned outlet boxes for convenience receptacles. A 
modern house-wiring system is not merely to sup-

ply proper lights and convenient control for them, 
but should also include in all rooms a sufficientàk 
number of convenience outlets for the attachmentlar 
of portable household electrical devices, such as 
fans, heaters, curling irons, toasters, sewing ma-
chines, vacuum cleaner, and the many other elec-
trical devices used in the home today. These con-
venience outlets may be installed in the baseboard, 
or mounted higher up in the walls, or even in the 
box with the switches. 

The same outlet boxes as are used for flush-type 
switches can be used for convenience receptables, 
and either a single or double plug receptacle can 
be installed. Fig. 129 shows both a single and a 
double receptacle of this type, with the cover plates 
which fit over the outlet boxes. 

Single Receptacle Duplex Receptacle  I 
Fig. 120. Every home that is wired for electricity should have a sun. 

cient number of convenience outlets or receptacles of the typos 
shown above. 

Fig. 130 shows the receptacles without covers and 
ready to be installed in the outlet boxes. The metal 
"lips" on the ends of each one are for attaching 
them to the outlet boxes with screws. These re-
ceptables are generally connected to wires that are 
always alive and are not controlled by switches. 
All that is necessary to obtain from them current 
for portable devices is to push the prongs of the 
plug, which is on the end of the cord, into the slots 
in the receptable, where they are gripped by spring 
contacts inside the receptacle. 

Fig. 130. These receptacle units are mounted In ordinary outlet beam 
similar to those used for flush type switches. Note the terminal 
screws for connection of the wires to the receptacle. and also the 
meta/ "ears" for attaching the receptacle to the outlet ben. 
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86-A. ATTACHMENT PLUGS 

doh Small receptacle plugs can be obtained for screw-
11110rng into threaded lamp sockets, and receive the 

prongs of the regular cord plug. These are com-
monly known as attachment plugs. Fig. 131 shows 
both sections of an attachment plug; close to-
gether in the left view, and separated at the 
right. The upper or male cap section in the right-
hand view has two connection screws on its prongs, 
and can be quickly and easily attached to the cord 
of a portable device. 

For certain portable tools requiring three and 
more wires, special plugs can be obtained. Some 
of them also have an extra wire for grounding the 

portable tool to the conduit system for safety to 
the operator. 

Fig. 131. Two views of an attachment plug of the type which can be 
screwed into a socket. The male element with the two brass prongs 
is attached to the cords of portable devices, and can then be plugged 
into any receptacle of this type. 

THREE-WIRE SYSTEMS 

86-B. TWO-WIRE AND THREE-WIRE 
SYSTEMS 

We have already mentioned that wiring systems 

en be either two-wire or three-wire systems. 
The two-wire system does not need very much 

explanation as its connections and principles are 
very simple. This is the system commonly used 
in small homes, and consists of two main wires 
brought into the building from the power com-
pany's lines, and properly equipped with service 
switch, fuses, and meter. 
From this point several branch circuits with two 

wires each can be run to the various groups of lights 
or outlets about the house. Two-wire lighting cir-
cuits are usually of 110 to 125 volts, and two-
wire D. C. or A. C. power circuits are commonly 
of 220 or 440 volts. 

It is a very simple matter to connect lights or 
motors to these circuits, with the proper switches 
and fuses where needed: The load devices are all 
connected in parallel, and while usually we need 
pay no attention to positive or negative polarity, 
we do need to know which wire is the grounded 
one and which the ungrounded. This will be ex-
plained a little later. 

87. EDISON THREE-WIRE SYSTEM 
The three-wire system is used extensively by 

power companies on their lines to the customers' 
buildings, and in most all of the larger homes and 
modern office buildings, hotels, stores, and factories. 

l 'his system is often thought to be somew hat 
e mplicated but in reality it is very simple to un-
derstand for anyone with a knowledge of the prin-
ciples of electric circuits, such as you have already 
obtained. 

The Edison three-wire system gets its name from 
the fact that it was originally used by Thomas 
Edison, who connected two 110 volt D. C. generat-
ors in series to obtain 220 volts between two out-
side wires, and 110 volts between each outside wire 
and the center or neutral wire. See Fig. 132. 
You will recall that when any two generators or 

sources of current supply are connected in series, 
it adds their voltages; so it is easy to see how the 
two different voltages are obtained in this system. 

Fig. 132. This diagram shows the arrangement of two generators lis 

series to supply an Edison three-wire system. Note that this 
arrangement provides both 110 volts for lamp circuits and 220 volts 
for motor circuits. 

The advantages of the three-wire system are that 
it provides 110 volts for lights and 220 volts for 
motors, with only three wires, and it effects a great 
saving in the size of conductors and copper costs 
even when used for lighting alone. This is because 
when there is an equal number of lights on each 
side of the system, they all really operate on 220 
volts, with two groups of lamps in series across 
the outside wires. 
The current tends to flow through both gen-

erators in series and through both group, of lamps 
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in series, and no current will flow in the neutral 
wire, as long as the number and size of lamps is 
equal on each side of the system. 

88. SAVING IN COPPER BY USE OF THREE-
WIRE SYSTEM 

With the lamps operating at 220 volts and two 
in series, they require only one-half as much current 
in amperes to supply their rated wattage, as they 
would if they were operated on 110 volts. Therefore, 
smaller wires can be used and we find that this 
system saves over 50 per cent of the wire cost, ex-
cept on certain small circuits where the Code re-
quires a certain minimum size of wire. 

The simple sketch and problem in Fig. 133 will 
illustrate how this reduction of current is obtained. 
We will use even figures of 100 volts and 200 volts 
to make them easy to follow. In "A" we have six 
100 volt lamps of 200 watts each. The total wattage 
of the six lamps will be 6 x 200 or 1200 watts. The 
current required for this wattage will be W ÷ E 
or 1200 ± 100 = 12 amperes, which will be the load 
on the wires. In "B" the lamps are connected two 
in series and each of these pairs connected across 
the 200 volt wires. 
The total wattage of the lamps remains the same, 

or 1200 watts, and now the current will be W ÷ E 
again or 1200 ÷ 200 = 6 amperes. So with this 
connection the wires only need to carry one-half as 
much current. 
This can also be checked in another way as fol-

lows: We know that the current required by each 
100 volt, 200 watt lamp will be 200 ÷ 100 or 2 
amperes. So when they are all connected in parallel 
it will require 12 amperes to operate them. But 
when they are connected as at "B", the same two 
amperes which lights the upper lamps must pass 
on through the lower one as well, so it now requires 
only 3 >< 2 or 6 amperes, at 200 volts. 

Fig. 133. By the use of Watts law determine the current required for 
the six lamps on 100 volts in the upper circuit; then determine the 
current required on the three-wire system below with the lamps 
operating on 208 volts in groups of two in series. This will show 
the reason for considerable saving in the size of the wires on throe-
wire systems. 

89. UNBALANCED SYSTEMS 

So far we have considered only a balanced loadak 
condition where no current flows in the neutral wire. 
Now let's see what will happen if the load is un-
balanced or if one of the lamps is turned out on 
the upper side of the system in Fig. 133-B. We will 
illustrate this separately in Fig. 134. In this case 
the lower side will require 6 amperes and the upper 
side only 4 amperes. Two amperes will now flow 
out along the neutral wire from the lower generator, 
to make up this shortage. The upper generator sup-
plies 4 amperes which flow through both groups of 
lamps and through the lower generator as well; and 
the lower generator supplies 6 amperes, four of 
which still flow through the outer wires and both 
groups of lamps, and two of which flow through the 
neutral and lower wires and lower groups of lamps 
only. The generators automatically assume their 
proper share of load whenever the load balance 
changes. Note the size of the current arrows which 
show this division of current. This is due to the fact 
that the resistance and the voltage drop of each 
group of lamps vary with their number. 
For example, if the lamps in Fig. 134 are all 100 

volt, 200 watt lamps their resistance will be 50 
Ohms each. Then, according to our rule for finding 
the total resistance of a parallel group, that of the 
two upper lamps will be 50 ÷ 2 = 25 Ohms resist-
ance between wires "A" and "B". The total resistih 
ance of the three lower lamps in parallel will 
50 ÷ 3 or 16V3 Ohms between wires "B" and "O. 

Fig. 134. This sketch shows an unbalanced three-wire system. Note 
carefully the division of current between the two generators and 
circuits and the direction of current flow in the neutral wire. 

Each generator delivers 100 volts, so that is the 
voltage applied to each group of lamps. The cur-
rent through the upper group will be E ÷ R or 
100 ± 25 = 4 amperes. The current through the 
lower group will be 100 ÷ 16%3 = 6 amperes. So 
we find that a simple application of Ohms law 
plains why the generators will each automatical 
supply their proper share of the current load. 
The amount of current flowing in the neutral 

wire will always be in proportion to the amount of 
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unbalanced load, and it may be in either direction 
according to which side of the system is the more 

• heavily loaded. 

90. "SOLID NEUTRAL" FOR THREE-WIRE 
SYSTEMS 

The ideal condition for a three-wire system is to 
have no current flowing through the neutral, so we 
should always try to keep the load as evenly bal-
anced as possible when connecting up the two-wire 
branch circuits to the three-wire mains. 
Of course, it is impossible to keep such a system 

perfectly balanced at all times, because of lights 
and devices on the different circuits being turned 
on and off. This is the reason we need the neutral 
wire, and also one of the reasons the Code requires 
that on the modern polarized system the neutral 
must not be fused. This is the reason it is often 
termed a Solid Neutral. Many of the older non-
polarized systems, however, have fuses and switches 
in the neutral. 

91. EFFECTS OF OPEN NEUTRAL AND 
UNBALANCED LOAD 

Now let's see what will happen in such a system if 
the neutral were fused and this fuse blew out while 
the load was unbalanced. In Fig. 135 we normally 
have a balanced load of eight lamps when all are 
turned on, but at present two in the upper group 
re turned off and the fuse in the neutral is blown. 
Assume that the lamps are each of 100 Ohms re-

sistance, and let's find out how much current will 
be flowing through the six lamps with 200 volts 
applied by the two generators in series, and their 
neutral open. 
The resistance of the upper and lower groups of 

lamps being unequal, we must first figure that of 
each group separately and then, as the two groups 
are in series, we will add them to obtain the total 
resistance of all the operating lamps. 
The resistance of the upper two lamps in parallel 

will be 100 + 2 or 50 Ohms. That of the lower four 
in parallel will be 100 4- 4 or 25 Ohms. Then 50 + 
25 = 75 Ohms, total resistance. 
Now, according to Ohms law, we find that with 

200 volts applied the current will be 200 + 75 or 
2V3 amperes. This current will all flow through 
the upper two lamps, and then divide out through 
the lower four, so the upper lamps will burn much 
brighter than the lower ones. 
The reason for this can also be checked by our 

knowledge of Ohms law and voltage drop principles. 
We know that the voltage drop across any device 
or group of devices in parallel is proportional to the 
resistance of the devices and the current flowing 
through them, or E d =-- I X R. Then, with a cur-
nt of 2%3 amperes flowing through the upper 
o lamps, which have a combined resistance of 50 

Ohms, we find we have 2Y3 X 50, or 133V3 volts 
drop across them, which accounts for their burning 
much too bright. On the lower group with the 

same current flowing through a resistance of 25 
Ohms, we will have 2” X 25, or 66-5 volts drop 
across the lamps, which accounts for their burning 
very dim. 
This over voltage applied to the upper group will 

cause their filaments to be severely overheated, and 
possibly burned out if they are left long in this con-
dition. 

Fig. 135. This diagram illustrates what would happen if the neutral 
wire was to become opened on an unbalanced three-wire system. 
The tanner two lamps would then burn excessivels bright, and the 
lower four would burn very dimly. 

From this we see what a common indication of a 
blown neutral fuse or a non-polarized three-wire 
system would be when part of the lamps burn ex-
cessively bright and others burn very dim. 

This cannot happen on the modern polarized sys-
tem where the neutral has no fuse and is always 
closed, allowing the generators to balance up the 
load by applying 100 volts at all times to each side 
of the circuit. If this had been the case in Fig. 135, 
the lamps would have remained at normal bril-
liancy, as 100 E 4- 50 R of the upper group 
would cause just two amperes, or one ampere for 
each lamp, to flow through them; while 100 E 
25 R of the lower group would cause four amperes, 
or one ampere for each lamp, to flow through them. 
The neutral wire would carry the difference. 
While it is not likely that the neutral will often 

have to carry as much current as the outer wires, 
on a properly balanced three-wire system, it is pos-
sible for it to happen occasionally, so the Code re-
quires that the neutral wire be the same size as 
the others, except on loads over 200 amperes, where 
we can reduce the size of the neutral 30%. This 
reduction is allowed either from the maximum con-
nected load, or by applying what is known as a 
Maximum Demand Factor, which will be explained 
later. 
We have illustrated the principles of the three-

wire system with two D. C. generators as the source 
of the two different voltages, because it is easy to 
understand and was the first method of obtaining 
this system. In a number of places this method is 
still in use, where 110 and 220 volts D. C. are used. 
In other cases a special three-wire generator is used, 
having a connection to a center point in its arma-
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turc winding to obtain the neutral or half voltage 
wire. 

This system can also be used just as readily on 
A. C., by using two transformers connected in 
series, or merely a center tap from the 220 volt sec-
ondary winding of one transformer, as shown in 
Fig. 136. This is by far the most common type of 
three-wire system in use today, and is applied to 
power systems at 220 or 440 volts A. C., as well as 
to house wiring systems of 110 and 220 volts. 

Fig. 138 Three-wire A.C. systems can be conveniently obtained by the 
use of a center connection to transformer windings as shown above. 

92. POLARIZED WIRING SYSTEMS 

This system has been mentioned several times so 
far, particularly with reference to the grounding of 
various circuits and devices. The term polarized 
in this case refers to the grounding and marking or 
identification of the neutral wire. 

The modern polarized wiring system is one that 
has the neutral wire thoroughly grounded at the 
service switch, and this grounded wire distinguished 
throughout the entire system by a different color 
from the "hot" or ungrounded wire. 

Generally, we use a wire with black or red in-
sulation for the ungrounded wire, and one with 
white or light gray insulating braid for the ground-
ed wire. This applies to wires from 14 to 6 in size. 
On larger wires and cables, other methods of 
marking the grounded wire are used. Its ends can 
be coated with white paint or tagged, or at the 
service entrance the ends left for the power com-
pany's man to Connect his wires to, can have the 
insulation stripped off the grounded wire for a short 
distance. The identification of the grounded wire 
should be carried on through every branch circuit, 
fixture wire, etc., right up to the device using the 
current. 

The other very important rule for a polarized sys-
tem, as previously mentioned, is that the neutral 
or grounded wire must not be fused at any point, 
but must always be complete and unbroken from 
the service box to the very tip of light sockets 

or devices to which it is attached. Or, in other 
words, it must be what is called a Solid Neutral. 

93. SAFETY FEATURES AND ADVANTAGES. 
OF POLARIZED WIRING 

Another advantage of maintaining this un-
broken grounded wire, and having it plainly marked, 
is so that it can always be connected to the threaded 
or outer element of lamp sockets and receptacles; 
while the "hot" or ungrounded wire must always 
be connected to the inner or center terminal of such 
sockets. This eliminates practically all danger of 
anyone getting a shock by touching the socket, 
even if the insulation of the outer element failed, 
allowing it to touch the shell or casing. 
You will find the terminal screws of the latter 

type sockets, receptacles, and switches are also 
identified by one screw having a yellow or brass 
color, and the other a white or silvery color. 

The grounded wire should, of course, attach to 
the lighter colored screw, and the "hot" wire to the 
brass colored screw. 
When using BX as switch leads, we must make 

an exception to the rule. In this case we sometimes 
connect the black and white wires together. 

This is because we must have one black wire 
and one white one coming out of the outlet for 
connection to the light fixture, as in Fig. 136-B. In 
order to do this, we must connect the white wir 
of the BX, which runs to the switch, to the blac 
wire in the ceiling outlet. 

Fig. 136-8. This sketch shows the manner in which the white and 
black wires in • polarized system are connected at the outlet booms 
for ceiling lights and wall switches. 

We should then remember that the white wire 
at the switch is the "hot" one, and the black wire 
at the ceiling outlet is the return wire from the 
switch, and it should be connected as usual to the 
yellow screw on the fixture. 

In order to make this protection positive and 
dependable, you can readily see that the ground 
wire must always be complete clear back to t 
transformer, and we should never place any switch 
in this side of the circuit, unless it also opens the 
ungrounded wire at the same time it opens the 
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grounded one. Double pole snap switches, for ex-
ample, open both wires at the same time. Single 

e m  
ole switches when used must always be placed 
the ungrounded wire. 
Having this neutral wire grounded, as well as the 

conduit, gives us added protection against fire or 
shock hazard from the conduit system. 

In case the insulation of the "hot" wire becomes 
defective, and allows it to touch the conduit, this 
causes a short circuit and immediately blows the 
fuse, indicating a defect on the circuit, which can 
be repaired at once. Using this system with a solid 
neutral also eliminates the possibility of having an 
open neutral and burned out lamps when the load 
is unbalanced. 

94. GROUNDING NEUTRAL WIRE OF 
POLARIZED SYSTEMS 

At the transformers you will always find three 
wires coming from the secondary winding. The cen-
ter one of these is the neutral, and is grounded by 
the power company. The ground inside the building 
at the service switch should be heavy copper wire 
not smaller than No. 8, as previously mentioned, and 
this wire should be protected from possible break-
age by being run inside the piece of conduit to the 
waterpipe, where it is attached by use of a ground 
clamp, previously described. 
The end of this ground wire at the service box 

0 l 
's usually connected to the "neutral strap" in the 
vitch box, and also to a brass grounding screw 
at will be found in the modern steel switch 

cabinet. 
We do not ground the service switch or any part 

of an interior D. C. wiring system, but one wire 
of the D. C. line is grounded at the power plant. 
On all alternating current systems, however, this 

additional grounding of the neutral wire as well as 
the conduit, and the identification of this wire 
throughout the system are great safety features and 
advantages, and make the polarized system a very 
desirable one to use. 

95. PARTS OF WIRING SYSTEMS 
Every wiring job consists of at least two, and 

sometimes three, important parts. They are the 
Service. Feeders, and Branch Circuits. All jobs must 
have the service and branch circuits, and on the 
larger installations the main circuits feeding from 
the service to the branch circuit panels are called 
feeders. 
The service can be divided into two parts also. 

One part is the running of the wires from the trans-
former or line to the building service entrance, 
which would be the Drip Loops or weather cap on 
the building. The other part is the running of the 
wires from the drip loop into the service switch. 

Or SERVICE WIRES 
he service wires from the pole are usually run 

by the power company from whom the power is 
to he purchased. These wires should have weather-
proof insulation, and be attached to insulators at 

the house in a manner to keep all strain off from 
the drip loop and weather cap. 
See Fig. 137, which shows how these wires would 

be attached to the building, and also a method of 
bracing a porch, or part of a building, to stand the 
strain that long heavy service wires might place 
upon it. 
The Drip Loop, or slack loops of wire from the 

insulators to the weather cap, are used to prevent 
water from running down the wires into the con-
duit. 
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Fig. 137. The above two sketches show the method of arranging the 
connections of service wires to • building with strain insulators, 
drip loops, and weather heads. Also note the method of bracing a 
porch or corner of • buildLig to stand the strain of • long run of 
service wires. 

The electrician wiring the house can use either 
conduit or knob and tube work for running the serv-
ice on in to the service switch. The Code recom-
mends the use of conduit, and it is much the best. 
The service wires must be at least No. 8 and rub-

ber covered. This requires 3Ç conduit, which can 
be run from a point near the outside insulators, 
either up or down the outside wall, or along hori-
zontally, to a convenient place for entrance to the 
service switch inside The wires and conduit should 
be larger if the load requires. 
This conduit should always be equipped with a 

Weather Cap, such as one of the types shown in 
Fig. 138, so the wires enter from the under side 
and no water can enter the conduit. 
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In some cases a "B" condulet fitting can be used, 
or the upper end of the conduit bent in an inverted 
"U", and an "A" condulet used to form the weather 
protection. The strain insulators and weather cap 
should be located 15 to 18 feet from the ground if 
possible. 

If knob and tube work is used for the service, the 
wires should also enter the building high up, to be 
out of reach from the ground outside. They should 
also pass through properly sloped tubes where they 
enter the wall. 

Service wires should enter the building at a point 
as near as possible to the service switch, and this 
switch should be located near a door or window if 
possible. This location of the switch is to make it 
more easily accessible in case of fire. 

Fig. 135. Weather head fittings of the types shown above are used 
on the end of conduit at the service entrance to prevent water from 
entering the conduit. 

97. FEEDERS 

On larger jobs, such as apartment buildings, 
stores, and offices, cut-out blocks, or fuse cabinets 
are often located on the various floors or in various 
sections or apartments. The feeders are run from 
the service switch to these branch circuit panels, 
and the wires must be of the proper size according 
to the load in amperes which they are to carry. 
Sometimes several buildings are connected to-

gether by feeders, in which case there must be a 
suitable Feeder Control switch at one end or the 
other, to separate the systems in each building when 
necessary. 

Service or feeder wires when passing over any 
buildings must clear the roofs 8 ft. at their nearest 
point. 

98. BRANCH CIRCUITS 

Practically all wiring systems have Branch Cir-
cuits, which may be referred to as the wires beyond 
the last set of fuses. 
Most branch circuits are two-wire circuits, al-

though some are three-wire. On all ordinary two-
wire branch circuits of under 125 volts, we must 
use at least No. 14 wire, and generally fuses of not 
over 15 ampere size. 

In addition to lamps, we may connect appliances 
of not over 660 watts or 6 amperes each to these 
branch circuits. 

99. TYPES OF BRANCH CIRCUITS 

Branch circuits are sub-divided into: 
Lighting Branch Circuits, which are intended to 

supply energy to lighting outlets only, and are gov-
erned by the rules just given. 
Combination Lighting and Appliance Branch Cir-

cuit, which as its name implies is a combination of 

lighting and power outlets with limits as previously 
mentioned. 
Appliance Branch Circuits, which supply ener 

to permanently wired appliances or to attachmen 
plug receptacles. 

Appliance Branch circuits are further sub-divided 
into: 
Ordinary Appliance Branch Circuits, using as a 

rule receptacles and plugs rated at not over 15 am-
peres at 125 volts, using at least No. 14 wire and 
fused not to exceed 15 amperes. On these cir-
cuits we may use appliances rated at not over 
1320 watts. 
Medium Duty Appliance Branch Circuits, wired 

with No. 10 wire, and fused for 25 amperes, where 
we may use appliances rated not to exceed 15 am-
peres or 1650 watts each. 
Heavy-Duty Appliance Branch Circuits, wired 

and fused as above, for appliances between 15 and 
20 amperes. 

Appliances using over 20 amperes should be sup-
plied by individual circuits. 

100. LOADS ON WIRING SYSTEMS, AND 
SIZE OF SERVICE WIRES 

The total connected load on any wiring system 
can easily be calculated by adding up the rating in 
watts of all the lamps and devices connected to the 
system. 
Then, by dividing this wattage by the voltage. 

the system, we can determine the current 
amperes which would flow if all the devices were 
ever operated at once. This would be called the 
maximum load. 

In the ordinary building there is almost never a 
time when all lights or devices are turned on at 
once. However, careful tests and measurements on 
various classes of buildings show certain average 
loads which represent the usual case. In various 
types of buildings these loads vary from 25 per 
cent to 85 per cent of the connected load. 

Until 1928 the National Code required the instal-
lation of service wires and feeders large enough to 
take care of the Maximum Connected Load. If 
there was a total connected load of 500 amperes in 
the building, the service wires had to be large 
enough for this load, even though there was prac-
tically no chance of 500 amperes ever being used 
at any one time. 

101. DEMAND FACTOR 
The Code now permits us, under certain con-

ditions, to consider the Maximum Demand instead 
of the Maximum Connected Load, when figuring 
the size of service and feeder wires. To do this we 
use what is called the Demand Factor. This figure 
is obtained from the ratio of the maximum demand 
to the connected load of the type of system we 
considering. It is based on the area, as determi 
by the outside dimensions of the building and the 
number of floors; and it may be applied to interior 
wiring systems supplying both lights and ap-
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pliances. This demand factor also varies with the 
Ankuse to which the building is put. 
up Let us consider an example for an ordinary sin-

gle-family dwelling. If the house is 30' X 45' and 
two stories high (not counting unoccupied base-
ments or unfinished attics or porches) then its area 
will be 30' X 45' X 2 2700 sq. ft. 
For the first 2000 sq. ft. of such buildings, we 

allow one watt per sq. ft. or 2000 watts; and for the 
balance .60 watts per sq. ft. The balance in this 
case is 2700 — 2000, or 700 sq. ft. 
With this balance we can use the demand factor, 

which is .60 for this type of building. Then .60 
700 — 420. We must always add an extra 1000 
watts for appliances. 
The total load, or maximum demand, will then 

be 2000 4- 420 1000 or 3420 watts. If this is to be 
on a balanced three-wire system we can divide the 
watts by 220 volts, or 3420 220 — 15.5 -I- amperes, 
to allow for on the service wires. If it is to be a 
110 volts system then 3420+110=31.9-I-amperes. 
(Note—Wherever the + sign is used after an 
answer figure, it indicates this figure is approximate 
and not carried out to long decimal fractions.) 

In residence buildings of the apartment type, for 
from two to ten families, we use .70 as the demand 
factor, and add 1000 watts for each apartment for 
appliances. The demand factor can also be applied 
to the total allowance for appliances. 

In stores, including department stores, we allow 
two watts per sq. ft., except for display cases and 
show windows. For counter display cases, allow 25 
watts per linear ft. (per ft. of length) ; for wall 
and standing cases, 50 watts per linear foot; and 
for show windows, 200 watts per linear ft. In such 
buildings 1.00 is used as a demand factor. 

In garages, allow watt per sq. ft., and use 1.00 
as the demand factor. 

In industrial plants and commercial buildings, 
the service wires are calculated for the specified 
load of the equipment. This takes into consideration 
the average load factor, which will be covered in a 
later section on motors. 
Other kinds of installations are covered in the 

Code and can easily be referred to when required. 
Keep in mind that the demand factor applies only 

to services and feeders, and not to branch circuits. 

WIRE CALCULATIONS 

102. WIRE CALCULATIONS 
A great deal of valuable information on the size 

of copper wires, their resistance, and current carry-
ing capacity can be obtained from convenient 
tables; and they should be used whenever possible 
as they are great time savers. 
There are certain cases, however, when tables are 

not available or do not give just the needed infor-
mation, and a knowledge of simple wire calcula-
tions is then very important. 

For example, the table in the National Code 
which gives the allowable current carrying capaci-
ties is based on the heating of the wires and does 
not consider voltage drop due to resistance of long 
runs or lines. Both of these considerations are very 
important and should always be kept in mind when 
planning any electrical wiring system. 
The wires must not be allowed to heat enough 

to damage their insulation, or to a point where 
there will be any chance of igniting nearby ma-
terials. If wires are allowed to heat excessively, it 
may cause the solder at joints to soften and destroy 

e quality of the splices; and in other cases it may 
stilt in expansion of the wires and resulting dam-

4 age. Heat is also objectionable because it increases 
the resistance of the wires, thereby increasing the 
voltage drop for any given load. 

103. VOLTAGE DROP 

Whether or not the wires heat noticeably, the 
resistance and voltage drop on long runs may be 
great enough to seriously interfere with the efficient 
operation of the connected equipment. Incandes-
cent lamps are particularly critical in this respect 
and a drop of just a very few volts below the volt-
age for which they are rated, greatly reduces their 
light and efficiency. In the case of lighting circuits, 
the current reduces when the voltage at the lamps 
is below normal. 
Motors are not affected by small voltage varia-

tions quite as much as lamps are, but they will not 
give their rated horsepower if the voltage is below 
that at which they are rated. When loaded motors 
are operated at reduced voltage, the current flow 
actually increases, as it requires more amperes to 
produce a given wattage and horsepower at low 
voltage than at the normal voltage. This current 
increase is also caused by the fact that the opposi-
tion of the motor windings to current flow reduces 
as their speed reduces. The reason for this will be 
explained later. 
From the foregoing we can see that it is very 

important to have all wires of the proper size, to 
avoid excessive heating and voltage drop; and that, 
in the case of long runs, it is necessary to determine 
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A 

1÷1 

the wire size by consideration of resistance and 
voltage drop, rather than by the heating effect or 
tables alone. 
To solve the ordinary problems requires only a 

knowledge of a few simple facts about the areas 
and resistance of copper conductors and the appli-
cation of the simplest of arithmetic. 

104. GAUGE NUMBERS BASED ON 
RESISTANCE 

You have already learned that wire sizes are 
commonly specified in B. & S. gauge numbers. This 
system was originated by the Brown & Sharpe 
Company, well known manufacturers of machine 
tools. The B. & S. gauge is commonly called the 
American Wire Gauge, and is standard in the 
United States for all round solid electrical wires. 
These gauge numbers are arranged according to 

the resistance of the wires, the larger numbers 
being for the wires of greatest resistance and 
smallest area. This is a great convenience, and a 
very handy rule to remember is that decreasing the 
gauge by three numbers gives a wire of approxi-
mately twice the area and half the resistance. As 
an example—if we increase the gauge from No. 3, 
which has .1931 Ohms per 1000 ft., to No. 6, we find 
it has .3872 Ohms per 1000 ft., or almost double. 
Brown & Sharpe gauge numbers range from 

0000 (four ought), down in size to number 60. The 
0000 wire is nearly X inch in diameter and the 
number 60 is as fine as a small hair. 
The most common sizes used for light and power 

wiring are from the 0000 down to No. 14; and also, 
of course, the Nos. 16 and 18, which are used only 
for fixture wiring. 

105. CIRCULAR MIL, 
UNIT OF CONDUCTOR AREA 

In addition to the gauge numbers, we have a very 
convenient unit called the Mil, for measuring the 
diameter and area of the wires. The mil is equal to 

1/1000 of an inch, so it is small enough to measure 
and express these sizes very accurately. It is much 
more convenient to use the mil than thousandth. 
or decimal fractions of an inch. For example, in-
stead of saying a wire has a diameter of .055", or 
fifty-five thousandths of an inch, we can simply say 
or write 55 Mils. So a wire of 250 Mils diameter is 
also .250", or X inch, in diameter. 
As the resistance and current-carrying capacity 

of conductors both depend on their cross-sectional 
area, we must also have convenient small units for 
expressing this area. For square conductors such 
as bus bars we use the Square Mil, which is simply 
a square 1/1000 of an inch on each side. For round 
conductors we use the Circular Mil, which is the 
area of a circle with a diameter of 1/1000 of an inch. 
The abbreviation commonly used for circular mil 
is C.M. 
These units simplify our calculations consider-

ably, as all we need to do to get the area of a square 
conductor in Square Mils, is to multiply one side 
by the other, measuring them in mils or thousandths 
of an inch. 
To get the area of a round conductor in Circular 

Mils, we only need to square its diameter in mils 
or thousandths of an inch. (To square a number 
merely multiply it by itself). 

106. CONVERSION OF SQUARE MILS TO 
CIRCULAR MILS 

In comparing round and square conductors, how-
ever, we must remember that the square mil and 
circular mil are not quite the same size units of 
area. For a comparison see Fig. 139. At "B" we 
have shown a circle within a square. While the 
circle has the same diameter as the square, the cor-
ners of the square make it the larger in area. So 
just remember this little illustration, and it will be 
easy to recall that the area of one Circular Mil is 
less than that of one Square Mil. The actual ratio 

• 

D 

189. Electrical conductors are commonly made In the  al shapes shown above. Note particularly the comparative arose et 
round and square conductors as 'hewn at "B", and refer to these illustrations when making tie calculations oxPlained In the atom-

Fearing paragraphe. 
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between them is .7854, or the circle has only 7854 0 f the area of a square of the same diameter. 
Then if we wish to find the Circular Mil Area 

from the number of Square Mils, we divide the 
Square Mils by .7854. If we wish to find the Square 
Mil Area from Circular Mils, multiply the Circular 
Mils by .7854. 

For example, if the conductor at "A" in Fig. 139 
is a No. 0060 and has a diameter of 460 mils, what 
is its area both in circular mils and in square mils? 
The C.M. area is 460 x 460 = 211,600 C.M. Then 
the sq. mil area is 211,600 x .7854 = 166,190.64 
sq. mils. 

If the bus bar at "C", in Fig. 139, is 12 inches 
high and ei. inch thick, what is its area in square 
mils, and what size of round conductor would be 
necessary to carry the same current that this bus 
bar would? First, the dimensions of a ys" x 1y," 
bus bar, stated in mils, are 250 mils X 1500 mils. 
Then the area in sq. mils is 250 x 1500 = 375,000 
sq. mils. 

To find what this area would be in circular mils 
we divide 375,000 by .7854, and find it would be 
477,463.7 C.M. The nearest size to this in a round 
conductor is the 500,000 C.M. size, which we would 
use in this case. 
Bus bars of the shape shown at "C" in Fig. 139 

re commonly used in wiring power plant or large 
tribution switchboards. These bars ordinarily 
rige in thickness from .250" to .375"; and in 

height, from 1" to 12". On voltages under 600 they 
can be used bare, when properly mounted on 
switchboard panels. On higher voltages they are 
usually taped to avoid shock hazard. 

It is quite common practice to allow about 1000 
amperes per sq. inch on such busses when they are 
located in well ventilated places. This is a very con-
venient figure and should be remembered. 

When heavier currents than one of the thin bars 
can carry, are to be handled on a switchboard, 
several bars are usually mounted in parallel with 
small spaces between them for air circulation and 
cooling. 

Stranded conductors, such as shown in Fig. 
139-D, are used on all sizes larger than 0000. As 
stranded conductors are not solid throughout, we 
cannot determine their area accurately by squaring 
their diameter. This diameter also varies some-
what with the twist or "lay" of the strands. 

To determine the cross-sectional area of such 
conductors, we get the area of each strand, either 
from a wire table or by calculation from its dia-
meter, and then multiply this by the number of 
s rands, to get the total area of the cable in C.M. 

he following wire table gives some very con-
enient data and information on the common sizes 

of conductors, and will be very convenient for 
future reference as well as during your study of 
this section. 

Sise 
SAS Diameter 
Gauge in Mils 

26 15.94 
25 17.90 
24 20.10 
23 22.57 
22 25.35 
21 2.46 
20 31.96 
19 35.89 

18 40.30 
16 50.82 
14 64.08 
12 80.81 
10 101.9 
9 114.4 
8 128.5 
7 144.3 
6 162. 
5 181.9 
4 204.3 
3 229.4 
2 257.6 
1 289.3 
o 324.9 
00 364.8 
000 409.6 
0000 460. 

WIRE TABLE. (Bare Solid Copper) 
B 8c S Gauge 

(Ohms) per 
Lbs. per 1000 feet at 
1000 feet 60 F. 
Bare Wire eaumsisall 

Ares in 
Circular 

Is 

Solid Wire 

254.1 
320.4 
404.01 
509.5 
642.4 
810.1 

1022. 
1288. 

Solid Strand 

1624. 
2583. 
4107. 
6530. 
10380. 
13090. 
16510. 
20820. 
26250. 
33100. 
41740. 
52630. 
66370. 
83690. 
105500. 
133100. 
167800. 
211600. 

.77 40.75 

.97 32.21 
1.22 25.60 
1.54 20.30 
1.95 16.12 
2.45 12.78 
3.10 10.14 
3.90 8.04 

4.917 
7.818 

12.43 
19.77 
31.43 
39.63 
49.98 
63.02 
79.46 

100.2 
126.4 
159.3 
200.9 
253.3 
319.5 
402.8 
508. 
640.5 

Stranded Cable-Circular Mil Sizes 
500. 
547.7 
591.6 

• 632.5 
707.1 

• 774.6 
n 836.7 

866. 
ots 894.4 
•P 948.7 
o 1000. 

1118. 
P. 1225. 
• 1323. 

1414. 

250000. 756.8 
300000. 908.1 
350000. 1059. 
400000. 1211. 
500000. 1514. 
600000. 1816. 
meow. 2119. 
750000. 2270. 
800000. 2422. 
900000. 2724. 
1000000. 3027. 
1250000. 3784. 
1500000. 4540. 
1750000. 5297. 
2000000. 6054. 

6.374 
3.936 
2.475 
1.557 
.9792 
.7765 
.6158 
.4883 
.3872 
.3071 
.2436 
.1931 
.1532 
.1215 
.09633 
.07639 
.06058 
.04804 

.04147 

.03457 

.02963 

.02592 

.02074 

.01729 

.01481 

.01382 

.01296 

.01153 

.01036 

.00839 

.00692 

.00593 

.00518 

The above table of diameters, areas, weights, and resistance ef copper 
wires will be very convenient whenever you have a problem of wire 
sizes or calculations. 

107. RESISTANCE OF CONDUCTORS 

As previously mentioned, it is often necessary to 
determine the exact resistance of a conductor of a 
certain length, in order to calculate the voltage 
drop it will have at a certain current load. 

The resistance per 1000 ft. of various wires can 
be obtained from the accompanying wire table, and 
from these figures it is easy to calculate the resis-
tance of smaller or greater lengths. 

Suppose you wish to find the total resistance of 
a two-wire run of No. 10 conductors 150 ft. long. 
First multiply by 2, to get the entire length of both 
wires; or 2 X 150 = 300 ft. Then, from the table, 
we find that the resistance of No. 10 wire is .9792 
Ohms per 1000 ft. Our circuit is less than 1000 ft.; 
or 300/1000 X .9742 = .29226 Ohms; or approxi-
mately .29, which would be accurate enough for the 
ordinary job. 
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lu another case, we wish to run a short outdoor 
line between two buildings, a distance of 1650 It., 

and using No. 1 wire. What would its total resis-
tance ber The total length of both wires will be 
X .1f)50 = 3300 ft. From the table, we find the re-

sistance of No. J. wire is .1215 Ohms per 10UU It. 
Then as 3300 ft. is 3.3 times MU, we multiply 
3.3 x .1215 = .40095 or approximately .4 Ohms. 

The National Lode table for carrying capacities 
of wires, allows IOU amperes for No. 1 R.L. wire. 
W e find, however, that u we have this much current 
flowing through our line, the voltage drop (Ed) will 
be 1 A K or 101.1 A 4= 40 volts. I his is too much 
tu be practical, because even it we applied 120 volts 

to one end of the line, the lamps or devices at the 
other end would receive only 1211— 40, or 80 volts. 
The watts loss in the line would be 1 X Ed, or 

100 X 40 = 4000 watts, or 4 KW: 

So we find that the practical load for such a line 

would be about 25 amperes, which would give a 
voltage drop of 25 X .4 or 10 volts. If we now 
apply 121/ volts to the line, the equipment at the 
far end will receive 110 volts, and the loss will only 
be 25 x 10 or 250 watts. 

108. RESISTANCE OF COPPER PER MIL 
FOOT 

in many cases we may need to calculate the re-
sistance of a certain length of wire or bus bar of a 
given size. 

This can be done very easi;y if we know the unit 
resistance of copper. For this we use the very 
convenient unit called the Mil Foot: This repre-
sents a piece of round wire 1 mil in diameter and 
1 ft. in length, and is a small enough unit to be very 
accurate for all practical calculations. A round wire 
of 1 mil diameter has an area of just 1 circular mil, 
as the diameter multiplied by itself or "squared", 
is 1 x 1 = 1 circular mil area. 

The resistance of ordinary copper is 10.79 Ohms 
per Mil Foot, but we generally use the figure 10.eas 
sufficiently accurate. This figure or "constant" is 
important and should be remembered. 

Suppose we wish to determine the resistance of 
a piece of No. 12 wire, 50 ft. long. We know that 
the resistance of any conductor increases as its 
length increases, and decreases as its area increases. 
So, for a wire 50 ft. long, we hrst multiply, and get 
50 x 10.8 = 540, which would be the resistance of 
a wire 1 C.M. in area and 50 ft. long. Then we find 
in the table that the area of a No. 12 wire is 6530 
C.M., which will reduce the resistance in propor-
tion. So we now divide: 540 + 6530 = .0826+ 
Ohms. 

In another case we wish to find the resistance of 
3000 ft. of No. 20 wire, for a coil winding perhaps. 
Then, 3000 x 10.8 = 32,400; and, as the area of 
No. 20 wire is 1022 C.M., we divide: 32,400 + 1022 
= 317+ Ohms. 

Checking this with the table, we find the table 
gives for No. 20 wire a resistance of 10.14 Ohms 
per 1000 ft. Then for 3000 ft. we get 3 X 
= 30.42 Ohms. The small difference in this figure 
and the one obtained by the first calculation, is 
caused by using approximate figures instead of 
lengthy complete fractions. 

We can use the mil ft. unit and its resistance of 
10.8 to calculate the resistance of square bus bars, 
by simply using the figure .7854 to change from 
sq. mils to C.M. 

Suppose we wish to find the resistance of a 
square bus bar Xt" x 2", and 100 ft. long. The di-
mensions in mils will be 250 x 2000, or 500,000 
sq. mils area. Then, to find the circular mil area, 
we divide 500,000 by .7854 and get 636,618+ C.M. 
area. Then, 100 ft. X 10.8 = 1080 Ohms, or the 
resistance of 100 ft. of copper 1 mil in area. As the 
area of this bar is 636,618 C.M., we divide: 1080 4-

636,618 = .001,696+ Ohm, total resistance. Ac-
cording to the allowance of 1000 amperes per sq. 
inch, such a bus bar could carry 500 amperes, as it 
is yi" x 2,, = 1/2 sq. inch area. With a 500 ampere 
load, the voltage drop would be I X R, or 500 x 
.001696 = .848, or approximately .85 volts drop. 

The following table gives the allowable current 
carrying capacities of wires with rubber insulation; 
also those with varnished cloth and other insul 
tions, such as slow burning, etc. This table giv 
the current allowed by the National Code. 

ALLOWABLE CURRENT CARRYING CAPACITY 
OF WIRES 

B. & s. Area in 
Circular NGaugeer 
Mils 

Allowable Current in Amperes 
Rubber Varn. Cloth Asbestos 

Insulation Insulation Insulation 

18 1,624 3 5 
16 2,583 6 10 
14 4,107 15 ii 32 
12 6,530 20 29 42 
10 10,380 25 38 54 
8 16,510 35 50 71 
6 26,250 45 68 95 
5 33.100 52 78 110 
4 41,740 60 88 122 
3 52,630 69 104 145 
2 66,370 80 118 163 
1 83,690 91 138 188 
0 105,500 105 157 223 

00 133,100 120 184 249 
000 167,800 138 209 284 

0000 211,600 160 237 340 
250,000 177 272 372 
300,000 198 299 415 
350,000 216 325 462 
400,000 233 361 488 
500,000 265 404 554 
600,000 293 453 612 
800,000 340 514 720 

1,000,000 377 583 811 
1,500,000 434 698 

The capacities above are based on copper having 
per cent of the conductivity of pure copper wire. 
insulated aluminum wire the capacity will be taken as 
per cent of the values given in the table. Wires can be 
connected in parallel for greater capacity only by the 
consent of the inspection department of the National 
Board of Fire Underwriters. 
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109. ALLOWABLE VOLTAGE DROP 

(t We must remember, however, that this table 
oes not take into consideration the length of the 

wires or voltage drop. For this reason we may often 
wish to use larger wires than the table requires. 

In lighting installations, we should never use 
wires so small that there will be over 2 per cent drop 
on branch circuits, or 3 per cent drop on feeder 
circuits. Generally the voltage drop should not be 
more than 1 to 2 per cent. On power wiring in-
stallations, there should usually not be over 5 per 
cent drop. This means that on a 110 volt branch 
circuit we should not have over .02 X 110 or about 
2.2 volts drop; on 220 volt feeder circuits, not over 
.03 X 220 or 6.6 volts drop: and on 440 volt power 
circuits, not over .05 X 4,40 or 22 volts drop, etc. 

110. SIMPLE FORMULA FOR CONDUCTOR 
AREA 

The size of wire required to connect an electri-
cal load to the source of supply is determined 
largely by: 

1. The load current in amperes. 
2. The permissible voltage drop between source 

and load. 
3. The total length of the wire. 
4. The kind of wire; iron, copper, etc. 

S
To carry out the calculation correctly, it is 
irthermore necessary to recall 
1. The resistance of a wire varies directly with 

its length or: 
R = resistance per foot X length in feet. 

2. The resistance varies inversely with its cross 
sectional area or: 

R — 
1 

Area 
Combining both statements 
K X L K X L R X A 

R=   or A —   or L —  
A 
Where A — Area in C. M. 

L — Length of wire in feet 
R — Total resistance of wire 
K — Resistance per mil foot 

K is a constant whose value depends upon units 
chosen and the type of wire. Using the foot as the 
unit of length and the circular mil as the unit of 
area the values for K represent the resistance in 
ohms per mil foot. Some values of K are: 

For copper K = 10.4 
silver K = 9.8 

aluminum K = 17.2 
iron K = 63.4 

German silver K = 128.3 
Now let's see how we would use this handy emula for choosing the size of wire on a cer-
n job. Suppose we wish to run a feeder 200 ft. 

to a branch panel on which the load consists of: 
Twenty-six 60 watt, 110 volt lamps; ten 200 watt, 
110 volt lamps: and one 10 h.p., 220 volt motor. 

First, we will find the total load in watts. 
Twenty-six 60 watt lamps will use 26 X 60, or 
1560 watts. Ten 200 watt lamps will use 10 x 200, 
or 2000 watts. As there are 746 watts in 1 h. p., the 
10 h. p. motor will use 10 x 746 or 7460 watts. 
(Assuming 100% efficiency.) 

Then 1560 + 2000 + 7460 = 11,020 watts. As-
:11mine, this load to be balanced, the current will all 
flow over the two outside feeder wires at 220 volts. 

To find the line current we use the formula 

11020 
I —   — 50 amperes 

E 220 
Assuming a 6 volt drop between source and load 

to be allowable we find the total resistance R of 
the line to be: 

E 
R = 

1 

6 
= — = 0.12 ohm 

50 
Since we know L to equal 400 feet, R to be 0.12 

ohm and K, since the wire is copper, to be 10.4, we 
may use the formula: 

K X L 10.4 X 400 
A —     — 34666 C.M. 

0.12 
Looking this up in the table we find that the next 

size larger is No. 4 wire, which has 41,740 C.M. 
area. As the Code table allows 70 amperes for 
this wire with rubber insulation, we find we are 
quite safe in using it from this standpoint. 

Try out the foregoing formulas on some imagi-
nary problems of your own, until you can use it 
easily, because it is very commonly used in elec-
trical layouts and estimating. 

111. VOLTAGE DROP FORMULA 

If we wish to determine what the voltage drop 
will be on a certain installation already made, or 
on the wires proposed for a job, we can simply 
find the resistance of the line by the formula. 

K X L 
R — 

A 

and then use E = IR to determine the voltage drop. 
For example suppose we have a two wire, 110 volt 
installation where the load is 25 amperes and the 
feeder is 120 feet long, and only supplied with 
110 volts. 

The Code allows us to use a No. 10 wire for 25 
amperes, and the area of No. 10 wire is 10,380 C.M. 
Then, substituting these values in the formula, we 
have 

K X L 10.4 X 240 
R —     — 0.24 ohms. 

A 10,380 

The total line resistance is therefore 0.24 ohms 
and the volt drop in the line is: 

= IR = 25 X 0.24 = 6 volts. 
The voltage at the load = 110-6 = 104 volts. 
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In another case, suppose an electrician used No. 
14 wire for a 110 volt branch circuit in a factory and 
this circuit had twelve 100 watt lamps and two 60 
watt lamps connected to it, and was 90 ft. long. The 
total watts in this case would be 1320 and at 110 
volts, this would be a load of 12 amperes. It would 
be quite natural to use No. 14 wire, as the Code 
allows 15 amperes for this size, and it is the size 
so commonly used. But checking it with our 
formula we find that No. 14 wire has an area of 
4107 C.M., and that 

K X L 10.4 X 180 
R -     - .456 ohms approx. 

A 4107 

The total line resistance is 0.456 ohms and the) 
line voltage drop is found as before E = IR = 
15 X 0.456 = 5.47 volts. 

As a voltage drop of 5.47 volts may be greatei 
than desired, we choose a larger wire. Assuming 
that with the 12 ampere load in the above example 
we wish to keep the voltage drop to 2 volts, we may 
determine the C.M. area of the desired wire by firs 
finding its resistance thus: 

E 2 
R = = 0.167 ohms approx. 

12 

Knowing the length and resistance of the wire 
we now find the C.M. area for: 

K L 10.4 X 180 
A -     - 11210 C.M. 

0.167 

As the next larger wire is No. 9, this should have 
been used; or as a No. 10 wire has 10,380 C.M. area, 
it could be used, with slightly over 2 volts drop. 

So we find that it is very important to be able tle 
do these simple wire calculations on certain jobs, 
and you will find this material of great value, both 
in learning how to use the formulas, and in using 
them and the tables for future reference. 
The following table of voltage drop per 1000 ft., 

per ampere, with various sized conductors is also 
very convenient, and the wire table on the next page 
gives a lot of very valuable data on copper conduc-
tors. that will often prove very useful. 

TABLE OF VOLTAGE DROP 

Volts drop Volt. drop 
Size IL it S. per 1000 feet Moo B. & S. 'or 1000 foot 

Gauge 9« ampere Ga... Der •WiltrIl 

18 6.374 250,000. .04147 
16 3.936 300,000. .03457 
14 2.475 350,000. .02963 
12 1.557 400,000. .02592 
10 .9792 500.000. .02074 
9 .7765 600,000. .01729 
8 .6158 700,000. .01481 
7 .4883 750,000. .01382 
6 .3872 800,000. .01296 
5 .3071 900.003. .01153 
4 .2436 1,000.000. .01036 
3 .1931 1,250,000. .00829 
2 .1532 1,500,000. .00692 
1 .1215 1,750.000. .00593 
0 .09633 2,000,000. .00518 
00 .07639 

000 .06058 
0000 .04804 

Volts Lost Per 1000 Feet per Ampere. 

• 



Wiring, Section Two, Wire Calculations 199 

Gauge Equivalents with Weights and Resistances of 

Standard Annealed Copper Wire 

B. at S. 
Ameri-
can 
Wire 
Gauge 
No. 

0000 

000 

00 

o 

2 

3 

4 

3 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

Diameter 
In 

Inches 

0.460 

0.40964 

0.3648 

0.32486 

0.2893 

0.25763 

0.22942 

0.20431 

0.18194 

0.16202 

0.14428 

0.12849 

0.11443 

0.10189 

0.090742 

0.080808 

0.071961 

0.064084 

0.057068 

0.05082 

0.045257 

0.040303 

0.03589 

0.031961 

0.028462 

0.025347 

0.022571 

0.0201 

0.0179 

0.01594 

0.014195 

0.012641 

0.011257 

0.010025 

0.008928 

0.00795 

0.00708 

0.006304 

0.005614 

0.005 

0.004453 

0.003965 

09 0.003531 

40 0.003144 

411-

Area 

Circular 
Mils 

211600. 

167805. 

133079. 

105534. 

83694. 

66373. 

52634. 

41743 

33102. 

26251. 

20817. 

16510. 

13094. 

10382. 

8234. 

6530. 

5178. 

4107. 

3257. 

2583. 

2048. 

1624. 

1288. 

1021. 

810. 

642. 

509. 

404. 

326. 

254. 

201. 

159.8 

126.7 

100.5 

79.7 

63. 

50.1 

39.74 

31.5 

25. 

19.8 

15.72 

12.47 

9.88 

Ohms at 68 deg. Fah. Feet 

Per 1,000 Ft. 

0.04906 

0.06186 

0.07801 

0 09831 

0 12404 

0.1563 

0.19723 

0.24869 

0.31361 

0.39546 

0.49871 

0.6529 

0.7892 

0.8441 

1.254 

1.580 

1.995 

2.504 

3.172 

4.001 

5.04 

6.36 

8.25 

10.12 

12.76 

16.25 

20.30 

25.60 

32.2 

40.7 

51.3 

64.8 

81.6 

103. 

130 
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No. 140. This very complete table of data for copper conductors will often save you a great amount of time if you become familiar with its use, 
and refer to it for the information it contains. It will be a good plan to compare the sizes, areas and resistance of a number of the more 
common sized wires given in this table. This will help you to understand the gauge numbers arid in making selections of proper conductors 
for various iniss in th. turn". 
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INSTALLATION METHODS 

112. LAYOUTS AND PLANS 
In starting any wiring job, whether you are work-

ing for a contractor or in business for yourself, there 
are certain general steps to be followed. Regarding 
imple knob and tube installations, it is not neces-
sary to say much more about the details of this 
work than has been previously covered. However, 
remember that before running any wires, one 
should have the location of all outlets well in mind, 
and preferably sketched on a plan; and then marked 
on the frame work of the new building, if it is such; 
or upon the walls and ceilings of an old building in 
which the wiring is being installed after the house 
has been built. 

113. LOCATION OF LIGHT AND SWITCH 
OUTLETS 

Ceiling outlets for lighting fixtures should be 
carefully located and centered to give a balanced 
appearance in the room, and to afford the best 
distribution of light. 
Wall light outlets should be placed about the 

walls with proper regard for locations of doors, 
windows, and large permanent pieces of furniture. 
Outlets for wall bracket lights should be approxi-
mately 66 inches from the floor, if the fixture turns 
upward from the outlet. If it is of the type that 
hangs downward, the outlet should be about 72 to 
74 inches from the floor. These heights, of course, 
will depend somewhat upon the ceiling height in 
various rooms, and the scheme of decoration used. 
Outlets for wall switches should be about 52 inches 
from the floor to the bottom of the outlet box, and 
their locations should be carefully chosen to give 
the greatest convenience in control of the lights. 
For example—it is common practice to have the 
control switches for one or more lights near the 
front door or entrance to the house, so they can 
be turned on as soon as the person comes inside at 
night. In other rooms of the house. switches can 
he placed either near doors, or in the most con-
venient locations, to save as many steps as possible. 
The owner of the building should of course be con-
sulted on such matters, in order to give the best 
possible satisfaction in the finished job. 

After the outlets have all been located, the short-
est and most direct runs should be chosen for the 
various wires to fixtures and switches. Then if 
there is no blue print already provided for the 
joh. a complete wiring diagram of each floor should 
be laid out on paper to be sure to get the proper 
circuits and control of tights and equipment with 
the fewest possible wires. 

114. KNOB AND TUBE INSTALLATION 
If knob and tube wiring is being installed in a 

new building, the holes for the porcelain tubes can 
be drilled through the center of the joists, as these 
holes are not large enough to materially weaken 
the woodwork. Knobs can be placed along the 
joists for circuits to be run in the walls, and also 
along the joists in unfinished attics and basements. 
Before determining the location of the meter and 
service switch, we should locate the probable point 
at which the power company will bring the wires 
from their pole line into the building, and the ser-
vice switch and meter should be located near this 
point if possible. 

In knob and tube installation in new buildings, 
the wiring should, of course, all be installed before 
the lath and plaster are put on the walls. The 
thickness of lath and plaster that are to be used 
should be carefully considered, so that the edges 
of the outlet boxes will be about flush with or about 
an eighth of an inch under this surface. 

115. MAKING CONNECTIONS TO 
SWITCHES AND FIXTURES 

When the wires are attached, and the ends 
brought out in the box, it is well to plug the out,' 
box with a wad of newspaper to keep the wi 
ends from becoming damaged or the box clogged 
with plaster. After the plaster is on and has hard-
ened, the fixtures can be hung and connections 
made to them and the switches. 

In making all such connections, be sure to strip 
enough of the end of the wires to make a good 
hook, or one complete turn under the terminal 
screws, but don't strip an excessive amount so there 
would be more bare wire than necessary around 
the switch terminals or fixture connections. See 
that these wires are bright and clean before placing 
them under the screws, and always bend the hook 
in the end of the wire to the right, that is, clock-
wise or in the same direction the screw head turns. 
This causes the screw to wrap the wire hook tight 
around it: while if the hook is made in the opposite 
direction it often opens up and works out from 
under the screw head when it is tightened. Don't 
twist these screws too tight, because they are usu-
ally of soft brass and the threads can be easily 
stripped. 

116. BX AND NON-METALLIC CABLE 
INSTALLATION 

The same general rules apply to wiring a new 
building with BX or non-metallic sheathed ca. 
Either of these materials can be run along 
joists and through holes in the framework as re-
quired. Before cutting the various lengths of wire. 
BR, or cable for any run, be sure to measure them 
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accurately and allow a few inches extra for strip-
ping the ends and making splices and connections. et is always much better to allow a few inches over 
and trim this off when making the final connec-
tions, rather than to find the wires or cable too 
short and then have to replace them. Always 
tighten BX and cable clamps securely in the outlet 
box openings to effect a good ground. 
When wiring old buildings, great care should be 

used not to damage the plaster or decorations, and 
not to make any unnecessary dirt or mess around 
the building. When cutting holes in the plaster 
on walls or ceilings to locate outlet boxes, a cloth 
or paper should be spread underneath to catch all 
plaster dust. Sometimes an old umbrella can be 
opened and hung or held up side down under the 
place in the ceiling where the hole is being made, 
so it will catch all of this dirt and keep it off from 
rugs and furniture. 

117. LOCATING AND CUTTING OUTLET 
BOX OPENINGS 

Be careful not to cut any of these holes so large 
that the fixture canopies or switch plates will not 
cover them neatly. In case the plaster cracks or 
a mistake is made so that the hole cannot be com-
pletely covered, it should be filled with plaster of 
paris, or regular patching plaster, to make a neat 
appearance. 
Outlet box holes can be cut through the plaster 
ith a chisel. The size of the holes should be care-

fully marked by drawing a pencil around the out-
let box, held against the plaster. In locating the 
exact spot to cut these openings in the plaster, it 
is well to first cut a very small hole in the center 
of the spot where the larger one is to be made, 
using this to locate the cracks between the lath. 
Then it is possible to shift the mark for the larger 
hole up or down a little so the lath can be cut 
properly, to leave a place in the wood for the screws 
which fasten the box to the wall. If this method 
is not followed, sometimes two complete laths are 
cut away, and the metal ears on the box, which 
have the screw holes in them, will not reach from 
one remaining lath to the other. 
On wall outlet openings we should always try 

to cut clear through one lath and a short distance 
into two adjacent ones. Fig. 141-A shows the wrong 
way that laths are sometimes cut, and "B" shows 
the proper way in which they should be cut. 
For cutting round holes a regular plaster cutter 

can be obtained, which fits into an ordinary brace 
and can be rotated the same as a drill. 
For ceiling outlets never cut the lath any more 

than necessary to bring the wires or BX through. 

118. RUNNING WIRES AND BX INTO 
DIFFICULT PLACES 

A number of methods have already been de-
scribed for pulling and fishing wires, cable, and 
BX into walls and openings in finished buildings; 
so that, with a little ingenuity and careful thought, 

you will be able to solve almost any problem of this 
kind that you may encounter. 

In pulling wires into spaces between the joists 
in walls, a flashlight placed in the outlet box hole 
is often a great help in feeding the wires in, or in 
catching them with a hook to draw them out of the 
outlet opening. 
Where it is necessary to remove floor boards, 

it should be done with the greatest of care, so as 
not to split the edges and make a bad appearing 
job when the boards are replaced. A special saw 
can be obtained for cutting into floors without drill-
ing holes to start the saw. Then, if the beading 
or tongue is split off with a thin sharp chisel driven 
down in the crack between the boards, the board 
from which the tongue has been removed can be 
pried up carefully without damaging the rest of 
the floor. 

Fig. 141. The view at "A" shows the wrong method of cutting lath 
to install an outlet box for switches. Note that the metal "ears" 
do not reach over the lath to provide any anchorage for the screws. 
At "B" is shown the correct method of cutting the lath to make a 
secure mounting for boxes of this type. 

If it is necessary to run wires or BX crosswise 
through a number of floor or ceiling joists, it can 
usually be done by boring the holes through them 
at a slight angle, and then working the wires or 
cable through. Where tubes are used, be sure to 
place the heads up in these slanting holes, so the 
tubes cannot work out. 
Sometimes it is necessary to remove baseboards 

and cut holes behind these, to aid in fishing the 
wires or cable up or down through floors and into 
the walls at this point. In other cases, a channel 
can be cut in the plaster behind the baseboard, 
and BX or non-metallic sheathed cable run in this 
channel, and the baseboard replaced to cover it. 
Whenever removing baseboards in this manner, 

be very careful not 1.0 split the "quarter-round" 
wood strips or trimming that is often fastened 
along the edges of the baseboard. A broad putty 
knife is a very good tool to use in removing these 
strips. 
A key-hole saw is very useful in cutting through 

laths to make outlet openings. Let us emphasize 
once again that in installing old house wiring, 
thoughtfulness, care, and neatness are the greatest 
essentials in leaving the customer satisfied. 

119. CONDUIT INSTALLATION 

When installing conduit wiring systems in new 
buildings, the entire plan should be carefully gone 
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over first, to make sure that proper number of 
wires for each circuit and the proper sizes of con-
duit have been selected. A great deal of time and 
money can be saved by planning these things in 
advance and thereby avoiding costly mistakes. 

After the outlets have been located and the boxes 
carefully installed on their proper supports and 
hangers, the lengths of conduit can be cut, bent, 
and fitted in place. 

In running conduit in wood frame buildings, care 
must be taken not to damage or weaken the build-
ing structure. In some cases a conduit run cannot 
be made in the shortest and most direct line, be-
cause it would necessitate the notching of joists 
at some distance from any support. This should 
not be done, as it is likely to weaken them too 
much. Instead, it is better to run the conduit along 
between the joists for some distance and then make 
the cross run near a wall or partition support, so 
the notches in the joists can be near their ends 
where the strain is not so great. 

Fig. 142 is a view looking down on a group of 
ceiling joists, and which illustrates the proper 
method of running conduit in such cases. 
In certain types of frame-building construction, 

finished floors are laid on strips an inch or more 
thick over the soft-wood floors. In such cases, 
with the permission of the contractor or architect, 
the conduit can often be run between these floors, 
thus saving considerable labor and materials. 

All lengths of conduit should be screwed into 
their couplings as tightly as possible, to make the 
conduit ground circuit complete and the entire sys-
tem secure and tight. 

In attaching the conduit to outlet boxes, screw 
the lock-nut well back on the threads, insert the 
threaded end of the pipe in the knock-out opening, 
and screw the bushing on this end as far as it will 
go. Then tighten the lock-nut securely with a 
wrench. 

120. SPECIAL PRECAUTIONS FOR 
CONDUIT IN CONCRETE BUILDINGS 

When installing conduit in concrete buildings, 
there are sometimes fewer problems than with 
wood construction, but there are a number of dif-
ferent details which must be observed. In this 
type of building, conduit generally runs directly by 
the shortest path from one box to the next; and 
when the concrete is poured around it, the conduit, 
instead of weakening the structure, has a tendency 
to strengthen it. 
Just as soon as the wood forms for a certain 

section of the building are set up, the electrician 
must be on the job to install the conduit and outlet 
boxes. In most cases he must be on hand practi-
cally all the time these forms are going up, as 
there are certain places where it is necessary to 
install the boxes or conduit as the carpenters are 
placing the wood forms. 
The locations of outle< boxes, particularly those 

for ceiling lights, should be lined up carefully and 

straight, so the fixtures will present a neat appear-
ance when they are installed. If these boxes are 
carelessly located, it is almost impossible, and cera 
tainly a mighty costly job, to correct them after 
the concrete is poured. 

After the locations for the outlets have been 
carefully marked on the boards, the conduit can 
be cut to the proper lengths, reamed, threaded, 
and fitted to the outlet boxes. 

Before the boxes are nailed in place, the ends 
of all conduits should be tightly plugged, either 
with wood plugs or with special disks which are 
held in place by the bushings. These plugs are 
to keep soft concrete from running into the pipes. 
Then the outlet boxes should be packed tightly 
with newspaper, so that there is no possibility of 
their filling up with wet concrete. Then the boxes 
should be nailed securely in place so that there 
is no chance of their being moved before or dur-
ing the time the concrete is being poured. If these 
precautions of plugging conduit and outlet boxes 
are not observed, you will often encounter a very 
difficult and expensive job of drilling hard concrete 
out of the boxes or pipes. 
The installation of the complete conduit system 

is what we term "roughing in." None of the wires 
should be pulled in until all mechanical work on 
the building is completed. Sometimes on big 
buildings this requires weeks or months after the 
conduit has been installed, so you can see hog' 
important it is to have complete and accurafir 
sketches and plans of the whole electrical system. 
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Fig. 142. Ceiling joists should not be notched in their centers in order 
to run conduit by the shortest path to outlets. Instead the Joists 
should be notched near walls or supports, and the conduit beat to 
run through these notches, and then back between the Joists to the 
outlets as shown in this diagram. 

121. PULLING IN THE WIRES 

When we are ready to pull the wires into the 
conduit, the outlet boxes should be cleaned out 
and all plugs removed from the ends of the pipe. 
On very short runs, the ends of the wires can 

I> sometimes be twisted together and the group s' 
ply pushed through from one outlet to the ne..›.I 
More often, however, we will need to push the 
steel fish tape through first, and then pull the wires 
through with it, as previously described. This is 
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usually a job for two men, one to feed the wires 
into the conduit straight and even, without allow-

aging them to cross or kink, and the other man to 
Wpull on the fish tape. 

We should not forget to use powdered mica or 
soap stone to lubricate the wires when necessary 
on long runs. 
On short runs where the wires pull in rather 

easily, it may only be necessary to hook them 
through the loop in the fish tape and twist them 
together a few times. On more difficult runs, it 
is sometimes necessary to solder these twisted loops 
so there will be no chance of their pulling loose 
from the fish tape. 

122. FINAL TESTS 

When the wires are all pulled in and the ends 
cut off at the outlet box, allowing the extra length 
for splices and connections, these ends can then 
be stripped and cleaned. Before any connections 
are made, all wires should be thoroughly tested 
with a dry cell and buzzer or magneto and bell, 
to make sure there are no shorts or grounds which 
might have occurred through damaging the insu-
lation when the wires were pulled in. 

After the splices are made, it is a good idea to 

make another thorough test before they are sol-
dered, to see that all connections are proper and 
that no faults have developed. 
The soldering should then be done immediately, 

before the bare copper has time to oxidize or cor-
rode. Then all splices should be thoroughly and 
carefully taped, both with rubber and friction tape. 
Never slight this part of the job because, if you 
do, shorts or grounds are likely to develop when 
the poorly taped splices are pressed back into the 
outlet boxes. 

In hanging fixtures care should be taken to make 
a neat job- of it, and not to dirty the light-colored 
ceiling by rubbing hands or black materials against 
it. In some cases the fixture splices are sol-
dered, while in others solderless connectors can be 
used. These connectors are especially desirable in 
buildings where no smoke or soot from the solder-
ing operation can be allowed. 

After all wiring is complete and all devices con-
nected up, make a final test at the fuse box to be 
sure there are no shorts or grounds on the "hot" 
wire. If the system tests clear, then insert the 
fuses if the service has been connected to the power 
line, close the switch and test all switches and lights 
for satisfactory operation. 

BUSINESS METHODS AND ESTIMATING 

123. SALESMANSHIP 

For the man who may plan to enter a business 
of his own sooner or later, the following common 
sense principles of salesmanship and business meth-
ods, as well as the simple practical tips on esti-
mating, should be very useful. 

In most towns, whether they are small villages 
or medium-sized or larger cities, there are oppor-
tunities for a wide-awake electrical contractor who 
knows his business and gives first-class, up-to-date 
service. 

Even in the small towns or localities, where there 
seems to be considerable competition already exist-
ing, an aggressive man can often build up a splendid 
business with certain classes of work that are over-
looked by the present organizations; and in some 
cases, where the existing prices charged for this 
work are high, the man starting in on a small scale 40 • h low overhead expense can often do first-class 

k at a more reasonable price, and thereby build 
up a good business and reputation for himself. 

This, of course, cannot be done by merely locat-
ing in a place, and waiting for the business to 

come to you. It requires active salesmanship and 
some advertising to get established and build up 
a business of this nature. 
A great many men have the ability and qualifi-

cations necessary, and with training of the kind 
covered in the course, should be able to make a 
real success, and certainly should not overlook 
these opportunities. 

124. NOT MUCH CAPITAL REQUIRED TO 
START 

As mentioned in an earlier section, a great num-
ber of our graduates have started splendid busi-
nesses of their own with a few small jobs to begin 
with, doing the work in their own basements or 
homes, on such repair jobs as were taken in. Of 
course, the smaller wiring jobs for various cus-
tomers are done on their premises, and do not 
require at the beginning an elaborate outlay of 
tools and materials. As the business grows, one 
can acquire more tools and materials, some of which 
should be kept on hand. Later he may rent a 
shop or building for a store and place to repair 
electrical equipment. 
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The very fact that you have had training at an 
institution of this kind often makes a prospective 
customer more inclined to try your work and abil-
ity, and if you uphold your reputation from the 
start by putting your knowledge into practice and 
doing first-class work on every job, your success 
will be quite certain. 

125. PERSONAL CONTACT WITH 
CUSTOMERS VERY IMPORTANT 

Very often the easiest way to secure the first 
jobs is by personal contact and salesmanship. 
\\ herever new buildings are being erected there 
are possible customers for wiring jobs, whether 
these buildings are small private garages, complete 
homes, stores, factories, or office buildings. 
Even where there is very little construction tak-

ing place, there are usually homes or buildings with 
old style and very incomplete wiring systems. 
Their owners can often be easily convinced that the 
addition of convenience outlets, more lights, and 
better lighting fixtures would be a convenience or 
actual saving of time in the home that would well 
repay the small cost of installation. 

In approaching a customer with a suggestion of 
this kind, it is often a great help in interesting 
them, to carry along a few good-looking pictures 
of homes properly wired, illustrating the great im-
provement in appearance and the many conveni-
ences thus obtained. A Foot Candle Meter to test 
the light and fixtures in a home will often interest 
a customer a great deal from the very moment 
you call. Their interest at first may be almost 
entirely in the instrument, but if you can get them 
to go about the house with you, and see the actual 
readings, and the evidence which the meter gives 
ut poor lighting, then they can usually be interested 
in the greater comfort and reduced eye-strain, as 
well as the much better appearance of the home 
where proper lighting is installed. 

It may be necessary to make even twenty or 
thirty calls of this kind to secure one job, but this 
should not be allowed to discourage one, because 
it doesn't take so much time to make these calls, 
and even if a great number are made without re-
sults at that particular time, many of them will 
result in business in the near future. 

If you can succeed in leaving a good impression 
of yourself, your knowledge of the subject, and 
your sincerity and desire to be of service, many of 
these persons will call you back later, perhaps to 
do some small job; or will recommend you to their 
friends who may have wiring or repairs to do. Of 
course, you should always leave some small card 
or folder with your name, address, and telephone 
number, so they can conveniently get in touch with 
you later. 

126. MODERN METHODS AND INSTRU-
MENTS TO SECURE INTEREST AND 
CONFIDENCE OF CUSTOMER 

Some instrument, such as the Foot Candle Meter 
mentioned, or perhaps a volt meter for testing the 

voltage at the outlets and lamp sockets, will tend 
to leave the impression that you are up-to-date and 
well qualified to do good work whenever they may41) 
need you. 
A free inspection of the wiring and electrical 

appliances in a home is often a very good method 
of approach. .1f conditions are found in the wiring 
which are likely to be hazardous from the fire or 
shock standpoint, this can be called to the attention 
of the owner in a diplomatic and pleasant manner, 
and a recommendation made that they be fixed or 
changed at the first opportunity. 
Minor repairs on plugs or cords of appliances, 

defective light switches or sockets, and things of 
this kind can often be made in a few minutes time, 
and with almost no cost to the electrician. They 
will, however, usually create a great amount of 
good will, and be the cause of securing future busi-
ness. 
A few weeks of "missionary work" of this nature 

will usually be required to get things started and 
begin to bring in the jobs, but remember that any 
business organization or experienced business-man 
expects to do these things when starting out in 
any locality. 

It is well to keep in mind that one's personal 
appearance is important in making calls on home 
owners or prospective customers. A neat, busi-
ness-like appearance tends to create confidence and 
respect. 

127. ESTIMATING—TIME AND MATERIAL. 
BASIS 

\Vhen it comes to giving a price on a job, there 
are several ways in which this can be handled. The 
time and material basis is ideal for the electrician, 
and can usually be made satisfactory to the cus-
tomer. When a job is done in this manner, the 
customer pays you by the hour for the work of 
installing the system, and also pays you for the 
material, which you may buy wholesale and sell 
to him at retail prices, thus making a reasonable 
profit in addition to your wages. 

If you merely make fair wages on the first several 
jobs this should be quite satisfactory, for you will 
he obtaining experience, not only in doing the 
actual work and gaining confidence in your knowl-
edge and ability, but also in the time required for 
each type of work, and the costs of various items. 
You should keep a very careful record of these 
things, as they will be of great assistance in mak-
ing accurate estimates on future jobs. 

128. COST PER OUTLET 
Totaling the entire expense of any job of a cer-

tain class of wiring and then dividing this by the 
number of outlets, will give you a basis on which 
to estimate jobs of this type in the future. After 
experience on several installations, you can qu 
prices at so much per outlet on jobs of any typ 
such as knob and tube, BX, or conduit wiring. 
These different classes of wiring are, of course, to 
be done at different prices per outlet. 
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Before giving such an estimate, however, you 
should always look over the building or plans very 

ecarefully, to make sure that you are not running 
into certain difficulties in the installation that will 
run the expense considerably higher than you ex-
pected. In certain types of construction, or where 
certain special requirements have to be met to 
please the customer or to satisfy the local inspector, 
it will be necessary in making your estimate to 
add a certain amount to the usual price per outlet. 

It is well to emphasize here that you should not 
discuss with your customers the basis or method 
by which these figures are obtained, because in 
some cases they may use this as a wedge to force 
a competitor to cut his prices below yours. 

129. OVERHEAD EXPENSE AND PROFIT 

A f ter you obtain a start and are doing larger 
jobs, a certain percentage should be added to the 
cost of materials and labor for overhead expense 
and profit. These things may sometimes need to 
be explained to customers, so they do not get the 
impression that you are overcharging them for 
certain items. 
There is always certain to be some overhead 

expense or cost of doing business, regardless of 
whether you have a shop or merely operate your 
business from your home. This overhead consists 
of certain small items of expense which you cannot Sharge directly to the customer, but should prop-
rl v proportion over the charges for each job. 
Some of these items are as follows: 

Telephone Bills 
Electric Light and Water Bills 
Rent; or Taxes, if you own a building 
Insurance, both Fire and Liability 
Non-Productive Labor 
Advertising 
Truck and hauling expenses 
Depreciation of stock and materials you may 

carry on hand 
Bad or uncollectable bills 
Bookkeeper, or any office help 
General office and shop expense 

The item of profit on medium and large sized 
jobs is one that you are justly entitled to. If you 
buy your supplies and materials from a large dealer 
at wholesale prices and charge the customer the 
regular retail price, this is one source of profit, 
and a certain reasonable percentage can be added 
to your wage allowance on any job to complete 
your per cent of profit. 

In other words, there is no use of operating a 
business if you cannot show at the end of each 
year a substantial profit or gain. The cost of any 

eb, then, should be divided into at least four items: 

1. Net Cost of Material 
2. Net Cost of Labor 
3. Overhead Expense 
4. Profit 

Experience has shown that on a small business 
of under $20,000.00 gross per year, the overhead 
will frequently run as high as 30 to 35 per cent. 
The larger the volume of business, the less the 
percentage of overhead should be; and with a gross 
business of $60,000.00 per year we would usually 
figure about 20 to 25 per cent. Your profit should 
certainly be at least 10 per cent above all expenses, 
and this should be in addition to a fair salary for 
your time. 

If you do a total of $40,000.00 worth of business 
in a year, at the end of the year, your income tax 
report should show that, after paying all bills and 
your salary and considering all debits and credits, 
there remains a clear profit of 10 per cent, or 
$4,000.00. 
By adding all your overhead items together you 

should get about 25 per cent, or $10,000.00. If 
your overhead is more than that amount it shows 
that there is something wrong in your methods, 
and you should try to reduce it during the next 
year, by looking over each item to see where econ-
omy can be effected. 

130. METHOD OF FIGURING OVERHEAD 
AND PROFIT IN AN ESTIMATE 

When figuring on any certain job we don't know, 
of course, what the gross price is going to be, and, 
therefore, have to make allowances for these extra 
items. For example, suppose we consider a job 
where we find the material will cost $32.00. The 
next item to consider will be the labor. While 
this varies a great deal in different sections of the 
country, we might estimate it to be about equal 
to the cost of the material, or slightly more, and 
we will say it is $33.00. This makes a net cost, 
so far, of $65.00 for material and labor. If we are 
going to allow 25% for overhead and 10% for profit 
to make the total cost, or 100%, this leaves 65% 
for the net cost. If $65.00 is 65% of the cost. then 
100%, or the total cost, would be $100.00, which 
should be the price quoted for this job. If you 
multiply the net cost for labor and materials by 
.54 it will give the approximate total cost, including 
the extra 35% for profit and overhead. 

In some cases, of course, a job can be quoted at 
a figure which doesn't cover these extras. For 
example, where you have a chance to sell equip-
ment which you buy direct from a dealer for a 
certain job and do not have to carry in stock your-
self, this reduces your overhead. In fact the more 
of this class of business you can do and the less 
idle stock you carry, the greater your profit will 
always be. However, in an active business of any 
size some standard items must always be kept on 
hand. 

131. ALWAYS DO FIRST-CLASS WORK 

Never make a practice of trying to get a fob by 
cutting your price so low that you have to install 
poor materials, or do a poor job of the installation. 



206 Wiring, Section Two, Business Methods and Estimating 

Always do first-class work at a fair price, and 
explain to your customers that you are certain they 
will remain better satisfied with this kind of work 
than if you cut the price and give them a poor job. 
132. GETTING NEW CONTRACTS 
Very often a number of new jobs can be secured 

by keeping in close touch and on friendly terms 
with building contractors and architects, and those 
in your community who are in a position to know 
first of new buildings being erected and who may 
perhaps recommend you for the electrical work. 

133. PRACTICAL ESTIMATING PROBLEMS 
As an example of laying out a job and materials 

for the estimate, let's consider the installation 
shown in Fig. 143. 

500 W 

H C aci 

500 W 

BRANCH CIRCUIT PANCL 

500 W 

I e: 

I E 

N  /OWN 

Fig. 143. Layout of a wiring system for four large lights, showing the 
measurements to be taken in preparing a list of the materials for 
such a job. Note the explanation and list given in the accompanvinx 
paragraphs. 

This diagram shows a room in a finished build-
ing, such as a store or shop, where the customer 
desires an installation of exposed conduit. As this 
is not a new building and there are no blue prints, 
you should make a rough sketch of the proposed 
wiring system; and, after locating the outlets and 
switches, measure the room carefully for the neces-
sary lengths of material. We have four outlets, 
each for a 500-watt lamp, which means we will 
need two branch circuits. We will assume that 
the layout is such that outlets "H" and "I" can 
be on one circuit, and "J" and "K" on the other. 
lVith the distance shown No. 14 wire and Y2-inch 
conduit can be used. The wires for both circuits 
from the cut-out box to the outlet "H" can be run 
in one conduit. At the point marked "L" one cir-
cuit will have a wire looped down for a switch 
connection to control lights "H" and "I". Where 
the conduit changes direction to run down the 
walls to the cut-out boxes and switches, condulets 
can be used. 
From this lay-out we find the approximate list 

of materials will consist of the following (not in-
cluding the cut-out box or fuses) : 

85 feet Y2-inch conduit 
4 4-inch Octagon outlet boxes 

4 Fixture studs 
2 Type L 72-inch condulets 
1 ".1 . pe LBR y2-inch condulets 
3 72-inch blank condulet covers 
2 Flush switch condulets 
2 Flush switch condulet covers 
2 Single-pole flush switches 
9 Y2-inch conduit bushings 
9 y2-inch lock-nuts 
20 -inch pipe straps 

225 feet of No. 14 R.C. wire 
Also the necessary solder, tape, and screws. 

After making up an estimate from the above, it 
is generally a good plan to add 5% to cover small 
items that cannot be foreseen in advance. 

In another case, suppose we consider a house-
wiring job where our records show that we can 
figure by the outlet. Assume this to be a knob 
and tube installation in a new building under con-
struction, and that there are to be 50 outlets, half 
of which are lighting outlets and half are flush 
switches or flush receptacles. If our records show 
that on this sized job we should get $2.75 per 
lighting outlet and $3.25 per switch or convenience 
outlet, then the estimate should be $150.00, plus 
the service price, which the records may show will 
average $15.00; thus we make the total estimated 
price $165.00. In such cases as this your records 
of previous jobs of similar type will be of great 
assistance in making an accurate and intellige 
bid. 

133-A. WIRING PLANS AND LAYOUTS 
Figures 144 and 145 show the basement and first 

floor plans of a one-story bungalow, with a layout 
of the wiring system. This is a very simple system 
with just the ordinary number of lights and con-
venience outlets, and could quite easily be installed 
in an old house, using BX or non-metallic sheathed 
cable. (Before checking these layouts examine the 
symbols shown in Fig. 148). 
The heavy dotted lines show the circuits feeding 

to the lights and outlets, while the light dotted 
lines show the wires from the lamps to the switches 
which control them. The wiring does not need 
to run exactly as the lines are shown here, but 
could, of course, be altered somewhat to suit the 
building. 

In the basement, which in this case is wired with 
conduit, the equipment is as follows: 
"A" is the service switch and branch circuit fuse 

box. 
"B" and "C" are lights controlled by a switch 

at the head of the stairs. 
"D" is the laundry light, controlled by a switch 

at the door to the laundry room. 
"" is a convenience outlet for washing machine. 

flat iron. etc. 
"F" and "G" are lights on drop cords, control! 

by switches on the light sockets. 
"H" is a bell transformer which is connected to 

the junction box "J". 
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Fig. 144. This diagram shows the basement wiring plan for a one-story 
building. Check carefully each of the circuits and outlets shown 
with the explanations given. 

• "J-1" is a junction box from which BX will be 
run up through the partition to feed the branch 
circuits on the floors above. 

The number of wires which we will have in each 
of these runs will be as follows: 

"A" to "B"—six wires, three black and three 
white. 

(One two-wire circuit for the basement, and 
two circuits for upstairs) 

"B" to "J-1"--seven wires, four black and three 
white. 

"J" to "F"—two wires, one black and one white. 
"C" to "G"—two wires, one black and one white. 

"B" to "D"—two wires, one black and one white. 

"D" to "E"—two wires, one black and one white. 

"J-1" to "C"—three wires, two black and one 
white. 

"D" to switch outlet—two black wires. 

"C" to switch outlet—two black wires. 
Here again, we can see one of the advantages 

of polarized wiring, as white wires can be con-
nected to white, and black to black, leaving much 
less chance for mistakes and wrong connections 
than if we use all black wires. 

eIn the floor above we have one ceiling light in 
e center of each room except the living room, 

which has two; and one in the hall near the bath-
room. There is also a light at the head of the 
stairway. The living room and kitchen lights are 

each controlled from two different places, by three-
way switches. This provides the convenience of 
being able to turn them on or off at either door 
at which one might enter these rooms. 

The six double convenience-outlets shown repre-
sent just a minimum for an installation of this type; 
so it might be desirable to install several more of 
these while wiring the house. The convenience-
outlets are located near each other on opposite 
sides of the walls in the different rooms. This 
greatly simplifies the wiring as one run can be 
made to take care of each pair of these outlets. 

The dotted lines in this view show only the runs 
from the lights to the switches which control them. 
The branch circuits to the lights are not shown; 
as their position would be a matter of choice and 
convenience, according to the construction of the 
house and the points at which They could be best 
carried through partitions, floors, and ceilings. 

Fig. 146 shows a sample form for listing the 
outlets used on a joh, such as shown in Figures 
144 and 145. The lighting, switch, and conveni-
ence-outlets for this particular job are shown listed 
on this form. Forms of this type are a great help 
in getting an accurate list of all the parts and 
fittings needed for the various rooms of any house-
wiring job. 

In wiring a new home we would undoubtedly 
put in a greater number of lights and convenience 
outlets, as well as three-way switches for selective 

Fig. 145. Wiring diagram for a bungalow residence. Note the location 
or lights, switches, convenience outlets. etc. 
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ROOMS 
CEILING 

OUTLETS 

WALL 

BRACKETS 

CONIKNERE 

OUTLETS 

SWITCH 

OUTLETS 
REMARKS 

BASEMENT a t AT HEAD OF STAIRS 

LAUNDRY 1 t 1 

VEG CELLAR I 

WORK BENCH 1 

BELL TRANSF I 

LIVING RM. a a a 3 WAYS 

DINING RM. t 1 I 

KITCHEN 1 1 a SWAYS 

BATH 1 t 

BED Rfl *t 1 1 1 

BED RM * 2. 1 I 1 

HALL 1 1 

CLOSET 1 1 

ALL CONVENIENCE. OUTLETS ARE DOUBLE. 

Fig 14111. Simple forms of this type are a groat help in totaling the 
nuinber nutlet. for any job. Other forms are used for listing the 
material. tor each room and the total wiring job. 

control. Fig. 147 shows a cut-away view of the 
first floor in a modern home, which gives someAn. 

Idea of the arrangement of wall bracket lights, conIF 

enience outlets, and switches. In addition to those 

shown, there would probably also be a ceiling light 

in the living room, dining room, and kitchen. 

134. WIRING SYMBOLS 

Fig. 148 shows a number of the more common 
symbols used in marking various electrical outlets 
on the building plans. Examine each of these care-
fully and become familiar with them, as they will 
be a great help to you in reading any blue prints 
supplied either by contractors or architects where 
the electrical wiring of any building is laid out 
in advance. A knowledge of their use will also 
he very handy to you in drawing up a sketch or 
plan for a building in which you may be laying 
out the wiring system yourself. 

Fig. 141. Sectional view of ground Beer el • hence. eireedng the beaden and arrangement of lights. switches, and convenience outlets. 
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I STANDARD SYMBOLS FOR ELECTRICAL EQUIPMENT OF BUILDINGS 

red,nsoutlet -0- Automatic Door Switch 5° Feeder Run Exposed - --- — 

CeiIll Fan Oatlet Czacr.-D Key Push Button Switch 5K 
Feeder, Run concealed 
under Floor — 

Floor Outlet 0  Electro lier Switch 5E Pole Line -0- -0-

Drop Cord. 0 Push Button Switch and Pilot 5P Push Button 

Wall Bracket 
<>I Remote Control Push 5R 

Button 
Annunciator 0...i. 

Wall Fan Outlet Motor © Interior Telephone 

Motor Controller m.c-.1 Pu,blic Telephone 
14 Single Convenience Outlet 

Double Conve-nie-nce Outlet a e l Licihtinj Panel Local Fire Alarm Gong 
Ei 

h Junction Box 0 Local Fire Alarm Stat ion 
[ F 

Power Panel V ii 

IF Special Purpose Outlet-Lighting,. 
Heating and Power as Described in 0 
SpeCif ICa.t. IGn 

Fire Alarm Central Station F. 
, 

Heatin9 Panel 111" 

Special Purpose Outlet- Liciliti n9, 
Heating and Power as Described e 
in Specification 

Speak inc) Tube Pull Box i;Ig;E;fie. 

Special Purpose Outlet - ti9ht-
in9,Heatinc3 and Power as e 
Described en Specification 

Nurses Sicinal Plu5 N Cable Support ini3 Box if it 

Exit light 
121 

Meter t=1 Maids Plug M 

Pull Switch 
*S. 

Transformer 4:U e Horn Outlet 
> 

Local Switch- Sirile Pole 5 1 Branch Circuit, Ran concealed Clock (Secondary 
73 under Floor Above 

Local Switch- Double Pole 5e Branch Circuit, Run Exposed -------- Electric Door Opener I 1 

e  
33 Local Switch-3 way 

Branch Circuit, Run concealed ____ _ 

under Floor 
Watchman Station 

VIIS 

WA 

Local Switch-4 Way 54 Feeder, Run concealed 4 No.14 Condu.ctors in 314 in. II 

Conduit Unless Marked 1k in. II 
II 

II under Floor Above 

p
i. his Character Marked on Ta p 
Circuits Indicates Z No14 II 
Conductors i ni/amnConduit 

3 No 14 Condu.ctors in lia in. I II 
Conduit 

Fue. 145 The above wiring symbols with their explanations should be very carefully studied so you will be able to recognize the more 
ommon of these ‘vmhol‘ readily and easily when working with wiring diagrams or plans. Make a practice of referring to these 

symbols every time you find one you cannot recognize in a diagram. 
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135. NEW HOUSE WIRING PLAN 

Figures 149 and 150 show the wiring plans for 
the first and second floors of a modern home. These 
plans show a more complete system of lights, con-
venience outlets, three-way switches, etc., such as 
we would be most likely to install in a new build-
ing. Some home-owners might not care to go to 
the expense of quite as complete an installation as 
these plans show, but whenever possible the cus-
tomer should be sold on the idea of wiring the 
house complete for every possible need when it 
is erected, as it is so much cheaper to install these 
things when the house is being built than to put 
them in afterward. With the ever-increasing use 
of electrical appliances and light in the home, the 
owner is likely to regret it later if the home is not 
quite completely wired. However, it is very easy 
to leave out a few of the items in a suggested plan 
of this type, if desired. 

By referring to the chart of wiring symbols in 
Fig. 148, you will be able to recognize each of the 

outlets in this wiring plan. Check each of them care-
fully until you have a thorough understanding of 
the location of each outlet and what they are for. e 
The dotted lines in these diagrams only show 

which outlets are connected together, and the runs 
from the switches to the lamps which they control. 
The plans do not show where the conduit or BX 
runs come up from the basement or from one floor 
to the other. 

Several different organizations, such as the Gen-
eral Electric Company and the National Contrac-
tors' Association, have some very valuable printed 
forms, which can be obtained to aid you in listing 
materials for an estimate; and also sample forms 
for contracts with the customer. The Society for 
Electrical Development furnishes valuable material 
and information, such as the Franklin Specifica-
tions and Red Seal Plan for good lighting, which 
should be of great value to anyone in business for 
himself. 

o  
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Range Outlets 
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Fig. 10. This wiring diagram gives • more complete layout of the proper lights, switches and convenience outlets for a modern wiring 
job Ina new building. Compare each of the different outlet symbols with those in Fig. 148. 
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Fig. 150. Second-floor plan and wiring diagram. Note the location of 
the switches to control the various lights, and particularly the three-
way switches for controlling lights from more than one place. Com-
pare this diagram to the one in Fig. 149, to get a complete under-
standing of the arrangement of switches at the stairway. 

136. TOOLS 
Perhaps you will wonder how many and what 

type of tools will be required to start in electrical 
wiring. It is not necessary to have such a complete 
or elaborate layout on tools to start your first jobs 
with. A list of the more common and necessary 
ones for this type of work are as follows: 

Several screw drivers 
of various sizes 

Side-cutting pliers. 
7 or 8-inch diagonal 

cutting pliers. 
Long-nosed pliers. 
6-inch combination 

pliers. 

8-inch gas pliers. 
Claw hammer. 
Ballpein hammer. 
Wood chisels, one nar-
row and one wide. 

Cold chisel. 
Hack-saw frame and 

blades. 

Hand saw. 

Key-hole saw. 
Corner brace and wood 

bits. 

Hand drill or push drill. 

Stillson pipe wrench. 

Six-foot rule. 
Blow torch and solder-

ing iron. 
Two or three putty 

knives, for prying off 
wood strips. 

100 ft. steel fish tape. 

In addition to this list, an electrician who owns 
his own shop should acquire as soon as possible a 
boring machine, step ladders, conduit bender, vise, 
pipe cutter, pipe reamer, stock and dies for thread-
ing pipe, and set of star drills. A number of other 
items will be found convenient as the shop or busi-
ness grows, and these can be purchased as the profits 
of the business will pay for them. 

• 
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TROUBLE SHOOTING 

137. TROUBLE SHOOTING 
Whether you are employed as an electrical wire-

man or maintenance man, or in the business for 
yourself, a great deal of your work may often be 
what is commonly known as "Trouble Shooting." 
This covers a wide range, from such small jobs 

as finding a short circuit in a domestic fiat iron to 
tracing out troubles in a power circuit of some large 
shop of factory. In any case, it usually requires 
inerely a thoughtful application of your knowledge 
of circuit tracing and testing. We have previously 
recommended and will emphasize here again the 
necessity of keeping cool when emergencies of this 
sort arises, and going about the location of the 
trouble in a systematic and methodical manner, 
testing one part of the circuit or system at a time, 
until the trouble is cornered. 
Keep in mind that every trouble shooting prob-

lem can be solved, and someone is certainly going 
to solve it. If you succeed in locating and remedy-
ing the trouble, it will always be to your credit, 
and it may be the source of new business for you 
or a promotion on the job. 

In general, the same methods can be followed for 
trouble shooting and testing in light and power cir-
cuits as have previously been explained in the sec-
tion on signal wiring. A dry cell and buzzer, taped 
together and equipped with a pair of flexible leads 
five or six feet long, is always a handy device for 
this work. 
Where part of the system is still "alive", or sup-

plied with current, a pair of test lamps are very 
handy. These can be connected together in series 
for 220-volt tests or one can be used separately for 
testing 110-volt circuits. They are particularly 
handy when testing for blown fuses, and this test 
will often locate the source of trouble. A test lamp 
will light when connected across a burned out fuse 
if there is a load on the line. 

138. FUSE TROUBLES 

In testing wiring circuits we should first start at 
the service switch or fuse box. Test to see if the 
line is alive from the outside service wires, and if 
it is, then test the fuses. The fuses may be checked 
by testing across diagonally from the service end 
to the house end. This test will show which fuse is 
blown. If the contact springs or clips which hold 
cartridge fuses are blackened or burned, this is 
likely to be the cause of the trouble. Sometimes 
these springs become bent and do not make a good 
contact to the ferrule on the fuse. This results in 
a high-resistance connection and heating, which 
softens and destroys the spring tension of the clips. 

W hen clips or springs are found in this condition 
they should be renewed. 

Fig. 151 shows several conditions that will often 
be found with cartridge fuse clips. When fuses of 
the cartridge type are found to be blown, it is well 
to examine them a little before replacing. If the 
fuse link is found to be blown in the manner shown 
at "A" in Fig. 152, it is probably caused by a light 
overload, which gradually heated the fuse to a point 
where one end melted out. Occasionally you may 
iind the fuse burned in two at the middle and not 
at the narrow points where it is supposed to blow. 
This condition is shown at "B", and is sometimes 
caused by the slow heating of the fuse, and from the 
heat being conducted away from the ends by the 
fuse clips, thus causing the center to melt first. 
When a fuse has been blown from a severe over-
load or short circuit, it will often be found melted 
in two at both of the narrow spots, allowing a whole 
center section to drop out, as in Fig. I52-C. In such 
cases there will be a tremendous rush of current that 
may melt the first point open in a fraction of 
second, but the extremely heavy current flow m 
maintain an arc across this gap, long enough t 
melt out the other weak point also. 

Fig. 151. Fuse clips that are bent out of shape in the manner shown 
above very often cause beating of the ferrules which results In 
blown fuses, and other fuse troubles. Burned or weakened fuse clips 
should be replaced and new ones adjusted to fit the ferrule of the 
fuse outlet. 

With plug fuses, we can also very often tell some-
thing of the nature of the trouble by the appearance 
of the window in the blown fuses. If the window is 
clear and shows the strip melted in two, it was 
probably a light overload which blew the fuse. But 
if the window is badly blackened by a violent blow-
ing out of the fuse, it is usually an indication of a 
severe overload or short circuit. 

139. COMMON CAUSES OF SHORT 
CIRCUITS 

Wherever blown fuses are encountered it is w 
to check up on possible causes and conditions in the 
circuits before replacing the fuses. Sometimes we 
may find that someone had just connected up and 
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tried out some new electrical appliance which may 
have been defective or of too great a load for the 

àswircuit and fuses. Frequently these devices will be 
wound connected up wrong. Sometimes by inquir-

ing of the people on the premises we can find the 
probable cause of the trouble. 

For example, the lady of the house may ha‘ e 
been ironing when suddenly there was a flash at the 
iron, the lights went out, and the iron cooled off. 
This would probably indicate a defective cord on 
the iron or a short circuit on the plug or element. 
In another case one of the children may have 
stumbled over a cord to a floor lamp causing all the 
lights to go out, which would indicate that wires 
were probably jerked loose and shorted at the lamp 
or plug; or that the insulation of the cord may have 
been broken through, causing the wires to short 
within the cord. 

Fig. 152. The above views show several ways in which fuse links may 
blow. Note particularly the lower view which is the manner in 
which fuses are often blown by short circuits or severe overloads. 

If fuses are blown frequently, it is usually an 
indication of an overloaded circuit, and in such 
cases another circuit and set of fuses should be in-
stalled. If the circuits are already fused for 15 
amperes and are ordinary ones with No. 14 wire, 
they should certainly not be equipped with larger 
fuses, as it is in violation of the Code, and the wires 
might be overheated. 
A very handy test for "shorts" is to remove the 

fuse from the socket and screw a lamp bulb in its 
place. Then, if the lamp still burns when all the 
equipment on this circuit is turned off, it indicates 
a short circuit on the wires. 

140. LOCATING SHORT CIRCUITS AND 

e GROUNDS 
n locating a short circuit, it is well to see that 

each light on the circuit is turned off, and each plug 
removed from any convenience outlets which may 
be on the circuit. If this clears the trouble it indi-

cates that one of these devices is at fault. By hav-
ing someone watch the test lamp in the fuse socket 
as these devices are plugged in one at a time and 
switched on again, the one causing the trouble can 
be found by watching for the lamp to light up to 
full brilliancy. The lamps will burn dimly if there 
is any load connected to the line. A great majority 
of fuse troubles in homes can be traced to defective 
cords of portable devices. 

If removing these devices from the circuit doesn't 
clear the trouble, then it must be in the wiring. 
Then we should go along the circuit and open up 
the outlet boxes, pulling out the splices and even 
disconnecting them, if necessary, to locate the trou-
ble within one section. In a great majority of cases 
shorts in the wiring system will be found at poorly 
taped splices in the outlet boxes. It is very seldom 
that any defects occur in the wires themselves, 
especially if they are installed in BX or conduit. 
Sometimes, however, if repair or construction work 
has been going on around the building, the trouble 
may be caused by someone having driven a nail 
into a piece of non-metallic sheathed cable, metal 
molding, or even through the light-walled electric 
metallic tubing, or they may have cut the wires in 
two with a saw or drill. 
Here is another place where inquiry as to what 

has been happening just before the trouble occurred 
may help you to locate it. 

In shops or factories, blown fuses may be caused 
by installing additional equipment on certain cir-
cuits until they are overloaded, or by the addition 
of a motor that is too large for the circuit on which 
it is installed. In other cases a belt may be tightened 
too much, or the bearings of some machine not 
properly lubricated, causing a rather severe over-
load on the driving motor. If the voltage at the 
service box is too low this will cause motors to 
draw more than the normal load of current and will 
blow the fuse. 
Whenever some of the lights on any system are 

found to be burning excessively bright and some 
of the others very dimly, remember that the cause 
is likely to be a blown-out neutral fuse on one of 
the older installations of non-polarized wiring. 
The troubles which have been mentioned are 

some of the most common and are the most fre-
quently encountered. A number of others will come 
up in your experience, but if you always follow the 
general methods given in this material and apply 
your knowledge of circuits and principles of elec-
tricity you should have no trouble in locating 
them. Every time you find and correct some source 
of trouble which you have not met before, it should 
be a source of pleasure and satisfaction to you, be-
cause of the added experience it gives and the 
greater ease with which you will probably be able 
to locate a similar trouble the next time. So, let us 
once more recommend that you always welcome 
any trouble shooting problem as a test of your 
ability and a chance to get good experience. 
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In former years a lot of electrical wiring was in-

to
tailed rather carelessly, mainly w ith the idea of 
,upplying current to the devices requiring it, but 
without proper consideration for permanence, and 
safety from fire and shock hazard. As a result many 
fires originated from defective wiring, causing short 
circuits, sparks, and flashes, or just overheated 
wires. In other cases, people received electric 
shocks or injuries by coming in contact with wires 
that were not properly insulated. 

4. INSPECTION—AN ADVANTAGE TO THE 
TRAINED MAN 

Nowadays there is a general tendency in all elec-
trical construction to follow certain very high 
standards in the selection of materials, quality of 
workmanship, and precautions for safety. A great 
deal of the old wiring is being entirely replaced, and 
new wiring in most towns and localities must be 
done according to very strict inspection require-
ments. This is not at all a handicap, but rather it 
is a decided advantage for the trained electrical 
man who knows how to do this work as it should 
be done, and according to these rules. It makes his 
services much to be preferred to those of the man 
who does not know modern methods, or will not 
recognize the value and importance of safety-first 
rules in electrical wiring. 

5. NATIONAL ELECTRIC CODE 
To standardize and simplify these rules and pro-dieide some reliable guide for electrical construction 

men the National Electric Code has been provided. 
This Code was originally prepared in 1897, and is 
kept frequently revised to meet changing condi-
tions, and improved equipment and materials. It is 
a result of the best efforts of electrical engineers, 
manufacturers of electrical equipment, insurance 
experts, and architects. 

This Code book is now published by the National 
Board of Fire Underwriters, and contains simple 
specific rules and instructions which, if followed, all 
tend to make electrical wiring and construction 
safe and reliable. Every electrician should have an 
up-to-date copy of the National Code at all times, 
and should familiarize himself with the more im-
portant rules pertaining to his work, and if he does 
he will find them of great help in making certain 
decisions on the job, and performing his work in 
a manner that will always be a credit to himself 
and his profession. 

6. STATE AND LOCAL CODE RULES 
Most states now require that all electrical work 

be done in accordance with the National Code, and 
even in the few states where this may not be re-
quired throughout, most of the towns and cities do 
require that all wiring within their limits follow 
the Code. 

If Throughout the following pages we shall quote tasionally some rules of the National Code. 
The Underwriter's laboratory also tests various 

electrical materials and supplies, such as wire, 
switches, fuses, insulations, etc. If these are 

deemed safe and reliable, and meet the laboratory 
standards for quality, they carry the underwriters 
stamp of approval. 
This is a good indication for the conscientious 

electrical man to follow in selecting the best of 
materials. 
Some states have prepared special codes and rules 

of their own, usually applying to wiring in schools, 
auditoriums, theatres, and other public buildings, 
and also to transmission lines, and outdoor con-
struction where the public is involved. These rules, 
however, are similar to those of the National Code. 
A number of towns and cities have their own 

local code or rules, which in general may be based 
upon or similar to the National Code, but will have 
a few specific rules on certain classes of work, 
which are more rigid than the National Code. 

In addition to the National Code and local codes 
of certain cities, the power companies to whose 
lines the wiring system may be connected may have 
some special rules regarding service wires, 
meter connections, size and type of devices, and 
class of equipment connected to their system. So, 
in starting to do wiring in any town, it is well to 
familiarize yourself with these local rules if there 
are any. 

In addition to these important rules, if you will 
also follow the instructions given in the following 
pages, and apply your knowledge of general prin-
ciples of electricity, along with good common sense 
and careful workmanship, you should be able to do 
most any kind of electrical wiring quite success-
fully. 

Certain things in electrical wiring are done ac-
cording to what might be termed "standard prac-
tice". That is, while there are no set rules for them, 
experienced electrical men have found that certain 
ways or methods are generally best, and these have 
been more or less generally adopted by men on the 
job. 
For example, when installing single pole push 

button switches, the white button is always placed 
at the top. Following general rules of this kind 
simplifies the work a great deal and avoids con-
fusion, both in the wiring, and to the owners of the 
buildings in which it is installed. 
Every electrician should always be on the alert 

to notice and remember these little details or 
"wrinkles" of the trade. A number of them will be 
mentioned in this section. 

7. CLASSES OF WIRING SYSTEMS 

Wiring systems can be separated into the follow-
ing classes: 

D. C. or A. C. systems, and two wire or three wire 
systems. 

\V hether direct or alternating current is to be 
used depends entirely on which is available from 
the power companies' lines; or, in the case of a 
private plant, which type of plant is used. 

Direct current is generally used only where it is 
not to be transmitted over distances greater than 
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one-half mile. It has certain advantages for the 
operation of special types of variable speed motors, 
and motors requiring extra heavy starting power 
for frequent starting and stopping; also where 
storage batteries are to be charged from the lines, 
or where arc lamps, and other special D. C. equip-
ment are in use. 
Alternating current is equally as good for light-

mg with incandescent lamps, and much more desir-
able and economical where the energy has to be 
transmitted considerable distances. In such cases, 
it can be transmitted at high voltage for line 
economy, and then the voltage reduced at the 
customer's premises by use of step-down trans-
formers. 
For power purposes, recently developed alter-

nating current motors will also meet almost every 
condition that direct current motors formerly were 
needed for. By far the greater number of wiring 
jobs which you will encounter will probably be on 
alternating current systems. 
The materials and methods used are just about 

the same for either D. C. or A. C. systems, except 
for a few precautions on A. C. circuits which will 
be covered later. 
The simple two wire system is in common use 

for wiring small homes and buildings where only 
one voltage and small amounts of power are re-
quired. The circuits and connections for such a 
system are extremely simple, and consist merely of 
running the two wires to each lamp or device to be 
used, and of course with the proper fuses and 
switches. Fig. 1 shows the important parts of a two 
wire lighting system. 

Fig. 1. This sketch shows • simple two-wire system with the service 
wires, mains and branch circuits. 

This system consists of the Service Wires which 
lead to the power supply, Service Switch and Fuses, 
Meter, Main Wires or Feeders, and Branch Circuits. 
Each branch circuit has its own switch and fuses. 
The separate light switches are not shown in this 
diagram. All of the circuits marked "B" are branch 
circuits, while "A" and "Al" are the main wires 
which feed the branch circuits. The Watthour 
meter is connected in the mains, near the service 

switch, to measure all the energy used in the entire 
system. 
The Edison Three Wire System can be applied , 

either A. C. or D. C. installations. It provides two 
different voltages, one for lights and one for motors, 
and also effects a considerable saving in wire size, 
where used for lighting only. This system will be 
explained in detail later. 
8. WIRING MATERIALS—CONDUCTORS 

Before going farther into the methods of wiring 
it will be well to consider some of the materials 
used. 
Conductors used in wiring for light and power 

must be somewhat different from those used for 
low voltage signal wiring, as they usually carry 
much heavier currents and at higher voltages. They 
are of course made of copper, as this we know is 
one of the best conductors of electric current, 
and its softness and flexibility make it very desir-
able for use in inside wiring. 
The very low resistance of copper enables it to 

carry the current with much less voltage drop 
and heat loss. So copper wires and cables are used 
almost entirely for wiring for light and power. 
Copper wires for interior wiring are usually 
"annealed" or softened by a heating process as this 
makes the copper much more flexible and improves 
its conductivity. 

\V e found that No. 18 or 16 B. & S. (Brown & 
Sharpe) gauge wires were used for bell wiring, b. 
No. 14 is the smallest sized wire allowed in wini 
for light and power. Sizes 14, 12, 10 and 8 are used 
in solid wires, but when used in conduit the larger 
sizes are stranded to obtain greater flexibility. 
9. INSULATION 

Bare conductors can be used in a few places such 
as on switchboards and distribution panels where 
they can be rigidly supported and held apart on 
proper insulators, or insulating panels. For general 
wiring, however, the wires must be properly in-
sulated to prevent persons from corning in contact 
with them, and also to prevent short circuits and 
grounds which would not only interfere with opera-
tion of the attached equipment, but also cause fire 
hazards. 
Rubber and braid coverings are the most common 

forms of insulation. The rubber being of extremely 
high resistance to electricity provides excellent in-
sulation to confine the current to the wires and 
prevent leakage to the other wires or metal objects. 
The cotton braid covering is used over the rubber 
to protect it from mechanical injury. This is called 
ordinary rubber covered (R.C.) wire, sometimes 
designated by the letter "R" only. 

It is made with both single and double braid 
coverings, and is very generally used in interior 
wiring. Fig. 2 shows three forms of rubber and 

10 braid insulation on solid wires, and Fig. 3 shot 
both a solid and a stranded wire with the 
insulation. 
For outdoor use, we have wires with weather 

proof (W. P.) insulation, consisting of three or 
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Fig. 2. Three samples of insulated conductors. The wire at the left is covered with rubber only. The one in the center has • layer of 
rubber and one of cotton braid. The one on the right has one layer of rubber, and two layers of braid. These would be called respectively: 
Rubber covered R. C.). Rubber and braid covered. and Rubber and double braid covered. 

more layers of braid, soaked or impregnated with 
moisture resisting compound of a tarry nature. 
This kind of insulation is much cheaper than 

rubber. and is required for outdoor use in many 
cases, and in some damp locations inside buildings. 
It should not be used where it is subject to heat or 
fire, as it is inflammable. 

Fig. 4 shows three pieces of wire with weather 
proof insulation. 

For places where the wire is subjected to heat 
but not moisture, Slow Burning (S. B.) insulation te ith fire resisting braids is used. 
Some wires for use in very dry hot places, or for 

heater cords, are covered with a layer of asbestos 
fibres for maximum heat and fire resisting insula-
tion. 

Fig. 3. Examples of solid and stranded conductors with their insulation. 
The stranded conductors are used in the large sizes 

because they are more flexible. 

Conductors are also prepared with a combination 
of slow burning and weather proof insulation 
(S. B. \V.). Two such wires are shown in Fig. 5. 

Insulated wires are often made up in twisted pairs 
as shown in Fig. 6, for lamp cords and leads to 
portable devices. Such wires are usually made of 
many strands of very fine wires for good flexibility. eThe copper wires are usually "tinned" or coated 

ith a thin layer of lead and tin alloy, to prevent 
corrosion from contact with the chemicals in the 
rubber, and to make it easier to solder them when 
splicing. 

The outer braid coverings on wires are some-
times made in different colors, particularly black 
and white, or light gray; or with a colored thread 
woven into them in order to easily mark or identify 
certain wires. Reasons for this will be explained 
later. 

For extremely damp places or where wires are 
to be run under ground, we have wires and cables 
with a lead sheath over the insulation. 

10. WIRE SIZE VERY IMPORTANT 

Copper wires can be obtained in almost any de-
sired size and with a variety of insulations for 
various uses. 

It is very important to use wires of the proper 
size for any wiring job, because if they are too small 
for the current load they have to carry, they will 

Fig. 4. These wires have what la called "wator-reef" Insulation, or 
braid filled with tarry water-proof compound. They are for use 

outdoors or in damp locations. 
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Fig. S. In this view the upper conductor has a special fire resisting 
covering known as "slow burning" insulation. The lower conductor 
has a combination covering of both water-proof and slow burning 
insulation. 

overheat. Excessive heat not only increases the 
resistance of the wire and creates a greater voltage 
drop and energy loss, but it also damages the in-
sulation and in some cases results in completely 
burned out wiring or causes fires. 

If wires that are too small are used, the excessive 
voltage drop causes the lights or equipment to re-
ceive less than their rated voltage, which usually re-
sults in unsatisfactory operation. This is particu-
larly true of lighting systems, as a very few volts 
drop will cause an incandescent lamp to deliver 
much less than its rated light. 

Fig. I. Conductors are often arranged in pairs for convenience In 
running two-wire cicuita. Several types of these are shown ahoy*. 

The National Code specifies the maximum 
amount of current that shall be allowed on the 
common sized wires, and this should be followed. 
closely for safe and satisfactory results in any 
wiring system. 

Fig. 7 shows a convenient table which gives the 
maximum current capacity of each size of rubber 
insulated wire from No. 14 up, to 2,000,000 C. M. 

If wires are allowed to carry more than these 
amounts of current for any length of time, they 
will heat up and the rubber will rapidly lose its 
insulating quality at these higher temperatures. 

ALLOWABLE CURRENT-CARRYING CAPACI-
TIES OF CONDUCTORS IN AMPERES 

Not More Than Three Conductors in Raceway 
or Cable 

(Based on Room Temperature of 30° C. 86° F.) 

Site 
AWG 
MCM 

Rubber 
TypeRW 
Type R 

Synthetic 
Type SN 

Type RU 

Rubber 
Type 
RPT 

Type RP 

14 
12 
10 

5 
4 
3 
2 
1 

15 
20 
25 
35 
45 

18 
23 
31 
41 
54 

Rubber 
Type 
RUT 

Type RH 

22 
27 
37 
49 
65 

Paper  

Synthetic 
Tyne 
NA 

Asbestos 
Var-Cam 
Type 
A% 13 

Var-Cam 
Type V 

Asbestos 
Var-Cam 
Type 
A VA 
Type 
AVL 

Impreg-
nated 

Asbesto, 
TYPO Al 

Asbeet00 
Type A 

23 
29 
38 
50 
88 

52 
60 
69 
80 
91 

83 
72 
83 
96 
110 

o 
oo 

000 
0000 

250 
300 
350 
400 
500 

600 
700 
750 
800 
900 

1.000 
1,250 
1,500 
1,750 
2.000 

105 
120 
138 
160 

127 
145 
166 
193 

75 
88 
99 
115 
131 

151 
173 
199 
230 

78 
88 
104 
118 
138 

28 
38 
47 
60 
80 

94 
107 
121 
137 
161 

157 
184 
209 
237 

177 
198 
216 
233 
265 

213 
238 
250 
281 
319 

293 
320 
330 
310 
380 

353 
355 
398 
410 
434 

377 
409 
434 
451 
483 

455 
493 
522 
544 
558 

255 
285 
311 
338 
382 

272 
299 
325 
361 
404 

190 
217 
243 
275 

315 
347 
392 
418 
488 

422 
461 
475 
490 
519 

453 
488 
902 
514 
556 

525 
5132 
582 
600 

543 
589 
825 
650 
666 

583 
643 
898 
733 
774 839 

881 

784 

29 
38 
49 
63 
85 

32 
42 
94 
71 
95 

99 
114 
131 
147 
172 

202 
230 
265 
308 

334 
380 
419 
450 
498 

543 
598 
621 
841 

110 
122 
145 
183 
188 

223 
249 
284 
340 

372 
415 
462 
488 
554 

612 
668 
890 
720 

730 

• • • 
811 

• 

Fig. 7. This very convenient table gives the current carrying capacity 

for the various sizes of wire, with various grades of insulation. 

For wires with other insulation than rubber, you 
will note that the correct carrying capacity is some-
what higher, as these insulations will stand slightly 
higher temperatures without damage. 

Examine the table in Fig. 7 very carefully, and 
become familiar with its use, as it will be very con-
venient to you many times from now on. 

The first column gives the wire sizes in A. W. G. 
gauge numbers, from 14 to 0000 or "four ought" 
as it is called. From this size up the larger cables 
have their sizes given in circular mil area, with the 
last 3 zeros left off, and can be followed on down 
the third column to 2,000,000 circular mils. 

The second column gives the current capaci 
for rubber insulation, and the following columns 
give the current capacity for other insulations such 
as synthetic rubber, paper, cambric, asbestos, etc. 
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The term Circular Mil means the area of a round 
wire one thousandth (1/1000) of an inch in dia-
meter. This is the common term for rating and 
calculating sizes of electrical conductors, and will 
be covered more fully in a later section on wire 
calculations. 
The longer a wire, the greater is its resistance, 

and the Voltage Drop is proportional to both the 
Resistance and the Current carried. Therefore, 
where the wire runs are quite long, we may not 
wish to allow even the amount of current that the 
code table does, because the voltage drop would 
be too great. 

In such cases we can determine the exact size of 
wire to use for any given current load and any de-
sired voltage drop, by use of a simple formula 
which will also be given and explained in the sec-
tion on wire calculations. 

Referring again to the table in Fig. 7, you will 
note that the larger the gauge number the smaller 
the wire. This is a good point to keep in mind so 
you will not become confused on the sizes and 
numbers. 

Fig. 8 shows a wire gauge often used to deter-
mine the exact size of a wire by slipping the bare 
end of the wire in the slots until one is found that 
it just fits snugly. The gauge number is marked 
on the disk at that slot. Be sure to fit the wire to Ike straight slot and not in the circle at the end of 
e slot. 

Fig. 8. A wire gauge of this type is commonly used to determine the 
size of wires for various uses. 

It often comes in very handy to remember that 
when you have a wire of any certain size, another 
wire three sizes larger will have just about double 
the area; or one three sizes smaller, about one-half 
the area. For example, a number 3 wire is just about 
double the area of a number 6; or a number 2 wire 
just half the area of a number 00. 
Another very handy fact to remember is that a 

number 10 wire has approximately one ohm re-
sistance per thousand feet, and a number 14 wire 
has about 2.5 ohms per thousand feet. 

di. SPLICING In running wires for any electrical system, it is 
necessary to make numerous splices of various 
kinds, and a good knowledge of proper methods 
of splicing and soldering is of the greatest im-

Fig. 9. Two coils of ordinary rubber and braid covered No. 14 wire, 
such as commonly used in house wiring jobs. The advantage of 
having the insulation in black and white colors will be explained 
later. 

portance for any electrician to have, whether he 
follows new wiring or maintenance and repairs. 
The old saying that a chain is no stronger than 

its weakest link, applies in slightly different words; 
almost as well to a wiring system or, the circuit 
or system is no better than its splices. 

Splices properly made and soldered will last 
almost as long as the wire or its insulation, but 
poorly made splices will always be a source of 
trouble and will overheat, burn off their taping, 
and cause high resistance circuits and sometimes 
fires. 
A good test of an electrician is in the kind of 

splices he makes. 
The requirements for a good splice are, that it 

should be Mechanically and Electrically Secure be-
fore the solder is applied. Solder is then applied, 
not only to strengthen the splice or improve its 
conductivity, although it does do both to some ex-
tent, but for the real purpose of preventing cor-
rosion and oxidization of the copper. 

12. COMMON TYPES OF SPLICES 

Several of the more commonly used splices are 
the Pigtail, Western Union, Tee or Tap, Knotted 
Tap, Fixture Splice, and Stranded Cable Splice. 
Each of these will be explained in detail. 

13. STRIPPING AND CLEANING WIRES 

The first very important step in making any 
splice is to properly strip and prepare the ends of 
the wire. Stripping means removing the insulation 
from the wire a proper distance back for the splice 
to be made. This may range from inches to 3 
or 4 inches for various splices. 
The rubber and braid should be removed with a 

knife, as shown in the upper view in Fig. 10. The 
knife and wire should be held in a position similar 
to that used when sharpening a pencil, and the 
braid and rubber cut through at an angle as shown. 
Be very careful not to cut or nick the wire, as it 
reduces the conducting area, and makes it very 
easy to break at that point. 
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Never cut the insulation as in the lower view in 
Fig. 10, as one is almost certain to nick the wire in 
cutting in this manner, and it makes a more difficult 
splice to properly tape. 

After cutting through the insulation and down 
to the wire, let the blade slide along the wire, 
stripping the insulation to the end; keeping the 
blade almost flat against the wire, so it does not 
cut into the copper. 

After removing the insulation with the knife the 
wire should be scraped with the back of the blade, 
to remove all traces of rubber and until the wire is 
thoroughly clean and bright. If the wire is tinned 
do not scrape deep enough to remove the tinning, 
but leave on as much as possible, as it makes 
soldering easier. 

Fig. 10. This sketch shows the proper method of stripping the insulation 
from a wire in the upper view. The lower view 

shows the wrong way. 

It is impossible to do a good job of soldering if the 
wires have bits of rubber, dirt, or grease left on 
them, and as they are very difficult to clean after 
they are spliced, be sure to do it properly before 
starting the splice. 
A number of wire stripping tools are made and 

on the market, and some of them are quite fast in 
operation, but for rubber covered wire and for doing 
the work right on the job, nothing is much handier 
than a good sized electricians' knife with a sturdy 
blade of good steel. A piece of sandpaper can be 
used to clean the wire if desired. 

14. "PIG TAIL" SPLICE 
To start a Pig Tail splice, strip and clean about 

two inches on the end of each wire, then hold the 
wires as in Fig. 11-A, and twist them together a 
few turns with your fingers; then finish the ends 
with a pair of pliers. Be sure that both wires twist 
around each other, and that one does not remain 
straight while the other wraps around it. They 
should appear as in Fig. 11-B. 
This splice should have at least five good tight 

turns, and then the end should be bent back as in 
Fig. 11-C to prevent it from puncturing the tape. 
Three or more wires can be connected together 

by a pig tail splice, and it is commonly used in 
making splices of wire ends in outlet boxes, and at 
places where there is no strain on the wires. 

In making any splice, always be sure to wrap or 
twist the turns tightly around each other, as they 
should not be able to slip or shift upon each other 
when the splice is complete but not yet soldered. 
Make the splice itself tight and strong, and don't 
depend on the solder to do this. 

15. WESTERN UNION SPLICE 

For splicing straight runs of wire the Western 
Union splice is one of the oldest and most come 
monly used. It is a very strong splice and will 
stand considerable pull and strain on the wires. It 
can be used for splicing large solid conductors and 
line wires as well as the smaller wires. 

In starting a Western Union splice, strip and 
clean about four inches of the end of each wire. 
Hold the ends together tightly with your hand or 

pliers as in Fig. 12-A, gripping them at the point 
where they cross. Twist them together a couple 
of gradual or spiral turns as in Fig. 12-B. These 
are often called "neck" turns. Then wrap the end 
of each wire around the other wire in five or six 
neat, tight turns as in Fig. 12-C. A little practice 
will be required to get the knack of wrapping these 
ends tightly and smoothly by hand. If one or two 
turns do not grip the straight wire tightly, pinch 
them down carefully with the pliers. 
To finish this splice, trim the ends off and pinch 

them down tight with the pliers, so they will not 
project and damage the tape later. The splice 
should then appear as in Fig. 12-D. 

Practice making this splice a number of times, 
as it is one of the most common and important ones 
used, and every practical man should be able to 
make it well. Each time you make it examine it 
carefully and try to improve until it is perfect. 
Be careful not to nick or mar wires any more that> 

necessary with the "bite" of your pliers, when 
gripping them during splicing. 

Fig. 11. This diagram shows very clearly h. several steps In making 
a "Pigtail" splice. Emma)* it very careen,. 



Wring, Section One, Splicing 145 

Fig. 12. The above four sketches show the steps and procedure in 
making a "Western Union" splice. 

eWhen making a double Western Union splice in 
pair of wires together, always stagger them as 

shown in Fig. 13, so each splice lies near to undis-
turbed insulation of the other wire, and so they do 
not make a large bulge when taped. 

Fig. 13-A shows how the ends of the wires should 
be cut in uneven lengths for such a splice. In 13-B 
is shown the method of spreading them apart to 
make the splices, and in 13-C the appearance of the 
finished splice, before soldering and taping. 

Fig. 13. When making splices in pairs of conductors they should be 
staggered as shown above so each splice will be near to 

good insulation on the other wire. 

16. TAP OR TEE SPLICE 
When a tap or branch is to be connected to a 

main or "running" wire, we use the Tap splice 
shown in Fig. 14. For this splice, bare about 
1 inch on the main wire, and about 3 inches on the 
end of the tap wire. Then wrap the tap wire tightly 
about the main wire from five to eight turns, as 
shown in the figure. The turns should be tight 
enough so they cannot be slid along the straight 
wire. 

Fig. 14. Simple "Tap" splice used lar tapping a "branch" wire to 
"main" or "running" wires. 

17. KNOTTED TAP SPLICE 

Where there is a possibility of some pull or strain 
on the tap wire, we can use the Knotted Tap splice 
which cannot be pulled loose as easily. This splice 
is shown in Fig. 15, and is very easily made, by 
simply giving the wire one turn on the side of the 
tap wire opposite to the side on which the main 
group is to be, and then doubling back around the 
tap wire, and winding the balance of the turns in the 
opposite direction around the main wire. This locks 
the first turn so it is very secure and hard to pull 
loose. 

Fig. 15. "Knotted Tap" splice. Note carefully the manner in which the 
wire is first looped around the branch conductor to 

lock it securely in place. 

18. FIXTURE SPLICE 
The Fixture Splice which is often used to fasten 

together two wires of different sizes, is shown in 
Fig. 16. The various steps in making this splice 
are as follows: First bare about 5 inches of the end 
of one wire, and 3 inches on the other wire; then 
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Fig. 16. The above views show the method of making a "Fixture' 
splice, which is used for connecting together 

two wires of different sizes. 

place them together as shown in Fig. 16-A, with 
about half the length of the longer bared end cross-
ing the other end, near the insulation. Then twist 
them both together, as in "B", being sure that they 
both twist about each other evenly. Then spread 
the wires apart and bend the twisted ends down 
tight to the longer remaining bare strip as at "C", 
and wrap both ends tightly around the wire at this 
point. The finished splice is shown at "D". 

19. CONVENIENT SPLICE FOR LARGE 
SOLID WIRES 

Another splice that is very handy for connecting 
large solid wires together is the one shown in Fig. 
17. This splice is made by simply laying the ends 
of the two large wires together, overlapping from 
2 to 4 inches according to their size, and then wrap-
ping them both with a smaller wire. The smaller 

Fig. 17. A very convenient splice to use on large solid conductors. By 
wrapping them in this manner with the smaller wire we 

don't hare to bend or twist the stiff heavy wires. 

wire is much easier to bend, and can be quickly 
and tightly wound around the large ones. In 
addition to winding the small wire around both th 
large ones where they overlap, also wind a fee 
turns around each wire at the end of the splice, as 
shown in the figure. The ends of the large wire 
should be slightly bent outward to hold the smaller 
wire wrapping in place, and prevent the large ones 
from being pulled out; but be careful not to bend 
them out far enough to puncture the tape. This 
splice when well soldered makes one of good con-
ductivity, because of the great area of contact be-
tween the small wire turns and the two large ones. 

20. STRANDED CABLE SPLICE 

There are a number of methods used in splicing 
stranded cables, but the most important points to 
keep in mind are to be sure to secure enough good 
contact area between the two groups of wires to 
carry without overheating the same load of current 
that the cable will, and to keep the diameter of 
the splice down as much as possible. 
The wires should be stripped back about ten or 

twelve times the cable diameter, and each strand 
separately cleaned. Then spread the strands of each 
cable out fan-wise, as in Fig. 18-A, and butt the 
cable ends together. Sometimes it is well to cut off 

—tmterie lignr-mw'w .„•;1 % - 
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Fig. 16. Examine this diagram very closely and it will be a great help 

to you in making neat and efficient cable splices. 
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the ends of a few of the center strands at the point 
where they butt together, in order to reduce the 
ameter of the finished splice. A few less than 
alf of the strands can be removed without re-

ducing the current carrying capacity of the joint 
below that of the cable. This is because the wires 
of each cable overlap each other, maintaining an 
area equal to that of the cable anyway. 

Fig. 19. Method of making a "tap" splice with stranded cables. Note 
how the wires of the "tap" cable are divided and each group 

wrapped in opposite directions around the "running" cable. 

Next wrap one strand at a time around the cable, 
starting with strands from the outer surface of the 
cable, and wind these over the others which are 
laid tight along the cable. See Fig. 18-B. When one 
strand is all wound up, start with the next tight to 
the finish of the first, but continuing to wrap them 
all in one layer if possible. 
The finished splice should appear neat and com-

pact as in Fig. 18-C. 
In making a tap cable splice, bare several 

inches of the main cable and thoroughly clean all 
the outer strands, removing all rubber from the 
grooves with a wire brush or pointed tool or knife. 
Then spread the cleaned strands of the tap cable, 
dividing them in half and butt them against the ein cable in the center of the bare spot as in 

g. 19-A. Then wrap them in opposite directions 
around the main cable in one layer or as few layers 
as possible, as in Fig. 19-B, which shows the com-
pleted splice. 

21. SOLDERING SPLICES 
All splices made in permanent wiring should be 

carefully soldered, to preserve the quality and con-
ductivity of the splice. 
We have already mentioned that altho solder-

ing does improve the strength and conductivity of 
a splice to some extent, the main reason for solder-
ing is to prevent corrosion or oxidization from 
spoiling the good contact of the wires. 

22. COPPER OXIDE AND ITS EFFECT ON 
JOINT RESISTANCE 

Copper rapidly oxidizes or "rusts" when exposed 
to air or moisture, and also corrodes very quickly 
if any chemicals or chemical vapors come in con-
tact with it. 
A bright copper wire soon forms a thin brownish 

film of oxide on its surface if it is not tinned or 
covered in an air tight and moisture-proof manner. 
This film will even form between the wires where 
they are in contact with each other. Copper oxide 
is of a very high resistance to electric current flow, 
and a very small amount of it which may be almost 
unnoticeable, greatly increases the resistance of a 
splice. This would be likely to cause serious heat-
ing of the joint, after a period of possibly a few 
weeks or months from the time it was made, even 
though the splice was of low resistance when new. 
A very thin layer of solder, properly applied so 

that it actually unites or alloys with the clean cop-
per surface, will prevent this oxidization or cor-
rosion, and maintain almost indefinitely, the original 
low resistance of the splice. 

In order to obtain this proper bond between the 
solder and the copper, the copper must be abso-
lutely clean, then treated with a Flux which makes 
the solder flow freely; and the splice and soldering 
copper must both be well heated. 

If these rules are all kept in mind and carefully 
followed, you can easily do a good job of soldering 
that will be a credit and source of pride to you on 
every job. 

23. SOLDERING COPPERS 
To heat the splice and melt the solder we use a 

Soldering Copper of the proper size, and which 
must be kept well cleaned, tinned, and heated. 
These tools are often called "soldering irons", but 
they are made of good copper because copper can be 
readily tinned so the solder will adhere to it and 
flow over its surface or point; and also be-
cause copper will quickly absorb heat from a torch 
or flame, and easily give up its heat to the splice 
and solder. Copper is an Excellent Conductor of 
Heat, as well as electricity, and if you keep in mind 
that the function of the soldering copper is to im-
part its heat to the splice, as well as to melt the 
solder, you will find it much easier to understand 
soldering and will make a much better job of it. 
Fig. 20 shows a common soldering copper of the 
type that is heated in the flame of a blow torch or 
gas soldering furnace. Such coppers must be re-
heated frequently, and where much soldering is to 
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Fig. 20. An ordinary soldering copper of the type commonly used in 
electrical work. 

be done, it is often well to use two of them so one 
can be heating while the other is in use. Fig. 21 
shows a blow torch in use for heating an "iron". 

Soldering coppers can be obtained in various 
sizes, the smaller ones being more convenient for 
some classes of work, and the large ones holding 
the heat longer. A half pound copper and a one 
pound size are generally very good for ordinary 
wiring. 
Wherever electricity is available an electric 

soldering "iron" can be used very conveniently, as 
they remain hot while in continual use. They are 
made in different sizes and with various sized and 
shaped tips for use on different sized splices and 
various types of work. Two of these electric "irons" 
are shown in Fig. 22. 

Fig. 21. This photo shows a gasoline blow torch such as commonly 
used for heating soldering coppers, and splices 

in electrical conductors. 

24. CLEANING AND TINNING 

The point of any soldering "iron" must be kept 
bright and clean and well tinned, or it will not 
"flow" the solder properly or convey its heat readily 
to the splice. 
When the irons are very dirty or covered with a 

heavy scale, or pitted, they should be smoothed and 
cleaned with a file. When in use on the job they 
require occasional "brightening up." It can be done 
by rubbing the point on a block of salammoniac 
which is obtainable in small cakes from electric 
shops and hardware stores. See Fig. 23. 
Rub the heated point on the block and im-

mediately apply a little solder to it in an even thin 

coating. Or when a small hole is worn in the block, 
place a little solder in this hole or pocket and me 
it with the "iron," while rubbing it in the sol 
and against the salammoniac at the same time. This 
is called "tinning" the "iron." 
Dipping the point of the hot soldering copper 

into the flux occasionally, helps to keep the tinning 
bright. 

iffleamme-  Altammeist 

Fig. 22.. Electric soldering irons are very convenient where electric 
current is already available. 

25 SUFFICIENT HEAT IS IMPORTANT 

Never try to solder a splice without a well tinned, 
well heated "iron" as it will only waste time and 
result in a poor job. 

If the iron is not hot enough the solder will 
very slowly and become pasty, instead of flowi 
freely as it should. The iron should be hot enough 
so the solder will melt almost instantly when 
touched to its point. 
When heating an iron with a blow torch or gas 

furnace, be sure the flame is blue and clean, other-
wise it will blacken and dirty the iron. 

26. SOLDER FOR ELECTRICAL USE 

Solder as used for electrical work is usually made 
of about half lead and half tin. It can be bought in 
the form of long bars, solid wire solder, and "resin 
core" wire solder. 

Fig. 23. This photo shows the method of cleaning and timing a 
sol&ring copper with a block of «lemmatise. 
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The wire solder is most commonly used for ap-
plying to small splices, and the bar solder for large 

eble splices and for melting in a solder pot. 
The resin core solder is very convenient as the 

resin carried in the hollow wire acts as a flux, auto-
matically applied as the solder is melted. 
27. SOLDERING FLUX 
Flux should always be used on any splice before 

applying the solder, as it dissolves the oxide on the 
metal and causes the solder to flow and unite with 
the metal much more readily. 

Resin is a very good flux and can be used in bar 
form or powder, and melted on the hot splice. 
Muriatic acid was formerly used, and while it is a 
very active and effective flux, it should not be used 
on electrical work, as it causes corrosion of the 
wires later. No acid flux should be used on elec-
trical splices. 

Several kinds of good flux are prepared in paste 
form which is very convenient to apply. 
These fluxes should be applied to the splice and 

melted on it with a good hot iron. Excessive flux 
should not be used, and none should be allowed to 
remain in the splice, as resin and some of the other 
fluxes act as insulators if they are not well melted 
out or "boiled out" of the solder with plenty of heat. 
28. PROPER METHOD OF APPLYING 

SOLDER TO SPLICE 
When the splice is "fluxed" the solder should be 

akenly applied and well melted so it runs into the 
lirvices between the wires. It should not be 
dripped on the splice by melting it above with the 
iron. Instead the splice should be hot enough to 
melt the solder when it is rubbed on top of the 
turns. 

ir 

. 24. Soldering copper should always be applied to the under side 
of the splice, as the splice can be heated much quicker in this 
manner. A drop of solder should be placed on the tip of the iron 
and pushed against the under side of the splice. This helps to 
conduct the heat into the splice very rapidly. 

The proper place for the soldering copper is 
underneath the splice, as heat naturally goes up, and 
this will heat the splice much quicker. See Fig. 24. 

or
any beginners have a great deal of difficulty 
ting a medium sized splice before the copper be-

comes cold, because they do not understand the 
principle of heat transfer from the copper to the 
splice. 

29. CONDUCTING THE HEAT TO THE 
SPLICE 

Always remember that heat will travel or flow 
through metals much easier than through air, and 
while copper is an excellent conductor of heat, there 
is very little actual contact area between the solder-
ing copper and the rounded turns of the splice. 

Fig. 24-13. The above three views show soldered splices of the Pigtail 
type and Western Union type. Note how the solder thoroughly 

covers and adheres to the entire splice. 

Here is a simple little trick of the trade which, 
once you have tried it, you will never forget, and 
you will be surprised to see how much it speeds up 
any soldering job on a splice. Place the heated cop-
per under the splice with one of the flat faces of 
the tip held fairly level and in contact with the turns 
of the splice. Then melt or "puddle" a little drop 
of solder on the copper, by pushing the solder wir• 
in between the copper and the splice. This drop 
should melt almost instantly, and will provide a 
much greater area of metal-to-metal contact be-
tween the copper and the splice, and the heat will 
flow into the splice many times faster, heating it 
well in a very few seconds. 
Then, while still keeping the good contact of the 

soldering copper on the bottom of the splice, run 
the solder on the top, allowing it to run down 
through the turns. Examine Fig. 24 again, and you 
will note the drop or puddle of solder on the iron, 
and the correct method of applying the solder to 
the splice. 
Do not leave a large bulge of solder on any splice, 

but melt it off so that just a good coating remains 
on all turns. 

Pigtail splices can be quickly and easily soldered 
by dipping them in a small ladle of molten solder. 
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Fig. 25. This view shows the important parts of a blow torch on 
right, and at the left the method of using a blow torch in a 

special stand for heating a lead melting pot. 

Convenient small ladles or pots with long handles 
are made for this use. See Fig. 34. 

30. SOLDERING LARGE SPLICES 

When soldering cable splices, it is often difficult 
to get the entire splice hot enough before the solder-
ing copper gets cold. The copper of the splice, also 
being a good conductor of heat, carries it away 
along the cable nearly as fast as the soldering cop-
per can supply it. 

For soldering the larger cable splices, a blow 
torch is used to heat them, or they are dipped in 
hot solder, or have the molten solder poured over 
them and the excess caught in a pan below the 
splice. 

If the insulation near the splice gets too hot, it 
should be kept cool by wrapping a wet rag around 
it while soldering. 

In using a blow torch care should be taken not to 
overheat or burn the copper strands, as it weakens 
them greatly, and also makes a poorer job of 
soldering. 

31. BLOW TORCHES 

Fig. 25 shows a common gasoline blow torch in 
the center view, and its burner and valve in a larger 
view at the right. 
To start such a torch, a small amount of gasoline 

should be run into the drip cup and lighted with 
a match. This flame heats the burner nozzle 
directly above, and as soon as it is hot the valve 
can be opened allowing a fine jet of gasoline to 
spray into the nozzle, where it immediately 
vaporizes and burns with a clean blue flame of 
very high temperature. 

If the flame is white and unsteady, the burner 
is not yet heated enough. 
These torches have a small air pump built in the 

gasoline can, and the air pressure thus supplied 
forces the liquid up to the burner in the form of 
a spray. 
The valve is of the needle type and should not be 

closed too tightly or it will damage the needle and 
valve seat. After extinguishing the torch it is well 
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to loosen the valve just a little so it will not stick 
when the metals become cold. 
The left view in Fig. 25 shows a torch mounted 

in a bracket and stand for heating a lead pot. 
Fig. 26 shows a regular gasoline lead pot, used 

for melting larger quantities of lead for large cable 

32. CABLE LUGS 
For attaching large cables to the terminals of 

machines or switchboards, and also for connections 
which may need to be disconnected occasionally, 
we use copper cable lugs as shown in Fig. 27. 

Fig. 21. Gasoline lead melting pot for use In soldering large cables, and 
cable sheaths. 

These lugs are made in different shapes, and for 
single cables or a number of cables as shown. T 
have a hollow cup on one end for attaching to 
cable, and the other end is flattened and has a hole 
through it, so it can be securely bolted to a terminal 
or another lug. 



L33. ATTACHING AND SOLDERING LUGS 
TO CABLE 

To attach a lug to a cable, first strip just enough 
of the insulation from the end of the cable to allow 
the bare end to go fully down into the cup. Do not 
remove too much insulation, as it should cover the 
cable close to the end of the lug when it is attached. 
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Fig. 27. Several types of soldering lugs used for connecting cable ends 
together or to the terminal of electrical equipment. 

Clean the bared end well, and also make sure the 
lug cup is clean. Then flux and tin the cable tip and 
inside of the cup, and melt enough solder in the cup 
to half fill it. The lug can be held in the flame of a 
torch until hot and then melt the solder in it. Be 
careful not to burn your pliers when heating lugs, 
as it destroys the temper of the steel if the pliers Ie held in the edge of the flame. The lug can easily 
e held in the flame with a wire hook, and then 

taken in the pliers when heated and ready to melt 
the solder in it. 
When the cup is heated and half full of molten 

solder, push the cable tip down in it, and hold it 
there while the lug is cooled. A wet rag may be used 
to cause the solder to harden quickly. Do not move 
the cable while the solder is hardening. 

34. SOLDERLESS CONNECTORS 

Solderless connectors such as shown in Figs. 28 
and 29 are sometimes used for connecting cables. 
These devices have a sort of sleeve or clamp that is 
squeezed by the threaded nuts causing them to grip 
the cable very securely. These are much quicker 
to use and very good for temporary connections, 

• 

but are not allowed for permanent connections in 
some places. 

Insulated Two-Way Connector 

l'y pe À—Twu-Way Connuct,,r 

Stud CouuectOr Style le 

Fig. 211. Several other types of solderless connectors, showln5 a sectionsa 
view of the upper one which illustrates the method In which it gripe 
the cable. 

Solderless connectors can also be obtained in 
several very good forms for smaller wires, and are 
great time savers on jobs where they can be used. 

Another method of splicing solid wires is by the 
use of the tubes shown in Fig. 30. The wires are 
slipped into these tubes and then the whole thing 
twisted into a splice. 

e 

Fig. St Twin metal tubes of the above type are often used for splicing 
large solid conductors. 

35. LEAD COVERED CABLE SPLICING 

When splicing large lead sheath cables, the lead 
is split back from 10 to 36 inches according to the 
cable size, and a large lead sleeve slipped over one 
of the cable ends for use in covering the splice when 
it is finished. The one or more conductors in the 
cable are then spliced and taped. 

If paper insulation is used on the conductors the 
moisture is boiled out of them by pouring hot 
molten paraffin over them. See Fig. 31. 

When the splice in the conductors is finished the 
lead sleeve is slid over it, and its ends are joined 
to the cable sheath by pouring hot lead over them 
and "wiping" it on with a pad as it cools. This 

Fig. 28. Several styles of solderless connectors nade for splicing cables. 
These connectors grip the cable very securely when their nuts are 
tightened with a wrench. 
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Fig. 31. This view shows several of the important steps in splicing 
lead covered cables. 

is a very critical job and one that requires a lot of 
practice to get the lead on smoothly and obtain a 
tight junction, without melting the sheath. The 
whole joint is then poured full of hot paraffin or 
insulating compound, through a small drilled hole 
in the sleeve. Then this hole is plugged tight to 
exclude all air and moisture. 

Fig. 32 shows some of the steps in making such 
a splice. 

36. TAPING OF SPLICES 

All splices on wires with ordinary rubber and 
braid insulation should be taped carefully to pro-
vide the same quality of insulation over the splice 
as over the rest of the wires. 
Two kinds of tape are used for this, one a soft 

gum Rubber Tape, and the other known as Friction 
Tape, which consists of cloth filled with sticky in-
sulating compound. 
The rubber tape is applied to the splice first to 

provide air and moisture tight insulation of high 

dielectric strength, and equal to the rubber which 
was removed. The friction tape is then wrapped 
over the rubber tape to provide mechanical protec-
tion similar to that of the braid which was removed. 

In applying rubber tape, cut from 2 to 4 inches 
from the roll and peel off the cloth or paper strip 
which separates it in the roll. Then start the end 
of this strip at one end of the splice, tight to, or 
slightly overlapping, the rubber on the wires. 
Stretch it slightly while winding it on spirally. 
Press or pinch the end down tightly onto the last 
turn to make it stick in place. See Fig. 33. 
A short time after this tape is applied, it becomes 

very tightly stuck together in almost a continuous 
mass, so it cannot be unwound, but would need to 
be cut or torn off. This is ideal for proper insulation. 

The friction tape is "peeled" from the roll and 
applied in a spiral winding of two or more layers. 

Fig. 32. "A" shows method of "wiping" the joint between the sleeve 
and sheath of a lead covered cable. "B". Pouring the finished splice 
full of hot insulating compound. "C", Finished splice with sleeve 
in place. "D" and "E", Small inner sleeves of insulating material 
are often used to separately Insulate the several conductors. 
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Fig. 33. The upper view shows a "tap" splice covered with rubber tape. 
The center and lower views show "tap" and "pigtail" splices com-
pletely taped with both rubber and friction tape. 

Each turn should lap well over the preceding one. 

Sometimes where one has working room to allow 
it, the friction tape can be started on the splice 
without tearing it from the roll, and the roll then 

passed around the wire, allowing the tape Leeded to 

unwind as it is wrapped on the splice. 

Friction tape can be torn off the roll, or it can be 

split in narrower strips by simply tearing it. 

Fig. 34. Pigtail splices can be quickly and conveniently soldered by 
dipping in molten solder as shown. 

TYPES OF WIRING SYSTEMS 

While we have found that the conductors for 
light and power wiring have good insulation on 
them, we can also see that this insulation is not 
sufficient to protect the wires from the mechanical 
injury and damage they would receive if they were 
just run loosely and carelessly about the buildings. 

For this reason and also for the sake of appear-
ance, all wiring must be run on proper supports, 
and with proper additional protection to its insula-
tion where necessary. It should be located where it 
cannot be bumped with moving objects, and out of 
the way as much as possible. 

In addition to the several general classes of 
wiring systems we have already mentioned, this 
work is also divided into several types of systems 
according to the method of installation, and kind of 
materials used. 
Two general divisions are: Open or Exposed 

Wiring, and Concealed Wiring. 
In open wiring systems the wires are run on the 

surfaces of the walls, ceilings, columns and parti-
tions, where they are in view and readily accessible. 

e Concealed wiring systems have all wires run in-
side of walls and partitions, and within the ceilings 
and floors, where they are out of view and not 
easily reached. 
Open wiring is often used in mills, factories, 

warehouses, and old buildings, where appearance 
is not important, and where it may often be desir-
able to make changes in the wiring. One of its ad-
vantages is that it is always easy to inspect or 
repair. 

Concealed wiring is generally used in all new 
buildings for homes, offices, stores, etc.; and also 
for many modern factories. It is much to be pre-
ferred where good appearance is important. 

Another way of classifying wiring systems is 
based on whether or not the wires are run in metal. 

NON-METAL SYSTEMS 

1. Knob and Tube Work, where the wires are 
supported by porcelain knobs and tubes. This 
system may be either open or concealed, and is a 
very low cost system. 

2. Cleat Work, where wires are supported by 
cleats and knobs. This system is also very low in 
cost but cannot be concealed. 

3. Non-Metallic Sheathed Cable. This is one of 
the newer systems to be permitted by the Code, is 
reasonable in cost, very convenient to install, and 
can be run concealed or open. 

4. Wood Moulding, where wires are run in 
grooves in wood strips. This is a very old system 
and is now considered obsolete. 
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METAL SYSTEMS 

5. Rigid Conduit. Wires are run in iron pipes. 
This system is somewhat higher in cost, but is con-
sidered the best of all systems, and can be either 
open or concealed. 

6. Flexible Conduit. Wires are run in flexible 
steel tubes. A very reliable system and very con-
venient to install in certain places. Can be either 
concealed or open work. 

Both of the above are considered as one system 
by the National Code. 

7. Electrical Metallic Tubing. Wires run in 
steel tubes, lighter in weight than regular conduit, 
and equipped with special threadless fittings. A 
very good system, and very convenient to install, 
but has certain code restrictions. Can be used for 
open or concealed work. 

8. Armored Cable (B. X.). \Vires are encased 
permanently in a flexible steel casing at the factory, 
and bought this way. A very reliable system and 
very convenient to install. May be run either open 
or concealed. 

9. Surface Metal Raceways. (Often called metal 
moulding.) Wires are run in thin flat or oval metal 
tubes, or split casings. Low in cost, but can only 
be used for open work. 

10. Underfloor Raceways. Wires run in metal 
casings or ducts under floors. Used in factories 
and offices, but under certain Code restrictions. 
This list of the various types of wiring systems 

will also give you a good general idea of their ap-
plications and the materials used. We will now 
cover each system in detail, with its materials, ad-
vantages, and methods of installation. 

37. KNOB AND TUBE WIRING 
The Knob and Tube system is one of the oldest 

and simplest forms of wiring, and while not as re-
liable as conduit, it is allowed by the National Code, 
and is still used to some extent in small towns and 
rural homes. If carefully installed it will give very 
good service and at very low cost of installation. 
The principal materials required for a wiring 

job of this type, are the Porcelain Knobs, Porcelain 
Tubes, and flexible non-metallic tubing known as 
"Loom". 
The knobs are used to support the wires along 

surfaces or joists of the building. The tubes are to 
protect the wires where they run through holes in 
joists or walls, and the loom to protect the wires 
through holes, or where they enter outlet boxes or 
run close together. 

38. KNOBS 
Fig. 35 shows an excellent view of a split knob 

of the type commonly used, and also a porcelain 
tube in the lower view. 
You will note that the knob has grooves on each 

side, with ridges in them to grip the insulation on 
the wire. The wire can be run in either groove, but 
do not run two wires of opposite polarity on one 
knob. 
The nail has a leather washer under its head to 

Fig. 35. The upper view shows a common type of split knob with the 
nail and leather washers which are used with them. Below is a 
porcelain tube of the type used in Knob and Tube wiring. 

prevent splitting the knob caps when driving it 
tight. Care should be used, however, as it is pos-
sible to split the knob cap if it is tightened too 
much. 
Knobs should be placed along the wire not 

farther than 4Y2 feet apart, and in some cases should 
be more frequent to provide proper support. 

Before tightening the knobs, the wires should 
be drawn up tight so they will not sag and touch 
the wood, or present a bad apearance. 
Wires of opposite polarity supported on knobs, 

must be spaced three inches or more apart. 
Knobs can be used to support either horizontal 

or vertical wires, as long as the wires are drawn 
up tight. 

Fig. 36 shows several styles and sizes of knobs, 
and also some porcelain cleats, and both a solid and 
a split porcelain tube. 
The one piece knobs with the grooves around 

them must have the wires tied to them with a short 
piece of wire of the same size and insulation as the 
running wire. 
Knobs must hold the wires at least an inch away 

from the surface wired over. 
Sometimes knobs are fastened with screws in-

stead of nails, and the ordinary split knob, such 
as shown in Fig. 35, would require 2Y2" nr 3" 
No. 10 flat head wood screws. 
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39. TUBES 

Wherever the wires are to run through holes in eoists or walls, the porcelain tubes must be used to 
prevent damage to the insulation by rubbing or 
vibration. 
The standard tube is 3" in length and about 5/8" 

in diameter, and has a bulge or head on one end. 
Where the tube must run at a slant, the head should 
always be placed upwards to prevent the tube from 
dropping out of the hole. An exception to this is 
where wires enter an outlet box and the tube is 
held in place by the wire being bent back toward 
the nearest knob. The head should then be on the 
end which will prevent the angle of the wire from 
pushing it out of the hole. 

Either a 5/8" or 11/16" wood bit can be used for 
boring the holes for standard porcelain tubes, and 
it is well to bore them with a little slant so the tubes 
will not tend to work out of the holes. 
Other tubes can be obtained, both longer and 

larger than the common 3" size. 

Fig. 34. Several different types of solid and split knobs, cleats and tubes. 

40. LOOM 

Fig. 37 shows a piece of the flexible "loom", and 
Fig. 38 shows a larger view of a small piece, in 
which you can see the inside construction of this 
woven insulation. 

Fig. 37. A piece of "loom" or flexible insulation used to protect wires 
in certain places in Knob and Tube wiring. 

Wherever wires enter an outlet box for a switch 
or lamp, a piece of loom must cover the wires from 
within the outlet box to the nearest knob outside 
the box. Fig. 39 shows a metal clamp used for 
fastening the end of the loom into the box. This 
clamp grips the loom with small teeth and wedge» 
it tightly in the hole to prevent it from ever slipping 
out. 
Where wires must be closer than 5 inches apart 

or where they must be run inside a wall, ceiling, or 
floor, for more than four and a half feet without 
knobs, they must be completely covered with loom. 
By protecting the wires in this manner they can be 
fished through difficult places in old house wiring, 
where knobs cannot be placed. 

Fig. 38. Enlarged view showing the fabric and construction of a Piece 
of "loom". 

Some electricians occasionally try to cheat the 
Code and the customer by placing short pieces of 
loom only at each end of such a wire run, and not 
clear through. But when caught by a careful inspec-
tor, or when it causes a fire, such work as this costs 
the electrician far more than the extra loom for a 
good job would have cost. 

In some places even in new house wiring it may 
be desired to run five or six wires or more between 
the same two joists. This cannot be done with 
knobs and still keep them all five inches apart. It 
can be done, however, by covering the wires with 
loom and running them all between two joists, or 
by grouping them all on one joist under loom 
straps. 
Where one wire crosses another, or crosses a pipe 

of any kind, if it cannot be supported well away by 
a knob, a porcelain tube or piece of loom five or six 
inches long can be slid on the wire and taped in 
place at its ends, to hold it directly over the wire 
or pipe to be crossed. 
Wherever wires are attached to switches or enter 

outlet boxes, or where a tap is taken from a wire, a 
knob should be located close to this point to take 
all possible strain off from the splice or switch, or 
edge of the outlet box. See Fig. 40-A, which shows 
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how a knob can be used both to support the running 
wire and to secure the tap wire and keep any strain 
off the splice. 

Fig. 40-B shows how an extra knob should be 
placed near the point where a splice is made to a 
running wire which is not supported by a nearby 
knob. 

Fig. 41 shows a section of a knob and tube wiring 
system in which you can observe a number of the 
parts and methods which we have mentioned for 
this type of work. 
Examine this photo closely and note the impor-

tant points shown. 

The Clip Placing Clip in Box 

Fig. 39. "Loom" can be fastened securely in the outlet box with clips 
as shown above. 

41. RUNNING THE WIRES 
When wiring a new building with a knob and 

tube system, it is quite easy to install the wiring 
between the joists in walls and ceilings before the 
lath and plaster are put on. 
The wires should be run for the mains and branch 

circuits, and the outlet boxes for switches and lights 
should be installed. The boxes should be set so 
their edges will be about flush with the plaster sur-
face, or a little beneath it. They should not be "re-
cessed" or set in, more than g inch at the most. 
These outlet boxes will be explained later. 
When running wires in old buildings, advantage 

can usually be taken of unused attics or basement 
ceilings, making it quite simple to run the wires 
in these places. Where the wires are likely to be 
disturbed or injured, if run on protruding knobs, it 
is well to protect them by running a board along 

Fig. 40-A. Sketch showing a Knob used both to support the 'running' 
wire and to keep the "tap" wire from putting any strain on the 
splice. 

Fig. 40-B. When no Knob is near on the "running" wire an antra ene 
should be placed on the "tap" wire close to the splice in the manner 
here shown. 

Fig. 41. This photo shows several ol the most Important features in a 
Knob and Tube wiring system. Note particularly the manner in 
which the "loom" extends from the outlet box, the use of the 
porcelain tube where the wires cross, and position of tubes in the 
joists when they are near to knobs as shown. 

them, or by running the wires through the jois 
in tubes. 
Where the wires are run through walls to switch 

boxes or wall light outlets, they can usually be 
pushed up or dropped down between the vertical 
joists and pulled out through the outlet opening. 
A "mouse" and string, as formerly described in 

the section on signal wiring, can be used to good 
advantage to pull the wires through vertical walls. 
Where they must be run horizontally through hol-

low floors or ceilings, a steel fish tape can be pushed 
through first, and used to pull in the wires. These 
fish tapes are long, thin, flat pieces of springy steel 
and obtainable in different sizes and lengths. They 
can be pushed and wiggled quite a distance through 
spaces between joists, and even around corners and 
obstructions to quite an extent. They are also used 
for pulling wires in conduit, as will be explained 
later. 

Fig. 42 shows a piece of fish tape rolled in a coil 
for convenient carrying. 
An ordinary jointed steel fishing rod, or a long 

thin stick with an eye in the end, can often be used 
very well to push wires into difficult places, or to 
push a string through and then use the string to 
pull in the wires. 

42. OUTLET BOXES 
Where wires are attached to switches or fixture • 

proper outlet boxes should be used. Fig. 43 sh 
a common type of outlet box for use with switc 
or convenience outlet receptacles. This box is made 
of thin steel and in sections, so it can be made wider 
to hold several switches or receptacles if desired. 
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Fig. 42. A coil of steel fish tape, such as used for pulling wires into 
difficult places in a building, or through conduit. 

The small detachable "ears" on each outer end 
are to fasten the box to the lath or wall, and they 
are adjustable so the box can be set out farther by 
merely loosening the screws in the "ear". These 
boxes have "knockout" pieces or round sections cut 
nearly through the metal, so they can be punched or emocked out with a hammer. These openings are 
for the loom and wires to enter the box for con-
necting the switch. 
Such outlet boxes provide a rigid support for the 

switches or receptacles, and a protection around the 
back of the devices where the wires are connected. 
The center and lower views in Fig. 43 show a 

clamping plate and screw inside the box with 
special shaped notches for gripping the loom or 
flexible conductor sheath where it enters. Note 
that the notches in this plate come directly over 
two knockout slugs. 
Outlet or knockout boxes of this type can be ob-

tained with the small knockouts to fit loom, or with 

• 

Fig. 43. Several views of a sectional outlet box of the type used for 
mounting switches and receptacles. 

larger ones for conduit, but the boxes are standard 
size to fit all push button or lever switches. 

Fig. 44 shows a double outlet box for two 
switches or receptacles. The screws in the small 
"lips" at the center of each end are for fastening the 
switches or receptacles in the box. 

Fig. 45 shows a type of ceiling outlet box, used 
to attach wires to lighting fixtures, and also to 
support the fixture in wiring of old houses. Boxes 
of this type, but at least 1Y2 inches deep are com-
monly used for ceiling outlets in new buildings. 

Fig. 44. Double outlet box for mounting two switches, two receptacles. 
or a switch and receptacle. 

Fig. 46 shows some of the various types of outlet 
boxes and covers available. You will note that some 
of these have both small and large knockouts, so 
they can be used either with loom for knob and 
tube wiring, or with conduit. 

Fig. 47 shows an outlet box with bar hanger used 
to support it between joists, and you can also note 
the fixture stud in the center of the box for attach-
ing a lighting fixture. This box also contains two 
new style loom clamps. 

Fig. 4.5. A metal bar or hanger is used to support outlet boxee between 
the joists. 

Fig. 48 shows how large solid knobs are often 
mounted on racks to support various numbers of 
power cables. 

43. CLEAT WIRING 

In cleat wiring systems the wires are run in pairs 
and supported in grooves in the ends of porcelain 
cleats such as shown in Fig. 49. This view shows a 
two-wire cleat, but they are also made for three 
wires. 
These cleats are fastened to the walls or ceilings 

with two screws through the holes shown. They 
must support the wires at least from the surface 
wired over, and keep them at least 254" apart. 
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Fig. 48. Several 4.1Pes of outlet bores and covers. Note the arrange-

ment and size of the "knock-out" openings. 

Cleats should not be placed farther apart than 4Y2 
feet along the wires, and in many places should be 
closer. 

Cleat wiring may be used as part of a knob and 
tube or other system, but must always be run 
exposed. 
Tubes or loom must also be used where the wires 

pass through walls or partitions. 

44. CLEAT FITTINGS 

To attach fixtures to a cleat wiring system we 
can use an outlet box that fastens to the ceiling or 
wall with screws and is covered by the canopy of 
the fixture. Loom must be used where the wires 
enter the box. 
For installing plain lamps with reflectors only, 

cleat receptacles or rosettes, such as shown in Fig. 
49-B, are used. The two in the upper row are to be 
mounted on the same surface the cleats are on, and 
the wires should be attached directly to the termi-

Fig. 47. This photo shows the inside of a common outlet box with fixture 
stud and "loom" clamps in place, and also the bar used for mounting 
the hen. 

Fig. 48. Large solid knobs on special 
brackets of the type shown above are 

often used to support runs of several 
large wires or cables. Open wiring sys-
tems in factories and industrial plants 
often make use of knobs or cable racks of 
this type. They are very convenient to 
install, and the knobs can be removed by 
withdrawing the rod which runs through 
them, thus making it easy to place the 
wires on the inside of the knobs U desired, 
or in other cases they are tied to the 
outside of the groove with a tie wire. 

nais of the receptacles. Lamp bulbs can be screwed 
into the openings shown. The two in the centedli 
row are called "rosettes" and are used to suspend"' 
lamps on drop cords. The two below are other 
types of drop cord rosettes, and the one at the left 
can be used either with cleat or moulding work. 

Fig. 49. Porcelain cleats of the type used for holding two or three wires 
in cleat wiring systems. 

Surface type snap switches are commonly used in 
cleat work, and a porcelain Switch Back is used to 
hold the switch base and wires inch away from 
the mounting surface. 
The same general rules are followed in cleat 

work, as were given in knob and tube work, for 
protecting wires where they may cross pipes or 
each other. We should also use cleats near splices 
or connections to devices, as we do with knobs, to 
remove any possible strain from the splices. 

45. NON-METALLIC SHEATHED CABLE 
This system of wiring consists of wires encase 

in a covering of protective fabric. Fig. 50 is 
sketch of a piece of this cable of the two-wire type, 
and shows the extra insulation on the wires as well 
as the outer covering, which is somewhat similar 
to loom. 
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Fig. 49-B. Several types of porcelain receptacles used for attaching 
lamps or drop cords to a cleat wiring system. 

This material is known by several different trade 
names such as "Romex," and "Loomflex," and can 
be obtained in either two-wire or three-wire cables. 
Fig. 51 shows a piece of each kind, and the method 
of fastening them to the walls or partitions with 
metal straps. 
This type of cable is very flexible and very easy 
install and, as before mentioned, it can be run 

either exposed or concealed. In concealed wiring 
it can be run between joists or through holes with-
out any additional protection, and simply fastened 
in place by the small metal straps, such as shown 
in Fig. 51. This cable is very popular for wiring 
old buildings. 

46. INSTALLING ROMEX 
The holding straps must not be spaced farther 

apart than three feet, and the cable should always 
be run along some supporting surface such as a 
joist, wall, or ceiling. When run across joists or 
open spaces it should be supported by a board. 
When it is being run concealed in new buildings 
the straps can be placed feet apart, and in old 
buildings, where it is impractical to support the 
cable with straps, it can be fished from one outlet 
to another, similarly to wires covered with loom. 

Fig. 54. This sketch shows the constructien of • piece of nan-inetelic 
sheathed cable or "RocneX". Note the heavy layers of extra insula-
tion on the wires, and also the strong outer braid covering. 

1111°Even though the original cost of this material 
s somewhat higher than that of the same number 
of feet of wire with knobs and tubes, the ease with 
which it can be installed makes the finished system 
very reasonable in cost. 

Any bends in such cable runs should be care-
fully made so as not to injure the covering and 
insulation of the cable, and the bends should have 
a radius of not less than five times the diameter 
of the cable. 

Regular outlet boxes of the type already ex-
plained are used where switches and fixtures are to 
be installed. All cable runs must be continuous and 
without splices from one outlet box to the next. 
Where the cable comes through the floor, or is 

run along a partition within six inches of a floor, 
it should be protected by running it through rigid 
conduit or pipe. 

Fig. 51. This view shows a piece of three-wire and one of two-wire 
non-metallic sheathed cable, and also the method of attaching this 
cable to a surface with metal straps and screws. 

47. GROUND WIRES AND FITTINGS 

One form of this sheathed cable has a bare cop-
per wire run under the outer covering, parallel to 
the insulated wires. This wire is used for ground-
ing the various outlet boxes and fixtures, and it 
should be securely grounded at the service switch, 
or entrance to the building. 

Fig. 52 shows several methods of attaching the 

Fig. 52. The four views above show methods of attaching RorneX to 
outlet boxes with special clamps for this purpose. Not, the ends of 
the wires, wide.' are t. be stripped back to allow the splicing or 
eamestlem. 
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cable to common outlet boxes. The two upper 
views show the use of a "squeeze" clamp, which 
is attached to the outlet box with a lock-nut, and 
into which the cable is inserted and then gripped 
by tightening the screw of this clamp. The two 
lower views show another type of clamp similar 
to those used for fastening loom. 
The ground wires should be stripped back six 

or eight inches through the outer covering of the 
cable to allow the wires to be stripped for connec-
tions in the box, and then this ground wire is 
attached to the cable clamp, as in Fig. 53, thus 
effectively grounding the outlet box. The ground 
wire must not in any case be left inside the box. 

Fig. 53. This sketch shows the method of stripping back the extra 
ground wire in non-metallic sheathed cable, and also the manner in 
which it is attached to the outlet box clamp. 

Fig. 54 shows a method of installing non-metallic 
cable in the joists of a new house, and Fig. 55 
shows how it can be installed in the attic of either 
a new or old building. 

Fig. 54. A section of an installation of RomeX, showing bow le la nia 
through and along joists of a building. 

Fig. SS. RotneX is a very convenient type of wiring to install in the 
attics and walls of finished buildings. 

In general, the installation of non-metallic cabl 
is very similar to that of armored cable, or B. 
which is covered in a later section. 

48. WOOD MOULDING 

As previously mentioned, this system of wiring 
is not used much any more, but you may possibly 
still find some installations of it, where an exten-
sion in the same type of wiring might be desired. 
Even then, it would probably be better to install 
metal moulding or raceway, unless the other sys-
tem had to be matched exactly. 

Fig. 56 shows a sketch of a piece of this mould-
ing, and the manner in which the wires are run 
in the grooves, and the wood cap placed over them. 

Fig. St. A piece of wood moulding of the type sometimes used in making 
additions to old systems of this type. 

When installing switches or fixtures with this 
type of system, the moulding is either cut to allow 
the mounting of a special porcelain block or fittino. 
to which the wires are attached, or in some ca 
connection may be made direct to the switch , 
which can be mounted flush with the surface of 
the moulding. A special fitting is also required 
where tap splices are made to running wires. 
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\Ve would not advise using this type of wiring 

()
in any case, except where absolutely necessary to match some existing system. In many old systems 
of this type the wiring can be made a great deal 
safer and more dependable if it is entirely removed 
and replaced with a more modern system. 

RIGID CONDUIT WIRING 

While this system is a little more expensive to 
install, it is usually by far the safest and most 
satisfactory type of wiring. In this system the 
wiring is enclosed throughout in rigid steel pipe, 
which can be run either exposed or concealed in 
wood building partitions, or even embedded in the 
concrete or masonry of modern fire-proof buildings. 

Concealed conduit must, of course, be installed 
in either frame or masonry buildings while they 
are being erected, although additional runs of ex-
posed conduit are sometimes added or installed in 
finished buildings. 

49. ADVANTAGES OF CONDUIT WIRING. 

With the conduit system grounded as required 
by Code rules, there is practically no chance of fire 
or personal injury, due to any defects in the wire 
or insulation, because in such cases the wire be-
comes grounded to the pipe, and will immediately 
blow the fuse and open the circuit as soon as the 

Elkault occurs. In case of any momentary grounds 
r short circuits in such systems, the fact that the 

wires are enclosed in metal pipe makes it almost 
impossible to start any fires. 
Some of the general advantages of conduit wiring 

are as follows: 

1. The wiring is much more compact, and takes 
up less space than when strung out on knobs. 

2. The grounded metal conduit shields the con-
ductors magnetically, and prevents them from set-
ting up external magnetic and electro-static fields 
that would otherwise interfere with telephones or 
radio equipment. 

3. Conduit forms an absolutely rigid support for 
the wires without placing any strain on them, and 
also affords excellent protection from any mechan-
ical damage or injury to the conductors. 

4. It provides a very convenient method of 
grounding the circuit at any desired point. 

5. It is suitable for both low voltage and high 
voltage wiring, depending upon the insulation of 
the wires or cable used; while the other systems 
mentioned can be used only for voltages under 
600, and several of them under 300. 

In addition to the above advantages, rigid conduit 
can be made absolutely water-proof, and is, there-
fore, suitable for wiring in damp locations. a In wiring new homes the slight extra cost is 

ell worth while, because a conduit system will 
certainly be the most dependable and permanently 
satisfactory one obtainable. Many of the larger 
cities require that all new homes have conduit 

wiring installed. Practically all modern apartment 
buildings, offices, hotels, and department stores use 
conduit wiring exclusively, and industrial plants 
and buildings of fire-proof construction use it very 
generally. Many towns require the use of conduit 
for the entrance of service wires to the buildings, 
even though the building itself may use some other 
form of wiring. 
Conduit pipe is very much like ordinary gas or 

water pipe in general appearance, except that it is 
somewhat softer, so it can be more easily bent for 
making turns and offsets in the runs. 

Fig. 57 shows a piece of rigid conduit, and a 
sectional view of the end, as well as the threads 
on the right hand end. 

Fig. 57. Piece of rigid conduit or pipe, In which wires are run in conduit 
systems. 

Conduit is made in standard sizes from Ye inch to 
6-inch inside diameter. These standard sizes are Y2-
inch, /4-inch, 1-inch, 1X-inch, 1Y2-inch, 2-inch, 2Y2-
inch, 3-inch, 4-inch, 4y2-inch, 5-inch, and 6-inch. 
These dimensions are approximately the actual in-
side diameter, usually being a little larger in each 
case. The Y2-inch size is the one most commonly 
used for ordinary house wiring, and V4-inch is used 
on some of the main runs. 
The inside surface of conduit piping is smoothed 

by the manufacturers, so it will have no rough 
spots that might cut or damage the insulation on 
the wires. It is also enameled to prevent rusting. 
The outside surface is usually coated with water-

proof enamel, or galvanized. One process for treat-
ing both inside and outside is called "Sherardizing", 
and is a process whereby zinc is applied to the 
surface while hot, in such a manner that it actually 
alloys with the pipe. 

50. CONDUIT FITTINGS AND METHODS 
OF INSTALLING 

Conduit is made in ten-foot lengths for conve-
nient handling and installation. Where longer runs 
are required between outlets, it is necessary to cou-
ple the ends of the pipe together by threading 
them with a die, and using a pipe coupling. Such 
joints should be thoroughly tightened to make 
them as water-tight as possible and to provide a 
good electrical circuit, as the Code requires that 
the entire conduit system be continuous, for the 
purpose of having a complete ground circuit. 

Fig. 58 shows the method of using a die to thread 
the end of a piece of conduit, and the proper posi-
tion to hold the die stock handles. 

Fig. 59 shows a sketch of a pipe coupling at the 
left as it would be used to attach two straight 
lengths of conduit together. The view at the right 
shows a coupling used with a nipple to attach runs 
of conduit to an outlet box. 
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Fig. 51. Threading the ends of rigid conduit. Note the method of 
holding and operating the die. 

Standard outlet boxes of the type already shown 
and described, with knockouts of the proper size, 
are used with conduit systems. 
The common method of attaching the conduit to 

the outlet box is to thread the pipe end and screw 
a lock-nut well back on the threads. Then insert 
the threaded end in the box and screw on the end 
bushing. By tightening the lock-nut on the out-
side, the conduit is then securely fastened to the 
box. The box also becomes a part of the complete 
grounded circuit, and for this reason the lock-nuts 
should be well tightened with a wrench, to insure 
good connections. 

Fig. 60 shows a conduit bushing on the left, and 
a lock-nut in the center view. 
The bushing not only helps to secure the pipe 

to the box, but also has a smooth rounded end to 
protect the wires from damage against the edges 
of the conduit. 
Never attach a small conduit to a hole that is 

too large in the outlet box, without using proper 
reducers or washers to get a secure connection. 

Fig. 59. Threaded couplings are used to connect lengths of conduit 
together, and in some cases to connect them to outlet boxes with a 
special nipple. 

51. REAMING, CUTTING AND BENDING 
OF CONDUIT 

The ends of all lengths of conduit are reamed at 
the factory to eliminate sharp corners that might 
otherwise damage the insulation on the wires. 
When you cut shorter lengths they should be 
reamed, as shown in Fig. 61, before coupling them 
together, or attaching them to outlet boxes. This 
removes any possible sharp edges on the inner cor-
ners. and protects the insulation of the wires from 
damage when drawing them in. 
When a piece of conduit shorter than ten feet is 

required, it can easily be cut to the desired length 

with a hack-saw, as shown in Fig. 62. Considerable 
care should be taken in measuring the length of 
conduit runs, so that the piece will be cut the proper. 
length to fit the location of the outlet box, and avoid 
mistakes that will waste time and conduit. 
Where a conduit run must turn a corner or go 

around some obstruction, the smaller sizes can be 
easily bent with a tool called a "hickey." 

Fig. 63 shows the method of bending a piece of 
Y2-inch conduit with one of these hickeys. The 
conduit can either be laid on the floor, as shown 
in this view, or fastened in a pipe vise securely 
mounted on a bench or truck. Special stands with 
pipe legs for attaching to floor are also obtainable 
for conduit bending and cutting. Fig. 63-B shows 
two types of hickeys or grips without the pipe 
handles in them. 

Fig. SO. A bushing and lock nut of the type most commonly used in 
attaching conduit to outlet boxes. 

52. SIZES AND TYPES OF BENDS, AND 
NUMBER ALLOWED 

In making conduit bends care should be used 
not to bend them too sharply and cause the pipe to 
flatten, as this will reduce the inside opening, an ifnk 
make it difficult or impossible to draw the wireW 
through it. The inside radius of any bend should 
not be less than six times the rated diameter of the 
conduit. This means that the bend would form part 
of a circle with a radius six times the conduit 
diameter. (Radius is distance from center to out-
side of a circle). 
Thus, if we were bending Y2-inch conduit, the 

inner radius of any bend should not be less than 
three inches, which would mean that the curve of 
the pipe should conform to, or fit the outer edge 
of a circle six inches in diameter. 

Fig. 64 shows several of the more common bends 
made in conduit, and the names by which they are 
called. Not more than four right angle bends are 
allowed in any single run of conduit between outlet 
boxes. This is because the greater the number of 

Fig. $1. Reaming the end of a piece of conduit after cutting te relieve 
ahem edges, which might damage the insulation on the wire. 
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bends the harder it is to pull the wires through the 
ipe. 

Fig. 62. Cutting a piece of rigid conduit with a hack saw. It should 
always be cut squarely as otherwise it is difficult to properly ream 
and thread it. 

53. CONDUIT FITTINGS 
While the sizes from Y2-inch to 34-inch can be 

quite easily bent, on the larger sizes it is quite 
customary to buy manufactured elbows. However, 
the larger conduits can be bent on the job with 
power bending equipment, or by use of block and 
tackle, and some secure anchorage for the pipe. 
ak a r p turns in conduit can be made by the use of 
nifftings commonly known as condulets and unilets. 
These fittings are also made for attaching one 
length of conduit to another, and for crossing 
conduits, and for practically every need that can 
arise in a conduit installation. 

Fig. 63. Smaller sizes of conduit can be easily bent into the required 
curves and shapes with a bending "hickey". in the manner shown here. 

ig. 65 shows a number of these fittings with 
their proper letters, by which they are marked and 
specified when buying. Examine these fittings and 
note their various applications carefully. The letter 

L denotes an elbow or fitting used to make a right 
angle turn. An L.R. fitting is one that is used to 
make a turn to the right, while an L.L. fitting is 
one used to make a turn to the left. 
These directions are determined by holding the 

condulets up with the opening toward you, and 
the short L. on the lower end. Then, if this short 
extension points to the right, it is an L.R., or if it 
points to the left it is an L.L. fitting. 
An L. B. is one with a pipe opening in the back. 

An I.. F., one with a pipe opening in the front. 
There are also Tee fittings with a tap opening on 

the back or either side desired, and cross fittings 
with openings on both sides, as well as the ends. 
The fittings here mentioned are the ones more 
commonly used and, along with the special fittings 
made, will fill almost every need that can arise. 

Fig. 63-B. These views show two types of grips or "hickeys" used with 
a pipe handle for bending conduit. 

54. PULL BOXES AND JUNCTION BOXES. 

In addition to these fittings, and the regular out-
let boxes used for mounting switches and fixtures, 
there are also pull boxes, which are used at various 
points in long runs of conduit to make it easier to 
pull in the wires in shorter sections at a time. 
Sometimes the run of conduit is so long, or han 

so great a number of bends, that it is impossible to 
pull the wires through the whole distance at once 
without running the risk of breaking them or 
damaging the insulation. In such cases the wires 
can be pulled through as far as the first pull box 
along the run, and then looped back, and pulled 
through the following section. 

In other cases boxes are used where there are 
junctions in the wiring system and a number of 
splices must be macle. These are called "Junction" 

Fig. 14. This photo shows several of the more common bends frequently 
made in conduit. Note the names given to each. The saddle bead 
can, of course, be made much deeper in the form of a "U" aril» 
required. 
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Fig. SS. This photo shows a number of the more common types ef 
conduit fittings and outlet boxes, also porcelain covers for the fit-
tings, conduit straps, fixture stud and lock nuts. 

boxes. Several of the more common types of out-
let boxes are shown in Fig. 65. There are many 
types of special boxes for almost every possible 
requirement, but those shown and mentioned here 
will fill the need in 95 per cent or more of the cases 
in ordinary wiring jobs. Fig. 65-B shows a number 
of the covers used on these boxes. Some are blank 
for merely closing the boxes, and others have open-
ings and screws for attaching switches or recep-
tacles, or for leading out wires to other terminals 
or systems. 

55. SUPPORTS FOR CONDUIT 

Conduit is supported and fastened with pipe 
straps, which may have either two holes for nails 
or screws, or a single hole. Fig. 65 shows several 
different types and sizes of straps. 

When these straps must be attached to brick or 
masonry it is necessary to first drill holes in the 
masonry with a star drill, such as shown in Fig. 66. 
These drills can be obtained in different sizes, and 
are used to make holes of any desired depth by 
simply tapping them with a hammer and gradually 
rotating them in the hole. Those of the larger size 
can be used to make openings clear through a wall 
for the conduit to pass through. 

When holes are made for conduit fasteners a 
special plug can be driven tightly into these holes 
to receive wood screws or nails; or a more desirable 
method is to use expansion bolts, similar to those 
shown in Fig. 67. For expansion bolts the star 
drill holes must be made the proper size to fit the 

bolt, and when the expansion shell is inserted, and 
the bolt screwed into it, it causes the shell to spre 
and tightly grip the sides of the hole. 

For fastening conduit or wiring materials to tile, 
a toggle bolt such as shown in Fig. 68 is used. 
These bolts have a hinge bar or cross-piece, which 
can be folded against the side of the bolt so they 
can be pushed into a small hole in the tile. Then, 
by turning the bar crosswise, the ends of this bar 
catch on the inner side of the hole, making a very 
secure anchorage. 

In buildings of concrete or masonry construction 
the pipe is embedded in the cernent, brick, or tile 
and requires no supports. except to hold it in place 
temporarily while the concrete is being poured, or 
the masonry erected around it. 

Fig. tIS-B. Various types of covers can be obtained for outlet boxes and 
for mounting switches, lamp receptacles, etc. 

The Code requires that in all conduit installations 
the pipe and fittings must be installed complete be-
fore any wiring is put in, and the wires should not 
be run until all mechanical construction work 
around the building is finished. This rule is made 
to avoid the possibility of the wires being damaged. 
Ordinary rubber covered wire, with either single 

or double braid, can be used in conduit systems; but 
double braid must be used on wires larger than No. 
8. In special locations where it is particularly dry 
and hot, wire with slowburning insulation can be 
used. 
For use in conduit, wires No. 6 and larger must 

be stranded for better flexibility and ease in pulling 
them in. 

7411111111immee.-- _ sEikose 
• 14inimmanera' 

Fig. IL This view shows the cutting nose of a star drill, such as used 
for drilling holes in masonry for attaching or running conduit in 
buildings of masonry construction. 

• 
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56. PULLING WIRES INTO CONDUIT 

•To pull wires into a conduit system we first push 
steel "fish tape" through the pipe. This can be 

forced through the allowed number of bends quite 
easily, as a ru!e. The wires are then attached to the 
end of the fish tape and pulled in the conduit. All 
the wires in any one run should be pulled in at one 
time. It is very difficult and impractical to draw 
wires into pipe that already has several in it, be-
cause of the friction of the sticky insulation of the 
moving wires rubbing against the stationary ones. 
This same rule applies when repairing or replac-

ing wires in conduit. You may wish to replace only 
one or two wires, but it will often be better to re-
move the entire group, and then pull the new ones 
in with the old wires. 

Fig. 67. Several types of expansion bolts and shells used for fastening 
conduit strips to holes and masonry. 

No splices are allowed in wires in the conduit, or qi any place except in the proper fittings or outlet 
xes. 
If we were to attempt to pull wires with splices 

into a run of conduit, the taping might be pulled 
off at some bend or corner, leaving the bare splice 
to cause a ground or short circuit. 
As each section of the wiring is pulled into the 

runs of conduit, the ends can be cut off at the out-
let box, always allowing enough to make the neces-
sary splices and connections. It is much better to 

'1- 0 

Fig. U. Toggle bolts of the type used to attach conduit to tile walls or 
ceilings. 

allow a couple of inches extra and cut these off 
when installing the switches and fixtures, than to 
have the wires too short, and have to replace them 
or draw them up in a manner that places a strain 
on them. 

apSometimes considerable difficulty is experienced 
pulling wires into long runs with a number of 

bends, but a great deal of this can be eliminated by 
the proper care. If a large number of wires are to 
be pulled into any conduit, or if they have been 

NUMBER OF CONDUCTORS IN CONDUIT 
OR TUBING 

One to Nine Conductors Rubber-Covered— 
Types R, RW, RH, and **RHT--600 V. 

Number of conductors in One Conduit or Tubing 

Conductor 1 2 3 4 5 6 7 8 9 

No. 18 Yi Yi % % % % % 81 
16 Yi Yi Yi % % 
14 Yi % 34 % 4 1 1 
12 Yi Yi 3,5 84 4 

4 
1 1 1 I% 

10 % % 4 4 1 1 1% 1% I% 
8 4 % *1 1 IX IV/ I% IV& 1 ji 

6 

s 
li 

% 
1 

1% 
* 1 1% 

134- 
1%. 

1% 
1 ji 

1% 
1% 
2 

2 
2 

2 
2 

2 
2 

4 % 134. •1 14 114 2 2 2 2 2% 
3 % 1% 1% 1% 2 2 2 2% 2% 
2 % 1% •114 1% 2 2 234 2% 2% 
1 % 134 1% 2 2 234 234 3 3 

o 1 13.‘ 2 2 2% 2% 3 3 3 
00 1 2 2 2.1„, 2;4 3 3 3 334 
000 1 2 2 234 '3 3 3 33/2 334 
0000 1% 2 2% 2% 3 3 334 3% 4 

250000 1% 2% 2% 3 3 334 
300000 13¡ 2% 3 3 334 3% 
350000 I% 234 3 334 334 4 
400000 134 3 3 334 4 4 

450000 114 3 3 314 4 aq 
500000 114 3 3 334 4 434 
550000 134 3 334 4 434 5 
600000 2 3 334 4 4% 5 

650000 2 3% 3% 4 
700000 2 3% 334 4% 
750300 2 3% 334' 434 
800000 2 334 4 4% 

850000 2 314 4 4% 
900000 2 3% 4 4% 
950000 2 4 4 5 
1000000 2 4 4 5 

1250000 2% 4% 4% G 
1500000 2% 4% 5 G 
1750000 3 5 5 G 
2000000 3 5 6 

Fig. 69. This table gives the proper number of wires of different sizes 
which can be allowed in various conduits. It is very convenient to 
use in selecting the proper size of conduit for certain number of 
wires of any desired size. 

started and don't come through easily, it is well to 
withdraw them and blow some powdered soap 
stone, or even powdered soap, into the conduit. 
This lubricates the wires, and eliminates a great 
deal of the friction, without doing any damage to 
their insulation. This is particularly useful when 
pulling in large cables. 

Never use oil or grease of any kind on the wires, 
as it is very injurious to the insulation. 

While pulling on the wires from one end, it is a 
very good idea to have someone feed them care-
fully in to the point where they are drawn in. Keep-
ing the wires straight and free from kinks and 
twists will help considerably to make them pull in 
with the least possible friction. 

Sometimes in vertical runs of conduit, instead of 
using a steel fish tape, a "mouse" consisting of a 
small steel ball or piece of steel chain, is dropped 
through the pipe with a string attached, and this 
cord can then be used to pull in the wires; or a 
large rope which in turn can be attached to the 
wires. 

Wires in long vertical runs of conduit in high 
buildings should be supported at various intervals, 
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either by driving wood wedges into the pipes at 
outlet boxes, or by looping the wires around strain 
insulators in special boxes. This is done to remove 
from the wires near the top the strain of the weight 
of a long vertical run. 

57. NUMBER OF CIRCUITS AND WIRES 
ALLOWED IN ONE CONDUIT 

Wires of different voltages, such as bell wires 
and wires for light or power, must never be run in 
the same conduits. 
When running wires for alternating current sys-

tems, the two wires of a single phase, or three wires 
of the three phase system, must all be run in the 
same conduit; otherwise, they will set up magneti-
cally induced currents in the iron pipe, which will 
cause it to overheat. 
Running all the wires of the same circuit thrcugh 

the one pipe causes their magnetic flux to be neu-
tralized, because the currents flow in different 
directions through the different wires. 

Fig. 69 shows a table which gives the proper 
number of wires that can be allowed in conduit of 
any given size; or, in other words, this table can 
be used to determine the sizes of conduit required 
for any number of wires of a certain size. 
For example, from 1 to 4 No. 14 wires will 

require 72-inch conduit, while 5 to 7 can be run in 
4-inch conduit, and from 7 to 9 in 1-inch conduit. 
To run 5 number 10 wires requires 1-inch conduit, 
or to run 3 number 6 wires requires 1%-inch con-
duit. 
These figures are for double braid insulation. 

DIMENSIONS OF RUBBER-COVERED 
CONDUCTORS 

Types R, RW, RP, and RH 

Slim 
AWG-CM 

Approx. 
Dlam. 
Inehm 

Approx. 
Area 

39. Ina 
Size 
CM 

Approx. 
Diem. 
[Lichee 

Approx. 
Area 

SO. Inn. 

18 .14 .0154 450.000 1.08 .91 
16 .15 .018 500.000 1.12 .99 
14 .20 .031 550.000 1 . 17 1. 08 ' 
12 .22 .038 600.000 1 22 1.16 
10 8 

.24 

.30 
.045 
.071 650.000 1 25 1.23 

700.000 1 .29 I. 30 
8 .41 .13 750,000 1 33 1.38 
4 .45 16 800.000 I 36 1.45 
2 .62 .21 

850.000 1.39 I 52 1 .59. .27 
000,000 1 . 43 1.60 

0 .63 .31 950.000 1 .46 1.68 
00 .67 .35 1.000,000 1.49 1.75 

000 .72 41 
1,250.000 1 68 2.22 0000 .78 .48 
1,500.000 1.79 2 52 

250.000 .86 .58 1,750.000 1.90 2 85 
300.000 .92 .87 2,000,000 2.00 3.14 
350.000 .98 .75 
400,000 1.03 .83 

No. 18 to No. 8, solid conductor, No. 6 and larger, stranded. 

Fig. 70. This table gives the diameter of various sized wires in inches 
and fractions. These diameters are given both for bare and insulated 
wires. 

This table is very easy to read and use, by sim-
ply noting the sizes of the wire in the left-hand 
column and the number of wires desired in the row 
across the top, and then reading down under this 
number to the line for that size of wire, where the 
proper size of conduit will be found. 

Examine this table carefully and become familiar 
with its use because it will prove very convenient 

For wire groups and combinations not shown 
the table, it is recommended that the sum of the 
cross sectional areas of the wires to be run in any 
conduit should not be more than 40 per cent of the 
area of the opening or bore in the conduit. 
Under such conditions, however, it is usually well 

to consult the Inspection Department before going 
ahead with the work. 

Dimensions of Rubber-Covered Wire. 

Wire 

14 
12 
10 

6 

4 

2 

o 
00 

000 
0000 

Arm 

.031 

.038 

.045 
-.071 
.13 
.15 
.16 
.19 
.21 
.27 
.31 
.35 
.41 
.48 

Wire 

225,000 C.M. 
250,000 C.M. 
300,000 C.M. 
350,000 C.M. 
400,000 C.M. 
450,000 C.M. 
500,000 C.M. 
550.000 C.M. 
600,000 C.M. 
650,000 C.M. 
700,000 C.M. 
750,000 C.M. 
800,000 CM. 
850,000 C.M. 
900,000 C.M. 
950,000 C.M. 

Area Wire 

.55 

.50 

.67 

.75 

.83 

.91 

.99 
1.08 
1.16 
1.23 
1.30 
1.38 
1.45 
1.52 
1.60 
1.68 

1,000,030 C.M. 
1,100,000 C.M. 
1,200.000 C.M. 
1,250.000 C.M. 
1,300,000 C.M. 
1,400.000 C.M. 
1,500,000 CM. 
1,600,000 C.M. 
1,700,000 C.M. 
1,750,000 C.M 
1,800,000 E.M. 
1,900,000 C.M. 
2,000,000 C.M. 

Area 

1.74 
2.04 
2.16 
2.22 
2.27 
2.40 
2.52 
2.63 
2.78 
2.85 
2.89 
3.05 
3.14 

Fig. 71. Table of areas of various wires and cables in square inches. 
These figures are very convenient when calculating the area of a 
number of conductors to go in conduit. Areas given include Insula-
tion. 

The table in Fig. 70 gives the diameter and area 
in fractions of an inch for the different sized wire 
with insulation, while table 71 gives the area 
fractions of a sq. inch of the more common size-t 
wires. These tables will make it easy to determine 
the total area of a number of wires of any size 
that you might desire to run in conduit. Then it 
will be easy to tell whether this is more than 40 
per cent of the size of the conduit, by referring to 
table 72, which gives the area in sq. inches of the 
different standard sizes of conduit. 

DIMENSIONS OF CONDUIT 

Conduit 

2% 

Area 
40% of 
Area 

.306 

.616 

.848 
1.49 
2.03 
3.32 
4.76 

.122 

.206 

.339 

.596 

.812 
1.328 
1.9 

Conduit 

3% 
4 

6 

Area 
40% of 
Area 

7.34 
9.94 
12.7 
15.9 
19.9 
28.8 

2.93 
8.97 
5.08 
6.86 
7.96 
11.62 

Fig. 72. This table gives both the total area of the inside opening in 
conduit, and 40% of the area of the different sizes, which Is the 
amount that can be occupied by the conductors. 

This latter table also shows in two of the col-
umns, 40 per cent of the area of each size conduit, 
which makes it a very handy table. As an example 
of its use, if we were required to run six number 6 
wires and four number 2 wires all rubber covered, 
we would multiply the area of a number 6 wie 
which is .13, by 6; or .13 X 6 = .78. Then also m 
tiply the area of a number 2 wire which is .21, by 4; 
or .21 X 4 = .84. Then .78 plus .84 equals 1.62 
square inches, total area for all the wires. 
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Now in the column headed "40 per cent of the 
area" it will be found that a 2Y2-inch conduit will ale required, as it is the next larger, and 40 per cent 
f its area will be 1.90 square inches. 
Ordinarily the Code doesn't permit more than 

nine wires of any size in one conduit. Sometimes it 
is not advisable to allow even this many, not only 
because of the difficulty in pulling them in but also 
because if one wire breaks down or develops a short 
or ground, the arc is likely to damage the insulation 
of all the others and cause trouble in other circuits 
as well. 
Where lead covered conductors are to be run in 

conduit, the table in Fig. 73 will be very con-
venient for determining the proper size of conduit 
for any number of lead covered wires of a given 
size. 

SIZE OF CONDUIT FOR TEE INSTALLATION OF WIRES AND 
CAB LES 

trizi,1 Cowered Wio-ps (0-606 Voltoil 

e 

Size of Conduit to Contain Not More than Four Cable. 

Single Conductor 
Cable 

2-Conductor 
Cable 

3-Conductor 
Cable 

Size or 
Conductor 

1 1 2 1 3 1 4 1 1 1 2 1 3 1 4 1 1 1 2 1 3 1 4 

Cables In One Cables In One Cables In One 
Conduit Conduit Conduit 

If I.à" ei eii % 1 I 1% % I% 1% 1% 
12 3.¡ % Y. i e£ 1 llí IS; 1 14 1% 2 
10 5¡ 114 1 1 U. il¡ ii4 134 1 I% 2 2 
8 3.i 13‘ 1;4 t 1S,‘ 1% 2 1 2 2 2% 
6 % 1% 1% 1% I% 1% 2 254 15¡ 254 3 3 
4 5,4 15¡ 1S¡ ih 14¿ 2 234 254 134 3 3 3% 
3 % 1.4 1% 2 1% 2 254 3 134 3 3 354 
2 1 1% 1% 2 1342 234 3 154 3 354 4 
I I 154 2 2 134 234 3 3 % 2 334 4 414 
0 I 2 2 2042 214 3 354 2 4 43.46 

00 1 2 2 23.62 3 3% 4 23.44 4:4 3 
000 1% 2 214 234 2 3 354 4 2% tq 434 6 

0000 134 215 255 3 254 3 334 451 3 5 8 0 
250.000 I% 254 3 3 .. ... ... ... s 8 8 ... 
300.000 I 54 3 3 335 ... ... • • • • . 3% 4 4 . •-
350.000 135 3 3 335 ... ... ... ... 334 8 8 ... 
4C0.000 134 3 3 314 • • • - 334 8 13 ... 
450.000 13.4 3 3 4 .. ... ... ... 4 6 6 . 
500.000 115 3 314 4 ... ... ... ... 4 8 ... 
600.000 2 35.4 4 45.4 
700.000 2 4 4 5 . .. ... ... ... 

800.000 2 4 434 5 .. .. ... ... ... ... ... 
000.000 23.4 4 454 5 

1.000.000 25¡ 454 434 8 . ... ... .. ... ... ... 
1;250.000 3 5 5 8 .. ... ... ... ... ••• 
1,500.000 3 5 8 8 . ... ... ... ... ... ••• 
1,750.000 3 

334 
6 
6 62.000.000 6 

... ... . • ... •• ••• • •• 

• • • 
The above sizes apply to straight runs or with nominal offsets 

equivalent to not more than two quarter•bends. 
It is recommended that bends have a minimum radius of curv-

attue at the inner edge of the bend of not less than 10 times the 
internal diameter of the conduit. 

Fig. 73. This table gives the number of lead covered wires of different 
sizes that can be contained in various sized conduits. 

58. GROUNDING CONDUIT SYSTEMS 
When the entire conduit system is installed com-

plete from the service switch and meter throughout 
the entire building, it must be thoroughly grounded 
as near to the source of current supply as possible. Ile'his ground connection should be made at a water-
e whenever available. If no piping systems are 
the building which can be depended upon for a 

good ground connection, then a good ground rod 
or piece of pipe can be driven into the ground 

eight feet deep to make sure that it is always in 
contact with moist earth, or a large plate of metal 
can be buried several feet in the earth, and covered 
with charcoal and salt as well as earth. 

All conduit systems are required to be grounded, 
whether any part of the wiring within them is 
grounded or not. These ground connections from 
the conduit to the waterpipe or ground rod should 
be as short as possible, and always accessible for 
inspection, as they must be maintained in good, 
unbroken condition at all times. 
Where the wiring system is not polarized and 

none of its wires are required to be grounded, the 
conduit can be grounded by use of copper ground 
strips, as shown in Fig. 74, or by extending a piece 
of conduit from the regular conduit system to the 
waterpipe and attaching it securely at both ends 
with special clamps. 

Fig. 74. Copper grounding strip of the type shown above is often used to 
ground conduit systems to the waterpipes or earth grounds. 

Where wires are used for grounding, the wire 
should not be smaller than a No. 8, and should be 
attached to the waterpipe with a special grounding 
clamp, two styles of which are shown in Fig. 75. 

Fig. 76 shows three styles of grounding clamps, 
the upper one of which is equipped with a cable 
lug, into which the heavy ground wire or cable 
should be securely soldered. The lower view shows 
two clamps that are used to attach both the ground 
wire and a piece of conduit to the waterpipe. 

Fig. 75. Two types of grounding clamps used to securely attach ground 
wires to waterpipes. 

These are used for polarized wiring systems, which 
will be explained later, and in which it is required 
to ground the neutral wire of the system with a 
ground wire, which is run through a short piece of 
conduit that is also connected to the waterpipe. 
This conduit not only acts as a ground for the con-
duit system, but also as protection for the ground 
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Fig. 76. Several approved type ground clamps used to attach both the 
conduit and ground wire to waterpipes. 

wire of the electrical system. Always scrape all 
paint or rust from any pipe before attaching the 
ground clamp. 

This thorough grounding, as previously men-
tioned, is an essential requirement for maximum 
safety from fire and shock hazard in a wiring sys-
tem, and should be done with the greatest of care 
by the electrician when installing such systems. 

Fig. 77 shows what is called an isometric view or 
phantom view of a house in which a conduit sys-
tem has been installed. This view shows the service 
and meter box in the basement, and the various 
runs of conduit to baseboard, convenience outlets 
and wall switches, wall and ceiling light fixture out-

o 

lets on both the above floors, as well as a light in 
the attic. 

59. ELECTRICAL METALLIC TUBING 
This is a lightweight pipe, much like rigid con-

duit, which has recently been approved by the Fire 
Underwriters. It is made with very thin walls, so 
thin in fact that we are not permitted to thread it. 
This means that threadless fittings are used, which 
saves considerable labor. 

Fig. 78 shows one of the fittings in a sectional 
view which shows the manner in which the tapered 
split sleeves are drawn in by the threads to grip 
the pipe. 

Fig. 78. Sectional view of a fitting for threadless conduit, showing the 
special gripping sleeves inside its ends. 

Fig. 79 shows how easily the fittings can 
placed on or removed from the pipe, by slippin 
the lock-nuts on the pipe and the grip-nuts inside 
the fitting. This tubing is lighter and easier to han-

Fig. 77. Isometric or phantom view of a house in which conduit Is 
installed. Note the arrangement of conduit in walls and ceilings, 
and the locations of various outlet*. 

• 
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Fig. 79. This view shows the convenient manner in which threadless 
fittings can be installed with conduit. 

die than regular conduit and is lower in price. It 
can be bent with less effort, and the cost of installa-
tion, due to the saving of time, is also less. Special 
couplings and fittings of all types are supplied for 
this tubing, similar to conduit fittings but with the 
grips for threadless pipe. Fig. 80 shows a coupling 
used for threadless tubing. 

Split bushings are also made for use of standard 
conduit fittings with metallic tubing. 

Fig. SO. Special coupling used for connecting together lengths of thread-
less conduit or electric metallic tubing. 

In most cases, the same rules apply to this metal-Oic tubing as to the standard conduit, except that 
t cannot be threaded. This tubing and its spe-
cial fittings must be so finished that it will never 
be mistaken for rigid conduit. It may be finished 
in either enamel or zinc and in standard sizes is 
approved in sizes from 72" or 2". Its use is re-
stricted to voltages of 600 volts or less, to No. 0 
wire or smaller, and no circuit therein shall be 
fused for over 30 amperes. It can be used either 
concealed or exposed in dry places where it can-
not be subjected to mechanical injury or corrosive 
vapors. 
Even with all these restrictions, its advantages, 

as noted above, make it a desirable system when 
put to its intended use. Fig. 81 shows a section of 
an installation of threadless tubing. 

Fig. al. Section of an Metanation of electric metallic tubing with thread-
ins, fittings 

60. FLEXIBLE CONDUIT 
Flexible conduit is used very much the same as 

rigid conduit, except that its flexibility permits it 
to be fished into walls and partitions in old build-
ings, where rigid conduit cannot be conveniently 
installed. 
As mentioned before, flexible conduit consists of 

tubing made of spirally wound steel strips, the 
turns of which are securely locked together to form 
a continuous metal casing in which the wires are 
run. Figs. 82 and 83 show pieces of flexible conduit 
of different types, which will give you a general 
idea of its construction. 

Fig. $2 & Fig. 83. Pieces of several types of flexible conduit, showing 
how it is constructed of narrow steel strips wound spirally. 

Like rigid conduit, flexible conduit must be run 
continuously from one outlet to the next, and the 
entire system grounded. 

Fig. 84 shows several types of couplings used in 
connecting lengths of flexible conduit together, and 
also to attach it to outlet boxes. The upper left 
view shows an ordinary straight coupling and the 
grooves which enable it to grip the turns of the 
conduit when it is bolted on. The lower left view 
shows a fitting for making sharp turns with flexible 
conduit, where it attaches to an outlet box. The 
upper right hand view shows a coupling that can 
be used for attaching flexible to rigid conduit, or 
for attaching flexible conduit to an outlet box, with 
an added nipple. The lower right view shows a 
very common connector used for attaching either 
flexible conduit or armored cable to outlet boxes. 

Flexible conduit is not as waterproof as rigid 
conduit is, and should not be used in very damp 
places, unless rubber covered wires with lead 
sheaths are used, and it should not be imbedder' 
in concrete. 

Its particular advantages are ease of install_ 
tion, getting through difficult places with a number 
of bends, and for running flexible leads from rigid 
conduit to motors or other electrical machines. 

Fig. 85 shows a photograph of a motor connected 
up with flexible conduit. This is one of its very 
definite advantages as it allows a motor to be 
moved slightly to tighten belts, etc. 
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The same type of outlet boxes, conduit straps, 
and many of the same general rules for rigid con-
duit are also used for flexible conduit. 
The more important points of conduit wiring sys-

tems have been carefully covered in this section, 
and it will be well for you to get a good general 
understanding of this system, as it is one of the 
most important of all and is in very extensive use. 

Fig. 84. Several types of couplings used for connecting flexible conduit 
together or to outlet boxes. 

61. ARMORED CABLE 

On the outside, armored cable looks much like 
flexible conduit. But there is this difference; while 
the latter has the wire pulled in after it has been 
installed, armored cable has the wires already in 
when purchased. It is made in two types and is 
frequently known as BX or BXL. The former con-
sists of one, two, three or four conductors with rub-
ber insulation and heavy waxed braid, and then an 
addition of an armor of steel ribbon. 

Fig. 86 shows a piece of 3-wire BX and one with 
two wires. Note the color markings of the wires 
and the extra twin braid over each group. 
BXL is made in a similar way but has the addi-

tion of a lead sheath just under the steel armor. 
This makes it waterproof and permits it to be used 
where there is moisture, or where it is exposed to 
the weather. BX may be obtained with wires from 
No. 4 to No. 14. 

62. ADVANTAGES OF ARMORED CABLE 
WIRING 

Armored cable wiring is a very convenient sys-
tem for use in old wood construction buildings. 
While rigid conduit is usually used for concrete 
work, and sometimes used for other types of build-
ings, it is occasionally found too expensive for cer-
tain jobs. The use of armored cable or BX gives us 
a first class job at low cost, can be installed almost 
as cheaply, and is much better than Knob and Tube 

Fig. SS. Flexible conduit is very convenient for motor connection'', as it 
allows some movement of the motor for belt tightening. etc. 

work. It makes a good job on all new work, and is 
absolutely the best system for old house wiring. 
It is very convenient and economical to install be-
cause its flexibility makes it easy to run in difficult 
places and because, when BX is installed, the wires 
are in also and do not have to be pulled in later. 
The same outlet and switch boxes are used fo 

BX as for conduit, and are installed with BX fit-
tings made for the purpose and clamped securely 
to the BX armor, and then fastened to the boxes 
with a lock-nut. Fittings are also made so that BX 
can be used in conjunction with the other systems 
of wiring. Several of these fittings are shown in 
Fig. 87. 

mtureanute_i 
arialimeimietmc  

Fig. SS. Pieces of two different types of two-wire and three-wire 
armored cable. This material is supplied with the wires already in 
the armor. 

'0 

tr iliw .pee7  ire 

Fig. 87. Several types of fittings used for attaching armored cable to 
outlet boxes or rigid conduit. 

Where possible BX should be fastened to the sur-
face wired over with the proper size pipe straps. 
BX must be continuous from outlet to outlet. Ace 
violation of this would mean that you would hay 
splices outside the outlet boxes, which is against 
the rule for metal systems, and then besides, you 
would increase the chance of not having a perfect 
ground throughout the system. The braids over 
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the insulation of the different wires have different 
colors so the wireman can trace the "hot" or 

*rounded wires, as will be explained later. 
BX can be bought in rolls of 250 ft. or less, and 

then cut into the desired lengths with a hack saw. 
Fig. 88 shows a coil of BX as it would be bought. 

Fig. 88. A coil of armored cable or "BX" showing its convenient flex'-
bility, which is one of the decided advantages of this material for 
wiring systems. 

63. CUTTING AND STRIPPING BX 

To cut BX, simply hold it firmly in a vise or 

o
ainst your knee or a piece of wood, and cut across 
e turn of the spiral steel wrapping, being sure to 
t clear through one turn or strip of this steel, 

but do not cut into the insulation of the wire under-
neath. 
To cut clear through the one turn it is necessary 

to cut partly thru a neighboring turn. Practice this 
cutting and you will soon find just the proper angle 

Fig. 88-8. The top view shows the proper method of cutting BX armor 
with a back saw. The center view shows how it can then be broken 
apart without damaging the conductors or insulation inside. A 
short section of the armor can then be pulled off the end of the 
cable as shown In the lower view. 

to hold the hack saw, and it will become very easy 
to make a neat cut. See Fig. 88-B. 
When the armor strip is cut through, bend the 

BX to open the cut and the armor will separate, 
and then the \vires can be cut through squarely and 
easily with the hack saw. 
To attach BX to an outlet box make the cut as 

described about 6 inches from the end, but only 
through the metal. Then bend the BX at the cut 
and separate the armor, and the short length can 
be easily pulled off from the ends of the wires. This 
leaves them ready to split the outer braid and strip 
the insulation for splicing. Fig 89 shows a piece 
prepared in this manner. A special fibre bushing 
should be used to protect wire insulation from the 
sharp end of the armor. 

Fig. 89. This sketch shows how the ends of conductors an armored cable 
can be stripped for connections and splicing. 

64. USE OF BXL 

BXL or lead sheath BX is a very good system to 
use ill underground work, running from one build-
ing to another, such as from a residence to a garage 
in the back end of the house-lot. A ditch of the 
proper depth, say 2 ft., can be dug. As the cable 
is flexible, this ditch does not necessarily have to be 
absolutely straight, but may be around any ob-
stacle that might be in the way. Where galvanized 
rigid conduit is used more care has to be taken, 
and the joints where the lengths of conduit are 
coupled together must be leaded to keep out mois-
ture. Great care should be taken in handling BXL, 
so as not to crack the lead. This precaution, of 
course, should be taken with all lead covered cables, 
but it is very necessary with BXL, as damage to 
the lead cannot be detected by inspection, and will 
only show up possibly weeks afterwards when 
moisture has time to leak through and cause a 
short. 

65. METAL RACEWAYS OR MOLDING 

Metal Raceways or metal molding is one of the 
exposed wiring systems that is quite extensively 
used. Although it does not afford such rugged and 
safe protection for the wires as conduit and armored 
cable do, it is a very economical and quite depend-
able system, and is very convenient to install in 
finished buildings where new wiring or extensions 
to the old are to be installed. One of the advan-
tages of metal molding is its neat appearance 
where wiring must be run on the surface of walls 
or ceilings in offices, stores, etc. 

It must never be run concealed or in damp places. 
Two of the leading manufacturers of metal race-

way materials call their products respectively, wire 
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Fig. 90. Two pieces of metal molding of a very neat appearing type 
for exposed wiring systems. 

mold and metal molding, and they are quite com-
monly known by these names. 

Fig. 90 shows two pieces of one style of molding 
called "Ovalduct", and in which the wires are 
drawn after it is installed, similarly to conduit. 

Fig. 91 shows another style that comes in two 
strips. The back strip is installed and then the wires 
are laid in it and the cap snapped in place over them. 

:AI1IÍ T. AB,,,RAtOPILI 
INSPECTED MOLDING 

300 V01.15-2100 tpeurs 

NATIONAL 
METAL MOLDING 

Fig. 91. Another type of metal molding with a removable cap or cover 
strip, which can be placed on after the wires are insulated. 

Various types of fittings for couplings, corner 
turns, elbows, outlets, etc., are provided to fit these 
moldings. Fig. 92 shows a number of these fit-
tings, and Fig. 93 shows a closer view of a common 
elbow fitting. 
Many of the rules for BX systems apply also to 

metal raceways, such as: it must be continuous 
from outlet to outlet, must be grounded, and all 
wires of an A.C. circuit must be in one raceway, 
etc. 

You will note from the Figures 90 and 91 that 
metal raceways are made in two sizes for either 
two or four wires. Another size is available now for 
10 wires, but is to be used only in certain places as 
allowed by the Code or local authorities. Wires 
sizes No. 14 to No. 8 can be used with these mold-
ings, and the wire must be rubber and braid cov-
ered, and installed with no splices except at proper 
boxes or fittings. 

Fig. 94 shows a fitting that can be used as a junc-

tion box and for splices, or for an outlet box when 
a cover is used with an opening as shown. 

Fig. 95 shows several sizes of boxes to be Use» 
with metal raceways, for mounting switches and 
receptacles. Note the wall plates which are to be 
attached to the surface wired over, and have slots 
in their edges for the molding to be slipped under 
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Fig. 92. A number of various types of fittings are provided for use with 
metal molding in making turns in the corners of walls and ceilings. 

Fig. 93. A common form of elbow used with metal raceways or moldings 

• 
Fig. 94. This view illustrates the us* of a junction boo in which splices 

can be made, and various runs of metal raceway attached together. 
We can also attach lights or receptacles to the smaller opening is 
the cover at dais hen. 
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Fig. 95. Several styles and sizes of outlet box for use with metal mold-
ing and in which switches or receptacles can be Installed. 
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491. 

Fig. 99. These views show the various steps in installing a switch in 
the outlet box of a metal raceway system. 

to anchor it to them. Fig. 96 shows how these 
boxes are installed and the switches mounted in 

them. 

Fig. 97 shows a number of other fittings for vari-
ous uses as their descriptions indicate. 

Metal molding can also be bent to fit or go 

around various corners or obstructions. For this 
purpose a bending tool, such as shown in Fig. 98, 

is used. This device has a rounded fitting on its 

handle, to make the molding bend in a neat curve 

of the proper size and without flattening. Mold-

ing is easy to bend because of its thin walls. 

66. NEAT APPEARANCE 

Fig. 99 shows the neat appearance of a run of 
metal molding to two ceiling light fixtures. This 
view shows that it is one of the best appearing of 

all exposed systems of wiring. 

TO CONNECT WIREMOLD 

CONDUIT WITH "OPEN 
WORK .' 

CORD ROSÇTTE 

USE CONDULET CORD 

ROSETTE COVER WITH 

NO. 5720 

USE 2.3 OR 4 HOLE CON- 

DULET COVER AS 

REQUIRED 

FIXTURE ROSETTE LAMP RECEPTACLE 

...... •••• 
• 

— 41 .... . •J;11,. 

USE CONOULET FIXTURE 
ROSETTE COVER WITH 

NO. 5720 

..• 

USE CONDULET LAMP 

RECEPTACLE COVER 
WITH NO. 5720 

PLUG RECEPTACLE PASSING' THRU 
BASEBOARD 

=-,-...._- 
, ------ 

' . . 
__. - 

_ 

• • 

•• .e....;II . .•-•• ,•••,. 

_ V 

USE CONOULET PLUG, 
RECEPTACLE COVER 

WITH NO. 15729 

WITH PIPE OR BX 
FOR PLUG RECEPTACLE 

OUTLET 

F g. 97. Above are shown • number of fittings used with metal molding 
and an explanation of the use of each. 

Fig. 9E. This view shows a bending tool, and the method In which 
metal molding can be bent into different shapes for turns and corners. 

[77 

Fig. 99. Section of a metal raceway wiring system with two light 
fixtures attached. Note the neat appearance el dale type el wising 
for exposed work. 
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The method of attaching a fixture canopy to the 
ceiling plate and fixture stud, is shown in Fig. 100, 
and Fig. 101 shows how connections are made to 
the running wires, for drop cords and light fixtures. 

Fig. 100. This sketch shows the ceiling plate and fixture stud to which 
the light fixture and canopy are attached, and also the slots for 
attaching the molding to this plate. 

Fig. 101. The above view, show a number of styles of fittings used with 
metal molding and the method of making connections for fixtures. 
Note the connector Mocks used for attaching fixture wire, to the 
rimming wires. 

Note the porcelain connector block used to attach 
the fixture wires to the running wires by terminal 
screws instead of splices. 

Fig. 102 shows the installation of a convenience 
outlet and the method of attaching a piece of BX 
to the same box, to run to a wall light fixture. 

Fig. 102. Convenience receptacle and box on a metal molding system, 
showing BX attached for a branch circuit to a light. 

26. DUCT SYSTEMS 

Another modern type of wiring which is becom-
ing quite common in large industrial plants and 
office buildings is known as duct wiring. Instead of 
using iron pipe or conduit, the wires are run 
round or oval fibre ducts or tubes, as shown in 
Fig. 103. 

Advantages of this type of wiring system are the 
ease and economy of installation and the large num-
ber of wires that can be installed in the ducts. 
These ducts, with their joints properly sealed with 
waterproof cement, can be imbedded in concrete of 
new buildings. They can alù) be interconnected 
with conduit systems by means of proper fittings. 

Fig. 103. This picture shows an installation of oval duct Just before 
the concrete is poured. 
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27. TROUGH WIRING 

Square metal troughs such as shown in Figs. 104 end 105 are very convenient in industrial plants 
where flexibility is desired for frequent wiring 
changes when machines are moved from one loca-
tion to another. Another advantage is that these 
ducts are permitted to carry up to a maximum of 
30 wires per duct. However, not more than 20% 
of the duct area should be filled with wires. 

O g. 104. 

• 

Square duct as shown abeve comes under the classification 
of "wireways and busways." 
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105. The above drawings show several different arrangements foe 
using square duct. 

Removable cover strips and frequently spaced 
knockouts permit convenient accessibility of wires 
and changes of outlets. Suitable fittings are ob-
tainable for turns, junctions, tees, and for coupling 
to extension circuits in conduit or B.X. Metallic 
trough systems must be continuous throughout 
their length, and must be grounded the same as 
conduit systems. They can be run through walls, 
but must not be concealed or imbedded in concrete. 
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ELECTRIC SWITCHES e THEIR USES 

••••." 

A single-pole switch 
usec to control two 
li:-hts in series. 

A single-pole switch 
used to control two 
lights in parallel. 

A double-pole switch 
used to control two 
lights in series. 

7 

Electrolier switch . 
ased to control three 
separate lights from 
one place 

1st position lar,lp e cn 

Trd 
!;•th II 

II " " 
..;; 

all 'Off. 

2 

A double-pole switch 
used to take the 
place of two single-
pole switches giving 
control to two dis-
tinct circuits. 

3 

douole-pole switch 
used to control two 
li:nçs ii pe.rallei. 

eole% 11 

A selective control pro-
vided by 2 double-pole 
switches. Lights A and L' 
are controlled.by•switeh 

and C .are 
controlled by switcr. :2. 

. tr 

Ji 3-way switch used to 
control 2 1 1g1.t .1ter-
nately. One'er the -

other will be lighted. 

ye, 

A 4-wal, switch use 
to control one 
only, or 2 li;hts 
series. 

let position 
2nd- 
3rd 
4th II 

on. 
and 2 on. • 
if2 and on. 

all off. . COYNE 
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ELECTRIC SWITCHES & THEIR USES 

•••■, 

Trite is is the uCarthweise° 
method used to control 
lignts from 2 places, u-
sing two .3-way switches. 
This system is not ap-
proved by the Code for 
1L2E systems, but may be 
used on 32E systems. 

This circuit is the 
"Standard" method for 
two-place control u-
sing two 3-way swit-
ches and is approved 
by the Code for 110L. 

Lethod used to control 
one or more 11ts 
from three places. 

This digram shows ho 
to control each light 
alternately from three 
different places.' 

 I 

This shows another me-
thod of controlling 
lights from 2 places. 

15- — 

Possible circuit used 
to control two lights 
in parallel from two 
places using two 4-way 
switches. 

CONE 
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4111‘ 
WIRING 

SPECIFICATIONS FOR WIRING OF BUNGALOW 

GENERAL CONDITIONS 

The standard form of "General Conditions of Contract" of the American 

Institute of Architects, copies of which are on file with the Owner, shall 
govern and is hereby considered and acknowledged a part of the specifications 

covering this work. 

7ROGRESS OF INSTALLATION 

The Electrical Contractor shall keep himself informed of the progress 

of the general construction of the building so that he may begin his work at 
the earliest opportunity in order to avoid delaying the progress of the work 
as a whole. He shall provide a working crew of adequate numbers to install 
thé work as rapidly as may be consistent with the class of work required. He 
shall co-operate with all other contractors on the job to serve the best in-

terests of the owner. 

CODE RULES 

All material and work shall conform in all respects to the latest rules 
and requirements of the National Electric Code and the Public Service Company 

requirements. 

BIDS, 

This bid shall be based on armored cable (B.K.) with conduit used only 

from point of entrance to the service switch. 

SERVICE 

The Electric Company shall bring the main wires to the weatherhead and 
connect them to the service wires which shall be installed by the contractor. 

The contractor shall furnish an approved type service switch and wire for the 
meter. The meter to be furnished and installed by the Public Service Company. 

MATERIALS 

All materials shall be new, and shall bear the Underwriter's label. 
Outlet boxes for walls and ceiling lights shall be fitted with a-fixture stud. 
Wall switches shall be of the toggle type and shall be either single pole or 

three-way to suit the plan requirements. Whenever two or three switches are 
adjacent to one another they shall be arranged for gang or tandem cover plates. 
Wall or base outlets shall be of the double or duplex flush type. 

FIXTURES 

Fixtures and hanging of same will be done under separate contract. 
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system in and about the premises located at 

SERVICE (Conduit) 

Items 
unit 
ooqt 

air. wire Icir. 3 wire 
uantity e st muantiti eclat ...e 

" conduit 15' 15' 
" conduit 20' 

, 

1" conduit 20' 

t8 wire 46 65 ' 
round wire 20 1 20' 

2w. Service ww. 1 
3w. Service sw. 1 

11, Service head 1 1 
2." LB Fitting 1 I 

Ground clamp 1 1 
Puse plugs 3 
Puse plugs 6 

Miscellaneous 
Labor-hours 7 9 
Total 

For a 3 wire service these items should be 1" 

CONTRACT 

SUMMARY 

want ity Items 
unit 
cost total 

cell/wall outlet 

convenience out. 
S. P. switoh 
3 way switch 
'Service 
Wiiiirt - 

Total 
- 

% Items rota). 
6b Labor and material 
2& Oven:bead 
10 Profit 

100% Total 

Estimate number Date 

I (We) hereby propose to furnish labor and material necessary to install the wiring 
for the sum of Dollars. 

Payment shall consist of 80% of the total when the work is roughed in, the balance 
to be paid after final inspection. 

The work done and the material furnished under this proposal shall comply with all 
local requirements governing this class of work and in accord with the latest rules 
and requirements of the National Electric Code. 

The work done and the materials furnished under this proposal shall comply with the 
specifications and drawings submitted. 

All changes shall be made in writing and signed by both parties hereto, which said 
writings shall set out and contain in full the character, extent, cost and conditions 
of said change. 

Accepted Owner Date Contractor 
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ESTIMATING JOB 

W HOUS 

Items 
uriï 
cost 

ceiling/wall   convenience ou-; convenience ou-; s. p. switch . 3. w. switch , 
quantity cost guantit4 cost quantity 

14' 
cost 4uantity cost 

r14-2 wire B.X. 17' 13' 8' 
-3 wire B.X. 12 1 

Outlet box 1 

Box suloport 1 
3/8" fixture stud 1 
Switch box 1 1 1 
Switch box support 1 1 1 

B.X. connector 2 2 2 2 
3/8" pipe straps 9 3 

, 
3 5 4 

Convenience outlet 1 
S. P, Switch 1 
3 way switch 1 
Minnellaneous 

Labor-hours .55 .66 .J6_6 _Pdi 
Total - - 

InfoPED CABLE WORK (B.Y.) OLD HOUSE 
,  

Items 

unit 
costquantity 

ceiling/wall convenience oui a. p. switch ' 3 way switch 

cost quantity 
2Q' 

°set quantity 
20' 

coot quantity 
9' 

coot 

$14-2 wire B.X. 22' 
14-3 wire B.I. 12' 

Shallow outlet box 1 
t , 

Old work hanger 1 
Switch box 1 1 1 

,B.X. connector 2 2 2 2 
3/8" pipe strap 3 3 3 3 
Convenience outlet 1 
S. P. switch 1 
3 way switch 1 
Ilisonllaneous 

Labor-houra 1.55 1.9 1.9 2 

1 
Total 

. 
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COMPUTED LOAD 

Floor area Sq. Feet. 

General lighting load Watts 

Small appliance load Watts 

Watts 

TOTAL COMPUTED LOAD 

MINIMUM NUMBER OF BRANCH CIRCUITS 

General lighting load --------------

Small appliance load ----------

MINIMUM SIZE OF SERVICE WIRE 

Total computed load ---------------- Watts 

MINIMUM NUMBER OF RECEPTACLE0 REQUIRED 
(FIGURE QROSS DISUNCE)  

Living room 

Dining room 

Kitchen 

Bed room #1 

Bed room 112 

Laundry 

Are the number of receptacles shown on the plan (See diagram #24) in 
accordance with present wiring requirements? 
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WIRING 

MAINTENANCE TABLE FOR COOPER HEWITT LAMPS 28 

Trouble Cause Remedy 

Tube does not start but 
g flashes white between 
electrodes. 

(1) Tube may be a poor start- 
er. (2) There may be a loose 
contact in the auxiliary, at 
the lamp terminals, at the 
line switch, or in the fuse 
black. 

(1) Shake the tube slightly. 
(2) Rotate the tubes slightly 
in clamps until negative tip is 
changed a little, not more than 
±1 inch from the normal position. 
(3) Examine the auxiliary switch 
and fuse block for poor contact. 

Tube does not start but 
flashes white between 
negative and one posi- 
tive electrode. 

(1) The other positive élec- 
trode is disconnected. (2) 
Resistance unit is burned out. 

(1) Look for the interrupted 
point in circuit of that posi-
tive. (2) Replace resistance 
unit. 

Tube does not start nor 
flash but shifter oper- 
ates. 

(1) Vacuum of shifter is 1m-
paired and it flashes red or 
mercury mirrors inside. (2) 
Vacuum of tube is impaired. 
(3) Impaired insulation. (4) 
Tube static due to nearby belts 
or to the movement or friction 
of the mercury in a tube handl- 
cd and not since operated. 

(1) Replace shifter. (2) Re-
place tube. (3) If impossible 
to locate and remedy return 
auxiliary for repairs. (4) 
Ground belts by means of ground-
ed metal belt combs and wipe 
lamp tube with a wet cloth. 

Tube does not start but 
flashes red. 

Vacuum is impaired. Tube must be replaced. 

` Tube does not light and 
shifter does not open- 
ate. 

(1) Shifter sticks in its sup- 
ports. (2) Electric supply is 
interrupted, either in the main 
or shifter circuits, 

(1) Inspect shifter. (2) Look 
for cause of interruption in 
circuits, switches and fuses, 
using a voltastar or test 
lamps. 

Lamp runs below normal 
candle power. Flickers 
or drops out, 

(1) Supply voltage is too low. 
(2) Wrong connections made to 
the transformer. (3) Poor con- 
tact in some electrical connect- 
ion, 

(1) Ascertain exact line volt-
age variations and connect to 
proper transformer taps. (2) 
Inspect all electrical conlect-
ions in auxiliary and to lamp 
tube. 

Lamp runs above normal 
candle power and tube 
blackens quickly. 

(1) High lamp current because 
of high voltage and wrong trans- 
former connections. 

Measure line voltage and cor-
rect connections ta the trans-
former. 

Auxiliary transformer 
and inductance coils 
are exceedingly hot 
and snoke, 

Short circuits in auxiliary. 
Look for possible short cir-
cuits. If auxiliary has been 
run long, on to high current, 
the insulation is generally 
impaired, which would result 
in poor starting of the lamp. 

Auxiliary hums excess- 
ively. 

(1) Vibration of transformer 
laminations. (2) Vibration of 
auxiliary cover. (3) Vibration 
of other small parts of auxil-
iary. 

(1) lighten the transformer 
clamps, holding the trans-
former laminations and drive 
a fibre wedge between core 
and coils. (2) Tighten cover 
clamps by bending the wire 
ring. (3) Locate the vibrat-
ing part and tighten the rivets 
or screws holding it in place. 





WIRING 2 

LECTRIC RANGE CIRCUITS AND INSTALLATION 
9 

1111111, 

48811, 

go 

TO LAMP ii   

WARMER SeirTC14 

PILOT LAMP 

APPLIANCE 

RECEPTACLE 

Li NE 

TERMINAL 
BLOCK 

OFF 

$42, 

OV&N 

SWITCH THER. 

e 

• 

RES. IN 
R ON\1\1\>0 BMW 

Ell«. IT 
UPPER 
OYE N 

o 

50 

L 

NIGH 

e5 WARMER 
UNIT 

MEDIUM LOW 

N  

L. 

d • d 

flil •\,,N.r\,vvv" .n.nevvv\pe- CIRCUIT FOR FOR COOKING UNIT 

e 

115 E HER TER 

230 E HEATER 

RO--

SWITCHES 

  G 
 G) R 

 08 

0 G 

OR RF 

G R 8 

o 

1  
G R 6 

o 

ruse 

COLOR 
RED 
WRITE 
BLACK 
GREEN 

SYMBOL 

G 

OF r PRE-HEAT BAKE BROIL 

1- 1—• 1 •—+ 

G GiR/ • •--/ • 

-vv\ev, 7cw: 
L 1 
._1 

— 1vvvvvvs— —,VvvvVV\- vW 
CiRCUIT FOR OVEN UNIT 

UPPER OVEN UNIT 

LOWER ovEN UNIT 

CONNECTION BOX ON RANGE 

ALLOW SUFFICIENT SLACK 50 

RANGE CAN BE MOVED 6" 
FROM WALL. 

EXISTING LIGHTING 

CIRCUIT SWITCH 

TO LIGHTING 
1 /CIRCurt PANEL 

WIRES IN 

RIGID CONDUIT ER VICE SWITCH 

WITH METER 
TRIM- sor- 250E 

WITH 5oLID NEUT/ML 

Coynt 





30 
METER CONNECTIONS 

2- WIRE SINGLE FUSED SWITCH, 

TWO 2-WIRE SINGLE FUSED BRANC H CIRCUITS. 

SERVICE WIRES 

L GAD 

PIETER 

FUSE 

SWITCH 

LOAD "C. 

3- WIRE SOUD NEUTRAL SWITCH, 
FOUR 2-WIRE SINGLE FUSED BRANCH CIRCUITS. 

LINE LORD 

5LRVICE 

NEUTRAL 
STRAP 

BRANCH 
I CIRCA:MT 

FUSeS 

BRANCH 
CARCUlT 
FUSES 

LOAD " 

METER 
FUSE 

SWITCH 

LOAD ID•' 

3- WIRE SOLID NEUTRAL SWITCH, 

ONE 3-WIRE 2- FUSED BRAN( H CIRCUIT, 

METER FUSE  

SWITCH 

METER FJJ SE 

 ( 
BRANCH 
IRCUIT 
FUSE 

3 PHASE METER 

POLYPHASE • 

•_(( MF_  
•  

SVV TCH , 

LOAD 
WIRES 

REMOVABLE 
TEST LINKS 

LINE 

— 

0: 

 es es  

0.0 
\ o 

'e 

4 

LOAD 

COYNE 
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WIRING 31 

WIRING METER BASE FOR SOCKET TYPE METER 

:nor 

3-WIRE 

SERVICE 

LOAD 

WEATHER HEAD,' 

4—THESE WIREs ARE IN CONDUIT 

SPRING CLIP FOR 
METER PRONG 

BINDING SCREW 

WIRES IN CONbLJIT -

ERVJCE-
SWITCH 

THROUGH WALL • BOX 

TO GROUND r GROUND 
BUSH INQ - I BUSHING 

TOP 6' LOCK NUT 

FROM GROUND 

METER BASE II 6' FROM 
FLOOR 

CONDUIT 
OR ENTRANCE 

CABLE 

,SPEcIAL 
1B"FITTING 

#4 SOL ID 
COPPER WIRE,. 

GROUND CLAMP-. 

-3/;;X e'GALVANIzED 
IRON PIPE 

2-WIRE 
SERVICE 

LOAD 

NEUTRAL 
BINDING 
SCREW 

CONNECTIONS IN SERVICE BOX 

WHITE OR 
NEUTRAL WIRE 
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WIRING 32 

HIGH VOLTAGE TEST SET FOR VVIRING INSTALLATIONS 
R. E. A. RECOMMENDATIONS 

DOUBLE FILAMENT NEON TEST LAMP 
220 E 

POLARITY TEST— INSERT NEON 
LAMP IN SOCKETS. LIGHTING OF CORRECT 
FILAMENT INDICATES PROPER POLARITY. 

5HORT CIRCUIT & GROUND TEST— REMOVE 
LAMPS AND CLOSE SWITCHES. IF SHORTS OR 
GROUNDS EXIST PILOT LAMP WILL LIGHT. 

INITIAL COST COMPLETE 410.00 TO 
UPKEEP COST — AVERAGE 10 PER JOB, NEON TEST 
LAMP 2,5e TO 'Y/. SO, 

¿ZS E 25 W PILOT Himp 

LIGHT OUTLET 

DISTRIBUTION 

CABINET 

THIS EQUIPMENT MAY BE CARRIED IN REAR OF CAR. 

1-5 E 4-5E 45 E 1-5E 

METER 
SOCKET 

E 

SUPPLY FOR TESTING — FIVE 45 E HOT— SHOT BATTERIES 

ANY D.C. SUPPLY OF 2.20 E MAY BE USED, SUCH AS THE. 
POWER PACK USED IN AUTO RADIO. THEN THE CAR BATTERY COULD 
BE USED As A SOURCE. MALLORY VIBRAPACK -te V.P. 552 MAY BE 
USED IN CONJUNCTION WITH A CAR BATTERY, THIS VIBRATOR 
POWER PACK HAS AN OUTPUT OF 2.2.5 VOLTS AND UP) AND 
100 MA. CAPACITY. MAY BE PURCHASED FOR e 

BRANCH 
CIRCUIT 
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WIRING 3 5 

OLD HOUSE WIRING 
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aectrical School 

CHICAGO -ILLINOIS 

DIRECT CURRENT POWER 

AND MACHINES 

Section One 

D. C. Generators 
Construction and Operating Principles 

Types of Generators and Their Applications 
Operation and Care of Generators 

Parallel Operation 
Three Wire Generators and Balancers 

Commutation and Interpoles 
for Generators and Motors 
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D. C. GENERATORS 

Direct current energy and machines are very ex-
tensively used for traction work and certain classes 
of industrial power drives. 

The principal advantages of D. C. motors are 
their very excellent starting torque and wide range 
of speed control. 

D. C. motors are excellent for operating certain 
classes of machines which are difficult to start under 
load, and must be driven at varying speeds, or per-
haps reversed frequently. Their speed can be varied 
lver a very wide range, both above and below nor-
nql speed. 

auy thousands of factories and industrial plants 
use elet-tric motors exclusively for driving their 
various machines, and in certain classes of this 
work D.C. motors are extensively used. They are 

from Mo h. p. to several thousand 
1, and are used both for group drive 
e of various machines. 
nstallation of large D. C. motors 
ill. These motors are located in 

as shown, and are connected to 
through the wall at the right, to 

driv he gr rolls which roll out the hot steel in 
the adjoining room. 

Fig. 2 shows a smaller motor used for driving a 
metal working machine. \Vhere a separate motor 
is used for each machine in this manner, it is classed 
as individual motor drive. Millions of electric 
motors are used in this manner in industrial plants. 

For operation of street cars and elevated trains 

Fig. 1. This photo shows a group of large D. C. motors in use in a 
steel mill. Machines of this type, ranging from several hundred 
to mayoral thousand horsepower each. are nerd in this mirk. 

in cities, and electric railways across the country, 
series D. C. motors are extensively used, because 
their great starting torque enables them to easily 
start a loaded car or train from a standing position, 
and quickly bring it up to very high speeds. 

Fig. 3 shows a powerful electric locomotive which 
is driven by several electric motors of several hun-
dred horse power each. 

D. C. motors are commonly made to operate on 
voltages of 110, 220, and 440, for industrial service; 
and from 250 to 750 volts for railway service. 

Elevators in large skyscraper office and store 
buildings also use thousands of powerful D. C. 
motors, to smoothly start the loaded cars and 
swiftly shoot them up or down, ten, forty, or 70 
stories as desired. 

Here again their good starting torque, smooth-
ness of operation, and accurate control for stopping 
exactly at floor levels, make them very desirable.. 

Fig. 2. Hundreds of thousands of small and medium sized motors IWO 
used to drive individual machines, as shown in this view. 

One modern type of elevator equipment uses 
direct current motors and what is known as variable 
voltage control. The variable voltage for each 
elevator motor is supplied by a separate D. C — 
generator, which is designed to vary its voltagt, 
as the load on the car varies, thus providing even 
speed regulation and extremely smooth starting and 
stopping. 
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Fig. 3. Electrical locomotives of the above type often use six or eight 
powerful D. C. motors to turn their driving wheels. 

Fig. 4 shows a large D. C. elevator motor with 
its cable drum and magnetic brake attached on the 
right hand side. 
Because of the extensive use of direct current 

for elevators in large buildings, and for traction 
purposes, some large cities have their central busi-
ness districts supplied with D. C., and the outlying 
districts where the power must be transmitted 
farther are supplied with A. C. 

Direct current generators are used to supply the 
direct current wherever it is extensively used; and 
many privately owned power plants use D. C. gen-
erators because of the simplicity of their operation 
in parallel, where several are used. 

In the operation of D. C. generators the speed at 
which they are driven is not as critical as it is with 
A. C. generators. Small D. C. generators can be 
belt driven; but this is not practical with A. C. 
generators, because a slight slip of the belt would 
cause their speed to vary, and make trouble in their 
parallel operation. 
D. C. generators are made in sizes from 60 watts 

for automotive use, up to those of several thousand 
kilowatts for industrial and railway power plants. 
Their voltages range from 6 volts on automotive 
generators to 440 volts for industrial purposes; and 
on up to 600 and 750 volts for railway work. 
The smaller sizes for belt drive operate at speeds 

from 300 to 1800 R. P. M., while the larger sizes 
which are direct connected to steam, oil, or gas 
engines, run at speeds from 60 to 250 R. P. M. 
When these generators are driven by direct shaft 

connections to reciprocating steam engines, a large 
flywheel is usually provided on the same shaft to 
produce a more even speed. It will also deliver 
power to the generator during suddenly increased 
loads, until the engine governor can respond. 
D. C. generators are not so well adapted for direct 

connection to steam turbines, because of the very 
high speeds of the turbines, and the great stress 

___..hese speeds would set up in the commutators and 
windings ot the generators. 
When driven by turbines, they are usually 

coupled together by gears. For example a 360 R. P. 

M. generator can be driven by a 3600 R. P. M. tur-
bine, through speed reducing gears with a ratio of 
10 to 1. 

Fig. 5 shows a small D. C. generator driven by a 
vertical steam engine. Note the flywheel used to 
maintain even speed and voltage, and also note the 
commutator and brushes which are in plain view on 
this generator. 

Fig. 6 shows a larger D. C. generator also driven 
by a steam engine; which, in this case, is of the 
horizontal type and is located behind the generator. 
Note the very large flywheel used on this machine. 
and also the commutator and brush rigging on the 
left. 

Direct current is not much used where the energy 
must be transmitted over distances more than one-
half mile to a mile, as it requires high voltage to 
transmit large amounts of power over longer dis-
tances; and it is usually not practical to operate D. 
C. generators at voltages above 750. 
Where large amounts of power are used in a com-

pact area, such as in a large factory, in mines, steel 
mills, or densely built up business section of cities, 
D. C. finds its greatest use. 
Where direct current is desired for use at a con-

siderable distance from the location of the power 
plant, alternating current may be used to transmit 
the energy at high voltage, to a substation in which 
a motor generator set is used to produce D. C. 

Fig. 4. This photo shows a D. C. elevator motor with the magnetic 
brake on the right end of the cable drum. 

Fig. 7 shows a motor generator of this type, con-
sisting of an A. C. motor on the left, driving a D. C. 
generator on the right. In this case the two machines 
are coupled directly together on the same shaft. 

Other common uses for Direct Current are for 
electro-plating, electrolytic metal refining, battery 
charging, operation of electro-magnets, farm light-
ing plants, and automotive equipment. 
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Fig. S. Small engine-driven D. C. generators of the above type are 
used in a great number of privately owned power plants. 

D. C. generators for electro-plating and electro-
lytic refining, are made to produce low voltages, 
from 6 to 25 volts, and very heavy current of sev-
eral thousand amperes on the larger machines. 
Garages use thousands of small motor generators, 

to produce D. C. for battery charging; and stores 
and plants using large fleets of electric trucks, 
charge their batteries with D. C. from larger charg-
ing generators. 
Train lighting with the thousands of batteries and 

generators for this work is another extensive field 
for D. C. equipment. 
Many thousands of D. C. farm lighting plants are 

in use throughout this country, supplying direct 
current at either 32 volts or 110 volts for light and 
power on the farms. 

Powerful electro-magnets requiring direct cur-
rent for their operation, are used by the thousands 
to speed up the handling of iron and steel materials 
in industrial plants, railway shops, etc. Fig. 8 shows 
a large magnet of this type which is used for lifting 
kegs of nails and bolts. This illustration also shows 
how the magnetism acts through the wooden kegs, 
proving what we have learned in an earlier section— 
that magnetism cannot be insulated. 

Fig. 7. Motor generator sets of the above type are very extensively 
used for changing A. C. to D. C. The D. C. generator is shown 
on the right and is driven by the A. C. motor on the left. 

The automotive field is an enormous user of di-
rect current equipment. Each modern automobile 
has a complete little power plant of its own, con-
sisting of its D. C. generator, series D. C. starting 
motor, battery, lights, ignition coil, horn, etc. Many 
millions of D. C. generators and motors are in use 
on cars and trucks in this country alone. Fig. 
shows a common type of 8 volt, shunt-wound, D. U. 
automotive generator. 

Nlany powerful busses also use gas electric drive, 
having a gasoline engine to drive a D. C. generator, 
which in turn supplies current to D. C. motors 
geared to the axles. This form of drive provides 

Fig. S. This photo shows a large D. C. generator such as used in a great many industrial and railway power plants. Note the Large fly wheel wield' 
Is wed Le keep the speed et time venerator eve. and "smooth eut" the pulsations produced by the strokes of the ea/a». 
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'stk. 

Fig. 8. Direct current is used to operate powerful electro-magnets of 
the above type for handling metal materials in industrial plants, 
warehouses, foundries, and iron yards. Note the manner In which 
these kegs of bolts are lifted by the magnet, even though the 
wooden heads of the kegs are between the magnet and the metal 
to be lifted. In plants where the Principal supply et idectricit7 is 
alternating current small motor generators are often used to supply 
the direct current for magnets of this type. 

smoother starting and stopping, greater hill climb-
ing ability, higher speeds on level roads and 
eliminates gear shifting. Diesel-Electric trains also 
use D. C. generators and motors. 
With this great variety of uses for direct current 

and D. C. machines you can readily see the value 
of making a thorough study of the equipment and 
principles covered in this section. The opportuni-
ties open to a trained man are certain to be much 
greater if he has a good knowledge of the operation, 
care and testing of direct current machines of all 
common types. 

COMMUTATOR 

Fig. O. Direct current generators of the above type are used by the 
millions on automobiles. 

D. C. GENERATORS 

It has already been stated in an earlier section, 
that D. C. generators and motors are almost exactly 
alike in their mechanical construction, and that in 
many cases the same machine can be used either as 
a motor or a generator, with only slight changes in 
. the field connections, brush adjustment, etc. This 
is a very good point to keep in mind while studying 
he following material, as many of the points covered 
on construction, operation, load ratings, tempera-
tu -es, etc., will apply to either a motor or a gen-
era 'or. 

1. GENERATOR RATINGS 

D. C. generators are always rated in kilowatts, a 
unit of electric power with which you are already 
familiar. It will be well to recall at this point, how-
ever, that one kilowatt is equal to 1000 watts, and 
approximately 1.34 h. p. You will also recall that 
the watts or kilowatts consumed in any circuit are e qual to the product of the volts and amperes. 
herefore, with a machine of any given voltage, the 

greater the load in K. W., the greater will be 
the load in amperes of current carried by the wind-
ings of that machine. 

The K. W. rating of a D. C. generator is the power 
load that it will carry continuously without exces-
sive heating, sparking, or internal voltage drop. 

If a load greater than a machine is designed or 
rated for is placed upon it for an extended period, 
it will probably give trouble due to one of the three 
causés mentioned; and if the overload is very great 
and left on too long it will cause the armature 
winding to burn out. 
Nearly all generators are designed to be able to 

carry some overload for short periods without in-
jury to the machine. This is usually from 15 to 25 
per cent, for periods not longer than an hour or so. 

2. OPERATING TEMPERATURES 

The safe temperature rises in electrical machinery 
are determined by the temperatures the insulating 
materials will withstand without damage. All other 
materials in the machine are metals which may be 
subjected to quite high temperatures without much 
damage. 
Of course the higher the temperature of the cop-

per windings the greater their resistance will be, and 
the higher will be the losses due to voltage drop in 
the machine. 
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Ordinary combustible insulations such as silk, 
cotton, and paper, should never be subjected to tem-
peratures higher than 212° F. (or 100° C). Mica, 
asbestos, and other non-combustible insulations 
may be subjected to temperatures as high as 257° F., 
or 125° C. 

In establishing temperature rise ratings for elec-
trical machinery, it is assumed that the temperature 
in the rooms where the machines are installed will 
never be over 104° F. or 40° C. This gives, for the 
ordinary insulations, a permissable rise of 212 — 
104. or 108° F. or 60° C. For non-combustible 
insulations the permissable rise is 257 — 104, or 
153° F. or 85° C. 
Ordinary generators and motors are usually guar-

anteed by the manufacturers to operate continu-
ously at full load, without exceeding a temperature 
rise of 35° C., 40° C., or 50° C., as the case may be. 
The temperatures of machines can be checked by 

placing small thermometers in between, or close to, 
the ends of their windings. A good general rule to 
remember, is that if the hand can be held on the 
frame of the machine near the windings without 
great discomfort from the heat, the windings are 
not dangerously hot. 

3. GENERATOR SPEEDS 

The speeds at which generators are operated de-
pends upon their size, type of design, and method of 
drive. The speed is of course rated in R. P. M. 
(revolution per min.) but another expression com-
monly used in referring to the rotating armatures 
of electrical machines is the Peripheral Speed. This 
refers to the travelling speed of the outside or cir 
cumference of the rotating element, and this sur 
face is commonly known as the Periphery. This 
speed is expressed in feet per second or feet per 
m in ute. 
The centrifugal force exerted on the armature 

conductors or commutator bars depends on the 
peripheral speed of the armature or commutator 
This speed, of course, depends on the R. P. M., and 
the diameter of the rotating part. 
The larger the armature, the farther one of its 

conductors will travel in each revolution. When P. 

coil of a bi-polar, (two pole) machine makes one 
revolution, it will llave passed through 360 actual 
or mechanical degrees and 360 electrical degrees 
But a coil of a six pole machine will only have tr, 
rotate 120 mechanical degrees to pass two poles. 
and through 360 electrical degrees. 
So we find that with the same flux per pole in the 

larger machine as in the two pole one, the sanie 
E. M. F. can be generated at a much lower speed 
with the multipolar machine. 

Small generators of two or four poles and for 
belt drive, have long armatures of small diameter 
and may be operated at speeds from 120 to 1800 
R. P. M. Larger machines for slower speed drive 
by direct connection to the shafts of low speed re-

ciprocating engines, may have as many as 24 or 
more field poles, and operate at speeds of 60 to 600 
R. P. M. Armatures for these lower speed machines 
are made shorter in length and much larger in diam-
eter, so their conductors cut through the field flux 
at high speeds, even though the R. P. M. of the 
armature is low. 
The peripheral speeds of armatures not only de-

termine the voltage induced and the stresses on the 
coils and commutator bars, but also determine the 
wear on brushes and the type of brushes needed, as 
will be explained later. 

4. TYPES OF DRIVES 

Belt driven generators are not much used in large 
plants any more because of possible belt slippage, 
and the danger of high speed belts. A number of 
older plants and many small ones use belt driven 
machines, and with fairly satisfactory results if the 
proper belts and pulleys are used. 
One advantage of small belt driven generators is 

that they can be designed for high speeds and are 
much lower in cost. 
The engine type generator with the large diam-

eter, slow-speed armature, direct connected to the 
engine shaft, is more commonly used. Steam en-
gines are a very desirable form of prime mover for 
generators, because of their high efficiency, simple 
operation, and because they can be operated on the 
ordinary steam pressures. 
Steam turbines are used to drive D. C. generators 

in plants where space is limited, because they are 
so small and compact. 
Water wheels are used for prime movers where 

convenient water power is available. Generators 
for water wheel drive may be either low or high 
speed type, according to the water pressure and 
type of water wheel used. 

Fig. is. An early type of D. C. generator developed by Thomas 
Edison. Note the construction of the field magnets of this achine. 
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5. MECHANICAL CONSTRUCTION OF D. C. 
GENERATORS 

\V e have already learned that a generator is a 
device used to convert mechanical energy into elec-
trical energy. We also know that the principal 
parts of a D. C. generator are its field frame, field 
poles, armature, commutator, brushes, bearings, etc. 
The purpose of the field poles is to supply a 

strong magnetic field or flux, through which the 
armature conductors are rotated to generate the 
voltage in them. 

D. C. generators were the first type commercially 
used, and the early types were very simply con-
structed with two large field poles in the shape of a 
huge bipolar electro-magnet. The armature was 
located between the lower ends of these magnets, as 
shown in Fig. 10. This figure shows one of the 
early types of Edison generators of 100 K. \V. size. 
6. FIELD FRAMES 
Modern generators and motors have their field 

poles mounted in a circular frame, as shown in Fig. 
11. This figure shows a two-pole field frame with 
the two large poles mounted on the inside of the 
frame. The field coils can be plainly seen on the 
poles. 

Fig. 11. Field frame of a modern generator or motor. Field coils 
located on the poles set up powerful magnetic flux in which the 
armature rotates. 

The circular frame, in addition to providing a 
support for the field poles, also provides a complete 
closed path of magnetic material for the flux circuit 
between the poles. Fr.r this reason the frames are 
usually made of soft iron. 
For the smaller and medium sized machines, they 

are generally cast in one piece with feet or exten-

e
sions for bolting to a base. The inner surface usually machined smooth where the poles are bolted 
to it, or in some cases the poles are cast as a part of 
the frame. The ends of the frame are machined to 
allow the bearing brackets to fit properly. 

The frames for larger generators are usually cast 
in two pieces for more convenient handling during 
installation and repairs. They can be split either 
horizontally or vertically. Fig. 12 shows a frame 
of this type for an eight-pole machine. Note where 
the halves of the frame are joined together and 
bolted at each side. 

7. FIELD POLES 

There may be any equal number of field poles in 
a generator or motor frame, according to its size 
and speed. These poles are made of soft iron to 
keep the magnetic reluctance as low as possible. 
The poles can be cast as a part of the frame on 

smaller machines, but are usually bolted into the 
larger frames. It is very important that they should 
fit tight to the frame to prevent unnecessary air 
gaps and reluctance in the magnetic circuit. 
The ends of the poles which are next to the ar-

mature are usually curved and flared out into what 
are called Pole Shoes or Faces. This provides a 
more even distribution of the field flux over the 
armature core and conductors. These pole shoes 
are generally machined to produce an even air gap 
between them and the armature core. 

Pole shoes are often made of laminated strips to 
keep down the induced eddy currents from the flux 
of the moving armature conductors. These lamin-
ated pole shoes are then bolted to the field poles. 
The machine in Fig. 11 has laminated pole shoes of 
this type. 

In some large machines the entire field poles are 
often laminated for the same reason as the pole 
shoes are. 
The field coils may be wound with round or 

square copper wire or ‘vith thin copper strip or 

Fig. 12. Field frame for an eight-pole D. C. generator. Note the 
manner in which the frame is built in two sections for meadow:le 
when installing and maldae rapes. 
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Fig. 13. This large armature shows the size to which D. C. generators 
can be built. An armature of this size would develop several 
thousand horsepower. 

ribbon. These coils are connected to produce alter-
nate north and south poles around the frame. In 
Fig. 12 the connections between the field coils can 
be noted. 

8. ARMATURES 

We have already learned a great deal about this 
very important part of D. C. machines, as armature 
construction and winding were thoroughly covered 
in the preceding section. A few of the points that 
are particularly good to keep in mind throughout 
the study of D. C. motors and generators will be 
briefly reviewed here. 
The function of the armature, we know, is to 

carry the rotating conductors in its slots and move 
these swiftly through the magnetic flux of the field, 
in order to generate the voltage in them. 
Armature cores are made of thin laminations of 

soft iron which are partially insulated from each 
other either by a thin coating of oxide which is 
formed on their surface when they are being heat 
treated or by a thin layer of insulating varnish. 
This laminated construction prevents to a great 
extent the eddy currents which would otherwise be 
induced in the core as it revolves through the field 
flux. 
The very soft iron and steel in armature cores 

and its excellent magnetic properties also greatly 
reduce hysteresis loss. Also remember that the 
number of turns per coil and the method of con-
necting these coils will determine the voltage that 
is induced in a generator armature, or the counter-
voltage in a motor armature. 

Fig. 13 shows a very large armature of a D. C. 
generator with the commutator on the right. This 

view clearly shows the coils in the slots, and the 
long risers which extend from the commutator bars 
up to these coil ends. This armature and commu-
tator give some idea of the size to which the larger 
D. C. generators and motors can be built. 

9. COMMUTATORS 

A commutator, we already know, is a device used 
to rectify or change the alternating E. M. F. which 
is induced in the armature, to a direct E. M. F. or 
voltage in the external circuit. A commutator might 
also be called a sort of rotating switch which quickly 
reverses the connections of the armature coils to 
the external circuit as these coils pass from one pole 
to the next. 
The manner in which the commutators are con-

structed of forged copper bars which are insulated 
from each other by mica segments, was covered in 
a preceding article under D. C. armatures. 

Figs. 14 and 15 show two excellent views of com-
mutators of slightly different types. The smaller 
one in Fig. 14 is held together by the ring nut 
shown on the right, while the larger one is known 
as a "bolted type" commutator, and has bolts which 
draw the V-rings tightly into the grooves in the 
bars. 

10. BRUSHES 
The brushes slide on the commutator bars and 

deliver the current from a generator winding to the vie 
line; or, in the case of a motor, supply the current 
from the line to the winding. Most of these brushes 
are made of a mixture of carbon and graphite 
molded into blocks of the proper size. While this 
material is of fairly high resistance, the very short 
length of the brushes doesn't introduce enough re-
sistance in the circuit to create much loss. The 

• 
Fig. 141. The above photo shows an excellent sectional view of • 

commutator for • D. C. machine. 



D. C., Section One. Generator Brushes and Brush Holders. 349 

.011e, 

rg. 15. This view shows another type of commutator in which the 
bars are held in place by bolts that are used to draw the clamping 
rings tight. 

properties of the carbon and graphite tend to keep 
the commutator clean and brightly polished as the 
brushes slide on its surface. Some resistance in the 
brush material is an advantage, as it tends to pre-
vent severe sparking during the period the commu-
tator bars are short circuited. This will be ex-
plained in a later section on brushes. 

Brushes must be of the proper size and material 
to carry, without undue heat, the full load currents 
of either a generator or motor. The carrying capaci-
ty of the brushes is a figure generally set by the 
manufacturers to indicate the number of amperes 
the brush will carry per square inch of cross-sec-
tional area. This figure takes into account the heat 
due to overloads, friction, short circuit currents in 
the coils, voltage drop at the contact, and the heat 
produced by sparking. 

Fig. 16 shows two common types of generator 
brushes to which are attached Pig Tails of soft 
stranded copper. These copper pig-tails are used for 
making a secure connection to carry the current 
from the brush to the holder and line. 

11. BRUSH HOLDERS 
Brushes are held firmly in the correct positiu 

with relation to the commutator by placing them 

in brush holders. The brush holders in common 
commercial use today may be classed under three 
general types, called Box Type, Clamp Type, and 
Reaction Type. 
The box type holder was one of the first to be 

developed and used, while the clamp type has been 
developed in two forms known as the "swivel" and 
"parallel" motion types. Fig. 17 shows sketches 
of these several types of brush holders. The upper 
views in each case show the holders assembled on 
round studs, while the lower views show them 
bolted to rectangular studs. 
A brush holder, in addition to providing a box 

or clamp to hold the brush in place, also has spring, 
to hold the brush against the commutator surface 
and under the proper tension. Fig. 18 shows a 
box-type brush holder and the springs which apply 
the tension on the brush, anti the view on the right 
shows this brush holder from the opposite side, 
mounted in the rocker ring. The requirements of 
(-rood brush holders are as follows: 

1. To provide means for carrying the current 
from the brush to the holder stud, either with a 
flexible copper connection or by direct contact be-
tween the brush and the holder. This must be 
accomplished without undue heating or sparking 
between the brush and holder, as this would result 
in a rapid burning and damage to the holders. 

2. To provide means for accurately adjusting 
the brush on the commutator or ring. 

3. To hold the brush firmly at the proper angle. 
4. To permit free and quick movement of the 

brush in order that it may follow any uneven sur-
face of the commutator or ring. 

Fig. Hi. Two common types of carbon brushes used for D. C. machines. 
Note the flexible copper leads used for connecting them to the 
brush holders. 

Fig. 17. The sketches on the left 
show several common types of 
brush holders. At "A" are two 
views of box-type holders. "B" 
and "C" are known as clamp-type 
holders; while "D" is a brush 
holder of the reaction-type. 
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Fig. 18. Above are shown two box-type brush holders. The one at 
the left is simply attached to its holder stud sleeve and springs, while 
the one at the right is mounted on the holder stud which is fastened 
in a brush rocker arm. 

5. To provide a tension spring of such length 
or shape that the tension on the worn brush %yin 
be very little less than that on a new brush. 

6. To have a brush hammer so constructed that 
it will bear directly on the top of the brush and not 
give a side push either when the brush is full length 
or nearly worn out. 

Fig. 19. shows a brush holder of the Reaction 
Type, in which the brush is held securely between 
the commutator surface and the Brush Hammer 
shown on the top in this view. The spring used 
with this brush holder is a coiled steel wire and 
can be seen on the back of the holder near the 
hammer hinge. 

Brush holders are generally mounted or attached 
to a Rocker Ring by means of holder studs, al, 
shown in Fig. 20. The holders can usually be ad-
justed on these studs both sidewise and up and 
down, to provide the proper spacing and tension 
The purpose of the rocker frame or ring is to allow 

Fix. 19. Reaction-type brush holders keep the brush in place by the 
pressure of a "brush hammer", as shown on top of the brush in 
ads view. 

Fig. 20. Above are shown two brushes in their holders which are 
mounted on a brush rocker arm for a four-pole machine. Note 
the coil springs by which the brush tension on the commutator 
can be adjusted. 

111111, 

Fig. 21. This view shows a complete set of brushes and holders 
mounted on the rocker arm, which in turn is fastened in the end 
bracket of the machine. 

the entire group of brushes to be rotated through 
a small arc, so their position can be adjusted for 
varying current loads on the machine. This is often 
necessary on machines that do not have interpoles 
— as will be explained later. 

Frequently there are two or more brushes 
mounted on each stud, as several small brushes are 
more flexible and will fit themselves to uneven com-
mutator surfaces much better than one large brush.W 
The brush holder studs are, of course, insulated from 
the rocker frames by means of fibre washers and 
bushings. 
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Fig. 21 shows six sets of brushes mounted on the 
brush holder studs and rocker frame, which in turn 
is mounted in the end bracket of the machine. 

12. BEARINGS 

As previously mentioned, the bearings of motors 
and generators are to support the armature prop-
erly centered between the field poles and to allow 
it to rotate freely when the machine is in operation. 
These bearings are mounted in bearing brackets and 
held firmly at the ends of the machine; or, in some 
cases, they may be mounted in pedestals which are 
separate from the field frame. 
These bearings are of two common types, called 

sleeve bearings and ball bearings. Roller bearings 
are also used in some cases. Sleeve bearings are 
made of babbit metal on the medium and larger 
sized machines, while bronze is used for very small, 
high-speed machines. Bearing metal must always 
be of a different grade than that in the shaft, be-

cause two similar metals will rapidly wear away 
or eat into each other when they are rubbed to-
gether. 

Sleeve-type bearings are commonly oiled by oil 
rings or chains which rotate in the oil well and 
carry a small amount of oil up on top of the shaft 
continuously while it is rotating. In other cases. 
on smaller machines, the oil is fed to the shaft bv 
a cotton wick. Ball and roller bearings are lubri-
cated with a light grade of grease. 
A more thorough study of bearings will be given 

in a later section. The principal point to remember 
at this time in connection with bearings is the im-
portance of keeping all bearings properly lubri-
cated with clean oil. There should always be 
enough oil to be sure that the bearings are receiv-
ing it; but never oil them excessively and thus 
cause an overflow which may run into the winding 
and damage their insulation or get on the commu-
tator and destroy its clean, bright surface. 

OPERATING PRINCIPLES OF D. C. GENERATORS 

We have learned that the E. M. F. or voltage in 
a generator is produced by electro-magnetic induc-
tion when the conductors of the armature are ro-
tated through the lines of force of the field. 
We also know that the amount of voltage pro-

duced depends on the number of lines of force which 
are cut per second. This in turn depends on the 
strength of the field, the speed of armature rotation, 
and the number of turns or coils in series between 
brushes. 

The voltage that will be produced by a generator 
can be calculated by the formula: 

p X Op X Cr x RPM 

in which: 
P — 
OP - 
Cr 
108 — 

60 — 
M 

E 
108 x 60 x M. 

No. of field poles 
Total useful flux per pole 
Total No. of inductors on armature 
100,000,000 lines of flux to be cut per sec. 
by one conductor 

60 sec. per min. 
No. of parallel conducting paths between 

the + and — brushes. 
For example, suppose we have a machine with 4 

poles and with 200 armature inductors (conductors) 
in four parallel circuits between the brushes. The 
machine runs at 1200 R.P.M., and we will assume 

.that the useful flux per pole is 3,000,000 lines. 
4 x 3,000,000 s' 200 X 1200 

Then E = , or 120 volts. 
100,000,000 X 60 X 4 

You may not need to use this formula often, but 

it serves to show what the voltage of generators 
depends upon in their design and also to illustrate 
the factors of greatest importance in regulating the 
voltage of a generator. 

It is an easy matter to determine the direction 
of induced voltage in the conductors of a generator 
by the use of Fleming's Right Hand Rule, which 
has been previously stated and explained. 
The rule is one that you will have a great deal 

of use for in connection with generators, so we will 
repeat it here. 

Place the first finger, thumb and remaining fingers 
of the right hand all at right angles to each other. 
(See Fig. 22). Let the first finger point in the direc-
tion of magnetic flux from the field poles, the thumb 
in the direction of conductor rotation, and the re-
maining fingers will indicate the direction of in-
duced voltage. 
This rule can be used either with diagrams or at 

thz. machine to quickly determine the direction of 
induced voltage in any conductor, where the direc-
tion of conductor movement and field polarity are 
known. 

13. MAGNETIC CIRCUIT IN A GENERATOR 

The number of conductors in the armature of a 
generator usually remains unchanged once it is built, 
and while the speed can be varied somewhat, the 
machine is generally operated at about the speed 
for which it is designed. So we find that the voltage 
adjustment or variation during the operation of a 
generator will depend largely upon the field 
strength. It would be well, therefore, to consider 
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more in detail some of the factors upon which this 
field strength depends, and also the methods by 
which it can be varied. 

Every generator or motor has what is called a 
Magnetic Circuit. This is the path followed by the 
flux of its field poles through the poles themselves, 
and through the armature core, and field frame — 
as shown in Fig. 23. 

USE RIGHT 
HAND FOR 
GENERATOR 
AND LEFT 
HAND FOR 
MOTOR. 

Fig. 22. This figure shows a method of holding the fingers to use 
the right-band rule for determining direction of induced voltage 
in generators. 

There are always as many magnetic circuits in 
a generator as it has poles. That is, a two-pole 
generator will have two magnetic circuits. A four-
pole generator four magnetic circuits, etc. These 
magnetic paths must be continuous and will corn 
plete themselves through air unless iron or steel is 
provided. It is advisable, therefore, to have as 
much of the magnetic circuit through iron as possi-
ble, in order to reduce the reluctance of the circuit 
and increase the strength of the field. 
The magnetic paths of commercial generators are 

completed through an all-iron or steel path, with 
the exception of the air gap between the armature 
core and field poles. If this air gap is increased it 

Macyn.et Crrcu..1t. of a Poles. 

4 23. The above diagram shows die magnetic circuit or path ei 
the field Buz iss • simple two-pole macadam 

will weaken the strength of the field and reduce the 
generator voltage considerably. 

Fig. 24 shows a sketch of a four-pole generator 
frame and the four magnetic circuits which it will 
have. It is very easy to determine the direction of 
flux at any pole of a generator if we know which 
ends of the pole are N. and S., and simply remember 
the rule that magnetic flux always travels from a 
north to a south pole in the external circuit. Exam-
ining Fig. 24 again, we find that the flux from either 
north pole divides and half of it goes to each of the 
south poles, then through the air gap and armature 
core which form the external circuit for the field 
poles. The internal circuit from the south pole back 
to the north pole is completed through the field 
frame. From this we see that each pair of field poles 
of a generator form a sort of horse-shoe magnet. 
The area of the field poles and frame must be 

great enough to carry the flux without saturation. 
For highest efficiency, generators are operated at 
field densities considerably less than saturation, and 
generally at about 20,000 to 40,000 lines per sq. inch. 

Ma9nettc. Ctrcu.it of 4 Poles. 

mar 

Fig. 24. Magnetic circuits in a four-pole machine. Note the direction 
of flux from N. to S. poles in the external circuit and from S. 
to N. poles in the internal circuit of the field. 

14. FIELD EXCITATION 

We know that the strong magnetic field of the 
poles in a generator is set up by direct current 
flowing through the coils on these iron poles. This 
current is called the Field Exciting Current. The 
strength of the field will, of course, depend on the 
number of turns in the field coils and the amount 
of current which is passed through them. So, by 
controlling excitation current with a rheostat, we 
can readily adjust the strength of the field and the 
output voltage of the generator. 
Generators are classed as either Separately Ex-

cited or Self-Excited, according to the manner in 
which their coils obtain the exciting current. 
A separately excited generator is one that has it. 

field excited from some source other than its own 
armature. This source may be either a storage bat-
tery or another small D.C. generator. Alternating 
current cannot be used to excite the field poles of 
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either a D.C. or A.C. generator. So alternators are 
practically always separately excited by current 
from storage batteries or D.C. generators. Sepa-
rately excited D.C. generators are sometimes used 
for electro-plating machines and work of this type, 
and have their field coils wound for a certain volt-
age. This voltage may range from 6 to 25 for 
battery excitation; and from 110 to 220 when ex-
cited from another generator. 

Fig. 25 shows a sketch of a simple two-pole D.C. 
generator which has its field separately excited from 
a storage battery. Note the field rheostat which is 
provided to vary the field current and the generator 
voltage. 

F4 To Load 

Separately Excited Generator 

Fig. 2$. This diagram shows a simple D. C. generator which has its 
field separately excited from a storage battery. 

4  A self-excited generator is one that receives its 
vie field current from its own armature winding. Fig. 

26 shows a sketch of a simple generator of this 
type. You will note that the field coils are connected 
across the positive and negative brushes of the 
armature in parallel with the line and load. The 
field will at all times receive a small amount of 
D. C. from the armature, whether there is any load 
connected to the line or not. Practically all com-
mercial D.C. generators are self-excited. 

15. BUILDING UP VOLTAGE IN A 
GENERATOR 

With a separately excited generator, as soon as 
the circuit is closed from the source of direct cur-
rent for the field, the field will be magnetized at full 
strength, and the generator voltage will build up 
immediately as soon as the machine goes up to full 
speed. 
A self-excited generator must build up its voltage 

more gradually from the small amount of residual 
magnetism in the poles when the machine is started. 
You will recall that residual magnetism is the mag-
netism which remains in or is retained by the iron 
of the field poles even when their current is shut off. 
This residual magnetism, of course, produces only 
a very weak field. 
When the machine is first started up and the earmature conductors begin to cut this weak residual 

eld, a very low voltage is generated in them. As 
the field is connected to the armature this first low Ivoltage slightly increases the strength of the field. 
Then as the conductors cut through this slightly 

stronger field a little higher voltage is induced In 
them. This increases the field strength still more, 
which in turn builds up a greater voltage in the 
armature and further increases the field strength. 
This continues, and the strength of the field as well 
as the armature voltage keep on getting greater, 
until the point of Saturation is reached in the field 
poles. 
The saturation point, you will remember, is when 

a magnetic circuit is carrying its maximum practical 
load of flux. When this point is reached it would 
require a considerable increase of current in the field 
coils to make even a small increase in the flux of 
the poles. So we find that self-excited generators 
build up their voltage gradually from residual mag-
netism as the machine comes up to speed. 
Sometimes it may require a few seconds after the 

machine has reached full speed for its voltage to 
come up to normal value. 

16. FAILURE TO BUILD UP VOLTAGE 

With self-excited generators, it is, of course, nec-
essary that the flux lines produced by the field coils 
be of the same polarity as the residual magnetism 
in the iron of the poles. Otherwise, the first low 
voltage applied to the field coils would tend to 
neutralize the residual magnetism and cause the 
generator to fail to build up its voltage. For this 
reason, self-excited generators will build up voltage 
only when rotated in the proper direction. Gen-
erators may, however, be made to build up voltage 
when rotated in the opposite direction by changing 
the field connections. 

5 N To Load 

Fig. 21. This simple two-pole machine has its field coils self-excited 
by connection to its own armature brushes. Note the field rheostat 
at F. R., whk.h is used to control the field strength. 

After a generator has been idle for quite a period 
it sometimes loses its residual magnetism to such 
an extent that it will not build up voltage until it 
is first separately excited. Some of the causes of 
a generator failing to build up voltage are as 
follows: \Veak or dead residual magnetism, low 
speed, poor brush-contact on the commutator, severe 
overloads, open field circuits, or high resistance 
connections. 
Removing the cause of the trouble will usually 

start the machine generating, but if it does not a 
low voltage storage battery or some other source 
of direct current applied to the field coils momen-
tarily and in the proper direction will generally 
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cause the machine to promptly build up voltage 
again. 
On some generators it is necessary to cut out 

part or all of the resistance of the field rheostat 
before the machines will build up voltage. 

17. VOLTAGE ADJUSTMENT AND 
REGULATION 

When a generator is running at normal speed, its 
voltage can be conveniently controlled and adjusted 
by means of the field rheostat, as shown in Figs. 
25 and 26. On most D.C. generators this adjustment 
is made manually by the operator, putting resist-
ance in or out of the field circuit by means of this 
rheostat. In some cases automatic voltage regu-
lators are used to control this voltage according 
to the load on the machine. This automatic regu-
lating device will be explained later. 
The terms "control" and "adjustment" refer to 

changes made in the voltage by the operator or 
automatic device. The term "voltage regulation" 
refers to some change in the voltage which the ma-
chine makes of its own accord as the load is changed 
or varied. This change is inherent in the machine 
and is determined by its design and construction. 

18. NEUTRAL PLANE 
The neutral plane in a generator is that point 

between adjacent field poles at which the armature 
conductors are traveling parallel to the lines of 
force, and in a very weak field. Normally, when the 
generator is not carrying a load this neutral plane 
is half way between adjacent poles of opposite 
polarity, as shown in Fig. 27. 

Fls. 27. This diagram shows the normal path of flux through the 
armature of the generator when the machine la not operating under 
load. Note the position of the normal neutral plane and also the 
position this plane takes when a machine I. loaded. 

When the conductors are passing through this 
point they do not generate any voltage, as they are 
not cutting across the lines of force. It is at this 
point that the commutator bars attached to the 
conductors usually pass under the brushes, where 
they are momentarily short circuited by the 
brushes. If the brushes were allowed to short cir-
cuit coils while they were passing through a strong 

flux under a pole, and generating appreciable volt-
age, it would cause very severe sparking at the 
brushes. So it is important that the brushes be 
adjusted properly for this neutral plane. 

19. ARMATURE REACTION 
In addition to the flux which is set up between 

the field poles from their coils and exciting current, 
there is also to be considered the flux around the 
armature conductors. When a load of any kind is 
connected to a generator and its voltage begins 
to send current out through the line and load, this 
current, of course, flows through the armature con-
ductors of the generator as well. 
The greater the load placed on the machine the 

greater will be the current in the armature con-
ductors and the stronger will be the flux set up 
around them. 

Age 

\le 

Fig. 28. This sketch shows the magnetic flux set up around the 
armature conductors of the simple two-pole machine when current 
is passing through them. 

The armature flux is set up at right angles to the 
flux of the field poles, and therefore tends to distort 
the field flux out of its straight path between poles. 
This effect is known as Armature Reaction. 

Fig. 28 shows the position of the armature flux 
as it would be when set up by current in the con 
ductors, if there were no field flux to react with it 
In actual operation, however, the armature and 
field flux of the generator are more or less mixed 
together or combined to produce the distorted field 
shown in Fig. 29. Here we see that the lines of force 
from the field poles have been shifted slightly out of 
their normal path and are crowded over toward 
the tips of the poles which lie in the direction of 
the rotation of the armature. This causes the field 
strength to be somewhat uneven over the pole faces, 
and more dense on the side toward which the arma-
ture is rotating. 
You will also note that this distortion of the field 

has shifted the neutral plane, which must remain atAiii 
right angles to the general path of the field flux", 
As the armature flux depends on the amount of 

1 current through its conductors, it is evident that 
the greater the load on the machine, the greater 
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Fig. 29. This view shows the manner in which the magnetic lines 
of the field are distorted from their normal path by the effect of 
armature reaction. The neutral plane is shifted counter clockwise, 
or in the direction of rotation as shown by the dotted Une. 

will be the armature reaction and field distortion; 
and the farther the neutral plane will be shifted 
from its original position. So unless a generator 
is provided with some means of overcoming the 
effect of armature reaction, it will be necessary to 
shift the brushes with varying loads in order to 
obtain sparkless commutation. 
Some machines are provided with commutating 

poles or interpoles, as they are sometimes called, 
which are placed between the main field-poles to 
neutralize this feature of armature reaction and 
thereby eliminate the necessity of shifting the 
brushes with changes of load. These poles and their 
operation will be more fully explained later. 
The tendency of the armature flux to distort the 

field flux constantly exerts a force in the opposite 
direction of rotation and this force is what requires 
more power of the prime mover to drive the gen-
erator when its load is increased. 

20. ARMATURE RESISTANCE AND I. R. 
LOSS 

All armature windings offer some resistance to 
the flow of the load current through them. While 
this resistance is very low and usually only a frac-

tion of an ohm, it nevertheless causes a certain 
amount of voltage drop in the internal circuit of 
the armature. In other words, a certain small 
amount of the generated voltage is used to force 
the load current through the resistance of the arma-
ture winding. The greater the load on a generator, 
the greater will be the voltage drop through the 
armature. 
As we know, this voltage drop is always propor-

tional to the product of the amperes and ohms; and 
for this reason it is often referred to as I. R. Drop. 
We can also determine the watts lost in an arma-

ture, or converted into heat because of its resistance, 
by squaring the current and multiplying that by 
the resistance, according to the watts law formula. 
Therefore, 12 X R will equal the watts lost in an 
armature due to its resistance. In which: 

I = the load current 
R = the resistance of the armature only. 

This armature resistance can be measured with 
instruments connected to the commutator bars at 
the brush locations; or it can be calculated, if we 
know the size of the wire, the length of the turns 
in the coils, and the number of paths in parallel in 
the armature. 

21. VOLTAGE DROP IN BRUSHES 
AND LINES 

There is also a certain amount of voltage drop 
at the brushes of a generator which is due to the 
resistance of the brushes themselves and also the 
resistance of the contact between the brushes and 
commutator. This resistance is also very low and 
will cause a voltage drop of only about one or two 
volts on ordinary machines under normal load. 

In addition to the voltage drop encountered in 
the generator, we also have the drop in the line 
which leads from the generator to the devices which 
use the current produced by the generator. 
Knowing that the voltage drop in both the line, 

or external circuit, and the generator internal circuit 
will vary with the amount of load in amperes, we 
can see the desirability and need of some voltage 
adjustment or regulation at the generator, to keep 
the voltage constant at the devices using the energy. 

GENERAL TYPES OF D. C. GENERATORS 

Direct current generators can be divided into 
several classes, according to their field construction 
and connections. They are called respectively: 
Shunt Generators, Series Generators, and Com-
pound Generators. 
The shunt generator has its field coils connected 

in shunt or parallel with the armature, as shown 

likni Fig. 30-A. Shunt field coils consist of a great 
any turns of small wire and have sufficient re-

sistance so that they can be permanently connected 
across the brushes and have full armature vgltage 
applied to them at an times during operation.. The 

current through these coils is, therefore, determined 
by their resistance and the voltage of the armature. 

Series generators have their field coils connected 
in series with the armature, as shown in Fig. 30-B; 
so they carry the full load current. Such coils must, 
of course, be wound with heavy wire in order to 
carry this current and they usually consist of only 
a very few turns. 

Compound generators are those which have both 
a shunt and series field winding, as shown in Fig. 
30.C. 
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Fig. 31. "A" shows the connections of the field coils for a shunt generator. Note that they are connected in parallel with the brushes and the armature. 
"B" shows the connection of the field coils for a series machine. "C" illustrates the connection of the field coils for a compound generator. Note 
that at "C" the shunt coils next to the armature are connected In parallel with the brushes while the series coils on the outside are connected 
la aerie, with the brushes. 

Each of these machines has certain characteristics 
which are particularly desirable for certain classes 
of work, as will he explained in detail in the fol-
lowing paragraphs. 

22. SHUNT GENERATORS 

Fig. 31 is a simple sketch showing the method of 
connecting the field winding of a shunt generator 
in parallel wit'a its armature. The field rheostat, 
F.R., is connected in series with the shunt field 
winding to regulate the field strength, as previously 
explained. 

It is well to note at this point that, in various 
electrical diagrams, coils of windings are commonly 
represented by the turns or loops shown for the 
shunt field at "F", while resistance wires or coils 
are commonly shown by zigzag lines such as those 
used for the rheostat at "F.R." 

UNE 

LINE 

Fig. 31. nala diagram shows the connections of a shunt generator. 
The shunt field winding "F" is connected in series with the field 
rheostat and then across the brushes. Note that this field winding 
Is also In parallel with the load on the line. 

Fig. 32 shows the connections of a shunt genera-
tor as they would appear on the machine itself. 
By comparing this diagram with the one in Fig. 31 
and tracing the circuits of the field and armatures, 
you will find they are connected the same in each 
case. 
The shunt generator, being a self-excited ma-

chine, will start to build up its voltage from residual 
magnetism as soon as the armature commences to 
rotate. Then, as the armature develops a small 
amount of voltage, this sends some current through 

the field, increasing the lines of force and building 
up the voltage to full value, as previously explained. 
However, if there is a heavy load connected to the 
line the shunt generator may refuse to build up its 
voltage, as the heavy load current flowing thru 
the armature causes a voltage drop thru the arma-
ture and brush resistance and reduces the terminal 
or output voltage of the armature. This reduces the 
voltage supplied to the field and may weaken the 
field enough to prevent the generator from build-
ing up voltage. 

23. VOLTAGE CHARACTERISTICS OF 
SHUNT GENERATORS AN> 

The voltage of the shunt generator will vary1s. 
inversely as the load due to the same reason men-
tioned in the preceding article. Increasing the load 
causes increased voltage drop in the armature cir-
cuit thus reducing the voltage applied to the field. 
This reduces the field strength and thereby reduces 
the generator voltage. 

If the load on a shunt generator is suddenly 
increased, the voltage drop may be quite noticeable; 
while, if the load is almost entirely removed, the 
voltage may rise considerably. Thus we see that 
the voltage regulation of a shunt generator is very 
poor, because it doesn't inherently regulate or main-
tain its voltage at a constant value. 

The voltage may be maintained fairly constant 
by adjusting the field rheostat, provided the load 
variations are not too frequent and too great. 

Shunt generators are, therefore, not adapted to 
heavy power work but they may be used for incan-
descent lighting or other constant potential devices 
where the load variations are not too severe. 

Shunt generators are difficult to operate in paral-
lel because they don't divide the load equally be-
tween them. Due to these disadvantages shunt 
generators are very seldom installed in new plants 
nowadays, as compound generators are much more 
satisfactory for most purposes. 

Fig. 33 shows a voltage curve for a shunt general> 
tor and illustrates the manner in which the voltage 
of these machines varies inversely with the load. 
You will note that at no load the voltage of the 
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Fig. 33. This sketch shows the wiring and connections of the brushes 
and field coils for a four-pole, shunt generator. 

generator is normal or maximum, while as the load 
in kilowatts increases the generator voltage grad-
ually falls off to a lower and lower value. 

24. SERIES GENERATORS 

These machines have their field coils connected 
in series with the armature and the load, as shown 
in Fig. 34. The field winding is usually made of 
very heavy wire or strip copper, so that it will carry 
the full load current without overheating. 
By referring to Fig. 34 we can see that with 

no load connected to the line, it would be im-
possible for any current to flow through the series 
field and therefore the generator couldn't build up 
voltage. So, in order for a series generator to build 
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Fig. 33. This curve illustrates the voltage charactmistk of • shunt 
generator. Note how the voltage drops as the load la kilowatts Is 
increased. Fun load in this casa Is 241 amperes. 

up voltage when it is started, we must have some 
load connected to the line circuit. 

25. VOLTAGE CHARACTERISTIC OF 
SERIES GENERATORS 

The greater the load connected to such a genera-
tor, the heavier will be the current flowing through 
the field winding and the stronger the field flux. 
This c tuses the voltage of a series generator to 
vary dii-ectly with the load; or to increase as the 
load is increased and decrease as the load decreases. 
This, you will note, is exactly the opposite charac-
teristic to chat of a shunt generator. 
As most electrical equipment is to be operated 

on constant voltage and is connected to the line in 
parallel, series generators are not used for ordinary 
power purposes or for incandescent lighting. Their 
principal use has been in connection with series arc 
lights for street lighting and a number of series 
generators are still used for this purpose. 

Fig. 34. This sketch shows the connections of a series generator. 
The series field at "F" is connected in series with the armature 
and the line. Note that no current could flow through this field 
if there was no load connected to h. line. 

With a load of this kind, the current must always 
remain at the same value for the series lamps and, 
therefore, the generator field and voltage will re-
main fairly constant. You can readily see that a 
series generator would be entirely impractical for 
ordinary power and light circuits, because, if the 
load is decreased by disconnecting some of the de-
vices, the voltage on the rest will drop way below 
normal. 

26. SERIES FIELD SHUNTS 

Fig. 35 shows a curve illustrating the voltage 
regulation of a series generator. The voltage of 
such machines can be adjusted by the use of a 
low-resistance shunt connected in parallel with the 
series field coils, as shown in Fig. 36. This figure 
shows the connections of a series generator as they 
would appear on the machine. By tracing the cir-
cuit you will find that the field coils are connected 
in series with the armature and load. 
The purpose of the shunt is to divide the load 

current, allowing part of it to flow through the 
series field and the rest through the shunt. By 
varying the resistance of this shunt, we can cause 
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Fig. 33. This curve shows the voltage characteristic of • series gen-
erator. Note that the voltage Increases rapidly as the load on the 
machine is Increased up to about full load. Full load In this case la 
125 amperes. 

more or less of the total load current to flow 
through it, thus either weakening or strengthening 
the series field.. 
These shunts are generally made of very low 

resistance material, such as copper ribbon or strips 
of metal alloy with higher resistance than copper, 
in order to make them short in length and compact 
in size. 
By referring again to the curve in Fig, 35, you 

can see that the voltage regulation of a series gen-
erator is also very poor. 

27. COMPOUND GENERATORS 
The fields of a compound generator are composed 

of both shunt and series windings, the two separate 

fig. 36. Connections of brushes and Reid cam of • four-pels, ostios 
generater. 

coils being placed on each pole. Fig. 37 shows the 
connections of both the series and shunt fields of 
a compound generator. 
The shunt field is connected in parallel with the 

armature and therefore it maintains a fairly con-
stant strength. The series field, being in series with 
the armature and load, will have its strength varied 
as the load varies. These machines will therefore 
have some of the characteristics of both shunt and 
series generators. 
We have found that the shunt generator tends 

to decrease its voltage as the load increases and 
that the series generator increases its voltage with 
increases of load. Therefore, by designing a com-
pound generator with the proper proportions of 
shunt and series fields, we can build a machine that 
will maintain almost constant voltage with any 
reasonable variations in load. 
The shunt field winding of a compound generator 

is usually the main winding and produces by far 
the greater portion of the field flux. The series 
field windings usually consist of just a few turns, 
or enough to strengthen the field to compensate 
for the voltage drop in the armature and brushes 
as the load increases. 

gar 

Fig. 37. This sketch shows the connections of a compound generator. 
The shunt field is connected across the brushes. The series field 
is connected in series with the line. 

Compound generators can have the shunt field 
strength adjusted by a rheostat in series with the 
winding, and may also have a shunt in parallel 
with the series field for its adjustment. The series 
field shunt on these machines, however, is not 
generally used for making frequent adjustments in 
their voltage, but is intended for establishing the 
proper adjustment between the series and shunt 
field strengths when the generators are placed in 
operation. 
The variation in the strength of the series field, 

which compensates for the voltage drop with vary-
ing load, makes it unnecessary to use the field 
rheostat with these machines, as is done with shunt 
generators. 

Fig. 38 shows the complete connections for the 
armature and fields of a compound generator. You 
will note that the series winding is composed of 
just a few turns of very heavy wire on each pole 
and is in series with the armature and line. The 
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shunt winding is composed of a far greater number 
of turns of small wire and is connected in parallel 
with the armature brushes. 
By referring back to Fig. 12, you will note the 

series coils wound on the poles over or outside of 
the shunt winding, which is wound next to the pole 
cores. 

Fig. 38. Connections of brushes and field coils for a four-pole, cumula-
tive compound generator. Note that the direction of current 
through the series field winding is the same as that through the 
shunt mile. 

28. CUMULATIVE AND DIFFERENTIAL 
COMPOUND GENERATORS 

In the type of compound generator which we 
have just described the series coils are wound in 
the same direction as the shunt coils, so their flux 
will aid and strengthen that of the shunt field. They 
are therefore known as Cumulative Compound ma-
chines. This name comes from the fact that the 
two windings both work together, or add their 
fluxes, to build up the total cumulative field. 
Some compound generators have the series fields 

wound in the opposite direction, so that their flux 
opposes that of the shunt field. Such machines are 
known as Differential Compound generators. Their 
uses will be explained later. 

29. FLAT COMPOUND GENERATORS. 
VOLTAGE CHARACTERISTICS 

When a compound generator has just enough of 
series field to compensate for the voltage drop in 
its own armature and brushes, and to maintain a 
nearly constant voltage from no load to full load 
on the generator, it is known as a Flat Compound 
machine. 
The voltage regulation of such a machine is very 

good, as it automatically maintains almost constant 
voltage with all normal load variations. Such 
machines are very commonly used for supplying 
current to general power and light circuits where 

the load is not located too far from the generator 
and the line drop is small. Fig. 39 shows the 
voltage curve of a flat compound generator at F. 

30. OVER COMPOUND GENERATORS. 
VOLTAGE CHARACTERISTICS 

Where the load is located some distance from 
the generator or power plant and the line drop is 
sufficient to cause considerable reduction of voltage 
at the current-consuming devices when the load is 
heavy, the generators are commonly equipped with 
series field windings large enough to compensate 
for this line drop as well as their own armature 
and brush voltage drop. Such machines are called 
Over Compound generators and are by far the most 
common type used in power work. 
The voltage of an over compound generator will 

increase slightly at the generator terminals with 
every increase of load. These voltage increases are 
due to the greater number of turns in the series 
field winding. Every increase of load increases 
the current through these series turns, thereby 
strengthening the field enough to actually raise the 
voltage a little higher at full load than at no load. 
This voltage increase at the generator terminals 

makes up for the additional voltage drop in the 
line when the load is increased. Therefore, if the 
series and shunt fields of such a machine are 
properly adjusted, it will maintain a very constant 
voltage on the equipment at the end of the line. 
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Fig.». These curves show the voltage characteristic of a flat compound 
generator at F, over compound at O. and under compound at U. Full 
load in this case is 221 amperes. 

The adjustment of the shunt and series fields of 
these machines can be made with the usual shunt 
field rheostat and series field shunts, 
The voltage regulation of an over compound 

generator is very good, and for ordinary power 
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purposes they don't require frequent adjustment of 
the rheostat or any special voltage regulating equip-
ment, because this regulation is inherent in the 
design and operation of the machine. Over com-
pound generators are usually made and adjusted 
so that the terminal voltage will be from 472% to 
6% higher at full load than at no load. 

31. DIFFERENTIAL COMPOUND 
GENERATORS 

Any compound generator can be connected either 
cumulative or differential, by simply reversing the 
connections of the series field windings so that these 
coils will either aid or oppose the flux of the shunt 
field. 
Compound generators are usually designed to 

operate cumulative unless otherwise ordered toi 
special purposes. 

Fig. 40. Connections of brushes and field coils for a four-pole, dif-
ferential, compound generator. Note that the direction of current 
through the series field coils is opposite to that in the shunt coils. 

When the series field coils are connected differen-
tial, and so that their flux opposes that of the shunt 
field, each increase in the load on the machine will 
cause quite a decided voltage drop, as it increases 
the current in the differential winding and thereby 
weakens the field flux. 
The voltage of these machines, therefore, will 

vary inversely with the load and considerably more 
than it varies with the shunt generator. The volt-
age regulation of differential compound generators 
may be classed as very poor, but they have advan-
tages in certain classes of work. 

For the generators used in welding, where sudden 
and severe overloads are placed on the machine in 
starting the arcs, or for any machines that have 
frequent severe overloads or the possibility of short 
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Fig. 41. This chart shows the curves of several types of generators 
all together so they can be easily compared. 

circuits, the differential compound winding is a 
2()od protective feature. 
When an overload is placed on the line, the ad-

ditional current in the differential series coils tends 
to neutralize the shunt field flux and thereby re-
duces the generator voltage considerably. This also 
reduces the amount of current which will flow 
through the armature, and therefore protects it 
from overheating. 
The shunt field winding of the differential 

generator should be the main field winding and 
determine the polarity of the pole. The series field 
should at no time determine the polarity of the 
poles, unless the shunt field circuit is open or except 
in case of a short circuit across the brushes. 

Fig. 40 shows the connections of a differential 
compound generator. Note that the current flows 
in opposite directions in the shunt and series wind-
ings around the field poles. 

Fig. 41 shows the curves for the several types 
of generators just described and provides a good 
opportunity to compare the voltage characteristics 
of shunt, series, and compound generators. Note 
how rapidly the voltage of the differential machine 
falls off as the kilowatt load increases. 

It will be well to keep in mind the different 
voltage characteristics of these machines and the 
principles by which their voltage regulation is ob-
tained, because you will encounter all types in 
various plants in the field. Therefore a knowledge 
of their field connections and adjustment, and the 
proper methods by which these connections can be 
changed to obtain different characteristics, will 
often be very valuable to you. 

Awe 

• 
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OPERATION OF D. C. GENERATORS 
In commencing the study of the operation of 

generators, it will be well to first consider prime 
movers, or the device, used to drive the generators. 
The term Prime Mover may apply to any form 

of mechanical power device, such as a steam en-
gine, steam turbine, gas or oil engine, or water 
wheel. These devices, when used to drive electric 
generators, are designed to operate at a constant 
speed at all loads up to full load. They are usually 
equipped with governors which maintain this con-
stant speed by allowing the correct amount of 
power in the form of steam, gas, or water to enter 
the prime mover, according to the variations of 
current load on the generator. 
The prime mover should always be large enough 

to drive the generator when it is fully loaded, with-
out any reduction in speed which would be notice-
able in the generator voltage output. 

It is not our purpose in this Electrical Reference 
Set to discuss in detail the design or operation of 
prime movers, although in a later section they will 
be covered to a greater extent with regard to their 
operation. 

32. CALCULATION OF PROPER H.P. FOR 
PRIME MOVERS 

To determine the proper size of engine or prime 
deb. mover to drive a D.C. generator of a given rating 
"or in kilowatts, we can easily calculate the horse 

power by multiplying the number of kilowl,Lts by 
1.34. 
You will recall that one h. p. is equal to 746 watts, 

and one kilowatt, or one thousand watts, is equal 
to 1.34 h. p. 

Multiplying the kilowatt rating of the generator 
by 1.34 gives the horse power output of the 
machine. This horse power output can also be 
determined by the formula: 

E X 

746 
H. P. = 

In which: 
E = the generator voltage 
I — the maximum current load rating 

746 = the number of watts in one h. p. 
In addition to the electrical horse power output 

of the generator, we must also consider its effi-
ciency, or the loss which takes place in its windings 
and bearings. 

If the efficiency of a generator is known to be 
80%, the formula to determine the horse power 
required to drive it will be as follows: 

E x I 
H. P. 

• 
e X 746 

In which: 
e — the efficiency of the generator, ex-

pressed decimally. 
We should also allow a certain amount for any 

overload that the generator is expected to carry. A 

convenient rule for determining the approximate 
horse power required to drive any generator, is to 
multiply the kilowatt rating of the machine by L.5, 
which will usually allow enough extra power to 
make up for the loss in the generator. 
For example, if we have a generator which is 

rated at 250 volts and 400 amperes, and this ma-
chine has an efficiency of 90%, we can determine 
the necessary horse power by the formula, as fol-
lows: 

H. P. — 
250 x 400 

or 148.94 h. p. 
.90 X 746 

The kilowatt rating of this same generator would 
be 100 KW, as can be proven by multiplying the 
volts by the amperes. So, if we simply multiply 
100 x 1.5, according to our approximate rule, we 
find that 150 h. p. will be required. This is approxi-
mately the same figure as obtained by the use of 
the other formula. 

Fig. 41-A. This photo shows a large modern D. C. generator with 
a welded frame. The capacity of this generator is 1000 KW. 
What horse power will be required to drive it and satisfactorily 
maintain the speed when the generator is 10% overloaded? Assume 
the efficiency of the generator to be 93%• 

If the generator has less than 90% efficiency and 
if it is known that the load will be up to the full 
capacity of the generator at pratically all times, and 
occasionally a little overload, then it is better to 
allow slightly greater horse power than in the prob-
lem just given. 
Prime movers for the operation of generators 

should be equipped with governors which are quick 
enough in their response so that they do not allow 
the generator to slow up noticeably when additional 
load is applied. 
There is generally some adjustment provided on 

these governors which can be used to set the prime 
mover to run the generator at the proper speed to 
maintain the proper voltage. 
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As the voltage of the generator depends upon its 
speed, we should keep in mind that its voltage can 
be adjusted by adjusting the governors or throttle 
of the prime mover. 

331 INSPECTION BEFORE STARTING 
GENERATORS 

When starting up a generator we should first 
make a thorough examination, to make sure that 
the prime mover and generator are both in proper 
running order. The oil wells should be examined 
to see that there is sufficient oil in all main bearings 
and that the oil rings are free to turn. Be careful, 
however, not to flood oil wells, because excess oil 
allowed to get into the windings of the generator 
is very damaging to the insulation, and may neces-
sitate rewinding the machine. 
On small and medium-sized machines only a little 

oil need be added from time to time, unless the oil 
wells leak. On large machines, where the armature 
is very heavy, forced lubrication is necessary to 
maintain the film of oil between the shaft and bear-
ings. With these machines an oil pump is used to 
force oil to the bearings at a pressure of 20 to 30 
lbs. per square inch to insure proper lubrication. 
Some bearings are also water cooled, having open-
ings through the metal around the bearing for water 
to flow through and carry away excessive heat. 

If there are auxiliaries of this kind, they should 
be carefully examined and checked before running 
the machine. 

34. STARTING GENERATORS 

Before starting up a generator it is usually best 
to see that the machine is entirely disconnected from 
the switchboard. This is not always necessary, but 
it is safest practice. Next start the prime mover and 
allow the generator armature to come gradually up 
to full speed. Never apply the power jerkily or 
irregularly. 
Power generators are always rotated at their full 

speed when operating under load. When the ma-
chine is up to full speed the voltage can be adjusted 
by means of the field rheostat which is connected 
in series with the shunt field. 
The machine voltage can be checked by means of 

the switchboard voltmeter, and it should be brought 
up to full operating voltage before any switches are 
closed to place load on the generator. 

After the voltage is adjusted properly, the ma-
chine may be connected to the switchboard by 
means of the circuit breakers and switches. Where 
circuit breakers are used they should always be 
closed first, as they are overload devices and should 
be free to drop out in the event there is an overload 
or short circuit on the line. 

After closing the circuit breaker the machine 
switch may be closed, completing the connection of 
the generator to the switchboard. As the switch is 
closed the operator should watch the ammeter and 
voltmeter to see that the load is normal and to 

make any further necessary adjustments with the 
field rheostat. 

If the generator is operating in parallel with 
others, the ammeter will indicate whether or not it 
is carrying its proper share of the load. The load on 
any generator should be frequently checked by 
means of an ammeter or wattmeter to see that the 
machine is not overloaded. 
The temperature of the machine windings and 

bearings should also be frequently observed in order 
to check any overheating before it becomes serious. 

35. CARE OF GENERATORS DURING 
OPERATION 

After the machine is running, the most important 
observations to be made frequently are to check the 
bearing oil and temperature, winding temperatures 
and ventilation, voltage of the machine as indicated 
by the volt meter, and the load in amperes shown 
by the ammeter. Commutator and brushes should 
also be observed to see that no unusual sparking or 
heating is occurring there. 
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Fig. 41-B. This view shows two engine-driven D. C. generators in 
a power plant. Two or more machines of this type ans commonly 
operated in parallel. 

Commutators should be kept clean and free from 
dirt, oil, or grease at all times. Brushes should be 
kept properly fitted and renewed when necessary, 
and the commutator surface kept smooth and even 
for the best results. 

All parts of an electric generator should be kept 
clean at all times as dust and oil tend to clog the 
ventilating spaces in the windings, destroying the Ank 
value of the insulation, and also intefering with 
proper commutation. 
The supply of ventilating air in the generator 

room should be frequently checked to see that it is 
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not restricted, and that the temperature of the arma-
ture is not allowed to become too high. Moisture 
is very detrimental to the generator windings and 
water in or around the generator is very dangerous, 
unless confined in the proper pipes for such pur-
poses as cooling bearings, etc. Never use water to 
extinguish fire on any electrical equipment. 

36. PARALLELING D. C. GENERATORS 
Where direct current is used in large quantities 

the power is usually furnished by several generators 
operating in parallel, rather than by one or two very 
large machines. The larger machines when operated 
at full load, are, of course, more efficient than 
smaller ones, but the use of several machines in-
creases the flexibility and economy of operation in 
several ways. 

If only one large generator is used and the load 
is small during a considerable part of the time, it 
is then necessary to operate the machine partly 
loaded. The efficiency of any generator is generally 
less when operating at less than full load, as they 
are designed to operate at highest efficiency when 
they are fully loaded or nearly so. 
When several machines are used, the required 

number can be kept in operation to carry the exist-
ing load at any time. Then if the load is increased 
additional machines may be put in operation, or if 
it is decreased one or more machines may be shut 
down. 

In a plant of this kind if any generator develops 
trouble it can be taken out of service for repairs, and 
its load carried by the remaining machines for a 
short period, if it doesn't overload them more than 
the amount for which they are designed. 

37. IMPORTANT RULES FOR PARALLEL 
OPERATION 

As we learned in the previous section on series 
and parallel circuits, when generators are connected 
in parallel their voltages will be the same as that of 
one machine. The current capacity of the number 
of generators in parallel, however, will be equal to 
the capacity of all of them, or the sum of their rated 
capacities in amperes. 
To operate generators in parallel, their voltages 

must be equal and their polarities must be alike. 
The positive leads of all machines must connect to 

the positive bus bar and the negative leads of all 
machines must connect to the negative bus bar. 
This is illustrated by the sketch in Fig. 42, which 
shows two D. C. generators arranged for parallel 
operation. You will note that if the switches are 
closed the positive brushes of both machines will 
connect to the positive bus bar, and the negative 
brushes are both connected to the negative bus bar. 
The voltmeters connected to each machine can be 

used to check the voltage as the machine is brought 
up to speed, in order to be sure that it is equal to 
the voltage of the other machine which may already 
be running and connected to the bus. If the voltages 
are unequal to any great extent, the machine of 

higher voltage will force current backward through 
the one of lower voltage and tend to operate it as 
a motor. 

It is, therefore, very important that the voltage 
be carefully checked before closing the switch which 
connects a generator in parallel with others. 

If the polarity of one machine were reversed, then 
when they are connected together it would result 
in a dead short circuit with double voltage or the 
voltage of both machines applied in series. 

Fig. 42. This simple sketch shows a method of connecting two D. C. 
generators in parallel. Note the polarity of the generator brushes 
and bus bars. 

Just try making a sketch similar to Fig. 42 and 
reverse the polarity of one generator and see what 
would happen. You will find that the positive of 
one machine feeds directly into the negative of the 
other, and so on around a complete short circuit. 
The resistance of the machine windings, bus bars, 

ammeters and connections is so low that an enor-
mous current would flow, until circuit breakers or 
fuses opened the circuit. If no such protective de-
vices were provided, the windings would be burned 
out or possibly even thrown out of the slots, by the 
enormous magnetic stresses set up by the severe 
short circuit currents. 
You can readily see that in such matters as these 

your training on electrical principles and circuits 
becomes of the greatest importance, as you should 
at all times know the results of your movements 
and operations in a power plant, and know the 
proper methods and precautions to follow. 

38. CORRECTING WRONG POLARITY 
If the polarity of a generator should build up 

wrong, or in the reverse direction, it will be indicated 
by the voltmeter reading in the wrong direction, 
and these meters should always be carefully ob-
served when starting up machines. 
Sometimes the generator will build up wrong 

polarity because its residual magnetism has reversed 
while the machine was shut down. Sometimes stop-
ping and starting the machine again will bring it up 
in the right polarity if some load is connected 
on the circuit. If it doesn't, the polarity can 
be corrected by momentarily applying a low voltage 
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source of direct current to the field coils and send-
ing current through them in the proper direction. 

In power plants where several D. C. generators 
are used, they are generally arranged so their fields 
can be tested or compared by separately loading 
excitation and polarity. 

39. COMPOUND MACHINES BEST FOR 
GENERAL SERVICE 

Shunt wound generators will operate quite satis-
factorily in parallel on constant loads if their volt-
ages are kept carefully adjusted to keep the load 
divided properly between them. If the voltage of 
one machine is allowed to rise or fall considerably 
above or below that of the others, it will cause the 
machine of lower voltage to motorize and draw ex-
cessive reverse current, and trip open the circuit 
breakers. 

If the voltage of one machine falls only a little 
below that of the others, the back current may not 
be sufficient to open the breakers, but would be in-
dicated by the ammeter of this machine reading in 
the reverse direction. 
Shunt generators are not very often used in large 

power plants, because of their very poor voltage 
regulation and the considerable drop in their voltage 
when a heavy load is applied. A plain shunt gen-
erator can usually be changed for compound opera-
tion by simply adding a few turns of heavy wire 
around the field poles, and connecting them in series 
with the armature, with the right polarity to aid 
the shunt field flux. 
The compound generator is best suited to most 

loads and circuits for power and lighting service and 
is the type generally used where machines are oper-
ated in parallel in D. C. power plants. 

Series generators are not operated in parallel and 
in fact they are very little used, except for welders, 
test work or in older street lighting installations. 

40. SIMILAR VOLTAGE CHARACTERISTICS 
NECESSARY FOR PARALLEL 
OPERATION 

Compound generators can be readily paralleled if 
they are of the same design and voltage. They usu-
ally have similar electrical and voltage character-
istics and should be made with the same compound-
ing ratios. That is, the compounding effects of the 
machines must be equal even though they are of 
unequal size. 
Machines of different kilowatt ratings can be sat-

isfactorily operated in parallel, if they are made by 
the same manufacturer or of the same general de-
sign, so that each will tend to carry its own share 
if the load. If their compounding is properly pro-
)ortioned, the voltage rise of each generator should 
ne the same for a similar increase of load. 
When a D. C. generator is operated in parallel 

with others and its voltage is increased, it will im-
mediately start to carry a greater share of the cur-
rent load. We can, therefore, adjust the load on the 
various machines by increasing or decreasing their 
voltages the proper amount. 

41. TESTING AND ADJUSTING COM-
POUNDING OF GENERATORS 

The compounding effects of different generators 
can be connected to the bus bars, assuring proper 
in increasing amounts and observing their volt-
meters. This can be done by connecting one of the 
machines to the switchboard, or to a special loading 
rheostat, and operating the machine under normal 
voltage. Then apply a certain amount of load to it 
and observe the voltmeter closely, to note the 
amount of increase in the voltage due to the com-
pounding effect. 

It will probably be well to check the voltage in-
crease as the load is changed from one-fourth to 
one-half, and then to three-fourths and full load 
values. By testing each generator in this manner we 
can determine which of them has the greatest over-
compounding effect, or produces the highest in-
crease in voltage for the various increases in load. 

If this compounding is found to be different on 
the various machines, it can be adjusted by means 
of the series field shunt, which will allow more or 
less of the total load current to flow through the 
series winding of the compound field. 
When a number of machines of similar design are 

thus properly adjusted they should operate satis-
factorily in parallel under all normal load changes. 

In case the machines do not properly divide their 
loads and one is found to be taking more than its 
share of any load increases, this can be corrected 
by very slightly increasing the resistance of its 
series field circuit by adding a few feet of cable in 
the series field connection. 
The series field windings may be connected to 

gm. 

• 
Fig. 42-A. Large D C. generator driven by a vertical engine. It 

this machine is rated at 250 volts and 3000 amperes, teat is Its 
capacity and KW? 
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either the positive or negative brush leads of the 
armature; but, where compound generators are 
operated in parallel, the series field lead of each ma-

... chine must be connected to the same armature lead, 
either positive or negative, on all generators. 

42. EQUALIZER CONNECTIONS 
When compound generators are operated in par-

allel, an equalizer connection should be used to 
equalize the proportion of currents through their 
series fields and to balance their compounding ef-
fects. 
This equalizer connection, or bus, is attached to 

the end of the series field next to the armature. 
Its purpose is to connect the series fields of all 
generators directly in parallel by a short path of 
very low resistance, and to allow the load to divide 
properly between them. When this connection is 
properly made the current load will divide between 
the series fields of the several machines in propor-
tion to their capacity. 
The equalizer allows the total load current to 

divide through all series fields in inverse proportion 
to their resistance, independently of the load on the 
armature of the machine and of the armature resist-
ance and voltage drop. This causes an increase of 
voltage on one machine to build up the voltage of 
the others at the same time, so that no one machine 
can take all the increased load. 
The connecting cables or busses used for equal-

izer connections between compound generators 
should be of very low resistance and also of equal 
resistance. This also applies to the series field con-
nections from the generators to the main buss, if 
the machines are of the same size. 

If the machines are located at different distances 
from the switchboard, bus cables of slightly differ-
ent size can be used, or an additional low resistance 
unit can be inserted in the lower resistance leads. 
Whenever possible, leads of equal length should 

be used; and, in the case of cables, it is sometimes 
advisable to loop them or have several turns in the 
cable to make up the proper length. If these cables 
or busses were of unequal resistance on machines 
of the same size, there would be an unequal division 
of the load through the machines, and the machine 
having the lowest resistance would take more than 
its share of the load. 
When machines of unequal size are to be paral-

leled, the resistance of the series field leads should 
be in proportion to the resistance of the series field 
windings. 

Fig. 43 shows a wiring diagram for two com-
pound generators to be operated in parallel. Note 
the series and shunt field windings, and also the 
series field shunts and shunt field rheostat. The 
equalizer connections are shown properly made at 

e the point between the series field lead and the nega-
tive brush. From this point they are attached to 
the equalizer bus on the switchboard. The volt-
meters are connected directly across the positive 
and negative leads of each generator ,nd the am-

meters are connected across ammeter shunts which 
are in series with the positive leads of each machine. 
These shunts will be explained later. 
The machine switches for connecting the genera-

tors to the bus bars are also shown in this diagram; 
but the circuit breakers, which would be connected 
in series with these switches, are not shown. 
43. LOCATION OF EQUALIZER SWITCHES 
On machines of small or medium sizes and up to 

about 1,000 ampere capacity, the equalizer switch is 
often the center pole of the three-pole switch, as 
shown in Fig. 43. 
The two outside switch blades are in the positive 

and negative leads of the machine. For machines 
requiring larger switches, three separate single-pole 
switches may be used for greater ease of operation. 
In this case the center one is usually the equalizer 
switch. 

It is quite common practice to mount all of these 
switches on the switchboard, although in some in-
stallations the equalizer switch is mounted on a 
pedestal near the generator. In this case, the equal-
izer cable or bus is not taken to the switchboard 
but is run directly between the two machines. 
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Fig. 43. This diagram shows the connections for two compound D. C. 
generators to be operated in parallel. Note carefully the connec-
tions of the equalizer leads, series and shunt fields and instruments. 

Regardless of the location of the equalizer 
switches, they should be closed at the same time or 
before the positive and negative machine switches 
are closed. 
Where three-pole switches are used, all of the 

poles are, of course, closed at the same time; but, 
if three single-pole switches are used, the equalizer 
should be closed first. If the positive and negative 
switches are closed one at a time, the switch on the 
same side of the armature from which the equalizer 
connection is taken should be closed second. 
The series field should always be paralleled before 
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or at the same instant that the generator armature 
is paralleled with the main bus, in order to insure 
equalization of the compounding effects and to 
allow the machine to take its proper share of the 
load at once. 

44. INSTRUMENT CONNECTIONS WITH 
PARALLEL GENERATORS 

Current instruments and devices—such as am-
meters, overload coils on circuit breakers, current 
coils of wattmeters, etc.—should always be con-
nected in the armature lead which doesn't contain 
the series field winding. This is shown by the am-
meter shunts in Fig. 43, which are properly con-
nected in the positive lead. 

If these devices are connected in the lead which 
has the series field in it, the current indications will 
not be accurate, because current from this side of the 
machine can divide and flow through either the 
equalizer bus or the armature. 
Ammeters and other current devices should indi-

cate the amount of current through the armature of 
the machine. It is not necessary to measure the cur-
rent through the series fields, since they are all in 
parallel with each other. 
The voltage generated in the armature will deter-

mine the amount of current which is carried through 
it, and it is possible to control the armature voltage 
of any machine by the adjustment of the shunt field 
rheostat and thus vary the load carried by each 
generator. 
Voltmeters should be connected, as shown in Fig. 

43, at a point between the generator brushes and 

the main switch, so that the voltage readings can 
be obtained before this switch is closed. This is 
necessary because we must know the voltage of the 
generator before it is connected in parallel with the 
others. 
45. STARTING, PARALLELING and ADJUST-

ING LOAD ON GENERATORS 
In starting up a generator plant with several ma-

chines, the first generator can be started by the pro-
cedure previously described and connected to the 
bus as soon as its voltage is normal. The second 
generator should then be brought up to speed and 
its voltage then carefully checked and adjusted to 
be equal to that of the first machine. Then this 
second machine can be connected to the bus. The 
ammeters of both machines should then be read to 
see that they are dividing the load equally or in 
proportion to their sizes. 
By adjusting the voltage of any generator with 

its field rheostat, it can be made to take its proper 
share of the load. After this adjustment is made, 
the same procedure can be followed on the remain-
ing machines. If there are a number of branch cir-
cuits and switchboard panels feeding to the lines 
and load, the switches on these panels can be closed 
one at a time, applying the loads to the generators 
gradually. 
To shut down any machine, adjust its shunt field 

rheostat to cut in resistance and weaken its field, 
lowering the voltage of that generator until its am- 110. 
meter shows that it has dropped practically all of 
its load. The circuit breaker can then be opened 
and the machine shut down. 

THREE-WIRE D. C. SYSTEMS 
The Edison three-wire D. C. system is used chiefly 

where the generating equipment is to supply energy 
for both power and lighting. The advantages of this 
system are that it supplies 110 volts for lights and 
220 volts for motors and also saves considerably 
in the amounts and cost of copper, by the use of the 
higher voltage and balancing of the lighting circuits. 
Some of these features of 3-wire systems were 

also explained in Section 2, on Electrical Wiring. 

One of the most simple and common methods of 
obtaining the two voltages on three-wire circuits is 
by connecting two 110-volt generators in series, as 
shown in Fig. 44. 
We know that when generators are connected in 

series in this manner their voltages add together, 
so these two 110-volt machines will produce 220 
volts between the outside or positive and negative 
wires. The third, or neutral, wire is connected to 
the point between the two generators where the 
positive of one and negative of the other are con-
nected together. The voltage between the neutral 
wire and either outside wire will be 110 volts, or the 
voltage of one machine. 
Generators for this purpose may be either shunt 

or compound, but the compound machines are more 
generally used. They can be driven by separate 

Prime movers or both driven by the same prime 
mover if desired; and the drive may be either by 
belt or direct coupling. 

In general the operation of a three-wire system is 
practically the same as for a two-wire machine. The 
voltage of each generator may be adjusted by means 
of the shunt field rheostat. 
As these machines are operated in series instead 

of parallel, it is not necessary to have their voltage 
exactly even; but they should be kept properly ad-
justed in order to maintain balanced voltages on the 
two sides of the three-wire system. 
There is no division of the current load between 

these generators—as in the case of parallel ma-
chines—as the main current flows through both ma-
chines in series. When the voltage of both machines 
is properly adjusted, they can be connected to the 
switchboard busses. The ammeters should then be 
observed to note the current in each wire. 
46. DIRECTION AND AMOUNT OF CUR-

RENT IN THE NEUTRAL WIRE 
The ammeter in the neutral wire is of the double. 

reading type, with the zero mark in the center orll' 
the scale, and it will read the amount of current 
flowing in either direction. 
'When the load on a three-wire system is perfectly 
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balanced, the neutral wire will carry no current and 
the set operates on 220 volts. In this case the two 

—.. outside ammeters will read the same and the center 
.... ammeter will read zero. When there is an unequal 

amount of load in watts on each side of the system 
it is said to be unbalanced, and the neutral wire will 
carry current equal to the difference between the 
current required by the load on one side and that 
on the other. 
This current may, therefore, flow in either direc-

tion, according to which side of the system has the 
heaviest load. Referring to Fig. 44—if the greater 
load were on the lower side, the extra current re-
quired would be furnished by the lower generator; 
and the current in the neutral wire would be flow-
ing to the right, or away from the generators. If 
the heavier load were placed on the upper side of 
the system, the extra current would be supplied by 
the upper machine, flowing out on its positive wire 
and back to the line on the neutral wire. 

41\ 
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Fig. 44. This sketch shows two D. C. generators connected in series 
for providing three-wire, 110 and VA volt service. 

47. BALANCED SYSTEM MORE 
ECONOMICAL 

For efficient operation, the amount of unbalance 
should not exceed 10% of the total load. In many 
cases, however, it is allowed to exceed 15% or more. 
If the load could always be kept perfectly balanced, 
no neutral wire would be required as all of the load 
devices would be operated two in series on 220 volts. 

Without the neutral wire, if one or more of the 
lamps or devices should be disconnected, the re-
maining ones on the other side of the system would 
operate at more than normal voltage. This was 
thoroughly explained under the heading, "Three-
Wire Systems", in Section Two of Electrical Con-
struction and Wiring. 

In most systems it is practically impossible to 
keep the load balanced at all times, and, therefore, 
the neutral wire is necessary to carry the unbalanced 
load and keep the voltages equal on both sides of 

11>the system. It is very seldom, however, that the 
neutral wire will have to carry as much current as 
the outside wires. Therefore, it may be made smaller 
than the positive and negative wires. 

Quite often the neutral wire is made one-half the 
size of either of the outer wires, unless local rulings 
require it to be of the same size. If the neutral wire 
is made one-half the size of the outer ones, a three-
wire system of this type will require only 31.3% of 
the copper required for the same load on a two-wire, 
110-volt system. 
The neutral wire is generally grounded, as shown 

in Fig. 44. 

48. THREE-WIRE GENERATORS 
In some cases a special three-wire generator is 

used, instead of the two machines in series, to pro-
duce a three-wire D. C. system. An early type of 
three-wire generator, and one which is still used for 
certain installations, consists of a 220-volt armature 
equipped with both a commutator and slip rings. 
The armature coil connections are made to the 

commutator in the usual manner, and 220 volts is 
obtained from the brushes on the commutator. In 
addition to the leads from each coil to the commuta-
tor bars, other leads are taken from points spaced 
180° apart around the winding and are connected 
to a pair of slip rings mounted on the shaft near 
the end of the commutator. This supplies single-
phase alternating current at 220 volts to the slip 
rings. 
From the brushes on these slip rings two leads are 

taken to opposite ends of a choke coil, which con-
sists of a number of turns of heavy wire wound on 
an iron core similar to a transformer core. This 
connection is shown in Fig. 45. 
A tap is made at the exact center of this choke 

coil for the third or neutral wire. In some cases a 
choke coil is mounted on the armature shaft and 
rotated with it; but in most cases this coil is sta-
tionary and outside of the machine, having its con-
nections made through the slip rings and brushes. 
These coils are often referred to as three-wire trans-
formers or compensators. 

49. PRINCIPLE OF THE BALANCE COIL 
The neutral wire, being connected to the center 

of the coil, is always at a voltage about one-half 
that between the positive and negative brushes. 
Therefore, if 220 volts are obtained between these 
brushes, 110 volts are obtained between either the 
positive and negative wire and the neutral. 
When the load on a three-wire generator of this 

type is perfectly balanced, no current flows in the 
neutral wire and all of the load current is supplied 
from the commutator by the positive and negative 
D. C. brushes. There is, however, a small amount 
of alternating current flowing through the choke or 
balance coil at all times, as there is an alternating 
voltage applied to it from the slip rings as long as 
the machine is operating. This current will be very 
small, as a choke coil of this type offers a very high 
impedance or opposition to the flow of alternating 
current. 
This impedance, or opposition, is composed of the 

ohmic resistance of the conductors in the coil, and 
also of the counter-voltage generated by self-induc-



368 D. C., Section One. Three Wire Generators. 

tion whenever alternating current is passed through 
such turns of wire wound on an iron core. 

Direct current, however, can flow through a coil 
of this type with only the opposition of the copper 
resistance, as the flux of direct current is not con-
stantly expanding and contracting like that of alter-
nating current, and so doesn't induce the high 
counter-voltage of self-induction. 

CHOKE OR 
OALANCE COIL 

Fig. 45. The above diagram shows the commutator, slip rings, and 
balance coil of a three-wire D. C. generator. 

50. UNBALANCED LOAD ON THREE-WIRE 
GENERATORS 

When a system such as that shown in Fig. 45 is 
unbalanced and has, we will say, a heavier load be-
tween the positive wire and neutral, the unbalanced 
current flowing in the neutral wire will return to 
the center tap of the choke coil. From this point it 
will flow first in one direction and then in the other, 
as the alternating current reverses in direction 
through the coil. Thus it returns to the armature 
winding, through first one slip ring and then the 
other. 

If the lower side of the circuit is loaded the heavi-
est the unbalanced current will flow out through 
the choke coil in the same manner, passing first 
through one half and then the other, to reach the 
neutral wire. 
The choke coil must, of course, be wound with 

wire large enough to carry the maximum un-
balanced current that the neutral wire is expected 
to carry. It must also have a sufficient number of 
turns to limit the flow of alternating current from 
the slip rings to a very low value, in order to pre-
vent a large waste of current through this coil. 
Three-wire generators of this type can stand con-

siderable unbalanced load without much effect on 
the voltage regulation. They are very compact and 
economical and are used to some extent in small 
isolated D. C. plants, where the circuits carry a load 
of 110-volt lamps and equipment, and also 220-volt 
motors. 

Fig. 46 shows a three-wire generator on which 
the slip rings can be seen mounted close to the end 
of the commutator. 

51. THREE-WIRE MOTOR GENERATORS 
OR BALANCER SETS 

Three-wire circuits may also be obtained by 
means of a 220-volt D. C. generator in combination 
with a motor-generator or balancer set. These 
balancer sets consist of two 110-volt machines 
mounted on the same bed plate and directly con-
nected together by their shafts. See Fig. 48. The 
armatures of both machines are connected in series 
with each other, and across the positive and nega-
tive leads of the 220-volt generator, as shown in 
Fig. 47. 
This allows 110 volts to be applied to each arma-

ture and operates both machines as motors when 
the load is perfectly balanced. Either machine can, 
however, be operated either as a motor or as a gen-
erator, if the load on the system becomes un-
balanced. 

If one side of the system has a heavier load con-
nected to it, the machine on this side automatically 
starts to operate as a generator and is driven by the 
machine on the other side, which then operates as 
a motor. This condition will immediately reverse 
if the greater load is placed on the opposite side of 
the system. A balancer set of this type will, there-
fore, supply the unbalanced current in either direc-
tion, and will maintain 110 volts between the neu-
tral and either outside wire. 

Fig 45-B. This view shows a three-wire generator disassembled. You 
will note the slip rings mounted on the end of the commutator. 

Where these machines are larger than one or 
two kilowatts, a starting rheostat should be used to 
limit the flow of current through their armatures 
until the machines attain full speed. After they 
reach full speed, they generate sufficient counter-
voltage to limit the current flow through their arma-
tures while operating as motors. 
The neutral wire is connected between the arma-

tures of the motor generator set where their posi-
tive and negative leads connect together. 

52. EFFECTS OF SHUNT AND SERIES 
FIELDS OF BALANCER GENERATORS 

Either shunt or compound machines may be used 
for these equalizers, but compound machines are 

• 
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Fig. 46. Assembled three-wire generator. Slip rings can be seen at 
the right-hand end of the commutator. If this machine is rated 
at SOO KW, what should the maximum load in amperes be on both 
of the 110 volt circuits it supplies? 

used more extensively. The number of turns in the 
series field coils must be carefully selected to pro-
vide the proper compounding effects. Generally the 
number of turns is very small, so that the voltage 
rise due to compounding will not be very great. 

If this series field produces too great a voltage 
rise on either machine, that machine will be apt 
to take more than the unbalanced part of the load. 
The machines shown in Fig. 47 are of the com-
pound type and have their series fields connected 

.in series with the armatures and the positive and 
negative line wires. 
The shunt fields are connected in parallel with 

their armatures and are both in series with a field 
rheostat, which can be used to increase the strength 
of the field of one machine and decrease that of the 
other at the same time. 
The series fields are connected so that they in-

crease the field strength when either machine is 
operating as a generator, but tend to decrease or 
oppose the flux of the shunt field on either machine 
when it operates as a motor. This is caused by 
the reversal of the direction of current through the 
series field and armatures as the unbalanced load 
is shifted from one side of the system to the other. 
Current through the shunt fields, however, con-
tinues to flow in the same direction at all times, be-
cause they are connected across the positive and 
negative leads from the main generator. 

If the compounding effect of the balancer ma-
chines tends to strengthen the field of either one 
operating as a generator, the voltage of that machine 
will rise slightly; while the compound effect on the 
machine operating as a motor weakens its field and 
tends to make it speed up. 
As long as the load on the system is perfectly 

balanced, both machines operate as differential teotors without any mechanical load. The current 
rough their armatures at such times is very small, 

being only sufficient to keep the armatures turning 
against the bearing and friction losses and to supply 
the small electric losses in the machines. 

53. BALANCING OF UNEQUAL LOADS 
When a system is unbalanced, the neutral current 

divides between the two armatures, driving the one 
on the lightly loaded side as a motor and passing 
through the other as a generator. In Fig. 47 the 
upper side of the system has the heaviest load, and 
the lower side has the highest resistance. This will 
cause the excess current from the greater load to 
flow back through the neutral wire and through the 
series of the lower machine, in a direction opposing 
its shunt field. This weakens the field flux and 
causes this machine to speed up and tend to act as 
a motor to drive the upper machine as a generator. 

As the voltage of the generator unit rises slightly 
with the increased speed, it causes part of the un-
balanced load to flow through it, and its series field, 
in a direction aiding the flux of the shunt field. 
This increases its voltage still more, which en-

ables it to take its proper share of the unbalanced 
current and to compensate for the voltage drop on 
the heavily loaded side of the system. 

If the heaviest load is placed on the other side of 
the system, the current through the series fields of 
both machines will reverse, and cause the one which 
was operating as a generator to speed up and oper-
ate as a motor. 

Fig. 47. This diagram shows the connections for the main generator and 
two balancer machines of a three-wire system. 

The motor armature must take enough more than 
one-half of the neutral current to supply the losses 
of both armatures. 

Referring again to Fig. 47, we find that the con-
nections of the field rheostat, F. R., are such that 
when the handle or sliding contact is moved up-
ward it will cut resistance out of the shunt field of 
the upper machine and add resistance in series with 
the shunt of the lower machine. This would pro-
duce the desired effects when the upper machine is 
operating as a generator and the lower one as a 
motor. 
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As this change of resistance increases the field 
strength voltage of the generator, it weakens the 
field strength and increases the speed of the motor. 
The shunt fields can be controlled separately, if 

desired, by connecting a separate rheostat in series 
with each field. In Fig. 44 the shunt fields of each 
machine are connected in parallel with their own 
armatures. By changing these connections so that 
the shunt field of each machine is connected across 
the armature of the other mahine, the machine 
which is operating as a generator will increase the 
current flow through the motor field and improve 
the torque of the motor armature. 

Fig. 48 shows a motor-generator balancer set of 
the type just described. 

Fig. 48. Photo of a motor-generator balancer set used for 

three-wire system machines of this type are used con-

siderably, where the unbalanced load is small compared 

to the total load on the main generator. 

COMMUTATION AND INTERPOLES 

The term "commutation" applies to the process 
of reversing the connections of the coils to the 
brushes, as the coils pass from one pole to another 
in rotation. 
The function of the commutator, as we already 

know, is to constantly deliver to the brushes voltage 
in one direction only, and thereby rectify or change 
the alternating current generated in the winding 
to direct current for the line. 
We have also learned that commutation for the 

various coils, or the contact of their bars with the 
brushes, should take place when the coils are in 
the neutral plane between adjacent poles; at which 
point there is practically no voltage generated in 
them. 
The reason for having commutation take place 

while the coils are in the neutral plane is to prevent 
short-circuiting them while they have a high voltage 
generated in them. This would cause severe spark-
ing, as will be more fully explained later. 

54. PROCESS OF COMMUTATION 

The process of commutation, or shifting of coils 
in and out of contact with the brushes, is illustrated 
in Fig. 49. Here we have a sketch of a simple 
ring-type armature with the ends of the coils shown 
connected to adjacent commutator bars. This 
winding is not the kind used on modern power 
generators, but it illustrates the principles of com-
mutation very well, and is very easily traced. 
We will assume that the armature in this figure 

is rotating clockwise. All of the coils which are 
in front of the north and south poles will be gen-
erating voltage, which we will assume is in the 
direction shown by the arrows inside the coils. 
As the coils are all connected in series through 

their connections to the commutator bars, the 
voltage of all of the coils on each side of the arma-

ture will add together. The voltages from both 
halves of the winding cause current to flow to the 
positive brush, out through the line and load, and 
back in at the negative brush where it again 
divides through both sides of the winding. 
Now let us follow the movement of one coil. 

through positions A, B, and C; and see what action 
takes place in the coil during commutation. 
We will first consider the coil in position A, 

which is approaching the positive brush. This coil 
is carrying the full current of the left half of the 
winding, as this current is still flowing through it 
to commutator bar 1 and to the positive brush. 
The coil at "A" also has a voltage generated in it, 
because it is still under the edge of the north field-
pole. 
An instant later when the coil has moved into 

position B, it will be short-circuited by the brush 
coming in contact with bars 1 and 2. 

55. SELF INDUCTION IN COILS SHORTED 
BY BRUSHES 

As soon as this coil is shorted by the brush, 
the armature current stops flowing through it, and 
flows directly through the commutator bar to the 
brush. When this current stops flowing through 
the coil, the flux around the coil collapses and cuts 
across the turns of its winding, inducing a voltage 
in this shorted coil. This is called voltage of self-
induction, and it sets up a considerable current flow 
in the shorted coil, as its resistance is so low. Note 
that the voltage of self-induction always tends to 
maintain current in an armature coil in the direction 
it was last flowing when generated from the fiel. 
pole. 
As long as the coil remains shorted, the current 

set up by self-induction flows around through the 
coil, bars, and brush. But as the coil moves far 
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enough so bar 2 breaks contact with the brush, this 
interrupts the self-induced current and causes an 
arc. Arcing or sparking will tend to burn and pit 
the commutator, and is very detrimental to the 
commutator surface and brushes. Methods of pre-
venting arcing will be explained later. 
As the coil which we are considering moves on 

into position C, its short circuit has been removed 
and it is now cutting flux under a north pole. This 
will generate a voltage in the opposite direction 
to what it formerly had, and it still feeds its current 
back to the positive brush through bar 2. 
So we find that, by shifting the contact from one 

end of the coils to the other as they pass from pole 
to pole and have their voltages reversed, the same 
brush always remains positive. 

Fig. 49. This diagram illustrates the principles of commutation in 
a generator. Examine each part of it very carefully while reading 
the explanation given on these pages. 

56. IMPORTANCE OF PROPER BRUSH 
SETTING FOR NEUTRAL PLANE 

The time allowed for commutation is extremely 
short, because when a generator armature is turning 
at high speed, the bars attached to any coil are in 
contact with a brush for only a very small fraction 
of a second. 
The reversal of the coil leads to the brushes must 

take place very rapidly as the coils are revolved 
at high speed from one pole to the next. On an 
ordinary four-pole generator each coil must pass 
through the process of commutation several thou-
sand times per minute. Therefore, it is very impor-
tant that commutation be accomplished without 
sparking, If we are to preserve a smooth surface 
on the commutator and prevent rapid wear of the 
brushes. 

Brushes are made in different widths according 
to the type of winding used in the machine; but, 
regardless of how narrow the brushes may be, there li ill always be a short period during which adjacent 
commutator bars will be shorted together by the 
brushes as they pass under them. 
We have found that, in order to avoid severe 

sparking during commutation, the coils must be 

shorted only while they are in the neutral plane. 
when the coil itself is not generating voltage from 
the flux of the field poles. Therefore, the brushes 
must be accurately set so they will short circuit 
the coils only while they are in this neutral plane. 

57. SHIFTING BRUSHES WITH VARYING 
LOAD ON MACHINES WITHOUT 
INTERPOLES 

The neutral plane tends to shift as the load on 
a generator is increased or decreased. This is due 
to the fact that increased load increases the current 
through the armature winding and the additional 
armature flux will cause greater distortion of the 
field flux. The greater the load, the further the 
neutral plane will move in the direction of armature 
rotation. 

If the brushes are shifted to follow the movement 
of this neutral plane with increased load, commu-
tation can still be accomplished without severe 
sparking. For this reason, the brushes are usually 
mounted on a rocker arm which allows them to be 
shifted or rotated a short distance in either direc-
tion around the commutator. 

In addition to the sparking which is caused by 
shorting coils which are not in the neutral plane, 
the other principal cause of sparking is the self-
induced current which is set up in the coils by the 
collapse of their own flux when the armature cur-
rent through them is interrupted. 
We have previously stated that this self-induction 

will set up a considerable flow of current in the 
shorted coils. Then, when the coil moves on and 
one of its bars moves out from under the brush 
and thus opens the short circuit, this current forms 
an arc as it is interrupted. 
Sparking from this cause can be prevented to a 

large extent by generating in the coil a voltage 
which is equal and opposite to that of self-induction. 

Shifting the brushes also helps to accomplish this, 
by allowing commutation to take place as the coil 
is actually approaching the next field pole. 
This is illustrated in Fig. 50. In this figure you 

will note that the brushes have been shifted so that 
they do not short circuit the coils until they are 
actually entering the flux of the next pole beyond 
the normal neutral plane. 
The voltage of self-induction always tends to set 

up current in the same direction as the current 
induced by the field pole which the coil is just 
leaving. If, at the time the short circuit on the 
coil is broken, the coil is entering the flux of the 
next pole, this flux will induce in the coil a voltage 
in the opposite direction to that of self-induction. 
This will tend to neutralize the voltage and currents 
of self-induction and enable the short circuit to be 
broken when there is practically no voltage or cur-
rent in the shorted coil. 
Keep in mind that this is the required condition 

for most satisfactory commutation. 
If the load on generators doesn't change often 
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Fig. SI. This sketch shows the method of shifting the brushes to 
short circuit coils In • position where they will be generating the 
voltage to neutralize that of self-induction. 

or suddenly, manual shifting of the brushes with 
each change of load and new position of the neutral 
plane, may be all that is required to prevent spark-
ing; but when the load changes are frequent and 
considerable, it would be very difficult to maintain 
this adjustment by hand. 
Where the manual method is used to maintain 

proper commutation, it is common practice to 
adjust the brushes to a position where they will 
spark the least for the average load. Then, even 
though a certain amount of sparking results when 
the load rises above or falls below this value, the 
brushes are not changed unless the sparking be-
comes too severe. 

Fig. 51 shows a D. C. generator without the shaft 
or bearing post. The brushes of this machine are 
all attached to the ring framework as shown, and 
this entire assembly can be rotated to shift the 
brushes, by means of the hand wheel at the left. 

Referring again to Fig. 50, the solid arrows show 
the direction of the voltage of self-induction, and 
the dotted arrows show the direction of the voltage 
which is induced by the flux of the field pole which 
the coil is approaching. These two voltages, being 
in opposite directions, tend to neutralize each other. 
as has previously been explained. 

58. USE OF COMMUTATING POLES TO 
PREVENT SPARKING 

On the more modern D.C. machines commutating 
poles, or interpoles, are employed to hold the neu-
tral plane in its normal position between the main 
poles, and to neutralize the effects of self-induction 
in the shorted coils. These interpoles are smaller 
field poles which are mounted in between the main 
poles of the machine, as shown in Fig. 52. 
The interpoles are wound and connected so they 

will set up flux of proper polarity, to generate 
voltage in the opposite direction to that of self-
induction, as the armature coils pass under them. 
Fig. 53 shows a sketch of a simple generator with 
interpoles, or commutating poles. placed between 
the main field poles. 

We will assume that this armature is rotated in 
a clockwise direction, and that its armature con-
ductors have generated in them voltage which tends 
to send current in through the conductors on the 
left side, and out through those on the right side 
of the winding. Recalling that the voltage of self-
induction tends to maintain current in the same 
direction in the conductor as it was under the last 
field pole, we find that this voltage is generated 
"in" at the top conductor in the neutral plane and 
"out" at the lower one. 
59. POLARITY OF INTERPOLES FOR A 

GENERATOR 
If you will check the polarity of the interpoles, 

you will find that their flux would be in a direction 
to induce voltages opposite to those of self-induc-
tion in each of these two conductors. The direction 
of these voltages is shown by the symbols placed 
just outside of the conductor circles. So we find 
that, if these commutating poles are made to set up 
flux of the right polarity and in the right amount, 
they can be caused to neutralize the effects of self-
induction and distortion of the neutral plane almost 
entirely. 
These poles are called "commutating poles" be-

cause their principal purpose is to improve commu-
tation and reduce sparking at the commutator and 
brushes. 

Fig. 51. This end view of a generator with the pedestals, bearing, 
and shaft removed shows very clearly the brush ring mounted in 
grooved rollers on the side of the field frame. The hand-wheel at 
the left can be used for rotating this ring to shift the brushes to 
the proper neutral plane. 

en. 

%IMP 

• 

In order to produce the desired results the inter-
poles of a generator must be of the same polarity 
as the adjacent main pole in the direction of rota.. 
tion. 
60. STRENGTH OF COMMUTATING FIELD 

VARIES WITH LOAD 
In order that these commutating poles may pro-
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duce fields of the proper strength for the varying 
loads on the generator armature, their windings are 
connected in series with the armature, so that their 
strength will at all times be proportional to the 
load current. In this manner, the strength and 
neutralizing effect of the interpoles increases as the 
load increases, and thereby tends to counteract the 
effect of increased load on field distortion and self-
induction. 

In this manner, interpoles can be made to main-
tain sparkless commutation at all loads and thus 
make unnecessary the shifting of the brushes for 
varying loads. 

Fig. 52. This photo shows a four-pole, D. C. generator with commu-
tating poles. These commutating poles or interpoles are the 
smaller ones shown between the main field poles. 

Referring again to Fig. 52, you will note that 
the windings on the interpoles consist of a few 
turns of very heavy cable, so that they will be 
able to carry the armature current of the machine. 
The strength of the interpoles can be varied by the 
use of an interpole shunt, which is connected in 
parallel with the commutating field to shunt part 
of the armature current around these coils. The 
connections of this shunt are shown in Fig. 54-A. 
The interpole shunt is usually made of low re-
sistance materials, such as bronze or copper, so it 
will carry the current readily without undue heat-
ing. 
This method of weakening the strength of the 

commutating field is quite commonly used on the 
larger machines. The terminals of the commu-
tating field are usually connected directly to the 
brushes, to eliminate confusion when making ex-
ternal connections to the machine. 

61. ADJUSTMENT OF BRUSHES ON 
INTERPOLE MACHINES 

On machines of small and medium sizes, the end 
plate or bracket on the generator is sometimes slot-
ted, as shown in Fig. 54-B, to allow the brushes to 
be rotated or shifted within a very limited range. 
With such machines, the brush-holder studs are 

Fig. 53. This sketch illustrates the manner in which interpoles 
generate voltage opposite to that of self-induction in the con-
ductors which are shorted by the brushes. 

mounted rigidly in the bracket but are, of course, 
insulated from the metal with fibre sleeves and 
‘vashers. 
When the brushes are to be rotated the bolts 

which hold the end plate to the field frame are 
loosened slightly and the entire end plate is shifted. 
This allows the armature coils to be commutated 
at a point where the effects of the interpole are 
just great enough to neutralize or balance self-
induction. 

Before removing the end plate to make repairs 
on a machine of this type it is well to mark its 
position, so that you can be sure to get it replaced 
in the correct position. This can be done by making 
one or two small marks in line with each other on 
both the field frame and the end plate. The marks 
can be made with a file or prick punch. 

Fig. 54. At "A" is shown the connection of an Interpol. shunt I. 
varying the strength of the commutating field. "B" shows a. 
end bracket with slots to allow it to be rotated slightly to shi 
the brushes. The rush holders on this machine would be mounter 
on this end bracket. 

62. ADJUSTING INTERPOLES BY 
CHANGING THE AIR GAP 

The strength of interpoles can also be varied 
by placing iron shims or thin strips between the 
interpole and the field frame of the machine, as 
shown in Fig. 55. It is possible in this manner 
to vary the width of the air gap between the face 
of the interpoles and the armature core. 
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Fig. SS. Thin iron shims can be used under an interpole to vary its 
strength by changing the air gap between the pole and the 
armature. 

Decreasing the air gap reduces the magnetic 
reluctance of the interpole field path, thereby 
strengthening its flux and increasing its effect on 
commutation. This method can be used on ma-
chines of any size and when no other visible means 
of varying the interpole strength is provided, shims 
are probably used. 
On some machines, the number of interpoles may 

only be one-half the number of main field poles; 
in which case they will be placed in every other 
neutral plane and will all be of the same polarity. 
By making these interpoles of twice the strength 
as would be used when a machine has one for each 
main pole, we can still effectively neutralize the 
self-induction in the coils. This is true because, 
with a modern drum-wound armature, when one 
side of any coil is in one neutral plane the other 
side will be in the adjacent neutral plane. 

For this reason, if interpoles are placed in every 
other neutral plane. one side of any coil will always 
be under the interpole while this coil is undergoing 
commutation. This is illustrated by the sketch in 
Fig. 56, which shows a four-pole generator with 
only two interpoles. 
As both sides of any coil are in series, the double 

strength of the interpole over one side will neu-
tralize the effects of self-induction in the entire coil. 
This type of construction reduces the cost of the 
generator considerably and is often used on ma-
chines ranging up to six-pole size. 

63. COMMUTATION ON MOTORS 
The problem of obtaining sparkless commutation 

on D. C. motors is practically the same as with 
D.C. generators. 
Motors as well as generators must have the con-

nections from the brushes to the coils reversed as 
the coils pass from one pole to another of opposite 
polarity. This is necessary to keep the current from 
the line flowing in the right direction in all coils 
in order to produce torque in the same direction 
under all field poles. 
During commutation, the coils of a motor arma-

ture are momentarily short circuited by the brushes, 
the same as with a generator. 
This shorting and commutation should take place 

while the coils are in the neutral plane between 
the field poles, where they are doing the least work 
or producing the least torque. 
We also know that the coils of any motor arma-

ture have a high counter-voltage generated in them 
as they rotate under the field poles. This counter-
voltage will be at its lowest value while the coils 
are passing through the neutral planes; which is 
another reason for having commutation take place 
at this point in a motor. 

64. POSITION OF NEUTRAL PLANE IN 
MOTORS 

The neutral plane of a D.C. motor will also shift 
with load variations and changes in armature cur-
rent, but this shift will be in the opposite direction 
to what it is in a generator. This is due to the 
fact that the rotation of a motor will be opposite 
to that of a generator if the current direction is the 
same in the motor armature as in the generator 
armature. 
Motor coils also have counter-voltage of self-

induction produced in them when they are shorted 
by the brushes. In a motor, the direction of this 
self-induced voltage will be opposite to that in a 
generator, as the motor armature currents are in 
the opposite direction to those in a generator arma-
ture of the same direction of rotation. 

F g. Si. Thee simple sketch illustrates the manner in which twe 
interpoles can be used to neutralize self-induct/en in the eons of 
a lour-pole machine. 
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We can, therefore, improve commutation on a 
motor by shifting the brushes in the opposite direc-
tion to that used for a generator. Motor brushes 
should be shifted against the direction of rotation, 
when the load is increased. 

Fig. 57 is a sketch of the armature conductor» 
and field poles of a simple D.C. motor, showing 
the position of the neutral plane with respect to 
the direction of rotation. 
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The heavy symbols in the six armature conduc-
tors on each side show the direction of the applied 
current from the line, which is flowing "in" on the 
conductors at the right and "out" on those on the 
left side. The lighter symbols in the single con-
ductors at the top and bottom show the direction 
of the currents set up in this coil by self-induction 
when the coil is shorted. The symbols shown out-
side of the conductor circles indicate the direction 
of the counter E.M.F. produced in the motor wind-
ing. This counter-voltage always opposes the 
direction of the applied line voltage. 
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Fig. SI. This sketch shows the position of the neutral plane with 
respect to rotation hi • motor. Compare this with Fig. 53 for 
a generator. 

65. POLARITY OF INTERPOLES FOR 
MOTORS 

Interpoles or commutating fields can also be used 
on motors to improve commutation at all loads and 
to eliminate the necessity of frequent shifting of 
the brushes. 
On a motor, these interpoles are connected in 

series with its armature, the same as those of a 
generator are, but the polarity of motor interpoles 
must be the same as that of the adjacent main poles 
in the opposite direction to rotation. This is be-
cause the self-induced voltages in the coils shorted 
by the brushes in a motor are opposite to those in 
a generator with the same direction of rotation. 

Fig. 54. This diagram shows the connection* id the Interpol« for a 
two-pole generator or motor. 

Fig. 58 shows the connections of the interpoles 
for a two-pole D.C. motor. You will note that one 
armature lead is connected directly to the negative 
brush, while the other lead connects first to the 
commutating field and then, through these poles, 
to the positive brush. 

If this connection is properly made when the 
machine is assembled, it is not necessary to make 
any change in the connections of the commutating 
field when the motor is reversed. Either the arma-
ture current or field poles must be reversed to 
reverse the rotation, so that the relation of the 
commutating poles will still be correct. 

This connection can be the same whether the 
machine is operated as a motor or generator, be-
cause a generator rotated in the same direction as 
a motor will generate current in the opposite direc-
tion through the armature. This is shown by the 
dotted arrows in Fig. 58, while the solid arrows 
show the direction of motor current. 

As the commutating poles are in series with the 
armature, this reversed current will also reverse 
the polarity of the commutating field, and maintain 
the proper polarity for generator operation. 

These principles of commutation and interpoles 
should be kept well in mind, as an efficient main-
tenance electrician or power plant operator will 
never allow unnecessary sparking to damage the 
brushes and commutator of machines of which he 
has charge. 

• 
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JOB #11 

Magnetic 

The vertically mounted armatures 

are produced on its surface when 
lined below will be very helpful 

windings. 

Make the Following Tests: 

A. 

Characteristics Of An Armature 

are used to demonstrate the fact that magnetic poles 
current flows through its windings. The tests out-

in understanding the action of the armature and its 

Connect D. C. supply to brushes and move compass around the armature. 

1. How 

2. Are 
3. Are 

4. Are 

many poles are there? 
there as many north poles as south poles? 

adjacent poles like or unlike polarity? 
all the poles the same distance apart? 

B. Reverse the current through armature by reversing 

same position on armature. 

C. 

D. 

1 1C .1 

plug, and check the polarity at 

_ 
1. What has happened to the armature polarity? vti,vo Adk-14, 14-= 
2. What caused the polarity to be reversed? Ce44,iÁ-.a,-we---'-1 e--
3. Do all of the poles change? 

Rotate the armature. 

1. Do the 

2. Do the 

3. Do the 

armature poles change 

armature poles change 

armature poles change 

position (with reference to 

position (with reference to 

polarity? 

Shift the brushes to a different position. 

1. Do the armature poles change position (with 
2. Does the position of the poles change (with 
3. Do the poles shift in the same direction as 

4. Do the poles move through the same angle as 

reference to 
reference to 

the brushes? 

the brushes? 

E. Test the magnetic pull with a small piece of steel. 

À  

space)? 

the armature core)? 

the arma csore; 

space) t--te 

/WI) 17 

1 

1. Will a south magnetic pole produce as much pull as a north magnetic pc,le /VODI 

F. Complete diagram by putting in the following information. 

1. Show position of brushes. 
2. Mark the N and S poles of the armature with reference to the brushes. 

3. Assume field pole polarity. 
4. Show rotation (for the assumed field pole polarity). 

)  

5. Will the rotation be affected by changing the armature leads? How? 
011...A„LÁL 
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COIL SPAN Slot 
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- /21 

No. / to Slot No. 
- 

Coil 
Number 

Turns taken 
out of slots 

Turns rewound 
in slots 

Test armature for 
GROUNDS AND REVERSED 
Mark result of tests 
provided below., 
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OPENS, 
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Start the armature winding by placing red sleeving on the free end 
the wire, tie it around the shaft outside the commutator, then wind 
proper number of turns in slots 1 & I in a clockwise direction; 
a loop at the commutator end of slot #1 and mark with white sleeving. 
This completes one element. Again wind the same number of turns 
slots 1 &q, make a loop at the commutator end of slot #2 and mark 
red sleeving. This completes one coil.(Two element winding) Wind 
proper number of turns in slots 2 & 8, make a loop at the commutator 
end of slot +2 and mark with white sleeving. Again wind the same 
number of turns in slots 2 & 8, make a loop at the commutator end 
slot #3 and mark with red sleeving. Follow the same procedure for 
slots 3 & 9, 4 & 10, etc. DO NOT PUT IN THE FIFTH COIL UNTIL THE 
FOUR COILS HAVE BIN CHECKED AND PUNCHED ON SHEET AY INSTRUCTOR. 

of 
the 

make 

in 
with 
the 

of 

FIRST 

List below the remedies for any troubles found in the armature when 
testing. 
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ARMATURE WINDING JOB SHEET 

The following is the proper procedure for the armature winding job. Read carefully 

all the instructions and ask the instructor to explain any statement that you do not 
understand. Each phase of the work must be checked and OK'd by the instructor. 

1st. Obtain requisition from desk stamped 1 set of tools from stock room. Obtain 
armature, and empty spool from instructor. Job card must be checked on reeceipt of 
equipment. After obtaining armature and spools get winding stand from racks.. 

2nd. Take armature to solder bench, and unsolder leads from commutator. 

3rd. Take armature to winding bench, and remove the slot sticks. These slot sticks 
must be kept in good condition for they will be used when the armature is rewound. 
Be very careful when removing slot sticks so end insolation will not be damamaged. 

4th. Remove the wire from the core by starting with the top coil. Call this coil 
No. 1 and remove the wire from the slots. Count the number of turns in each eiement 
and mark the number of turns in the space provided on the reverse side of the sheet. 

Count the number of turns and the coil span accurately. Wind the wire taken from 
slots on the spool. Handle this wire carefully for it is to be used for rewinding 
the armature. Any damaged wire should be reported to the instructor before winding 

it on the spool. 

5th. After all wire is removed from the core use a test lamp and test between 
adjacent bars and between each bar and shaft. If a complete circuit ip found on 
either test report it to the instructor. Do not try to eliminate the. troubL,. 

6th. Examine slot insulation and report to the instructor if it is not in good 

condition. 

AFTER THE ABOVE WORK HAS BEEN COMPLETED HAVE THE ARMATURE CHECKED BY THE IN-
STRUCTOR. DO NOT START TO WIND THE ARMATURE UNTIL THIS SHEET HAS BEEN PUNCHED FOR 
THE ABOVE WORK. 

7th. Read carefully the instruction on the reverse side of the sheet that explains 
how to rewind the armature. Do the work accurately and neatly. The winding must be 
checked when the third, seventh and fourteenth coil is put in the slot. 

8th. Scrape the leads to remove the varnish to about 1/8 inch past the riser. Un-
less all varnish is removed from wires, it is not possible to solder them. Do not 
start to solder until the instructor has punched the sheet forthe wire scrapingjob. 

9th. Take the armature to the solder bench and solder the leads to the commutator 
bars. Keep the soldering iron in the solder pot when not using it. DO NOT ALLOW 
THE SOLDERING IRON TO GET TOO HOT. A SOLDERING IRON IS TOO HOT WHEN THE TINNING 
BURNS OFF THE TIP. Have instructor check solder job and punch sheet when finished. 

10th. Test the armature by placing it in the growler and test for opens, shorts, 
grounds and reversed loops. Mark indications received on the reverse side of sheet 
in the column provided. After all tests have been completed, have sheet checked by 
the instructor. 

11th. Put armature in motor frame and operate machine. The instructor will check 
the operation and give proper credit on the job. 
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Mon. Motor Principles 3 2 - 13 

Tue. Starting, Speed Control and 
Characteristics of D.C. Motors 3 5 - 16 

Wed. Armature Winding Procedure 

Thu. Lap and Wave Windings 1 14 - 23 

Fri. Growler Testing 1 24 - 29 
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Mon. Solenoid and Carbon Pile Starters 3 16 - 24 

Tue. Drum Controllers and Dynamic Braking 3 24 - 30 

Wed. Current Limit Starters 3 20 - 24 

Thu. Brush Sparking 1 30 - 35 

Fri. Test Equipment 2 12 - 28 
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Mon. Maintenance and Trouble Shooting 3 35 - 44 
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Wed. Generator Characteristics 1 15 - 20 

Thu. Reconnecting and rewinding D.C. Machines 
change the operating Voltage 

to 
1 21 - 22 

Fri. Examination 

• 



0 

I, 

• 



D. O. 100 

JOB PROCEDURE 
The following is a step by step process for working jobs in the D. C. department. 

Following this method will enable you to work the jobs thoroughly, quickly, and avoid 
un-necessary mistakes. All jobs except the maintenance job requires a diagram, 0.Ked. 
by the instructor, before you are permitted to wire the job. 

1st. Take a requisition slip from the desk that is 
stamped D. C. test lamp. Print name, student number, 
and date plainly and get a test lamp from the stock 
room. The test lamr la used to test the terminals 
and used as a light to see inside the motor. 

2nd. Use a full sheet of paper for the job diagram 
and allow about half the sheet for the starter sketch 
and half for the motor diagram. Write job number at 
top center, name and student number in the upper 
right hand corner. 
3rd. Copy the diagram of the starter as found on 
the job. The following sketch shows a starter used 
in the department. When copying diagram be very 
careful to make all connections correct to avoid 
trouble when tracing circuits. Do not copy the 
conventional sketch of the motor. The motor sketch 
must be drawn in detail, showing all parts of the 
motor. 

4th. Draw a circle to represent the armature of the 
motor. A circle represents the armature of any D. C. 
machine regardless of type or size. 

ARMATURE 

5th, Show the number and location of the main 
field poles, interpoles and brushes as found on the 
motor. Notice carefully the number and location of 
each and draw them accordingly on the diagram. 

FIELD POLE 

INTERPOLE   

/ 31,tUDHE 

6th. Show the location and number of terminals on 
the terminal board. 

TERMINAL 
DOARD 

10000001 
7th. Test the motor terminals and mark A-for the 
armature, F-for the shunt field, and S-for the 
series field. To make the test connect the test 
lamp as shown in the sketch and identify the ar-
mature terminals by touching one teat lead to the 
commutator and the other lead to the terminals on 
the terminal board. The two terminals giving a 
light will be the armature terminals. To identi-. 
fy the field terminals connect the test leads to 
two terminals that give a light. Make and break 
the circuit a number of times. Notice the 
amount of sparking each time the circuit is bro-
ken. The shunt field will give a dim light and 
a spark each time the circuit is broken. The 
series field will give a bright light and no spark. 

I TEsT LAMP 

WIRE TAMEN I 50 rdo A0A? 5° I 
FROM WIRE DOX 

I 

8th. Put in the motor windings. Check the polarity 
of each pole. Adjacent poles sho.Ild produce oppo-
site polarity. 

9th. Make proper connections between the starter, 
line, and motor. Make all connections complete and 
trace the circuits with colored arrows and write the 
name of the circuit with the color used to trace it. 

IOth. Have the diagram checked and 0. Ked. by the 
instructor before wiring the job. An 0. Ked. 
diagram gives you permission to wire the job. 

IIth. Take proper number of wires from the wire 
box and wire the job according to the diagram. Do 
not throw thé wires on the floor but hang them 
neatly across the top of the controller or motor. 

I2th. Study the job thoroughly, locating and iden-
tifying all parts of the motor and controller. De-
termine their purpose, connection, and operation. 
Check the study questions on the job and prepare 
answers for questions by referring to notes given 
in lecture and by studying the equipment. The in-
structor will give any help needed to understand the 
job equipment or lecture notes. 

I3th. When ready to have the job checked, mark the 
job letter in the square containing the job number. 
Give the job card to the instructor. All jobs are 
checked in turn. After giving job card to the in-
structor return to the job and oontinue to study 
until job is checked. Students are not permitted 
to listen to other students having job checked. 

I4th. After job is checked take all wire off the 
job and return them to the wire box. If you are 
working a job at noon time, do not take any wires 
off the job or return any materials to the stock 
room. At 4:30 each day all wires must be taken off 
the job and all material returned to the stook room. 
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INFORMATION FOR WORKINC; GENERATOR CHARACTERISTIC JOB 

The object of this job is to make voltage characteristic curves for the 
generator when it is connected shunt, cumulative compound and differ-
ential compound. Trace the armature and field circuits and have the 
diagram checked by the instructor before wiring the job. 

Take 8 wires from the wire box and wire the job according to the dia-
gram. If the generator fails to generate a voltage refer to lecture 
t14. Check the troubles given under the heading "A GENERATOR MAY FAIL 
TO GENERATE A VOLTAGE DUE TO" and apply the remedies given. If unable 
to make the machine generate a voltage ask the instructor for help. 

After the generator builds up a voltage adjust the shunt field rheostat 
to obtain no load voltage value for the cumulative compound connection. 
Next slowly lower the plate in the water rheostat and watch the volt-
meter. If the generator maintains its voltage with increased load the 
connection is cumulative compound. If the voltage drops rapidly with 
increased load the connection is differential compound. To change from 
cumulative to differential or vice versa reverse the series field leads 
and to operate the machine as a shunt generator take off the two series 
field leads and twist them together. 

To run the characteristic curves: 1st-connect the generator cumulative 
compound and adjust the shunt field rheostat to obtain the no load E 
value according to the chart on the reverse side of this sheet. 2nd-
place a dot on the zero ampere line corresponding to the no load E 
value. 3rd- Lower the plate in the water rheostat until the ammeter 
reads 5 I. 4th- place a dot on the 5 I line corresponding to the volt-
meter reading. 5th- lower the plate farther in the water rheostat until 
the ammeter reads 10 I. 6th- place a dot on the 10 I. line corresponding 
to the voltmeter reading. Follow this procedure (increasing the load 
5 I each time) until the generator is carrying full ampere load. Con-
nect the dots together to make the characteristic curve. Follow the 
same procedure for differential and shunt connections. After curves are 
run have them OKed before removing wire from job. E CHART 
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D. C. 101 

D. C. MOTOR 8.- GENERATOR CONSTRUCTION 

D.C. power is widely used in the industrial field. This type of ',mein 
must be used for telephones, field excitation, lifting magnets and 
electro plating work. The characteristics of D.C. Motors make them 
especially suitable for loads that are difficult to start, where the 
speed must be varied over a wide range, and where the load must be 
started and stopped often; such as, traction work, milling machines, 
mine work, lathes, pumps, steel mill work, printing presses, elevat-
ors, etc. 

Any D.C. machine may be used as a motor or generator. This construc-
tion information applies to both machines. 

The frame is made of iron because it is 
used to complete the magnetic circuit for 
the field poles. Frames are made in three 
types; open, semi-enclosed and closed 
types. The open frame has the end plates 
or bells open so the air can freely cir-
culate through the machine. The semi en-
closed frame has a wire netting or small 
holes in the end bells so that air can 
enter but will prevent any foreign 
material entering the machine. The en-
closed type frame has the end bells com-
pletely closed and the machine 18 air 
tight. Some machines are water tight 
which makes it possible to operate them 
under water. The closed type frame is 
used in cement plants, flour mills, etc. 
where the air is filled with dust parti-
cles that damage machine insulation. 

The field poles are made of iron, either in solid form or built of 
thin strips called laminations. The iron field poles support the 
field windings and complete the magnetic circuit between the frame 
and armature core. 
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The bearings are the parts of the machine 
that fit around the armature shaft and 
support the weight of the armature. They 
are made in three general types; sleeve, 
roller, and ball bearings. Bearings will 
be discussed in detail later in the 
course. 

The oil rings are small rings used with 
sleeve type bearings. They carry the oil 
from the oil well to the shaft. The oil 
ring must turn when the machine is 
operating otherwise the bearing will 
burn out. 

The rocker'arm supports the brush holders. 
This arm is usually adjustable to make it 
possible to shift the brushes to obtain 
best operation. ,Ithen the brushes are 
rigidly fastened to the end bell the en-
tire end bell assembly is shifted to ob-
tain best operation. 
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D. O. 102 

D. C. MOTOR & GENURTOR CONSTRUCTION (comT,Num) 
BRUSN 
HOLDER 

COMUT ATO R 

BR 5N 

BRUSH TENSION 
5PRING 

The brush holders support the brushes and hold 
them in the proper position on the commutator. 
The brushes should be spaced equi-distantly on 
the commutator when more than two sets of 
brushes are used. When only two sets are used 
they will be spaced the same distance as a pair 
of adjacent field poles. 
The brush tension spring applies enough 
pressure on the brush to make a good electrical 
connection between the commutator and brush. 

Brushes used on electrical machines are made of copper, graphite, 
carbon or a mixture of these materials. The purpose of the brushes 
is to complete the electrical connection between the line circuit and 
the armature winding. 

commuiR•ToR tnn 

CO M MuTAT OR 

C CMMUTATOR 

CORE 

COMPUTE. ARMATURE 

ARMATURE \MINDING 

MICA 

/N5ULAT ION 

5::I/AFT 

ARMATURE 

SLOTS 

SH FT 

Commutators are constructed by plac-
ing copper bars or segments in a 
cylindrical form around the shaft. 
The copper bars are insulated from 
each other and from the shaft by 
mica insulation. An insulating com-
pound is used instead of mica on 
small commutators. The commutator 
bars are soldered to and complete 
the connection between the armature 
coils. 

The armature core is made of lami-
nated iron (thin sheets) pressed 
tightly together. The laminated 
construction is used to prevent 
induced currents (eddy currents) 
from circulating in the iron core 
when the machine is in ooeration. 
The iron armature core is also a 
part of the magnetic circuit for 
the field, and has a number of slots 
around its entire surface, in which 
the armature coils are wound. 

The armature winding is a series of 
coils wound in the armature slots 
and the ends of the coils connect 
to the commutator bars. The number 
of turns and the size of wire is 
determined by the size speed and 
operating voltage of the machine. 
The purpose of the armature winding 
is to set up magnetic poles on the 
surface of the armature core. 

The field windings are made in three different types; shunt, series 
and compound wound fields. Shunt fields have many turns of small 
wire and series fields have a few turns of heavy wire. The compound 
field is a combination of the two windings. The name of the field 
winding depends on the connection with respect to the armature wind-
ing. The purpose of the field winding is to produce magnetic poles 
that react with the armature poles to produce rotation. 
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DIRECT CURRENT MOTORS 

An electric motor, as you have already learned, 
is a device for converting electrical energy into 
mechanical energy, or to perform just the opposite 
function to that of a generator. Motors supply 
mechanical energy to drive various machines and 
equipment by means of belts, gears, and direct shaft 
connections. 
When electricity from the line is supplied to ter-

minals of the motor, it develops mechanical force 
or energy which tends to rotate its armature and 
any equipment which may be attached to its shaft. 
This twisting effort or force is known as the Torque 
of the motor. 

114. TYPES OF D. C. MOTORS 

Direct current motors can be divided into three 
general classes, the same as D. C. generators were, 
namely, Shunt, Series, and Compound motors. These 
motors are classified according to their field connec-
tions with respect to the armature, in the same 
manner in which the generators were classified. 
Compound motors can be connected either cumu-

lative or differential. With generators we find that 
the shunt, series, and compound types each have 
different voltage characteristics. With motors, the 
effect of these different field connections is to pro-
duce different speed and torque characteristics. 
Motors are made with various types of frames, 

known as Open Type, Semi-enclosed, and Closed 
Type frames. 

Fig. 105 shows a modern D. C. motor with an open 
type frame. A frame of this type allows easy access 
to the commutator, brushes and parts, for adjust-
ment, cleaning and repairs; and also allows good 
ventilation. Open type motors are generally used 
where they are to be operated in clean places, and 
where there is no danger of employees coming in 
contact with their live parts; and no danger of fire 
or explosions which might be caused by sparks at 
their brushes. 

Fig. 105-A shows a motor with a semi-enclosed 
frame. Frames of this type will enclose all the live 
and moving parts of the motor, and at the same time 
allow ventilation through the small openings pro-
vided in the end plates and around the motor 
frame. 

Fig. 106 shows a motor with a completely en-
closed frame. Motors of this type are often built 
larger and wound with larger wire, so they do not 
develop as much heat. In some cases they are prac-
tically air-tight, and have ventilating tubes attached 
to their casings to bring cooling air from another 
room. 
Motors with enclosed frames of this type can be 

used in places where the air is filled with dust and 
dirt, or possibly vapors or explosive gases. 

Enclosed frame motors should always be used 

where abrasive dust or metal dust is present in the 
air, or in mills where wood or grain dust might be 
exploded by any possible sparks from brushes. 

115. MOTOR SPEEDS AND H. P. 
D. C. motors are always rated in horse power, and 

range in size from those of a small fraction of one 
horse power to those of several thousand horse 
power each. The smaller motors are used for driv-
ing household appliances, laboratory equipment, and 
small individual shop machines, such as drill presses, 
small lathes, etc. Medium-sized motors, ranging 
from one horse power to several hundred horse 
power each, are used for driving machinery in fac-
tories and industrial plants, for street railways and 
electrical locomotives, and for elevator machinery. 
The larger types, ranging from several hundred to 
several thousand horse power each, are used prin-
cipally in steel mills and on electrically-driven ships. 
The horsepower ratings of motors refer to the 

maximum continuous output they can deliver with-
out overheating. 
The speed at which D. C. motors are designed to 

operate depends principally upon their size, because 
the diameter of the armature, as well as the R. P. M., 
are what determine the centrifugal forces set tio 
in the conductors and commutator bars. 
Very small motors commonly have speeds from 

2000 to 4000 R. P. M., while motors of medium or 
average size, ranging from 1 to 25 h. p., usually 
rotate at speeds from 1000 to 2000 R. P. M. 
Very large motors operate at much lower speeds, 

generally ranging from 100 to 500 R. P. M.; although 
some large steel-mill motors have speeds as low 
as 40 R. P. M. 
The speed at which any D. C. motor operates 

is always determined by the counter-E. M. F. which 
is generated in its armature. 
This counter-E. M. F., or back-voltage, we might 

Fig. 105. This photo shows a modern D. C. motor with an open type 
frame. Note the easy access a frame of this construction provides 
to the commutator, brushes, and field coils. 
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say acts as a throttle to control the current flow 
through the armature, and therefore acts as a gover-eor of the motor speed. In the following pages this 
principle will be explained more fully in connection 
with the characteristics of the different types of 
motors. 

116. MOTOR SPEED REGULATION AND 
CONTROL 

In referring to the characteristics and operation 
of electric motors, we frequently use the terms Speed 
Regulation and Speed Control. These terms have 
entirely separate meanings, and their difference is 
very important. 
Speed Regulation refers to changes in speed which 

are automatically made by the motor itself, as the 
load on the machine is varied. Speed regulation is 
largely determined by the construction of the motor 
and its windings and is a very important factor in 
the selection of motors for different classes of work. 

Fg. 105-A. This motor has a frame of the semi-enclosed type. The 
openings at the ends and around the frame are provided for air 
circulation and cooling. 

The speed regulation of a motor is usually expressed 
in percentage and refers to the difference in the 
speed of the machine at no load and full load. It 
can be determined by the following formula: 

Speed No load R. P. M. — full load R. P. M. 

regulation No load R. P. M. 

For example, if we have a motor that operates at 
1800 R. P. M. when no load is connected to it and 
slows down to 1720 R. P. M. when it is fully loaded, 
its speed regulation would be: 

18°0 — 1720, or .044 + 
1800 

e This would be expressed as 4.4%. 
Motor speed regulation is entirely automatic and 

is performed by the motor itself, as the load varies. 
The term Speed Control refers to changes which 

are made in the motor speed by the use of manual 

or automatic control devices. These speed control 
devices are usually external to the motor and con-
sist of some form of variable resistance. They will 
be fully explained in the following pages. 

Fig. 106. The above motor has a frame of the enclosed type. Motors 
of this type are particularly well suited for operation in places 
where the air is full of dust or vapor. 

117. MOTOR RATINGS IN VOLTS, 
AMPERES, AND H. P. 

The rating of a D. C. motor in horse power, am-
peres, and volts depends on the same factors in their 
design as the rating of generators does. The motor 
ratings in horse power are also based on the same 
factor of the temperature increase in their windings 
when operated at full rated load. 
For example, a 10 h. p. motor is one that when 

supplied with the proper voltage for which it is de-
signed will drive a 10 h. p. mechanical load con-
tinuously without overheating its windings. The 
current required by a motor is, of course, propor-
tional to the mechanical load in h. p. which it is 
driving. 

In addition to carrying the load without heating 
the windings, the motor must also be able to carry 
its full load current without excessive heating or 
sparking at the brushes and commutator. 
Motors are generally designed to carry overloads 

of a greater amount and for longer periods of time 
than generators are. Most D. C. motors can carry a 
25% overload for a period of two hours, without 
serious overheating. 
We have already learned that D. C. motors are 

similar to D. C. generators in all details of their 
mechanical construction. In fact, manufacturers 
frequently use the same D. C. machines either as 
motors or generators, by merely changing the name 
plates on them and making a few minor changes in 
the connections of the field windings and setting 
of the brushes. 

118. MOTOR PRINCIPLES 
Electric motors develop their torque or turning 

effort by reaction between the flux around the arma-
ture conductors and the flux of the field poles, as 
has been previously explained. When the magnetic 
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lines of force from the field poles attempt to pass 
through the armature core and windings, they collide 
with the revolving flux around the armature con-
ductors, as shown in Fig. 107. 
Where the lines of force passing from the N. to 

S. field poles collide with lines of armature flux in 
the opposite direction, they will, of course, tend to 
unite and travel in the same direction. This causes 
the majority of the magnetic lines leaving the N. 
pole in Fig. 107 to swing upward over the positive 
conductor, creating a very dense magnetic field 
above it and a weaker field below it. As the field 
lines go on across the armature and collide with the 
downward lines on the left side of the negative 
armature conductor, the majority of the lines will 
again join with this revolving flux and pass on the 
under side of this conductor. 
As we know that magnetic lines of force always 

tend to shorten themselves, or take the most direct 
path possible through any external circuit, it is evi-
dent that this distortion of the field flux and the 
crowding of the lines above the positive conductor 
and under the negative conductor will tend to re-
volve the conductors in a counter-clockwise direc-
tion. From the illustration in Fig. 107, we can see 
that the torque of a D. C. motor is obtained largely 
from the reaction between the magnetic lines of 
force of the armature and field flux. There is also 
the force of attraction and repulsion between the 
field poles and the poles which are set up on the 
surface of the armature. That is why D. C. motors 
are often said to operate on the "repulsion" 
principle. 

- 

- - _ 

,-• 

rig. 107. The above diagram illustrates the manner in which the 
reaction between the lines of force from the armature and field 
windings set up the torque or turning effort in a motor. 

119. MOTOR TORQUE, SPEED AND H. P. 
The torque exerted by such a motor will, of course, 

depend on the strength of the magnetic flux from the 
field poles and the strength of the armature flux. 
Therefore, the torque exerted by a motor can be 
increased by increasing either the field strength or 
the armature current, or both. 
The horse power or mechanical power output of 

a D. C. motor is proportional to the product of its 
torque and speed. The higher the speed at which 
a motor is operated while maintaining the same 
amount of torque, the greater will be its horse 
power. 

D. C. motors rated at higher speeds will produce 
the same horse power with smaller frames and 
armatures. The cost of high speed motors is there-

fore much less per h. p. A motor frame that is 
rated at 5 h. p. at 900 R. P. M. will deliver 10 h. pe 
at 1800 R. P. M. 

120. DIRECTION OF MOTOR ROTATION 
The direction of rotation of a D. C. motor can be 

easily determined by the use of Fleming's left-hand 
rule. This rule is similar to the right-hand rule 
which we have learned to use for generators. 
Hold the first finger, thumb, and remaining fingers 

of the left hand all at right angles to each other. 
Let the first finger point in the direction of flux 
from the field poles, the remaining fingers in the 
direction of current through the armature conduc-
tors, and the thumb will then indicate the direction 
of rotation of the armature. 

This rule can be quickly and easily applied to 
diagrams such as shown in Fig. 107 and can also be 
used on the actual machines, when the armature 
conductors and connections to the commutator can 
be seen and the polarity of the field poles is known 
The direction of rotation can also be easily deter-

mined with diagrams such as shown in Fig. 107, by 
simply remembering that the repelling or crowding 
force on the armature conductor will be on the side 
where its flux lines join with those of the field flux. 
From this study of the direction of rotation of 

motors, you can see that any D. C. motor can be 
reversed either by reversing the direction of cur-
rent through the armature winding or by reversin 
the field connections to change the polarity of till, 
field poles. Refer to Fig. 107, and using the lef t-
hand rule, note the direction in which these con-
ductors would rotate if their current were reversed 
or the poles of the motor were reversed. 
121. COUNTER E. M. F. IN MOTORS 
You have already learned that a voltage will be 

induced or generated in the armature conductors of 
a motor whenever the machine is running, and that 
this voltage is called Counter E. M. F. As the arma-
ture of the motor rotates, its conductors will be go-
ing through the field flux and so will produce 
counter-voltage in the same direction as that of the 
voltage of a generator rotated in the same direction 
as the motor. Therefore, this counter E. M. F. in-
duced in a motor is always in a direction opposing 
the applied line voltage, but of course is normally 
not quite as great as the applied voltage. 
The amount of counter-voltage which will be gen-

erated depends upon the number of conductors in 
the armature, the strength of the motor field, and 
the speed at which the machine is operated. 
Keep this rule well in mind, because the effects 

of counter-voltage are extremely important in the 
operation of D. C. motors and control equipment. 

In Fig. 108, the direction of the current and 
voltage applied to the armature conductors from the 
line is shown by the solid black symbols in the twill> 
armature conductors, and the direction of the 
counter-voltage generated in these conductors with 
the polarity and rotation shown, is indicated by the 
lighter symbols above the conductors. 
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Fig. 108. The above sketch illustrates the manner in which the 
counter-voltage is generated in the opposite direction to the applied 
voltage in a motor armature. 

As the counter-voltage is generated in the opposite 
direction to the applied line voltage, we can readily 
see how it limits or regulates the current which will 
flow through the armature and thereby acts as a 
governor of the motor speed. 

The voltage applied to a D. C. motor armature 
is equal to the voltage drop in the winding plus the 
C. E. M. F., or 

Ex = Ra Ia CEa 
in which 

Ex = Applied voltage 
Ra = Resistance of armature 
Ta = Current in armature 

CEa = Counter voltage of armature 
Then, for example, the applied voltage of a certain 

110-volt motor might be used as follows: 
Ex. Ra Ia CEa 

No load: 110 = 1 + 109 
Full load: 110 = 5 -I- 105 

e. ARMATURE RESISTANCE NECESSARY 
WHEN STARTING D. C. MOTORS 

When the motor armature is idle or at rest no 
counter-voltage is produced, and the current which 
would then flow through the armature would be de-
termined entirely by its resistance and the voltage 
applied; according to the formula: 

I = E -:-- R. 
The resistance of D. C. motor armatures is very 

low, usually less than one ohm. Therefore, excessive 
currents would flow through them if we were to 
apply the full line voltage to start the machine. 

For this reason, when starting D. C. motors of 
any but the very smallest sizes, it is necessary to 
place some resistance in series with the armature 
to limit the current until the machine comes up to 
speed. As the motor increases its speed the counter-
voltage becomes higher and higher, until it limits the 
current to such an extent that the motor speed can-
not further increase. At this point the difference 
between the counter-voltage and the line-voltage 
may be only a few volts, even on motors of quite 
high voltage. 
The voltage effective in forcing current through 

the armature of a motor when it is running will be 
just that amount of the line voltage which is not •eutralized by counter-voltage. In other words, the 

ctive voltage will be line voltage minus counter-
voltage. This is illustrated in Fig. 109, which shows 
the amount of the applied voltage which is neu-
tralized by the counter-voltage developed in the 
armature. For this illustration we have used even 

and convenient figures, but in actual operation of a 
motor running without load the counter-voltage 
would be even greater in comparison to the line 
voltage. 

If we assume the resistance of the armature in 
this figure to be .2 of an ohm, the current which 
would flow through its winding if full line voltage 
were applied would be 100 .2, or 500 amperes. 
That is, of course, provided that no external re-
sistance were used in series with the armature. 

If this same armature develops 90 volts counter-
E. M. F. when rotating at full speed and under full 
load, the effective voltage is then only 10 volts. So, 
when running at this speed. the armature current 
would be 10 ÷ .2. or 50 amperes. From this example 
you can see what a great effect counter-voltage has 
upon the current flow in a motor armature. 

123. EFFECT OF COUNTER-VOLTAGE ON 
MOTOR SPEED 

The current required to operate a D. C. motor 
when no load is connected to it is comparatively 
small. Let us say that the armature shown in Fig. 
107 requires 50 amperes to operate it at full load, 
and only 5 amperes to operate it when the load is 
disconnected. As the resistance of the armature is 
only .2 of an ohm, the applied voltage to run the 
machine at full speed and at no load would be .2 X 5, 
or 1 volt. So the counter-E. M. F. during the time 
this motor is running idle should be 100 — 1, or 
99 volts. 

\Vhen the mechanical load is removed from a 
motor, its armature immediately tends to speed up; 
but as the speed increases it also increases the 
counter-E. M. F., thereby reducing the current flow 
from the line and holding the motor at a constant 
speed slightly higher than when operated under full 
load. This again serves to illustrate the manner in 
which counter-E. M. F. governs the speed of a D. C. 
motor. 

Appl,ea 
voltage 

100E 

Effective 
voltage 

Counter 
EME 

Fig. 109. From the above illustration you will note that the counter-
voltage is often nearly as high as the applied voltage. This sketch 
illustrates the extent to which counter-voltage regulates or limits the 
flow through a motor armature. 

124. D. C. MOTOR CHARACTERISTICS 
In selecting D. C. motors for any particular work 

or application we must, of course, use a machine of 
the proper horse-power rating to start and carry the 
load the motor is intended to drive. In addition to 
the Horse Power Rating of the motor, the other 
essential points to be considered are its Starting 
Torque and Speed Regulation characteristics. These 
characteristics vary widely for shunt, series, and 
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compound motors, which will be thoroughly ex-
plained in the following paragraphs. Make a careful 
study of this section because it may often be of 
great advantage to you on a job to be able to select 
the proper motors for different applications. 
125. SHUNT MOTORS 
The field winding of a shunt motor is connected 

directly across the line or source of current supply, 
in parallel with its armature. This shunt field wind-
ing is made up of many turns of small wire and has 
sufficient ohmic resistance to limit the current 
through the coils to the safe carrying capacity of 
the conductors they are wound with. As the resist-
ance of the shunt field winding is practically con-
stant, this current and the strength of the field it 
sets up will be determined by the line voltage which 
is applied to the motor. 
A simple diagram of the connections of the arma-

ture and field of a two-pole shunt motor is shown in 
Fig. 110. 

126. STARTING TORQUE OF SHUNT 
MOTORS 

The starting torque of shunt motors is only fair 
and they cannot start very heavy loads because their 
field strength remains approximately constant as 
long as the applied voltage is constant. 
While a motor is starting the armature flux is 

very dense, because of the heavier currents flowing 
through the armature at this time. 
This increased armature flux of course increases 

the motor torque, but it also weakens the field by 
distorting it and forcing it to take a path of higher 
reluctance; so shunt motors cannot build up as good 
starting torque as series or compound machines do. 
As the torque of the motor depends upon its field 

strength as well as upon the armature current, we 
can see that the starting torque of a shunt motor 
will not be very good. 

Shunt Motor 

Fig. 110. Diagram of the connections for a simple shunt motor. 

127. STALLING TORQUE OF SHUNT 
MOTORS 

If a shunt motor is overloaded to too great an 
extent it will slow down and possibly be stopped 
entirely if the overload is great enough. A motor 
should never be allowed to remain connected to the 
line when in this stalled condition, or its windings 
will be burned out. This is due to the fact 
that when the armature is stopped it is generating 
no counter-voltage, and the applied line voltage 
will send a severe overload of current through the 

low resistance armature. Fuses or circuit breakers 
should be provided to open the line circuit to the 
motor in a case of this kind. 
The ability of a motor to carry overload withou 

stalling is often referred to as the Stalling Torque 
of the motor. 
Shunt motors will carry their full, rated load but 

should not be overloaded to any great extent, as 
their stalling torque is not very high. 

128. SPEED REGULATION OF SHUNT 
MOTORS 

The speed regulation of shunt motors is excellent, 
as the strength of their field remains practically con-
stant, and as long as the proper line voltage is ap-
plied they will maintain practically constant speed 
under wide variations of the load. 
The shunt motor will of course slow down a little 

when the load is increased; but, as soon as the 
armature speed is reduced even slightly, this reduces 
the counter-voltage generated and immediately 
allows more current to flow through the armature, 
thereby increasing the torque and maintaining ap-
proximately the same speed. 
The speed of shunt motors ordinarily should not 

vary more than three to five per cent. from no load 
to full load. Fig. 111 shows a set of curves which 
illustrate the speed regulation of series, shunt, and 
compound motors. Note that the speed of the shunt 
motor only falls off very gradually as the load is 
increased. • 
129. SPEED CONTROL AND APPLICATIONS 

OF SHUNT MOTORS 
The speed of shunt motors can easily be varied 

or controlled by inserting a rheostat in series with 
their field. If the field is weakened, the motor speed 
will increase, because the reducd counter-voltage 
allows more current to flow through the armature. 
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Fig. 111. The above diagram shows the characteristic speed curves for 
several types of D. C. motors. Note carefully the manner in which 
the speed varies with increase of lead. 
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Fig. 112. Diagram of the connections for a simple series motor. The 
dotted lines show where a shunt can be connected in parallel with 
the field coils for varying the speed. 

If the field is strengthened, the motor speed will 
decrease, because this stronger field allows the 
normal counter-voltage to be generated at lower 
3peed. 
The uses and applications of shunt motors are 

many and varied. They may be used on any job 
where more than full-load torque is not required 
for starting and where practically constant speed is 
essential. They are extensively used for pumps, 
elevators, motor-generator sets, and for the opera-
tion of lathes and various machines used in manu-

ààcturing aii liances. 
O. SER ; MOTORS 
Series m Ts have their field coils connected in 

series with the armature and the line, as shown in 
Fig. 112. The windings for the fields of series motors 
are made of heavy copper wire or strap copper, and 
may consist of anywhere from a few dozen to a few 
hundred turns. 
The strength of the field of the series motor de-

pends upon the amount of current flowing through 
the armature and series field coils. 
As the armature current depends upon the motor 

load and speed, the field strength of a series motor 
will be much greater at heavy loads and low speeds 
than at light loads and higher speeds, when the 
armature is developing a greater counter-E. M. F. 
131. STARTING TORQUE 
The armature current is usually at its greatest 

value when starting a motor because when the 
armature is idle or rotating at low speeds it doesn't 
generate much counter-E. M. F., and very heavy 
currents will flow through the armature until it 
comes up to speed. For this reason the starting 
torque of series motors is excellent. 
The torque of motors of this type varies directly 
with the square of the armature current, because any 
increase of current through the armature also in-
eases the field strength, as the two windings are 
series. 
Series motors are capable of starting very heavy 

loads, and this makes them particularly adaptable 
for use on street cars and electric railways, and other 

special applications where the machinery to be 
driven is difficult to start. 
132. STALLING TORQUE 

Series motors also have excellent stalling torque, 
because, when they are overloaded, their speed is 
reduced and less counter-voltage will be generated in 
the armature. This allows more current to flow both 
through the armature and field coils, greatly in-
creasing the flux around the armature conductors 
and from the field poles. 

It is almost impossible to stall a series motor with 
any reasonable load, because the slower the speed 
becomes, the more current will flow through the 
armature and field of the motor, and the greater its 
torque becomes. 
Of course, it is possible to burn out a series motor 

by overloading it in this manner, if the overload 
is left on it too long. 
133. SPEED REGULATION 
The speed regulation of series motors is very poor, 

because their speed varies inversely with the load ap-
plied. Any increase of load actually strengthens the 
field flux of the series motor. This causes a higher 
counter-voltage to be generated and momentarily 
reduces the armature current, until the speed of the 
motor drops enough lower to bring the counter-
voltage back to normal or less than normal, to al-
low the increased current flow required for the 
additional load. 

If some of the load is removed from the series 
motor, this decreases the flow of current and weak-
ens its field. The weaker field develops less counter-
voltage and momentarily allows more current to 
flow, until the speed is increased enough to build 
the counter-voltage up again somewhat above 
normal value. 
Thus, series motors will operate at very high 

speeds when the load is light and they will overspeed 
if the load is entirely disconnected. For this reason 
series motors should never be operated without load, 
or the speed will increase to a point where centrif-
ugal force may throw the armature apart. 

Series motors should always be attached to their 
load by gears or direct shaft connection, and never 
by belts. If a series motor were belted to its load 
and the belt should break or slip off the pulleys, the 
motor might dangerously overspeed before it could 
be stopped. 

In Fig. 111, the speed curve for a series motor is 
shown, and you will note how rapidly the speed 
decreases with any increase of load. 

There are certain applications for motors, how-
ever, where the decrease of speed with increase of 
load is very desirable. 
134. SPEED CONTROL 
The speed of a series motor can be controlled or 

varied at will by the use of resistance in series with 
the motor. Increasing this resistance will reduce 
the voltage applied to the armature and series field, 
and tends to momentarily reduce the current flow 
and the torque, until the motor reduces its speed and 
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counter-E. M. F. to a point where the counter-E. 
M. F. and the effective voltage again balance the 
reduced applied voltage. 
This is one of the methods used to vary the speed 

of electric street cars, by cutting resistance in or out 
of the motor circuit with the drum controller. When 
the resistance in series with the machine is varied, 
the voltage across the armature is varied accord-
ingly, and the armature slows down or speeds up 
correspondingly until the counter-E. M. F. and 
effective voltage again equal the applied voltage. 
The speed of series motors can also be varied by 

connecting a shunt in parallel with their field coils, 
as shown by the dotted lines in Fig. 112. This shunt 
merely passes a certain amount of the armature cur-
rent around the field winding, and thereby weakens 
the field strength and increases the speed of the 
motor. These shunts can not be used to decrease 
the motor speed below normal. 
135. USES AND APPLICATIONS OF SERIES 

MOTORS 
The uses and applications of series motors are 

somewhat limited because of their wide variation in 
speed when the load is varied, and their tendency 
to overspeed when the load is removed. Series 
motors are not adapted to driving machinery or 
equipment which place a variable load on the motor 
and require practically constant speed. 

Series motors are used principally for electric 
cranes, hoists, and railway service, and are well 
suited to this work because of their high torque at 
low speeds and low torque at high speeds. They 
are particularly well adapted to electrical traction 
work because of their splendid starting torque, 
which enables them to start heavy cars quickly and 
also climb hills with heavy loads. Their speed 
characteristic is also an advantage in this case, 
because it is possible to obtain high speeds with 
cars operated by this type of motor when the cars 
are running on the level or with light loads. 
136. COMPOUND MOTORS 
Compound D. C. motors have some of the charac-

teristics of both the shunt and series motors, as they 
have both a shunt and series field winding on each 
pole. The shunt field of the ordinary machine is made 
up of many turns of small wire and is connected 
in parallel with the armature and line, as shown in 
Fig. 113. The strength of the shunt field flux will 
therefore be proportional to the applied line voltage 
and will be practically constant as long as this volt-
age is not varied. 
The series field winding is usually made of very 

heavy copper wires or strap copper and may vary 
from a few turns to 100 turns or more per pole. This 
winding is connected in series with the armature, 
as shown in Fig. 113, and carries the full load cur-
rent which passes through the armature. 
The strength of the series field will therefore be 

proportional to the load applied to the motor. The 
shunt field, however, is the one that always deter-
mines the polarity of the machine under ordinary 

conditions and, therefore, it is called the main field 
winding. 
Compound motors can be connected either cumin' 

lative or differential, by simply reversing the conneW 
tions of their series field windings. The connections 
shown in Fig. 113 are for a cumulative compound 
motor, and most D. C. motors are understood to be 
connected in this manner, unless they are marked or 
designated as differential-compound. 
With the series field connected for cumulative-

compound operation, the current flows through these 
coils in the same direction that it does through the 
shunt coils, and therefore aids in setting up a 
stronger field when there is any load on the motor. 

137. STARTING AND STALLING TORQUE 
Cumulative-compound motors have a very much 

better starting-torque than shunt motors, because 
the heavier armature currents which flow during 
starting also pass through the series field and greatly 
strengthen its flux, thereby increasing the motor 
torque. 
Motors of this type can be used for starting very 

heavy loads or machinery that is difficult to start 
and bring up to speed. 
The stalling torque of cumulative-compound mo-

tors is also quite high, because any increase of load 
on the machine will increase its armature current 
and the current through the series field. This in-
creases the flux of the field poles, which in turn in-
creases the motor torque and enables it to carry to 
additional load at slightly reduced speed. 
Such motors can be allowed to carry reasonable 

overloads of 15 to 25 per cent. as long as they don't 
overheat enough to damage their insulation. 

138. SPEED REGULATION AND APPLICA-
TIONS 

The speed regulation of cumulative-compound 
motors can be considered as fair. Their speed will 
vary inversely with the load, because any increase 
of load also increases the field flux due to the action 
of the series winding; and when the field flux is in-
creased, the armature speed must decrease, in order 

Fig. 113. Diagram of connections for a cumulative compound motor. 
Note that the series field winding is connected so it will aid the 
shunt field winding in providing a strong field. 
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tu lower the counter-E. M. F. sufficiently to allow 
enough current to flow to carry the load. The gronger the field of any motor, the lower will be 
e speed at which it can generate the normal 

counter-E. M. F. 
Compound motors are used extensively to drive 

power shears, the rolls of steel mills, and in factories 
and industrial plants for running machines which 
require good starting and stalling torque and don't 
require very close speed regulation. 

139. DIFFERENTIAL COMPOUND MOTORS 
When compound motors are connected for differ-

ential operation their characteristics change con-
siderably from those of cumulative machines. 
A differential compound motor has its series field 

so connected that the current will flow through it 
in the opposite direction to that of the current in 
the shunt field windings, as shown in Fig. 114. This 
tends to weaken the field flux whenever any load 
is being carried by the motor. 
The shunt field winding is the main winding and 

under ordinary conditions it determines the polarity 
of the field poles. Occasionally, however, when 
these motors are started up rather suddenly and 
under heavy load, the current flow through the differ-
ential series winding becomes very strong; and due 
to its strong flux and the inductive effect which it 
has on the shunt field coils during the time this flux te' building up around the series winding, it ma) 

ercome the shunt field flux and reverse the polarity 
of the field poles. This will cause the motor to start 
up in the wrong direction. 
To avoid this, the series field of a differential motor 

should be short-circuited when starting. This can 
be done by the use of a single-pole knife switch of 
the proper size, connected across the series field 
terminals, as shown in Fig. 114. 

140. STARTING TORQUE AND STALLING 
TORQUE 

The starting torque of an ordinary differential-
compound motor is very poor, even poorer than that 
of a shunt motor. This is due to the effect of the 
heavy starting currents flowing through this field 
and weakening the flux of the shunt field to such 
an extent that the motor has very poor starting 
torque. Motors of this type are usually started 
without any load connected to them. 
A reversing switch can be used to reverse the 

polarity of the differential field and make the motor 
operate cumulative during starting, and thereby 
improve the starting torque of this motor. 

Differential motors will not carry overload with-
out stalling. In fact they will usually only carry 
about 75% of the full rated load of a shunt motor 
of the same size. \Vhenever the load on such a 

Amachine is increased, the series field current is in-
eased and, because it flows in the opposite direc-

tion of that in the shunt winding, it tends to neu-
tralize and weaken the total field flux and also 
weaken the load-pulling torque. 

Fig. 114. Differkntial compound motor connections. Note that the 
series field is connected so it will oppose and weaken the effect of 
the shunt field. 

141. SPEED REGULATION AND APPLICA-
TIONS 

Differential-compound motors have excellent 
speed regulation up to a certain amount of load. As 
the load is slightly increased, the motor tends to 
slow down, but the increased current through the 
differential series field immediately weakens the 
shunt field flux and thereby causes the counter-
E. M. F. in the armature to be reduced. 
This allows more current flow through the arma-

ture and maintains the speed at normal value. With 
just the proper number of turns on a differential 
series field, the tendency of the motor to slow down 
with increased load and the tendency to speed up 
with weakened field can be so balanced that they 
will neutralize each other, and the speed will remain 
almost perfectly constant if the load change is not 
too great. 
Note the speed curve shown for this type of motor 

in Fig. 111. 
Differential-compound motors are not used very 

extensively, because of their very poor starting 
torque; but they have certain applications where 
very little starting torque is required and good speed 
regulation is essential. The operation of textile 
mill machinery is a good example of this application. 
A convenient, practical method for determining 

whether a compound motor has its series field con-
nected differential or cumulative is to operate the 
motor and note its speed. Then reverse the series 
field connection and again note the speed. Which-
ever connection gives the most speed is the differ-
ential connection of the series field winding. 

142. BRAKE HORSE-POWER TEST FOR 
MOTORS 

Occasionally it may be desirable to make an actual 
test of the horse-power output of a motor, in order 
to determine its condition or efficiency. This can 
be done by arranging a brake or clamp to apply 
load to the pulley of the motor and thereby measure 
the pull in pounds or the torque exerted by the 
motor. 
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This method is known as the Prony Brake Test. 
Fig. 115 shows the equipment and method of its 

use for making this test. The brake can be made 
of wood blocks cut to shape to fit the pulley and 
fitted with bolts and wing nuts so the grip or ten-
sion of the blocks on the pulley can be adjusted. 
When making a number of these tests, it is also a 
good plan to line the curved faces of the block with 
ordinary brake lining such as used on automobiles. 
This makes it possible to apply a smoother braking 
effect without generating too much heat due to the 
friction. 
An arm or bar, of either wood or metal, can be 

attached to the brake blocks as shown in the figure, 
and fitted with a bolt or screw eyes for attaching 
the scales to the end of the bar. A spring scale, such 
as shown in Fig. 115, can be used, or the bolt on the 
underside of the arm end can be allowed to rest on 
the top of a platform scale. 
The brake arm should preferably be of some even 

length, such as 2 ft. or 3 ft., in order to simplify the 
horse-power calculation. The arm length is mea-
sured from the center of the shaft to the point at 
which the scale is attached. 
With a device of this kind, load can be gradually 

applied to the motor by tightening the brake shoes 
or clamps until the motor is fully loaded. 
An ammeter can be used in series with one of the 

line leads to the motor to determine when the ma-
chine has been loaded to its rated current capacity. 
In case an ammeter is used, a voltmeter should also 
be used, to see that the proper line voltage is applied 
to the motor at the time of the test. A wattmeter 
can be used instead of the voltmeter and ammeter 
if desired. 
When the brake has been adjusted so that the 

motor is drawing its full rated load in watts, the 
pound pull on the scale should be noted and the 
speed of the motor in revolutions per minute should 
be carefully checked. 
The adjustment on the brake should be main-

tained to keep the motor pulling the same amount 
on the scales and drawing the same load in watts 
during the time the speed is being checked. 
The motor speed can easily be checked by means 

of a speed counter or tachometer applied to the end 

Fig. 115. The above diagram illustrates the method of making a 
brake-h. p. test on a motor. 

of its shaft while running. A watch with a second-
hand should be used for gauging the time accuratel . 

143. HORSE POWER CALCULATION 
The horse power of a motor is proportional to the 

product of its torque and speed. Therefore, when we 
know the length of the lever arm in feet, the pull in 
lbs. on the scales, and the speed of the motor in 
R. P. M., we can easily determine the horse-power 
output by the following simple formula: 

P XL 
h. p. =  

33,000 
In which: 

h. p. = the horse power developed by the motor 
= 3.1416, or the ratio between the diameter 

and circumference of a circle. (2 x 
6.28) 

R. P. M. = Speed of the motor in revolutions per 
minute 

P = Lbs. pull on the scale 
• = Length of lever arm in feet 

33,000 — Number of foot-pounds required per 
per minute for one h. p. 
As an example, suppose we have made a test on 

a-motor using a brake arm two ft. in length, and 
have found that when the motor is fully loaded ac-
^ording to the electrical instruments, it applies 9 
lbs. pull on the end of the arm and revolves at a 
speed of 1500 R. P. M. Then, according to our 
formula: 

6.28 X 1500 X 9 X 2 
  or 5.1 h. p. 

33,000 
144. EFFICIENCY TESTS 
The efficiency of a motor is, of course, an im-

portant item, especially where a large number of 
motors are being chosen for continuous operation of 
certain equipment. The higher the efficiency of any 
motor, the greater the h. p. it will produce from a 
given amount of electrical energy in watts, and the 
less power will be wasted in losses within the 
machine. 
These losses are partly mechanical, such as bear-

ing friction and "windage" due to the armature re-
volving through the air at high speed. They are also 
partly electrical, such as losses in the armature and 
field windings due to resistance and to a certain 
amount of energy being transformed into heat, and 
the slight magnetic losses due to hysteresis and 
eddy currents. 
The efficiency of D. C. motors may vary from 50% 

or less for the very small fractional horse power 
machines up to 90% for the larger ones, and even 
higher than this for extremely large motors. 
The efficiency of ordinary motors from 5 to 50 

h. p. will usually range between 75 and 90 per cent; 
so, when the efficiency of a machine is not known 
good average figure to use is 80% or 85%.. 
As a general rule, the larger the motor, the higher 

will be its efficiency. Fig. 116 shows a table in 
which are given the efficiencies of several sizes of 

• 
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E FFICE.NCY or 230 VOLT COMPOUND D.C. MOTORS 

e ilZE 
KR 

AT Y2 LOAD AT 34 LOAD AT FULL LOAD 

S 7.3 % '78 7. 807, 

10 79% 82.5 % 85 7. 

25 84% 67 % 87.5% 

30 857. 137.5% 88.5% 

20 0 877. 8 9 7. 91.5 % 

Fig. 116. This table gives the approximate efficiencies of various sized 
D. C. motors at various percentages of load. 

motors, from 5 to 200 h. p. You will also note by 
examining this table that the efficiency of any 
motor is better at full or nearly full load. There-
fore, it does not pay to operate motors lightly loaded 
whenever it can be avoided by the selection and use 
of motors of the proper size. In many cases, motors 
which are larger than necessary have been installed 
to operate certain machines, because these machines 
require considerable starting torque. In a case of 
this kind, the selection of a different type motor 
with a better starting torque can often effect con-
siderable power saving. 

145. EFFICIENCY CALCULATION 
The efficiency of any motor can be found by di-

viding its output in watts by the input in watts. 
This is stated by the following formula: 

W 0 • e —  W I 
In which: 

e = the efficiency of the motor in per cent. 
W O — watts output 
W I — watts input 

The output and input can both be determined in 
horse power or kilowatts, if preferred, and used in 
the same manner in the formula. 
When we have made a test of the horse power of 

a motor by the Prony brake method and have 
measured the electrical power input either with a 

wattmeter or a voltmeter and ammeter, it is ther 
an easy matter to determine the efficiency of the 
machine with the formula just given. 

For example, suppose we have tested a machine 
and found its full load output to be 35.5 h. p. During 
this test the wattmeter connected to the motor leads 
indicated that it was consuming 31,150 watts. To 
obtain the output in watts, we multiply 35.5 by 746, 
as there are 746 watts in each h. p., and we find that 
the output is 26,483 watts. 
Then, according to the formula, the efficiency of 

this motor will be found as follows: 
26,483 

e =  31,150 , or 85+ % efficiency 

Fig. 117-A shows the method of conecting a watt-
meter to the terminals of a motor for determining 
the input or energy consumed. At "B" in this same 
figure are shown the proper connections for a volt-
meter and ammeter used to determine the input of 
the motor. 
The readings of the voltmeter and ammeter can be 

multiplied to obtain the power input in watts. 

Fig. 117. The above diagram shows the methods of connecting a watt-
meter or voltmeter and ammeter, to determine the KW or h. p. 
input to a motor. 

D. C. MOTOR STARTERS AND CONTROLS 
There are two general types of D. C. motor control 

equipment. One of these is used for starting duty 
only, and the other can be used both for starting 
and for controlling or regulating the speed of the 
motors while running. 
Motors of M h. p. or less can be started by con-

necting them directly across the line, as their arma-
tures are so small and light in weight that they 
come up to full speed almost instantly. Therefore, 
the heavy rush of starting current does not last 
long enough to overheat their windings. 
Medium-sized and larger D. C. motors should ser be connected directly across the full line volt-

to start them, as their heavier armatures re-
quire more time to speed up and develop the ne-
cessary counter-voltage to protect them from exces-
sive starting current. 

If these armatures are connected directly across 
full line voltage when they are at rest, the rush of 
starting current through them is likely to be more 
than 10 times full-load current. This excessive current 
will overheat the winding, and also possibly damage 
the insulation of the coils by the powerful magnetic 
field it sets up and the mechanical forces the coils 
exert on the slots in trying to practically jerk the 
armature up to full speed. 

So, for this reason, a starting resistance should 
always be connected in series with the armature of 
a D. C. motor when starting it, and left in the circuit 
until the motor armature has reached full speed and 
has built up its own protective counter-voltage. 
When the current flows through this resistance, it 

causes sufficient voltage drop so that only about 
one-fourth of the line voltage is applied to the arma 
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ture. Fig. 118 shows the method of connecting the 
starting resistance in series with the motor arma-
ture. 
These starting resistances are usually arranged so 

they can be gradually cut out of the armature circuit 
as the motor comes up to speed, and when full speed 
is reached the resistance is all cut out. 
The starting current for D. C. motors should be 

limited to about 1Y2 to 2Y2 times full-load current. 
It is therefore necesary that starting rheostats have 
the proper resistance value and current capacity for 
the motors with which they are usd. 

146. TIME ALLOWED FOR STARTING 
MOTORS 

The period of time for which the starter resist-
ance should be left in series with the motor when 
starting, depends upon the size of the motor and the 
nature of the load attached to it. A motor connected 

Fig. 118. This simple sketch shows the manner in which a resistance 
is used in series with the armature when starting a D. C. motor. 

to a heavy load, of course, requires more time to 
come up to full speed, and the larger the armature 
of a motor, the more time is required for it to reach 
full speed. 
Usually from 15 to 30 seconds will be required on 

ordinary motors. This rule, however, cannot be 
strictly followed, as the time allowed for starting a 
motor must be largely a matter of observation and 
good judgment on the part of the operator. One can 
readily tell by the sound of the motor when it has 
reached full speed. 
While starting and operating various motors you 

will gain considerable practice in judging the time 
required for different motors. Always watch and 
listen to the motor closely when starting it up, and 
never leave the resistance in the circuit any longer 
than necessary, or it is likely to become damaged 
by overheating. 
147. MOTOR STARTING RHEOSTATS 

Starting resistances or Rheostats, as they 
are called, should never be used to regulate the 
speed of a motor after it is running. Starting 
rheostats are designed to carry the armature current 
only for a very short period and should then be cut 

out of the circuit. If they are used for speed regu-
lation and left in the circuit for longer periods, theà., 
are very likely to become overheated to a poi. 
where the resistance metal will burn in two and re-
sult in an open circuit in the rheostat. 
Armature starting resistances for small machines 

are usually made up of iron wire, or wire consisting 
of an alloy of nickle and iron. This resistance wire 
is wound on an insulating base, or form of asbestos 
or slate. The turns of the coil are so spaced that 
they don't short together. 
The taps are made at various points along the 

coil and are connected to segments or stationary 
contacts which are mounted on the face-plate of the 
starter. A lever arm with a sliding contact is then 
used to cut out the resistance gradually as the 
motor comes up to speed. See Figs. 121 and 123. 
148. SPEED CONTROL RHEOSTATS 
Speed-regulating resistance can be used for start-

ing motors and also for controlling their speed over 
indefinite periods. Rheostats for this use are made 
of larger and longer resistance material and are 
designed to carry the armature current for long 
periods without damage from overheating. 

Speed-regulating resistances are in some cases 
made of heavy iron wire, but for medium and larger 
sized motors are generally made of cast iron grids 
or grids consisting of an alloy of nickle and iron. 
The nickle alloy is generally preferred in the bette 
class controls. 
149. METHODS OF CONTROLLING TH 

SPEED OF D. C. MOTORS 
The speed of shunt and compound motors may 

easily be controlled by the use of a rheostat in 
series with the shunt field, as shown in Fig. 119. 
By varying the resistance of the field rheostat, we 
can vary the current through the field of the motor. If 
the field is weakened, the counter-E. M. F. generated 
in the armature is momentarily reduced and more 
current is allowed to flow through the machine. 
This will cause the machine to speed up until the 

counter-voltage produced in this weaker field is 
again normal. If the motor field is strengthened, the 

Fig. 119. This diagram shows the armature starting resistance and 
also a shunt field rheostat for varying the speed of the motor. 
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counter-voltage developed in the armature will be 
abcreased, and this will cause the current flowing 
Wrtrough the machine to be reduced, allowing the 

speed to decrease until the counter-voltage devel-
oped in this stronger field is again normal. 

It is possible to vary the speed of a motor only 
above its normal speed by the use of shunt field 
rheostats. 
The torque of a motor armature will vary in-

versely with the speed when the field is weakened 
in the manner just described. The output in h. p., 
however, will remain approximately the same, as the 
h. p. is proportional to the product of the speed and 
torque. 
For example, if a certain motor normally rotates 

at 1000 R. P. M. and develops 10 lbs. torque at the 
end of a brakearm, the product of this speed and 
torque is 1000 X 10, or 10,000. 
Now, if we were to increase the speed of this 

motor to 2000 R. P. M., or double its normal speed, 
the torque, which varies inversely with the speed, 
will be reduced to 5 lbs., or one-half its former 
value. In this case, the speed times the 
torque equals 2000 X 5, or 10,000 as before. 
Motors that do not have interpoles should not 

ordinarily be operated at speeds greater than 65 to 
70 per cent above their normal speed ratings. On 
motors that have interpoles, it is possible to obtain 

Aweed variation as great as 6 to 1 ratio. 
gip Field control is a very economical means of speed 

variation for D. C. motors, since the output of the 
motor in horse power remains practically unchanged 
and the power lost in the field rheostat is very 
small. 
The power lost due to heating in any resistance 

is equal to the square of the current multiplied by 
the resistance, or 12 X R = W. 
For example, let us assume that the resistance 

of the field rheostat shown in Fig. 119 is 100 ohms, 
and that the field current required by this motor is 
2 amperes; then the power lost in the field rheostat 
would be 22 X 100, or 400 watts. 
150. SPEED CONTROL BY USE OF ARMA-

TURE RESISTANCE 
The speed of shunt, series, and compound motors 

can also be regulated or varied by means of a 
rheostat in series with the armature, as shown in 
Fig. 120. An armature resistance used in this man-
ner merely produces a voltage drop as the machine 
current flows through it, and thus it varies the volt-
age applied to the armature. 
When this method of speed control is used, the 

strength of the shunt field of the motor is not 
varied, as it is connected directly across the line so 
it is not affected by the armature resistance. Ob-igrve this method of connection in Fig. 120.. 
When the voltage applied to the armature is de-

creased by cutting in the resistance of the armature 
rheostat, this will decrease the armature current 
and the speed of the motor. Since the torque of 
any motor varies with the product of the armature 

current and field flux, any change of this armature 
current produces a corresponding chane in the 
torque and speed developed by the machine. When 
the motor slows down to a speed at which its coun-
ter E.M.F. and effective armature voltage again bal-
ance the applied voltage, the current and torque 
will again be the same as before changing the speed, 
providing the load torque remains constant. 

151. SPEED CONTROL BY FIELD RESIST-
ANCE MOST ECONOMICAL GENERALLY 

Speed control by means of armature resistance is 
very wasteful of power because of the very heavy 
armature current which must be passed through the 
rheostat, and the losses due to heat and I R drop in 
the rheostat. 

If the armature shown in Fig. 120 requires 50 
amperes for full load operation and the speed regu-
lating rheostat has .5 of an ohm resistance, then the 
energy lost due to heat in the rheostat will be 
12 X R, or 502 x .5, which equals 1250 watts. 

If the field resistance were used for speed control 
of this motor, the losses would be much less. We 
will assume the field current to be 2 amperes, and 
the field rheostat resistance 100 ohms. Then the 
loss with this form of speed control would only be 
22 X 100, or 400 watts. 
The speed regulation of the motor which is con-

trolled by armature resistance is very poor when 
the machine is operated below normal speed, while 
the speed regulation of a motor controlled by the 
field rheostat is very good, because the armature 
in this case is always operated at the same voltage. 
Shunt field rheostats for ordinary motors are 

small compact devices, because they don't need to 
carry a great amount of current or to have a large 
heat radiating surface. 

Fig. 120. Rheostats for speed regulating duty use heavier resistance 
units to stand the continued current load without overheating. 

Armature rheostats are much larger and usually 
made of heavy cast iron grids, or, in the case of 
some of the latest type controls, they are made from 
alloy of manganese and copper. 
From the foregoing material, it is easy to see that 

the use of the field rheostat provides a much more 
economical method of motor speed control than the 
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use of armature resistance, and it should there-
fore be used whenever possible. 
The three principal advantages of field control 

over armature control are as follows: 
1. The horse power output remains practically 

unchanged with field control but decreases 
considerably with armature control. 

2. Power lost in the field rheostat is much lower 
than in armature rheostats, which must carry 
the heavier armature current. 

3. The speed regulation of a motor which is con-
trolled by field rheostats is much better than 
that of a machine controlled by armature re-
sistance. 

Resistance should never be cut in to both arma-
ture and field circuits at the same time on any 
motor, because resistance in the armature circuit 
tends to reduce the speed, while resistance in the 
field circuit tends to increase speed. So each one 
would tend to defeat the purpose of the other. 
Both armature and field control are often used 

together on the same motor, however, cutting out 
resistance from the armature circuit to bring the 
speed from zero up to normal, and cutting in resist-
ance in the field circuit to raise the speed above 
normal. 

152. D. C. MOTOR CONTROLLERS 
There are many types of D. C. motor starters and 

speed controllers, but the general principles of 
practically all of them are very much the same. 
Their function is usually to place resistance in 
series with the motor armature when the machine 
is started, and gradually cut out this resistance as 
the machine comes up to speed. 
Some controllers also make a slight variation in 

the resistance in the shunt field circuit at the same 
time the armature resistance is cut out. Some types 
of controls have reversing switches or contacts in 
addition to the rheostat element, so they can be 
used for starting and reversing of motors. 
The operation of controllers may be either 

Manual or Automatic. In the manual types the 
lever arm or sliding contact which cuts out the re-
sistance is operated by hand; while, in automatic 
types, the movement of the sliding contact or 
switches which cut out the resistance is ac-
complished by means of electro-magnets or sole-
noids, which may be operated by a small push but-
ton switch located either at the controller or some 
distance from it. Because of this feature, certain 
controllers are known as Automatic Remote-Control 
devices. 
The design of the various controllers depends in 

each case upon the size of the motors they are to 
operate and upon the class of duty they are to per-
form. 
153. CONSTRUCTION FEATURES 
Common small motor controls consist of a box 

or panel on which are mounted the stationary con-
tacts and sliding contact or controller arm; and 
usually some form of latch or holding magnet to 

hold the arm in running position, and frequently 
some form of line switch or, possibly, reversin 
switch. 
On some of the smaller type controllers thes 

contacts, coils, and switches are on the outside of 
the box or on what is called a "face plate," made of 
slate or insulating material. 

Controllers used for small motors frequently have 
the resistance coils mounted inside the box, di-
rectly behind the face plate. In such cases the box 
is usually of well-ventilated construction, to allow 
the heat to escape. 
On larger controllers, the resistance coils or grids 

are frequently located in a separate box or on a 
panel, and have copper leads run from the contacts 
on the panel to the resistance element. 
Modern automatic types of controls frequently 

have the entire assembly of magnets, switches, and 
contacts enclosed in a metal safety cabinet. 

Regardless of the type or application of the con-
troller, you should be able to easily understand their 
circuits and principles, with the knowledge you 
already have of electrical circuits, electro-magnets, 
switches and rheostats. 
154. THREE AND FOUR POINT STARTERS 
Some of the most simple and common types of 

controls used with shunt and compound motors are 
called 3-point and 4-point controllers. The names 
3-point and 4-point are derived from the number of 
connections or terminals on the face plate of th 
controllers. The 3-point control is usually arrani;11, 
for starting duty only, but in some cases it may also 
be used for speed control, if it is properly designed. 

Fig. 121 shows the wiring and electrical connec-
tions of a simple 3-point starter. In this diagram 
all parts and connections are in plain view and the 
path of the armature current is marked with solid 
black arrows, while the field circuit is shown by the 
dotted arrows. Trace this circuit out thoroughly 
and become familiar with the principles and opera-
tion of this fundamental type of starter. 
To operate a controller of this type and start the 

motor, the first step will he to close the line switch 

Fig. 121. This diagram shows the connectioas for a simpla i-peist 
D. C. motor startar. Trace the circuit carefully with t3t• .cm. 
panying instructions. 
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to apply the line voltage to the controller and motor. 
You will note that one side of the line connects eirectly to the motor and that the controller is in-

erted in the other line wire, so that its resistance 
will affect both the armature and field circuits dur-
ing starting. 
The first step after closing the line switch is to 

move the lever arm "H" to the first point or con-
tact attached to the left end of the controller re-
sistance. Current will then start to flow from the 
opposite line wire, through the controller arm, and 
through the entire resistance to the motor armature 
and series field, and then back to the negative line 
wire, as shown by the solid arrows. 
Another circuit can also be traced from the lever 

arm when it is in contact with point No. 1, as the 
current divides at this point and a small amount 
flows through the holding magnet "M", then through 
the shunt field winding and back to the negative line 
wire, as shown by the dotted arrows. 
As soon as the motor starts to turn, the controller 

arm can be moved slowly across the contacts in 
order, 1, 2, 3, etc. This cuts out the resistance from 
the armature circuit step by step as the armature 
develops speed and begins to generate counter-
voltage. 
When the last contact point is reached, all re-

sistance has been cut out of the armature circuit, 
and the lever arm will be held in this running po-
tion by the holding magnet "M", which is in 

Wries with the shunt field circuit. 
155. "NO VOLTAGE" and "NO FIELD" RE-

LEASE COIL 
The reason for connecting this holding magnet 

in series with the motor field is to provide what is 
known as "no field" protection. 
We have learned that a motor with a very weak 

field is likely to overspeed dangerously. This would 
probably be the case if an open circuit should oc-
cur in the shunt field coils or connections of a motor 
of this type, when it is not loaded. 
However, with the holding magnet, "M", con-

nected in series with the shunt field, if any break 
occurs in this circuit the magnet, "M", will be de-
energized and allow the controller arm to be thrown 
back to the "off" position by means of a spring. 
This will stop the motor before it has a chance to 
overspeed. 
This holding magnet also acts as a "no voltage" 

release, so that if the voltage or power supplied 
at the line should fail, the starter arm will be re-
leased and return to normal position and thus stop 
the motor. 

If this protection were not provided and the 
controller arm were left in running position, the 
motor might be burned out or injured when the 

AlKower came back on the line, because there would 
%pen be no resistance in series with the motor arma-

ture. 
This holding magnet is often referred to as a 

no-field or no-voltage release coil, and provides this 

very important protection to the motor, in addition to 
serving its function of holding the starter arm in 
place. 

156. ALL RESISTANCE OUT OF FIELD CIR-
CUIT DURING STARTING 

You will note by tracing the circuit when the 
starter arm is in the running position, that the field 
current will then have to pass back through the en-
tire starter resistance, through coil "M", and the 
shunt field. We find, therefore, that as the controller 
cuts the resistance out of the armature circuit, it 
places the same resistance in the shunt field circuit. 
The advantage of this is that it provides maximum 
strength of the shunt field during starting of the 
motor, when it is naturally desired to provide the 
best possible starting torque. 
As the motor comes up to speed, the shunt field 

strength can be reduced to normal by causing its 
current to flow through the starter resistance. 
The value of the armature resistance in ohms is 

very low and it therefore doesn't affect the shunt 
field as much as it does the armature, because the 
very small current required by the shunt field 
doesn't create much voltage drop when flowing 
through this resistance. 

157. STOPPING A MOTOR 
To stop the motor, we should always open the line 

switch, which will interrupt the current flow through 
the armature and field, and also allow the controller 
arm to fall back to starting position. 
Never attempt to stop a motor by pulling the con-

troller arm back across the contacts while the line 
switch is closed. 

This would cause severe arcing and damage to 
the controller contacts, which should always be kept 
smooth and in good condition. 

Fig. 122. Wiring diagram of a 4-point starter for speed regulating. 
Observe the connections and operating principle carefully. 

158. STARTER TERMINALS AND CONNEC-
TIONS 

You will note in Fig. 121 that the terminals on the 
starter are marked L, A, and F, to indicate the con-
nections for the line, armature, and field. This makes 
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it a very simple matter to connect up controllers 
of this type to the line and motor. 
The principal point to keep in mind is that one 

line wire should connect directly to the motor, be-
ing attached to both the shunt field and armature, or 
series field leads. The other side of the line should 
connect to the line terminal on the controller, and 
the remaining armature and field leads of the motor 
should connect respectively to the armature and field 
terminals on the controller. These terminals are 
usually marked on the controller or on the blue 
print supplied with it by the manufacturers. 

159. SPEED REGULATING CONTROLLERS 
Fig. 122 shows a 4-point controller of the type 

which can be used both for starting and speed regu-
lation of D. C. motors. The resistance element of 
this controller is made of heavier grids of iron or 
nickle alloy, and is designed to carry the full arma-
ture current of the motor for indefinite periods. 
The principal differences between this controller 

and the one shown in Fig. 121 are the larger re-
sistance element, the use of 4 terminal points in-
stead of 3, and the arrangement of the holding mag-
net, "M". With this speed-regulating controller, 
the lever arm and holding magnet are mechanically 
arranged so that the arm can be held in any position 
between No. 1 and 6 on the resistance contacts. 
This allows the arm to be set for any desired 

speed of the motor. In this case, both line wires 
are connected to the controller terminals marked 
"L-1" and "L-2". The reason for connecting the 
negative line wire to the controller at "L-2" is 
merely to complete the circuit of the holding coil 
"M", directly across the line. 
The small resistance "R" is placed in series with 

the magnet coil to keep it from overheating. 
The armature path of current in Fig. 122 is shown 

by the large solid arrows, the shunt field current by 
the dotted arrows, and the current through the 
holding coil "M", by the small solid arrows. Trace 
each of these circuits out very carefully to be sure 
you thoroughly understand the operation of this 
controller. 

Fig. 123 shows two views of a simple motor 
starter of the 3-point type. The view on the left 
shows the starter completely enclosed in the safety 
box with just the handle projecting from the front 
cover. When the cover is closed this handle con-

Fig. 123. Photo of a simple 3-point starter enclosed in a metal 
safety box. 

nects with the sliding contact arm inside the box. 
The view on the right shows this arm as well as 
the stationary contacts and holding magnet. 

'Where small, low priced starters of the type jug> 
described are used, fuses are generally used with 
them to provide overload protection for the motors. 
Sometimes these fuses as well as the line switch are 
enclosed in the same box with the starter, as shown 
in Fig. 124 

Fig. 124. Speed regulating controller with fuses and line switch enclosed 
in a controller box. 

The switch in this case is also operated by a 
safety handle on the outside of the box. 

Fig. 125 shows three forms of resistance elements 
such as are commonly used with motor start. 
In the lower view, the resistance wire is wound 
insulating forms of heat-resisting material, and then 
coated over with a plaster-like substance of the 
same nature. Note how a number of these coils can 
be mounted on a rack and spaced to allow ventila-
tion. We can then connect several such units or 
coils in series or parallel, as desired, to obtain the 
proper resistance with convenient standard units. 
The view on the upper right shows a heavy-duty 

resistor made in the form of grids. These grids are 
clamped together with bolts as shown, and are 
spaced with washers of porcelain or some other in-
sulating and heat resisting material. 

Resistance coils are frequently wound on tubular 
shapes or forms, and mounted in the starter box, 
as shown at the upper left in Fig. 125. The copper 
wires or leads shown attached to these coils are 
used for connecting them to the stationary segments 
or contacts on the starter plate. 

160. CARBON PILE STARTERS 
In some classes of work, such as the operation of 

textile mill machinery and certain other equipment, it 
is desirable to have very gradual application of the 
starting torque of the motor when the machines are 
first put in motion. 
To accomplish this, it would, of course, be necessar 

to start the motor with extremely high resistance in 
armature circuit, so that the starting current could 
limited to only a very small fraction of the load cur-
rent. For this purpose, some starters are made with 
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resistance elements consisting of small carbon disks 
stacked in tubes of non-combustible material with an 

eminsulating lining, as shown in the left-hand view in Fig. 
W 26. 

As long as these carbon disks are left loose in the 
column or tube, the resistance through them is very 
high, because of the loose contact between each disk 
and the next. If pressure is gradually applied to the 
ends of this column by means of a lever and spring, 
this tightens the contacts between the disks and very 
gradually reduces the resistance through the pile. 
One or more of these tubular piles or resistance ele-

ments can be arranged in a starter as shown in the right-
hand view of Fig. 126; so that pressure can be smooth-
ly applied to them by means of the lever shown in this 
view. Starters of this type are known as carbon 
pile starters, and they afford a means of starting 
motors more gradually and smoothly than with 
practically any other device on the market. 

161. SMOOTH STARTING OF MOTORS 
WITH CARBON STARTERS 

When using a starter of this type, there is practically 
no sudden increase in the starting current through the 
motor, as there is when the lever arm of the "step by 
step" starter is shifted from one contact to the next. 

In addition to the pressure-applying device in starters 
of this type, there must also be some form of switch 
or contactor to short circuit the carbon piles entirely 
out of the armature circuit after full pressure has been 

or 
and the machine is up to speed. The reason 

or using this short-circuiting switch is that the resist-
ance of the carbon pile is still too high to leave in the 
motor circuit, even when the disks are under maximum 
pressure; and they would tend to overheat if left in 
the circuit too long. 
Tubes with larger disks are provided, however, for 

use with speed-regulating controllers, and these can 
be left in the circuit while the motor is running. 
Two or more of these carbon pile tubes can be con-

nected in series or parallel to obtain the proper current-
carrying capacity of different controllers. If the disks 

Fig. 125. Several styles of resistance units commonly used with motor 
starters and speed controls. 

become worn or damaged at any time, they can easily 
be replaced by removing the tubes from the controller 
and replacing with complete new tubes; or the end 
plug can be removed from any tube and the disks 
taken out, so that one or more of those which may 
be damaged or cracked can be replaced. 
Carbon pile controllers are also made in automatic 

types as well as those for manual operation. 
Motor controllers are made in various h. p. ratings, 

and when purchasing or installing them, care should 
be used to see that they are of the proper size to carry 
the current for the motor which they are operating, 
without overheating of the resistance elements or burn-
ing the contacts. 

Fig. 125-A. Simple type of D. C. motor starter and speed control. 
Note the extra sets of contacts for the field resistance used in 
varying the speed. 

162. CIRCUIT OF A CARBON CONTROLLER 

Fig. 127 shows the circuit of a simple, manual-type, 
carbon pile, motor starter. In this diagram the path 
of the armature current is shown by the solid arrows 
and can be traced from the positive line wire through 
the armature of the starter to contact 1. From this 
point, the armature current flows through the lower 
wire to the bottom of the carbon pile, up through the 
carbon disks, out at the top through a flexible lead, on 
through the armature and series field, and back through 
the negative line wire. 
As soon as the starter arm makes contact with 1, 

field current can also flow, as shown by the dotted ar-
rows from the positive line, through the starter arm; 
and from contact 1 the current flows up through the 
curved brass strip, through the holding coil, "M"; 
through the shunt field; and then back through the 
negative line wire. 
As the starter arm is moved slowly upward, it ap-

plies more and more pressure to the carbon disks by 
means of the hook and spring shown in the figure. 
When the starter arm reaches contact 2, full pres-
sure has been applied to the carbon disks; and the 
arm, upon touching contact 2, short-circuits the car-
bon pile out of the armature circuit. 
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The current then flows from the starter arm to con-
tact 2, out at the armature terminal "A" through the 
motor, and then to the negative line wire. 

163. AUTOMATIC STARTERS 
As previously mentioned, a great number of motor 

starters and controllers are equipped with solenoids or 
electro-magnets which operate the switches or arms 
which cut out the starting resistance as the motor comes 
up to speed. This type of construction eliminates man-
ual operation of the controller and reduces liability of 
damage to motors and controllers by improper use when 
controllers are operated manually by careless operators. 

If a manual starter is operated too rapidly and all 
of the resistance is cut out before the motor comes up 
to speed, or if the starter is operated too slowly thus 
leaving the armature resistance in the circuit too long, 
it is likely to damage both the controller and the motor. 
Automatic controllers which are operated by sole-

noids or electro-magnets usually have a time control 
device, in the form of a dash-pot attached to the sole-
noid or starter arm. By the proper adjustment of the 
dash-pot, the controller can be set so that it will start 
the motor in the same period of time at each operation. 
Other controllers have the time period which they 

are left in the circuit regulated by the armature cur-
rent of the motor so that the resistance cannot all be cut 
out of the circuit until the starting current has been 
sufficiently reduced by the increased speed of the motor. 

Fig. 126. Carbon-pile rheostat for starting D. C. motors very gradually. 
On the left is shown one of the carbon resistance elements used 
with such starters. 

Fig. 127. Wiring diagram for a carbon-pile motor starter. Trace the 
circuit carefully. 

164. REMOTE CONTROL 
Another great advantage of magnetically operated 

controllers is that they can be controlled or operated 
from a distance by means of push-button switches 
which close the circuit to the operating solenoids or 
magnets. 
For example, a motor located in one room or on a 

certain floor of a building can be controlled from any 
other room or floor of the building. Elevator controls 
are a good example of the use of remote control equip-
ment. Elevator motors are usually located on the top 
floor of the building and are controlled by a switch ift 
the car of the elevator which merely operates thIll'i' 
circuits of the magnets or solenoids on controllers lo-
cated near the motors. 
Remote control devices can be used to improve the 

safety of operation of many types of machinery driven 
by electric motors. Push buttons for stopping and 
starting the motor which drives a machine can be lo-
cated at several convenient places around the machine, 
so that they are always within reach of the operator 
in case he should become caught in any part of the 
running machinery. 
Automatic and remote types of controllers are, of 

course, more expensive to install, but they will usually 
save considerably more than the difference in their 
first cost, by increasing the life of the motor and con-
trol equipment, and by reducing repair bills which are 
caused by careless operation of manual starters. 

There are many types of automatic starters on the 
market and in use, but their general principles are very 
much the same; so you should have no difficulty in un-
derstanding or installing any of the common types, if 
you will make a thorough study of the principles cov-
ered in the following pages. 
165. OPERATION OF AUTOMATIC 

CONTROLLERS 
Fig. 128 shows a diagram of an automatic startle  

which uses a solenoid coil at "S" to draw up an ir 
core or plunger and at the same time raise the contact 
bar "B", which in this case takes the place of the lever 
arm used on the previously described controllers. 
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This controller is arranged for remote control by 

ei ea.ns of the stop and start push buttons shown at the npper right-hand corner. When the "start" button is 

closed, it completes a circuit through the solenoid coil, 
as shown by the small dotted arrows. 

Trace the circuit of this controller in Fig. 128 very 
carefully while reading the following explanation. 
Assuming the line switch to be closed when the start 

button is pressed, current will flow as shown by the 
small dotted arrows from the positive line wire, through 
the solenoid coil and contacts "B", which are closed at 
this time; leaving the controller at terminal 1 and pass-
ing throught the closed circuit stop switch, through the 
starting switch, and back to terminal 3, 
From this point, it passes through a wire inside the 

controller to terminal L-2 and back to the negative line 
wire, thus completing the solenoid circuit. This ener-
gizes the solenoid coil and causes it to lift its plunger 
and raise the upper main contact bar "B". 

This bar is prevented from rising too rapidly by a 
dash-pot attached to the solenoid plunger. The dash-
pot consists of a cylinder in which are enclosed a piston 
and a quantity of oil. As the piston rises it presses the 
oil before it and retards the motion of the plunger, 
allowing it to move upward only as fast as the oil can 
escape around the edges of the piston, or through a 
by-pass tube which is sometimes arranged at the side 
of the cylinders. SAs soon as the solenoid plunger starts to rise, it al-
ws the spring contact "A" to close and complete the 

"holding" circuit through the solenoid, without the aid 
of a start button. 
The start button then can be released and current will 

continue to flow through the solenoid, as shown by the 
small solid arrows, causing it to continue to draw up 
the plunger. 
As the plunger moves up a little further, the copper 

contact bar "B" touches the contact finger or spring 1, 

Fig. 128. This diagram shows the wiring for an automatic starter of 
the solenoid type. Trac• each circuit until yeu thoroughly uatler-
stand the operation of this controller. 

which connects to the first step of the armature resis-
tance. This allows current to flow as shown by the large 
solid arrows, from the positive line wire and line ter-
minal "L-1", through the flexible connection to bar 
"B", contact spring No. 1, then through the full arma-
ture resistance to armature terminal "A", series field, 
motor armature, back to terminal "L-2", and the nega-
tive line wire. 
A circuit can also be traced throught the shunt field 

of the motor, as shown by the large dotted arrows. 
As the solenoid continues to draw the plunger slowly 

upward, the bar "B" next makes contact with springs 
2, 3, 4 in succession, thus short circuiting and cutting 
out the armature resistance one step at a time. 
When the bar touches contact spring 4, the current 

will flow directly from the bar to terminal "A", and 
through the motor armature, without passing through 
any of the starter resistance. 

166. ECONOMY COIL 
The small auxiliary switch shown at "B" below 

and to the right of the solenoid in Fig. 128 is for 
the purpose of cutting a protective resistance in 
series with the solenoid coil, after the plunger has 
been raised to the top of its stroke. When the 
plunger reaches this point, it will lift the arm of 
this switch, causing the contacts to open. 
The current required to hold the plunger in posi-

tion once it is up is much less than the current re-
quired to start it and pull it up. This smaller holding 
current will flow through the economy resistance, 
instead of through the contacts at "B", as it did while 
tarting. 

Cutting in this economy resistance not only saves 
current but prevents the solenoid coil from becom-
ing overheated when it holds the controller in opera-
tion for long periods. The economy resistance will 
usually reduce the current flow through the solenoid 
coil to one-half or less than one-half its value during 
starting. 

167. STOPPING THE MOTOR 
To stop the motor with a controller of this type, 

it is only necessary to press the stop button. This 
breaks the holding circuit through the solenoid coil 
and allows the plunger to fall. The plunger is per-
mitted to fall rapidly by means of a flap valve, which 
allows the oil to escape rapidly when the piston 
moves in a downward direction. When the plunger 
reaches the bottom of its stroke, it trips open the 
switch "A" in the holding circuit; so it will then be 
necessary to close the starting switch to energize 
the solenoid once more. The motor can also be 
stopped by opening the line switch. 

Fig. 129 shows the front view of a solenoid-type 
starter very similar to the one just described. The 
spring contact-fingers which cut out the armature 
resistance are slightly different on this starter than 
on the bar and spring type illustrated in the diagram, 
but their electrical principle is identically the same. 

Beneath the solenoid in Fig. 129 can be seen the 
oil dash-pot which slows the operation ol the 



424 D. C., Section Three. Magnetic Starters 

Fig. 129. Photo of a solenoid operated motor starter. Note the 
arrangement of the contact fingers and also the main line contactor 
on the left, and the oil dash-pot on the solenoid. 

plunger, and on the left side of this dash-pot is 
shown a small adjusting screw by which the speed 
of the plunger operation can be varied as desired. 

Fig. 130 shows several types of push-button sta-
tions such as are used with remote controllers. 

168. DASH-POTS FOR TIME DELAY ON 
CONTROLLERS 

Fig. 131 illustrates the principle of the dash-pot 
timing device used with many automatic starters. 
When the plunger rod "R" is drawn up by the sole-
noid, the piston on the lower end of this rod lifts 
the oil by the suction of the piston and forces it 
through the needle valve "V", and around into the 
lower part of the cylinder. 
The speed with which the plunger will rise can, 

therefore, be adjusted by means of the screw of the 
needle valve, which will allow the oil to pass more 
or less rapidly through this opening. 
During the period that the piston is lifting against 

the oil, the disk "D" holds tightly against the open-
ings or ports at "P" in the piston. When the line 
switch is opened or the stop button is pressed, allow-
ing the plunger to fall, the pressure on the under 
side of the piston forces the disk "D" to open the 
ports at "P", and allows the plunger to fall very 
rapidly. 

Fig. 130. Several types of push-button stations used with automatic 
remote controllers. 

This dash-pot time-delay device should be care-
fully adjusted, according to the load on the mot 
and the time required for the motor to aceeleral> 
this load to full speed. 

169. MAGNETIC STARTERS 
The term magnetic starter is commonly used to 

apply to starters on which the operation depends 
almost entirely on relays, although they may have 
either a solenoid or an electro-magnet for overload 
protection. 

Controllers of this type have a number of separate 
contactors, each operated by its own electro-magnet. 
These contactors and their circuits are so arranged 
that they operate in succession, and thus gradually 
short out resistance from the motor armature circuit. 

Controls of this type are used very extensively 
on large industrial motors, steel mill motors, eleva-
tor motors, etc. 
On medium-sized motors, the controller mechan-

ism and contactors are often assembled inside the 
metal box or cabinet. For very large motors the 
contactors and magnets are usually assembled on a 
panel similar to a switchboard, and the resistance 
grids or elements are generally located at the rear 
of this panel, either on the floor or in a special rack 
above. 

Fig. 132 shows a diagram of a magnetic controller. 
This controller operates as follows: 

After closing the line switch, either of the st 
buttons at the remote control stations can be presse 
to close a circuit through the remote control relay 
"A", as shown by the small dotted arrows. 

Fig. 131. The above sketch illustrates the principle of an oil dash-pot 
used as a time control on motor starters. 

This relay magnet then attracts its double arma-
ture and closes contacts I and 2. Contactor 2 com-
pletes a holding circuit through relay "A" in series 
with the stop switches of the remote control stations. 
This circuit is shown by the small solid arrows. 
The same contactor, No. 2, also completes a cie 

arrows. 
The current for this relay passes through the lower 

portion of the armature resistance and doesn't close 
cuit through relay "B", as shown by the small curved 
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contactor 4 immediately. Current for coil "B" is 
*tufted by the voltage drop in the armature resis-
Wance. 

Contactor 1, which was operated by relay "A", 
closes a circuit through the overload release coil, 
"O. L.", to the motor terminal "M", as shown by the 
large dotted arrows. At this point the current di-
vides and passes through both the armature and 
field circuits in parallel, and through the controller 
back to the negative line wire. 
The armature current shown by the solid black 

arrows returns through the terminal "A-1" on the 
controller, through the winding of relay "F" and 
armature starting resistance in parallel. This cur-
rent divides through the relay winding and arma-
ture resistance in proportion to the resistance of each 
path. As the relay winding is of much higher resis-
tance than the armature resistance unit, most of the 
current will pass through the armature resistance 
and back to the line. However, enough current flows 
through the winding of relay "F" to cause it to be-
come energized and close contactor 3, which short 
circuits the field rheostat, "F R", cutting this resis-
tance out of the shunt field circuit of the motor. 
The armature resistance used with this controller 

performs the same function as with any other type, 
namely that of causing a voltage drop and reducing 

the current flow through the motor armature during 
starting. 
When contactor 3 is closed, the shunt field of the 

motor is connected directly across full line voltage, 
thus allowing the shunt field to receive full strength 
current and produce the good torque necessary for 
starting. 
170. TIME OF STARTING DEPENDS ON 

STARTING CURRENT 
We recall that relay "B" didn't energize when the 

circuit through its coil was first closed because it is 
in series with about one-third of the armature re-
sistance. Therefore, as long as the heavy starting 
current is flowing through this armature resistance 
and causing considerable voltage drop, part of that 
voltage drop being in series with the coil of relay 
"B", limits its current and prevents it from becom-
ing strong enough to close its armature. 
As the motor comes up to speed and develops 

counter-E. M. F., thereby reducing the starting 
current through the armature resistance, this will 
also reduce the voltage drop through that section of 
the resistance which is in series with coil "B". This 
allows the current through coil "B" to increase slightly 
and causes it to close contactor 4. \Vhen this con-
tactor closes it places a short circuit on the coil of 
relay "F". which can be traced from X to X-1, and 
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Fig. 132. This diagram shows the complete wiring of • modern magnetic type controller. You will find it very interesting and exceedingly 
well worthwhile to trace each circuit and obtain a thoroug h understanding of the operating principles of this starter. 
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X-2 to X-3. This shorts the current around the coil 
of relay "F" and causes it to de-energize and release 
contactor 3. 
When this contactor opens, it releases the short 

circuit on the field rheostat, "F. R." and places this 
resistance back in series with the shunt field of the 
motor. This allows the motor speed to make its final 
increase for the starting operation, and also allows 
the field rheostat to be used for regulating the speed 
of the motor. 

Contactor 4 is adjustable and can be set to pull in 
on any desired voltage within the range of this con-
troller. By adjusting the screws to allow the relay 
armature to normally rest farther away from the 
core, it will require a higher voltage to operate this 
contactor. 

This means that the motor will have to reach a 
little higher speed, develop more counter-E. M. F., 
and further reduce the starting current flowing 
through the armature resistance, and thereby reduce 
the voltage drop, allowing a higher voltage to be 
applied to the coil of relay "B" before it will operate. 

Fig. 132-A. This photo shows the manner in which the magnetic con-
tactors of industrial controls of the larger type are often mounted 
on an open panel. 

When this relay does operate, it short-circuits the 
armature resistance completely out of the motor 
circuit by providing a path of copper around the 
tesistance from X-1 to X-2. So we find that the time 
delay on this relay and controller depends upon the 
reduction of the starting current through the motor 
armature and the armature resistance of the con-
troller. 

Therefore, if the motor is more heavily loaded at 
one time of starting than at another and requires 
longer to come up to full speed and develop the 
proper counter-voltage, this controller will automati-
cally leave the armature resistance in series that 

much longer. For this reason it is a very practical 
and dependable type of control. 

After the motor is up to full speed and the col. 
troller starting operation completed, the armature 
current will then be flowing through the circuit as 
shown by the square dots. 

171. OVERLOAD PROTECTION 
In tracing this circuit you will find that the arma-

ture current passes continuously through the coil 
of the overload relay "O. L." as long as the motor is 
in operation. 
The purpose of this overload relay, which is in-

cluded with many controllers of this type, is to pro-
tect the motor from overload, both during starting 
and while the motor is running at full speed. 
The coil of this relay is in series with the motor 

armature and therefore consists of a very few turns 
of heavy conductor capable of carrying the full arma-
ture current for indefinite periods. 

If an overload is placed on the motor, thereby in-
creasing its armature current, the increased current 
will increase the strength of the coil of the overload-
relay solenoid. 
This will cause it to draw up the plunger "P" 

slowly against the action of the oil in the dash-pot 
"T". This dash-pot can be so adjusted that it will 
require more or less time for the plunger to complete 
its upward stroke, and so that an overload which 
only lasts for an instant does not raise the plunge 
far enough to stop the motor. 
The dash-pot is often called an inverse time limit 

device, because the time required to draw up the 
plunger is inversely proportional to the current or 
amount of overload on the motor. A severe overload 

Fig. 132-B. Photo of the control panels for • group of elevator motors. 
Note the contactors on the face of the panel and the realstasce 
grids located above. 
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Fig. 132-C. This view shows the control panels for a group of modern elevator machines of the motor-generator type. The magnetic 
contactors on these panels are operated by remote control from the elevator car. 

creases the strength of the coil to such an extent 
that the plunger will corne up very quickly. 

If the overload remains on the motor, the plunger 
will be drawn up completely until it strikes the over-
load-trip-contact, "O. L. T.". This opens the circuit 
of the relay coil "A", allowing it to release both its 
armatures and contactors 1 and 2. 
When contactor 1 is opened, it disconnects the 

motor from the line, and 2 breaks the holding cir-
cuit of coil "A", requiring it to be closed again, by 
means of the start buttons, after the overload on the 
motor is removed. 

172. "BLOW-OUT" COIL 

The magnetic bIow-out coil, "B. O." is for the pur-
pose of providing a strong magnetic flux for ex-
tinguishing the arc drawn at contactor 1 when the 
motor circuit is broken at this point. 
The action of this blow-out coil is purely mag-

netic. The few turns of which it consists are wound 
on a small iron core, which has its poles placed on 
either side of the contacts where the circuit will be 
broken. This provides a powerful magnetic field at 
the exact point where an arc would be formed when 
the circuit is broken by this contactor. 
As the arc is in itself a conductor of electrical cur-ie and has a magnetic field set up around it, this 
Id will be reacted upon by the flux of the blow-out 

coi I and cause the arc to become distorted 07 

stretched so that it is quickly broken or exting-
uished. This prevents the arc from lasting long 

enough to overheat and burn the contacts to any 
great extent. 

Regardless of the extent of the overload, the mag-
netic blow-out coil is very effective, because the 
entire load current of the motor flows through its 
turns and its strength is therefore proportional to 
the current to be interrupted at any time. 

Fig. 133 illustrates the principle and action of this 
blow-out coil on an arc drawn between two contacts 
which are located between the poles of the magnet. 

In the view at the left, the solid lines between the 
contacts "A" and "B" represent the arc and the cur-
rent flowing through it, while the dotted lines be-
tween the magnet poles represent the strong flux 
which is set up by them. 

In the view at the right, the circle and dot repre-
sent an end view of the arc, and the direction of the 
flux around the arc is shown by the three arrows. 
The dotted lines show the magnetic flux from the 
poles of the blow-out magnet. 

By noting the direction of this flux and that 
around the arc, we find that the lines of force will 
tend to be distorted as shown, and will stretch the 
arc out of its normal path in the direction shown by 
the dotted arrow. 
The circuit of a controller such as shown in Fig. 

132 may at first seem rather complicated, but you 
will find after carefully tracing through each part 
of it several times, that its operation is exceedingly 
simple. It is only by tracing such circuits as these, 
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both in the diagrams and on the actual equipment, 
that you will be able to fully understand the opera-
tion of controls of this type and become competent 
in testing their circuits to locate any troubles which 
may develop in them. 
This diagram and the explanation given in the ac-

companying paragraphs are, therefore, well worth 
thorough and careful study. 
The controller shown in Fig. 132 uses a field rheo-

stat for controlling the speed of the motor. This 
rheostat can be adjusted, or set at various points. 
by hand. 

Fig. 133. The above sketch illustrates the principle by which the 
magnetic blow out coil extinguishes arcs on controller contacts. 

Fig. 134 shows a magnetic type of controller very 
similar to the one for which the circuit is shown in 
Fig. 132. The several magnetic contactors and over-
load trip coil can be see mounted on the panel in 
the cabinet. This view, however, does not show the 
field rheostat for speed regulation. 

173. DRUM CONTROLLERS 
Drum controllers are very extensively used in the 

operation of D. C. motors where it is required to be 
able to start, stop, reverse, and vary the speed of the 
motors. The name drum controller comes from the 
shape of this device, and the manner in which the 
contacts or segments are mounted on a shaft or 
drum. This cylindrical arrangement of the contacts 
is made in order that they may be rotated part of a 
turn in either direction and brought into connection 
with one or more sets of stationary contacts. 
Drum controllers are usually manually operated 

Fig. 134. Photo of an enclosed type magnetic starter for small and 
medium sized motors. 

and can be provided with almost any number and 
desired arrangement of contacts. Drum controls are 
extensively used for controlling the motors used ilk 
street cars and electric trains, cranes, hoists aMIF 
machine-tool equipment, where it is necessary to be 
able to reverse and vary the speed of the motors. 

174. OPERATION OF SIMPLE DRUM 
CONTROL 

Fig. 135 shows a very simple form of drum con-
trol and illustrates the manner in which the movable 
drum contacts can be used to short out the armature 
resistance step by step from the motor circuit. When 
the drum shown in this figure is rotated the first 
step and brings the movable segmentse"A" and "B" 
into connection with the stationary contacts, current 
will start to flow through the entire set of resistance 
coils, through segments "B", and the jumper which 
connects it to "A", through segments "A" to con-
tact 1; then through the motor armature and back 
to the negative side of the line. 
When the drum is rotated another step to the left, 

segment "C" touches contact 3, and as "C" is con-
nected to "B" by the jumper, this short circuits the 
resistance between contacts 3 and 2. 
Rotating the drum two more steps will short out 

the remaining two sections of resistance in the same 
order. Thus a simple drum-control can be used to 
gradually cut out the resistance as the motor comes 
up to full speed. 

 • 

Fig. 135. Simple drum controller showing the method in which the 
contacts and segments cut out the armature resistance when starting 
the motor. 

By making the resistance elements large enough 
to carry the motor current continuously, and the 
drum contacts and segments of heavy copper so 
they can stand the arcing and wear caused by ope - 
ing and closing the motor armature circuit, t 
type of drum controller can be used for speed-regu-
lating duty as well as for starting. 
The motor used with this controller in Fig. 135 is 
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a straight series motor similar to the type used on 
street cars and traction equipment. 

.75. REVERSING ROTATION OF MOTORS 
We have learned that, in order to reverse a D. C. 

motor, it is necessary to reverse either the field or 
the armature current, but not both. Some con-
trollers are connected to reverse the field of a mo-
tor, while others reverse the armature. On ordinary 
shunt motors the field is usually reversed, but with 
compound motors it is necessary to reverse both the 
shunt and series field if this method of reversing the 
motor is used. 

So, for motors of this type, it is common practice 
to reverse the armature and leave both the shunt 
and series fields remain the same polarity. To re-
verse the armature leads will require only half as 
many extra contacts on the controller, as would be 
required to reverse both the series and shunt field 
leads. 
When the direction of rotation of a compound 

motor is changed by reversing the field, both the 
series and shunt field leads should always be re-
versed; because if only one of these fields were re-
versed the motor would be changed from cumulative 
to differential compound. 

Fig. 136. The above sketch shows the manner in which a motor can 
be reversed by reversing its field with a double-pole, double-throw 
knife switch. 

Fig. 136 shows the manner in which a simple 
double-pole, double-throw, knife switch can be used 
to reverse a shunt motor by reversing the connection 
between the field and the line. 
W hen switch blades are closed to the left, current 

will flow through the shunt field in the direction 
shown by the arrows. If the switch is thrown to 
the right, the current will flow through the field in 
the opposite direction, as can readily be seen by trac-
ing the circuit through the crossed wires between 
the stationary clips. This same switching method 
can, of course, be used to reverse the connections of 
the armature to the line, if desired. This reversing 
switch effect can be built into a drum controller by 
the proper arrangement of its contacts. 

176. REVERSING DRUM SWITCHES 
Fig. 137 shows a simple reversing drum-control 

used for reversing the direction of current through 
the armature only. This diagram doesn't show the 

he 
resistance or contacts, but merely illustrates 

ie principle or method by which several of the con-
tacts on a drum controller can be used for a revers-
ing switch. 

Fig. 137. Drum control with the contacts arranged to reverse the 
direction of current through the armature and thereby reverse the 
motor. 

The drum control shown in Fig. 137 has one set 
of stationary contacts—A, B, C, and D, and two sets 
of moving segments or contacts, Nos. 1 to 8. These 
two sets of moving contacts are mounted on the 
same drum and both revolve at the same time, but 
in diagrams of this sort these parts are shown in a 
flat view in order to more easily trace the circuit. 

If the drum contacts are moved to the left, the 
movable contacts 1, 2, 3, and 4, will be brought into 
connection with the stationary contacts A, B, C, 
and D. The current flow through the armature can 
then be traced by the solid arrows, from the posi-
tive line wire to stationary contact "A", movable 
segment 1, through the jumper to movable segment 
2, stationary contact "B", through the armature in 
a right-hand direction, then to stationary contact 
"D," movable segment 4, through the jumper to 
movable segment 3, stationary contact "C"; and 
back to the negative line wire. 

If the drum contacts are moved to the right the 
movable segments 5, 6, 7, and 8 will be brought into 
connection with the stationary contacts, and the 
armature current will then flow as shown by the 
dotted arrows. The field of the motor is left the 
same polarity and only the armature circuit is re-
versed. If the field and armature of a motor were 
both reversed at the same time, the direction of 
rotation would still remain the same. 

177. REVERSING DRUM CONTROLLERS 
Fig. 138 shows the circuit of a drum controller 

which is used for starting a D. C. motor, as well as 
for reversing duty. This controller has two sets of 
stationary contacts and two sets of movable seg-
ments. The diagram also shows the armature re-
sistance used for starting the motor and while it is 
being brought up to speed. The contacts and parts 
of this drum are also laid out in a flat view in the 
diagram. 
The two sets of movable segments are arranged 

on opposite sides of the drum, as are the stationary 
contacts. This is illustrated by the small sketch in 
the lower left-hand corner, which shows from a top 
view the position of the contacts at the time seg-
ments 1 to 5 are approaching the stationary con-
tacts, "P" to "U". 
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Fig. 138. Wiring diagram of a drum controller for starting and 
reversing shunt motors. 

Now, suppose we move the drum of this controller 
so it will shift both sets of movable segments to the 
left in the flat diagram. The first step of this move-
ment will bring movable segments 1 and 2 into con-
nection with stationary contacts "Q" and "R", and 
will also bring segments "V" and "W" into connec-
tion with stationary contacts "A" and "L". A cir-
cuit can then be traced, as shown by the solid ar-
rows, from the positive line wire to stationary con-
tact "U", through all of the armature resistance to 
stationary contact "R", movable segment 2, through 
the jumper to movable segment 1, stationary contact 
Q to stationary contact A-1; then through the mo-
tor armature, back to stationary contact "A", mov-
able segments "V" and "W", stationary contact 
"L", and back to the negative side of the line. 
As we advance the controller still farther in this 

same direction, the successive steps will bring mov-
able segments 3, 4 and 5 into connection with sta-
tionary contacts "S", "T", and "U", thus gradually 
shorting out the armature resistance step by step. 
When the controller has been moved as far as it 

will go in this direction and all armature resistance 
has been cut out, the circuit is from the positive line 
wire to stationary contact "U", movable segment 5, 
through the jumpers and segments to movable seg-
ment 1, stationary contact Q, and on through the 
armature and back to the negative side of the line. 
You will note that the movable segments 1 and 2, 

and "V" and "W" are all of sufficient length to se-
main in connection with the stationary contacts as 
they slide around and allow the step by step move-
ment which brings the larger segments into connec-
tion with their stationary contacts. 
To reverse the motor, we will now move the con-

troller in the opposite direction, which will bring 
the movable segments 1 to 5 clear around on the 
opposite side to the position shown by the dotted 
segments, 1 to 5; and the movable segments "V" to 

"Z" will be brought into connection with stationary 
contacts "P" to "U". 

Before attempting to trace the circuit, get welldli 
mind the position of these movable segments in thler 
new location. Another reference to the circular 
sketch in the lower corner of the figure will help you 
to see the manner in which the movable segments 
are brought up on the opposite side of the stationary 
contacts as the drum is revolved in the opposite 
direction. 
We now find that, on the first step of the drum 

movement, the movable segments "V" and "W" will 
be brought into connection with the stationary con-
tacts "P" and "R", and the movable segments 1 and 
2 (dotted) will be brought into connection with 
stationary contacts "A-1" and "L". 

We can now trace a circuit through the armature, 
as shown by the dotted arrows, from the positive 
line to stationary contact "U", through the full arma-
ture resistance to stationary contact "R", the mov-
able segments "W" and "V", stationary contacts "P" 
and "A"; then through the armature in the opposite 
direction to what it formerly flowed, and back to 
stationary contact A-1; then through movable seg-
ments 1 and 2 to negative line terminal "L". 
As the controller is advanced step by step in this 

direction, the movable segments "X", "Y", "Z" will 
cut out the armature resistance as the machine 
comes up to speed. In this position the movable 
segments 3, 4, and 5 will be idle. • 

Fig. 139. The above photo shows the mechanical construction and 
arrangement of parts of a modern drum controL Note the flash 
barriers on the inner cover which is shown opened to the left. 

The shunt field connections of this motor are le 
the same, so its polarity will remain the same 
all times. Trace this diagram carefully until you are 
able to trace the circuit very readily in either direc-
tion or position of the control. A good knowledge 
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of the principles and circuits of these controllers 
Agill be of great help to you in the selection of the 

oper controller for various applications in the field, 
and also in locating troubles which may occur in 
controllers of this type or the resistance attached 
to them. 

178. CONSTRUCTION OF DRUM CONTROLS 
Fig. 139 shows a photo of a drum controller with 

the cover removed so that all of the parts can be 
quite clearly seen. The movable segments are made 
of copper and are attached to the shaft or drum, 
which is operated by the crank or handle. 
The stationary contacts are in the form of fingers 

with flat springs to hold them in good contact with 
the segments when they are passed under these 
fingers. You will note that the copper shoes of the 
rotating segments and the individual fingers or sta-
tionary contacts are both removable, so they can 
easily be replaced when they are worn or burned by 
arcing which occurs during the operation of the con-
troller. 
These contacts should always be kept in good con-

dition in order to assure the proper operation of the 
motor to which the controller is attached. At the 
left of the stationary contact fingers, can be seen a 
row of blow-out coils all of which are in series with 
their respective contacts and circuits. These blow-
out coils, as previously mentioned, are for the purpose Oextinguishing the arc drawn when the circuits are 
oken at the contacts. 
The inner hinged cover, which is shown swung 

out to the left, is simply an assembly of boards or 
barriers made of fireproof material. When this group 
of barriers is swung into place, one of them comes 
between each stationary contact and the next. The 
purpose of these barriers is to prevent a flash-over 
or short-circuit between adjacent contacts. 
This particular drum controller has a separate 

set of reversing contacts mounted in the top of the 
case and operated by a separate small handle, which 
is shown at the right of the main crank. 

In addition to the functions of starting, reversing, 
and varying the speed of motors, some controllers 
are also equipped with extra contacts for short cir-
cuiting the armature through a resistance, in order 
to provide what is known as dynamic braking. 

This form of braking, which is frequently used to 
stop large motors, operates on the principle of a 
generator, using the counter-voltage generated in 
the armature to force a current load through the 
dynamic brake resistance. This method provides a 
very effective and smooth braking, and will be ex-
plained more fully in later paragraphs. 

179. DRUM CONTROL FOR REVERSING 
AND SPEED REGULATING IFig. 140 shows a diagram of a drum control which 

arranged for starting, reversing, speed-regulating, 
and dynamic braking duty. This controller has two 
sets of heavy-duty segments and contacts for the 
innature circuit, and in the upper section are twrq 

rield 
Rkeostat 

"-es. 

1-5 

,A000000croo 
 nflrirrilTrrlfrrriniTrYilTOTTrinrs  

Fig. 140. This diagram shows the wiring for a drum controller used for 
starting, reversing, and varying the speed of a compound motor. 

sets of smaller contacts which are used in the shunt 
field circuit, and are short circuited by two large 
angular segments. 
The shunt field resistance, or rheostat, is shown 

divided into two sections in the diagram; but you 
will note that the taps made to this resistance run 
consecutively from No. 1 to 18, and the resistance 
itself can he located all in one group and have the 
separate leads brought to the two rows of contacts 
as shown. One of the heavy-duty resistances is used 
for the armature during starting, and the other is 
used for the dynamic braking. 
When this controller is operated in either direc-

tion, the first step will close the armature circuit 
through the armature resistance, and energize the 
field at the same time, thus starting the motor. As 
the controller is advanced step by step, the armature 
resistance will first be cut out and then resistance 
will be cut in to the shunt field circuit, causing the 
motor to speed up as much more as desired. 
When the controller is in idle position, as shown 

in the diagram, the motor armature is short circuited 
by the small movable segments which are now rest-
ing on the contacts "D" and "D-1". These contacts 
are the ones used for the operation of the dynamic 
brake circuit. 

180. FORWARD POSITION, STARTING 
The long movable segment "I-A" is continuous 

around the drum and always makes contact with 
"L-1". When the controller is moved to the left one 
step, the movable segment "I-B" connects with the 
stationary terminal "A-2" in the center of the dia 
gram, and the segments "C" and "D" connect with 
stationary contacts "A-1" and "R-1" at the left of 
the diagram. 

This completes a circuit through die motcr arma-
ture and full armature mistime, as shown by the 



432 D. C., Section Three. Drum Controls. Dynamic Braking 

larger solid arrows. In tracing this circuit, remember 
that this first step of movement of the controller will 
remove the short segments from contacts "D" and 
"D-1", thus breaking the short circuit on the armature. 
The armature circuit which has just been closed can 

be traced from the positve line wire to "L-1", to the 
left through segment "1-A", through the jumpers to 
segment "1-C", then to terminal "A-1", and through 
the armature in a right-hand direction, on to terminal 
"A-2", segment "1-B", through the jumpers and seg-
ments 3 and 2-A of the right-hand group, through 
jumpers and segments 2 and 1-D of the left group, then 
to contact "R-1", through all of the armature resistance, 
to the contact which is marked "R-3" and "L-2"; then 
through the series field winding and back to the nega-
tive side of the line. 

This first step or movement of the controller also 
causes the approaching tip of the large angular seg-
ment "1-E" to connect to contact "F-1" and close a 
circuit directly through the shunt field of the motor, 
without any resistance in series. This circuit can be 
traced from the positive side of the line to contact 
"L-1", segment "1-A" up through jumper to seg-
ment "1-E", contact "F-1", and then through the 
shunt field winding and back to the line. 
When the controller is advanced another step, seg-

ment 2 of the left group connects with contact "R-2", 
and cuts out the upper section of the armature resis-
tance. When the controller is moved still another step, 
segment 3 of the right-hand group connects with the 
contact which is marked "R-3" and "L-2", and cuts 
out the entire armature resistance. 

N 

A 5 

Fig. 141. The above sketch illustrates the principle of dynamic brake 
action in a motor when its armature is short circuited. 

By checking the circuit again with the controller in 
this position, you will find that a circuit can be traced 
from the line through the controller and the motor ar-
mature, back to the line, without passing through the 
armature resistance. 
The dotted lines which run vertically through the 

controller and are numbered 1, 2, 3 at their top ends, 
show which segments make connection with the sta-
tionary contacts on the first, second, and third steps 
of either the forward or reverse rotation of the con-
troller. 
For example, the dotted lines No. 1 in both forward 

groups touch only the segments which will connect with 
the stationary contacts on the first joint of the con-
troller. The dotted lines No. 2 run through the seg-

ments which will connect with the stationary contacts 
on the second step of the controller. Etc. The doll' 
lines in the columns marked "reverse" show whin, 
segments make contact in order when the controller 
is moved in the reverse direction. 

So far we have moved the controller only three 
steps to the left or in the forward direction, and we 
find that this has cut out all of the armature resis-
tance and brought the motor up to approximately nor-
mal speed. 

181. SPEED CONTROL 

During these three steps or movements, the large 
angular segment "1-E" has been moving across con-
tacts 1 to 9 of the shunt field resistance. These contacts 
are all shorted together by the segment "1-E", but 
this makes no difference, because they are not in the 
field circuit after the first step of the controller. 
When the controller is moved the fourth step to the 

left, the lower end of segment "1-E" will have passed 
clear across the stationary contacts, and its lower right 
edge will begin to leave these contacts in the order 
—1, 2, 3, etc. This begins to cut in resistance in 
series with the shunt field winding of the motor, thus 
increasing the speed of the machine as much as desired. 
During the time that segment "1-E" has been break-

ing away from contacts 1 to 9, the segment "1-F" has 
been moving across contacts 10 to 18; and after the 
upper right-hand corner, or segment "1-E", has 
in the last step of the resistance from 1 to 9, the s 
ment "1-F" starts to cut in the resistance in the steps 
from 10 to 18. This gives a wide range of speed 
variation by means of the shunt field controller. The 
shunt field circuit is traced with the small solid arrows 
through the controller for the first position only. 

182. REVERSE POSITION 

To reverse the motor, the controller will be returned 
to neutral or "off" position, and then advance step 
by step in a right-hand direction. As the controller 
advances the first step in this direction, the right-hand 
ends of the movable segments will make connections 
with the groups of stationary contacts opposite to which 
they were connected before. 

This means that segments "1-B" and 3 will have 
passed around the drum and will approach contacts 
"A-1" and "R-1" from the left, as shown by the dot-
ted segments "1-B" and 3; and segments "1-C" and 
"1-D" will approach contacts "A-2" and "R-3" from 
the left. 

With the controller in the first step of this reversed 
position, current can be traced through the armature 
by the dotted arrows, and we find it is in the reverse 
direction to what it formerly flowed through the motor 
armature. 

This circuit is traced from the positive line we 
to "L-1", segment "1-A", jumpers and segment "1-C., 
to contact "A-2", and then through the armature to 
the left, to contact "A-1", segments "1-B" and 3, con-
tact "R-1", through the full armature starting resist-
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ance to contact "L-2"; then through the series field 
in the same direction as before and back to the nega-

tive line wire. 
In tracing this circuit, we find that the direction of 

current through the armature has been reversed but 
that it remains the same through the series field wind-
ing. It is necessary to maintain the polarity of the 
series field the same in either direction of rotation, in 
order to keep the motor operating as a cumulative 
compound machine. 

If the controller is advanced in the reverse direction. 
the additional steps will cut out the armature resistance 
and begin to insert resistance in the shunt field circuit, 
the same as it did in the former direction. 

183. DYNAMIC BRAKING 

When the controller shown in Fig. 140 is brought 
back to neutral or off position, we find that the short 
movable segments directly above the long segment 
"1-A" will be brought to rest on contacts "D" and 
"D-1", thus short-circuiting the motor armature 
through the dynamic braking resistance, contact "D", 
segment "1-A", contact "D-1", and the commutating 
field. 

When the current is shut off from the motor arma-
ture by bringing the controller to the "off" position, 
if the motor is a large one or if the load attached to 
it has considerable momentum, the motor and machine 40 car which it is driving, will tend to keep on moving 

coasting for some time before coming to a complete 
stop. 

L2 

DYNAMIC 
BRAKE RES. 

Fig. 142. Diagram showing connections and contacts used for switching 
a dynamic brake resistance across the armature of a D. C. motor 
when the line is disconnected. 

If we leave the shunt field excited during this pek 
the motor armature will continue to generate its 
counter-voltage as long as it is turning. Then, if we 
short circuit the armature through the dynamic brake 
resistance, this counter-voltage will force a heavy load 
of current to flow and the coasting motor armature 
will act as a generator. 

\Ve know that it requires power to drive a genera-
tor armature; so, when this short or load is placed on 
the motor armature, the energy of its momentum is 
quickly absorbed by the generator action, thus bring-
ing the armature to a smooth, quick stop. 

Fig. 143. The above photo shows several types and sizes of modern drum controllers. Examine carefully the construction and 
arrangement of parts of eacla of these controls. 
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The field circuit is left complete when the control-
ler is in the off position and as long as the line switch 
remains closed. This circuit can be traced from 
the positive line wire to contact "L-1", segment "I-A", 
iegment "1-E", and the jumper at "X", segment 
"F D", contact 9 and through one-half of the shunt 
field resistance, then through the shunt field back to the 
negative line wire. 

This half of the shunt field rheostat is left in series 
with the field for dynamic braking so that the motor 
armature will not generate too high a counter-voltage. 

Another way of illustrating the effect of dynamic 
braking is as follows: You have learned that the 
counter-voltage is in the opposite direction to the ap-
plied line voltage which rotates the motor. Then, 
when we disconnect the armature from the line and 
connect it across the dynamic brake resistance, the 
armature continues to rotate in the same direction 
and will produce counter-voltage in the same direc-
tion; which will force current through the armature 
and braking resistance in the opposite direction to 
what the line current formerly flowed. 

As this current resulting from counter-voltage is 
in the opposite direction to the normal armature cur-
rent, it will tend to reverse the direction of the armature 
rotation. This is illustrated by the two diagrams in 
Fig. 141. 

In the view at "A", the symbols marked within the 
conductors show the direction of the applied voltage 
and current during motor operation. The symbols 
marked at the side of the conductors illustrate the di-
rection of the counter-voltage induced in them, which is 
opposite to the applied voltage and current. With the 
direction of the motor field as shown, the machine will 
normally rotate counter-clockwise. 

In the view at "B", the line current has been shut 
off from the motor winding and the direction of cur-
rent set up by counter-voltage through the armature 
winding and dynamic braking resistance is shown by 
the symbols within the conductors. 

The polarity and direction of the motor field remain 
the same. but the direction of flux around the armature 
conductors is now reversed, and thus it tends to produce 
rotation in the opposite direction. 

The effect of dynamic braking and the period of 
time in which the motor armature can be stopped by 
this method will depend upon the strength of field ex-
citation which is left on the motor when the controller 
is placed in the off position, and upon the amount of 
resistance used for dynamic braking. 

Fig. 142 shows a simplified connection diagram for 
a shunt motor equipped with dynamic braking. This 
diagram shows only the controlling contacts which 
would be used for dynamic braking alone. The solid 
arrows show the normal direction of current flow 

through the armature when it is operating from the 
line voltage, and with contacts "L-1" and "L-2" closed. 
During this time the contacts "D-1" and "D-2" are 
of course, open. 

When this motor is stopped, line contacts "L-1" and 
"L-2" are opened and contacts "D-1" and "D-2" are 
closed. The counter-voltage in the armature then sends 
current through it in the reverse direction, as shown 
by the dotted arrows. 

The shunt field is connected across the line in series 
with its resistance and, as long as it remains excited, 
the current in the reverse direction will tend to re-
verse the rotation of the armature. As the motor 
armature slows down, the counter-voltage gener-
ated becomes less and less, and the effect of dyna-
mic braking is reduced. 

When the motor armature reaches a complete stop, 
the voltage in its conductors, of course, ceases to be 
generated. This results in a sort of cushioning effect 
and provides one of the smoothet forms of braking 
which can be used on D. C. motors. 

184. REGENERATIVE BRAKING 

In some cases, for example with railway motors, the 
principle of dynamic braking is used in what is known 
as regenerative braking, to actually feed current 
hack to the line. • In order to accomplish this, it is necessary to leave 
the armature connected to the line and over-excite 
the field. Then, when an electric car or train, for ex-
ample, starts down a grade and attempts to rotate its 
armature rapidly, the motor armature will generate 
a higher counter-voltage than the applied line voltage. 

This will actually force current back into the line, 
as though this machine were operating in parallel with 
the power-plant generators. 

Dynamic braking effects great savings in this manner 
and in some cases may supply from 10 to 35 per cent 
of the energy required by all trains on the system. 

Dynamic braking on electric railway applica...-:_ons also 
saves an enormous amount of wear on brake shoes 
and air-brake equipment, and a great amount of wear 
and tear in cases where it is used for cranes, hoists, etc. 

Neither dynamic braking nor regenerative braking 
is effective when the machine is at a stop or practically 
stopped. Therefore, it is necessary to have either me-
chanical or magnetic brakes to hold the motor armature 
stationary if there is some load which tends to revolve 
it, such as the load on a crane or elevator motor, or 
the tendency of a train to run down a grade. 

Fig. 143 shows three drum controllers of differs 
sizes and types. Note the various arrangements of con-
tacts which can be provided to obtain different control 
features on the motors. 
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CARBON BRUSHES 
The brushes play a very important part in the 

operation of any D. C. motor or generator, and are 
well worth a little special attention and study in 
this section. 
The purpose of the brushes, as we already know. 

is to provide a sliding contact with the commutator 
and to convey the current from a generator arma-
ture to the line, or from the line to a motor arma-
ture, as the case may be. We should also keep 
in mind that the type of brush used can have a 
great effect on the wear on commutators and in 
producing good or bad commutation. 

Fig. 144. Above are shown several carbon brushes of common types, 
such as used on D. C. motors and generators. 

It should not be assumed, just because any brush 
will carry current, that any piece of carbon or any 
type of brush will do for the replacement of worn 
brushes on a D. C. generator or motor. This is 
too often done by untrained maintenance men, and 
it frequently results in poor commutation and some-
times serious damage to commutators and ma-
chines. 
Many different grades of brushes are made for 

use on machines of various voltages and commu-
tator speeds and with different current loads. 

In order to avoid sparking, heating, and possible 
damage to commutators, it is very important when 

dikplacing worn brushes to select the same type of 
nueushes or brush materials as those which are re-
moved. 

In special cases it is necessary to use only the 
brushes made by the manufacturers of certain mo-

tors or generators for those particular types of 
machines. Or, in difficult cases of brush or com-
mutator trouble, it may be necessary to have a 
specialist from a brush manufacturing company 
determine exactly the type of brush needed. But 
in the great majority of cases you can replace 
brushes very satisfactorily by applying the princi-
ples and instructions given in the following para-
graphs. 

185. BRUSH REQUIREMENTS 
A good brush should be of low enough resistance 

lengthwise and of great enough cross-sectional area 
to carry the load current of the machine without 
excessive heating. The brush should also be of 
high enough resistance at the face or contact with 
the commutator to keep down excessive currents 
due to shorting the armature coils during commu-
tation. In addition, the brush should have just 
enough abrasive property to keep the surface of 
the commutator bright and the mica worn down, 
but not enough to cut or wear the commutator sur-
face unnecessarily fast. 

Figs. 144 and 145 show several carbon brushes 
of different shapes, with the "pigtail" connections 
used for carrying the current to the brush-holder 
studs. 
186. BRUSH MATERIALS 
The most commonly used brushes are made of 

powdered carbon and graphite, mixed with tarry 
pitch for a binder, and molded under high pressure 
into the shapes desired. This material can be 
molded into brushes of a certain size, or into blocks 
of a standard size from which the brushes can be 
cut. 

Fig. 145. Two carbon brushes of slightly different shapes, such as 
used with reaction type brush holders. 

The molded material is then baked at high tern 
peratures to give it the proper strength and hard-
ness and to bake out the pitch and volatile matter. 
Carbon is a very good brush material because it 

is of low enough resistance to carry the load cur-
rents without too great losses, and yet its resistance 
is high enough to limit the short circuit currents 
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between commutator bars to a fairly low value. 
Carbon also possesses sufficient abrasiveness to 
keep commutator mica cut down as the commutator 
wears. 

Graphite mixed with carbon in the brushes pro-
vides a sort of lubricant to reduce friction with the 
commutator surface. It also provides a brush of 
lower contact resistance and lower general resist-
ance, and one with greater current capacity. 
Powdered copper is sometimes added or mixed 

with graphite to produce brushes of very high cur-
rent capacity and very low resistance. These 
brushes are used on low-voltage machines such as 
automobile starting motors, electro-plating genera-
tors, etc. They often contain from 30 to 80 per 
cent of copper, and such brushes will carry from 75 
to 200 amperes per sq. in. 
Lamp-black is added to some brushes to increase 

their resistance for special brushes on high-voltage 
machines. 

187. COMMON BRUSH MATERIAL. BRUSH 
RESISTANCE 

A very common grade of carbon-graphite brush 
is made of 60% coke carbon and 40% graphite, 
and is known as the "utility grade". Brush material 
of this grade can be purchased in Standard blocks 
4" wide and 9" long, and in various thicknesses. 

Brushes for repairs and replacement can then 
be cut from these blocks. They should always be 
cut so that the thickness of the block forms the 
thickness of the brush, as the resistance per inch 
through these blocks is higher from side to side 
than it is from end to end or edge to edge. This 
is due to the manner in which the brush material 
is molded and the way the molding pressure is 
applied, so that it forms a sort of layer effect or 
"grain" in the carbon particles. 
This higher "cross resistance" or lateral resist-

ance is a decided advantage if the brushes are 
properly cut to utilize it, as it helps to reduce short-
circuit currents between commutator bars when 
they are shorted by the end of the brush. 

Fig. 146 shows how brush measurements should 
be taken and illustrates why it is an advantage 
to have the highest resistance through the thickness 
of the brush and in the circuit between the shorted 
commutator bars. 
The resistance of ordinary carbon-graphite brushes 

usually ranges .001 to .002 ohms per cubic inch, 
and these brushes can be allowed to carry from 
30 to 50 amperes per sq. in. of brush contact area. 
These brushes can be used on ordinary 110, 220, 

and 440-volt D.C. motors; and on small, medium, 
and large sized generators which have either flush 
or undercut mica, and commutator surface speeds 
of not over 4000 feet per min. 

188. HARDER BRUSHES FOR SEVERE 
SERVICE 

These utility grade carbon-graphite brushes can 
be obtained in a harder grade, produced by special 

processing, and suitable for use on machines which 
get more severe service and require slightly morco 
abrasiveness. These harder brushes are used f 
steel mill motors, crane motors, elevator motors, 
mine and mine locomotive motors, etc. 

Brushes with a higher percentage of carbon can 
be used where necessary to cut down high mica, 
and on machines up to 500 volts and with commu-
tator speeds not over 2500 feet per minute. This 
type of brush is usually not allowed to carry over 
35 amperes per square inch, and is generally used 
on machines under 10 h. p. in size. 

189. GRAPHITE USED TO INCREASE 
CURRENT CAPACITY 

Brushes of higher graphite content are used 
where high mica is not encountered, and for heavier 
current capacity. Such brushes are generally used 
only on machines which have the mica undercut; 
and are Dristicularly adapted for use on older types 
of generltors and motors, exhaust fans, vacuum 
cleaners, washing machines, and drill motors. 

Fig. 146. This sketch illustrates the method of taking meamurement for 
the length, width, and thickness of carbon brushes. 

Brushes with the higher percentage of graphite 
do not wear or cut the commutators much, but 
they usually provide a highly-polished surface on 
both the commutator and brush face. After a 
period of operation with these brushes the surface 
of the commutator will usually take on a sort of 
brown or chocolate-colored glaze which is very 
desirable for long wear and good commutation. 

190. SPECIAL BRUSHES 

Some brushes are made of practically pure 
graphite and have very low contact resistance and 
high current-carrying capacity. Brushes of this 
nature will carry from 60 to 75 amperes per square 
inch and they can be used very satisfactorily on 
machines of 110 and 220 volts, or on high-speed 
slip rings with speeds even as high as 10,000 feet 
per minute. 
The greater amount of graphite offers the neces-

sary lubrication properties to keep down friction 
at this high speed. 
Another type of brush consisting of graphite and 

lamp-black, and known as the electro-graphitM 
brush, is made for use with high-voltage machinffl 
which have very high commutator speeds. These 
brushes have very high contact resistance, which 
promotes good commutation. They can be used to 
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carry up to 35 amperes per square inch and on 
imammutators with surface speeds of 3000 to 5000 

t per minute. 
These brushes are made in several grades, ac-

cording to their hardness; the harder ones are well 
adapted for use on high-speed fan motors, vacuum 
cleaners, drill motors with soft mica, D. C. genera-
tors, industrial motors, and the D. C. side of rotary 
converters. They are also used for street railway 
motors and automobile generators, and those of a 
special grade are used for high-speed turbine-driven 
generators and high-speed converters. 

191. BRUSH PRESSURE OR TENSION 

It is very important to keep the springs of brush 
holders or brush hammers properly adjusted so 
they will apply an even amount of pressure on all 
brushes. If the pressure is higher on one brush 
than on another, the brush with the higher pressure 
makes the best contact to the commutator surface 
and will carry more than its share of the current. 
This will probably cause that brush to become over-
heated. 

To remedy this, the spring tension should be 
increased on the brushes which are operating cool, 
until they carry their share of the load. 

Brush pressure should usually be from 11/4 to 3 
lbs. per square inch of brush contact surface. This 
I  can be tested and adjusted by the 

of a small spring scale attached to the end of 
the brush spring or hammer, directly over the top 
of the brush. Then adjust the brush holder spring 
until it requires the right amount of pull on the 
scale to lift the spring or hammer from the head 
of the brush. One can usually tell merely by lifting 
the brushes by hand, whether or not there are some 
brushes with very light tension and others with too 
heavy tension or pressure. 

Fig. 147. Above are shown several types of terminals for brush 
shunts or leads. 

Motors used on street cars, trucks, and moving 
illicles, or in places where they are subject to 
IMF ere vibration, will usually require a higher 
brush-pressure to keep the brushes well seated. On 
such motors the pressure required may even range 
as high as 4 lbs. per square inch. 

192. BRUSH LEADS OR SHUNTS 

All brushes should be provided with flexible cop-
per leads, which are often called "pigtails" or brush 
shunts. These leads should be securely connected 
to the brushes and also to the terminal screws or 
bolts on the brush holders, and their purpose is 
to provide a low-resistance path to carry the cur-
rent from the brush to the holder studs. 
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Fig. 148. Brush shunts can be obtained with threaded plugs on their 
ends for securely attaching them to the brushes. 

If these brush shunts or leads become loose or 
broken, the current will then have to flow from 
the brush through the holder or brush hammers 
and springs. This will often cause arcing that will 
damage the brush and holder and, in many cases, 
will overheat the springs so that they become 
softened and weakened and don't apply the proper 
tension on the brushes. 
The brushes shown in Figs. 144 and 145 are 

equipped with leads or brush shunts of this type 
and Fig. 147 shows a number of the types of copper 
terminals or clips that are used to attach these 
leads to the brush holders by means of terminal 
screws or bolts. 
When new brushes are cut from standard blocks 

of brush material, the pigtails can be attached by 
drilling a hole in the brush and either screwing the 
end of the pigtail into threads in this hole or pack-
ing the strands of wire in the hole with a special 
contact cement. 

Fig. 148 shows a number of brush shunts or leads 
with threaded plugs attached to them. These leads 
can be purchased in different sizes already equipped 
with threaded end plugs. 

Fig. 148 illustrates the method of preparing a 
brush and inserting the threaded ends of the brush 
shunts. The top view shows a bar of brush stock 
from which the brushes may be cut, and in the 
center is shown the manner of drilling a hole in 
the corner of the brush. 
Carbon graphite brushes are soft enough to be 

drilled easily with an ordinary metal drill, and they 
are then tapped with a hand tap, as shown in the 
left view in Fig. 148. The threaded plug on the 
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end of the copper lead can then be screwed into 
this hole in the brush by means of pliers, as shown 
in the lower right-hand view of the same figure. 

Brush leads of this type save considerable time 
in preparing new brushes, and insure a good low 
resistance connection to the brush. These leads 
can be unscrewed and removed from worn brushes, 
and used over a number of times. 

193. CEMENT FOR ATTACHING LEADS 
TO BRUSHES 

When brush leads with threaded tips are not 
available, a special compound or cement can be 
made by mixing powdered bronze and mercury. 
Fhe bronze powder should first be soaked in muri-
atic or hydrochloric acid, to thoroughly clean it. 
The acid should then be washed from the powder 

with lukewarm water. The bronze powder can then 
be mixed with mercury to form a thick paste. This 
paste is tamped solidly around the copper strands 
of the brush lead in the hole in the carbon brush, 
and will very soon harden and make a secure con-
nection of low resistance. 

Fig. 148-A. These views illustrate the method of preparing a carbon 
brush to attach the threaded end of the brush lead or pigtail. 

Care must be used not to make this cement too 
thick or it may harden before it can be tamped 
in place. It is usually advisable to mix only a very 
small quantity of the paste at one time, because 
it may require a little experimenting to get it just 
the right consistency. 

194. DUPLICATING AND ORDERING 
BRUSHES 

Worn or broken brushes should always be 
promptly replaced, before they cause severe spark-
ing and damage to the commutator. Always re-
place brushes with others of the same grade of 
material if possible. The new brushes should also 
be carefully cut to the same size, so they will span 
just the same width on the commutator bar and 
will not fit too tight or too loose in the holders. 

If it is necessary in emergencies to replace one 
or more brushes with others of a slightly different 

grade, place all those of one grade in the positive 
brush holders, and those of the other grade in tbik 
negative holders. If brushes of different grades aP 
placed in the same set of holders, the current will 
divide unequally through them and cause heating 
of certain ones, and it may also cause unequal wear 
on the commutator. 

Fig. 149. The above sketches show several methods of cutting brush 
faces to fit the commutator surface. Each is explained in the 
accompanying paragraphs. 

When ordering new brushes for any certain ma-
chine, careful measurements should be taken of 
the brush width, thickness, and length. The brush 
thickness is measured in the direction of travel of 
the commutator or slip rings; the width is measured 
parallel to the armature shaft or commutator bars; 
and the length is measured perpendicularly to the 
commutator or slip ring surface. These measure-
ments are shown in Fig. 14-6. Any other spe 
measurements should also be given, and in scle 
cases it is well to send the old brush as a sample. 
The length of brush leads or shunts should also 

be specified when ordering new brushes. They are 
usually provided in standard lengths of five inches, 
but can be furnished shorter or longer where re-
quired. 
The style of terminal or end-clip should also be 

given, along with the diameter of the slot or hole 
by which they are attached to the bolts on the 
brush-holder studs. 

It is generally advisable to have on hand a few 
of the brushes most commonly required for re-
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Fig. 150. Brushes made of copper strips or copper "leaf" construction 
are often used for low voltage machines which handle very heavy 
currents. 
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placement on any machines you may be maintain-
ing. It is also well to have a catalogue of some °Pliable brush manufacturer, to simplify ordering 
y giving the number and exact specifications of 

the brushes required. 

195. FITTING NEW BRUSHES TO THE 
COMMUTATOR 

New brushes should always be carefully fitted 
to the surface or curvature of the commutator. 
This can be done by setting the brush in the holder 
with the spring tension applied, and then drawing 
a piece of sandpaper under the contact surface or 
face of the brush, as shown in the center view in 
Fig. 149. Never use emery cloth for fitting brushes, 
as the electrical conducting of the emery particles 
tends to short circuit the commutator bars. 
The sandpaper should be laid on the commutator 

with the smooth side next to the bars and the 
rough or sanded side against the face of the brush. 
Then, with the brush held against the paper by 
the brush spring, draw the paper back and forth 
•-tntil the face of the brush is cut to the same shape 
as the commutator surface. 
Be sure to hold the ends of the sandpaper down 

along the commutator surface so these ends will 
not cut the edges of the brush up away from the 
commutator bars. 
On small machines where it is difficult to use a dpaper in the manner just described, a brush-
ter stone can be used. These stones consist of 

fine sand pressed in block or stick form with a 
cement binder. 
The brush seater is held against the surface of 

the commutator in front of the brush, as shown on 
the left in Fig. 149, and as the commutator revolves 
it wears off sharp particles of sand and carries them 
under the brush, thus cutting out the end of the 
brush until it fits the commutator. 

MAINTENANCE OF 
Direct current motors and generators are so 

similar to each other in mechanical construction and 
electric operation that many of the same rules for 
care and maintenance apply to both. 
With the many thousands of these machines in 

use in factories, mines, power plants, steel mills, 
stores, and office buildings, and on railways, the 
electrician who can intelligently and efficiently op-
erate and maintain them is in great demand. 
Most of the repairs and adjustments which have 

to be made on D. C. machines are usually on parts 
that are easily accessible and which can be easily 
handled with simple tools. 

In the majority of cases, the brushes, commutator, 
and bearings require closer attention and more hese repair than other parts of the machines. 
hese should not, however, require an excessive 

amount of attention if the motors or generators are 
operating under favorable conditions and are given 
the proper care. 

When fitting a number of brushes, a brush jig 
such as shown on the right in Fig. 149 can be 
used to save considerable time. This jig can be 
made of either metal or wood, and in the form of 
a box into which the brush will fit. The open end 
of the box or jig has its sides cut to the same curve 
as the commutator surface. 
A new brush can then be dropped in this box 

and its face cut out to the curve or edge of the 
box by means of a file. The bulk of the carbon 
can be cut out very quickly in this manner, and 
the brush can then be set in the holder and given 
a little final shaping with sandpaper as previously 
explained. 

Graphite brushes should generally be used on 
iron slip rings on three-wire generators, and metal-
graphite brushes on copper rings. 
On certain very low voltage machines where 

heavy currents are handled, "copper leaf" brushes 
are used. These are made of a number of thin 
flat strips of hard drawn copper, with the end of 
the group beveled as shown in Fig. 150. 
When brushes of too low resistance are used, 

they will generally cause long, yellow, trailing 
sparks at the commutator surface behind the 
brushes. 
Brushes of too high resistance will cause blue 

sparks and will also cause the brushes to overheat. 
If the commutator mica is not being cut down 

by the brushes and becomes too high, it will cause 
sparking and burned spaces to the rear of the mica 
segments, on the leading edges of the commutator 
bars. 
The proper type of brushes and their proper 

fitting, well deserve thorough attention on the part 
of any electrical maintenance man or power plant 
operator; as a great many troubles in motors and 
generators can be prevented or cured by intelligent 
selection and care of brushes. 

D. C. MACHINES 
The windings of motors and generators very sel-

dom give any trouble, unless the machines are 
frequently overloaded or if the windings are very 
old or are subjected to oil and dirt. 
196. IMPORTANCE OF CLEANING 
One of the most important rules for the main-

tenance of all electric machines is to keep them 
clean and well lubricated. If this simple rule is 
followed it will prevent a great many of the common 
troubles and interruptions to the operation of the 
equipment. 

If dust and dirt are allowed to accumulate in the 
windings of motors or generators, they clog the 
ventilation spaces and shut off the air which is 
necessary for proper cooling of the machine. 
A layer of dust is also an excellent insulator of heat, 
and tends to confine the heat to the windings and 
prevent its escape to the surrounding air. Dust and 
dirt also absorb and accumulate oil and moisture. 

For these reasons, the windings of all electric 
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machines should be kept well cleaned by brushing 
them with a duster or cloth and occasionally blow-
ing out the dust from the small crevices by means 
of a hand-bellows or low pressure compressed air. 
Never use compressed air of over 40 lbs. pressure 
per square inch, or air that contains particles of grit 
or metal or any moisture. 

Sometimes it is necessary to wash off an accumu-
lation of oily or greasy dirt from the windings of 
machines. This can be done with a cloth and 
gasoline. If the windings are well impregnated with 
insulating compound, the gasoline will not penetrate 
deeply into them, but if it is allowed to soak into 
the windings to any extent they should be thor-
oughly dried before the machine is again connected 
to a line or operated. 
A mixture of from 74 to Y2 of carbon-tetra-chlor-

ide with gasoline reduces the danger of fire or ex-
plosion when using it as a cleaning solution. 

197. EXCESSIVE OIL VERY DETRIMENTAL 
TO ELECTRIC MACHINES 

Oil is very detrimental and damaging to the in-
sulation of machine windings and should never be 
allowed to remain on them. Once a winding be-
comes thoroughly oil-soaked, it will probably have 
to be rewound. 

In some cases, if the oil has not penetrated too 
deeply, it may be possible to wash it out with 
gasoline and then thoroughly dry out the gasoline 
before the winding is put back in service. 

When oiling the bearings of a motor or generator, 
extreme care should be used not to fill the oil-cups 
or wells too full and cause oil to run over on to 
the commutator or windings of the machine. 

It is practically impossible to secure good com-
mutation if the commutator of a motor or generator 
is covered with dirt and oil. This will cause the faces 
of the brushes to become glazed and packed with 
dirt and will in many cases cause considerable 
sparking. 

Dirt and oil will form a high-resistance film on 
the surface of the commutator, which will tend to 
insulate the brushes and prevent them from making 
good contact. 

Oil is also very damaging to the cement used in 
the mica segments of commutators. 

A 

If any oil accidentally gets on the surface of a 
commutator, it should be wiped off immediatel 
with a cloth and a small amount of kerosene 
gasoline and carbon-tetra-chloride. Gasoline shou 
not be used around a running machine because of 
the danger of igniting it by a spark from the 
brushes. 

198. KEEP BEARINGS WELL LUBRICATED 

The bearings of all motors and generators should 
be kept well oiled but not flooded with oil. The oil 
in the bearings should be examined frequently to 
make sure that it is clean and free from dirt and 
grit, and should be changed whenever necessary. 

If the oil in a bearing has become exceptionally 
dirty or mixed with any abrasive dirt, the oil should 
be drained and the bearing and oil-cup washed out 
with kerosene or gasoline. The bearing and cup 
should then be refilled with clean fresh oil and when 
the machine is started it should be revolved slowly 
at first, to be sure that all the kerosene or gasoline 
on the bearing surfaces has been replaced by oil 
before the machine is running at full speed. 

Bearings should not be filled from the top when 
regular oil openings or vents are provided on the 
side. 

Bearings which are equipped with oil rings should 
be inspected frequently to make sure that the rings 
are turning and supplying oil to the shaft. Check 
the temperature of bearings frequently either 
means of a thermometer, or by feeling of them w 
the hand to make sure that they are not operating 
much above normal temperature. 
A great amount of work and trouble and costly 

shut-downs of electrical machinery can be prevented 
by proper attention to lubrication of bearings. 

199. WINDING TEMPERATURES 

The temperature of machine windings should be 
frequently checked to see that they are not operating 
too hot, that is at temperatures higher than 40° C. 
above that of the surrounding air. 

Convenient thermometers can be obtained for 
this use and placed in crevices in the winding or 
against the side of the winding with a small wad 
of putty pressed around the thermometer bulb and 
against the winding. 

All terminals and connections on electric ma-
chines should be frequently inspected and kept 
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Fig. 151. Tim above sketch shows methods of undercutting mica segments on the commutator. Mica must be kept down even with, or below 
the surface of the commutator bars, or it will cause the brushes to make poor contact and cause severe sparking. 
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securely tightened. This includes those at the line, 
at the controller or starting switches, and at the 
e rushes and field coils. 

200. PROTECT MACHINES FROM WATER 

Moisture or water is always a menace to the in-
sulation and operation of electrical machinery, and 
machines should be thoroughly protected to keep 
all water away from their windings and com-
mutators. If a motor or generator is located where 
water from above may drip upon the commutator, 
it is very likely to cause flash-overs and damage to 
the brushes and commutator. 

If the windings of a machine become water-soaked 
or damp, they must be thoroughly dried, either by 
baking in an oven or by passing low-voltage direct 
current through the machine to dry them out. 
Where a machine is too large to put in an oven 

or where no oven is available, the armature can be 
locked to prevent its rotation and then, by the use 
of a rheostat, low-voltage direct current can be 
applied in just the right amount to dry out the 
winding. 
Water should be carefully excluded from oil wells 

and bearings, as it is not a good lubricant and it 
may cause serious damage if it mixes with the oil. 
Motors that operate pumps may often have to be 

enclosed in a special box or shielding to prevent 
any drip or spray from coming in contact with them. 

e i. BRUSH ADJUSTMENT AND MICA 
UNDERCUTTING 

Brushes should be frequently inspected to see 
that they are seated properly on the commutator 
and have the proper spring tension. If the com-
mutator mica becomes high it should be corrected, 
either by using brushes of a type that will keep the 
mica cut down, or by undercutting the mica with 
a tool for this purpose. 
Commutator mica on small machines can be 

undercut by hand with a piece of hack-saw blade 
equipped with a handle, as shown in Fig. 151. The 
views on the right in this figure show the correct 
and incorrect methods of undercutting mica. 
Mica should be cut squarely with smooth, easy 

strokes of the hack-saw blade held in a vertical 
position. The mica should not be cut away too 
deeply, or the grooves will tend to accumulate dust 
and dirt, and cause short circuits between the com-
mutator bars. 
On small and medium-sized machines, the under-

cutting need not to be deeper than from %4 to %2 
of an inch. Care should be taken not to scratch or 
scar the commutator bars while undercutting mica, 
and one should also be careful not to leave on the 
edges or corners of the bars any burrs which might iiause a short circuit between them. 
A small, three-cornered file can be used for clean-

ing the ends or corners of the mica segments, as 
shown in the left view in Fig. 151, but a file or three-
cornered object should not be used for undercutting 

mica, as the top of the mica segments must be cut 
squarely, as shown in the right-hand view in the 
figure. 
For undercutting the mica on large machines, a 

regular motor-driven mica cutter can be used. These 
machines consist of a small rotary saw, driven by 
a motor with a flexible shaft and equipped with 
handles for guiding the saw blade in the mica slots. 

202. RESURFACING AND TRUING OF COM-
MUTATORS 

If the surface of the commutator becomes rough 
and pitted it can be cleaned with sandpaper. Small 
spots of dirt or very lightly burned spots may be 
removed by holding sandpaper against the commutator 
while the machine is running. 

Fig. 152. Commutator stones of the above types are used for dressing 
or grinding down the burned and rough spots on commutator surfaces. 

If the commutator requires much sand-papering 
it should be done with a block, with a curved surface 
to fit the commutator, to hold the sandpaper in a 
manner that will tend to smooth out hollow spots 
or high spots on the bars, and bring the commu-
tator back to a true round shape. 

Several strips of sandpaper can be folded over the 
curved end of a block of .this type and fastened in 
place with clamps or tacks. As each strip becomes 
worn it can be removed, exposing the next strip, etc. 

Special commutator stones can be obtained for 
dressing or re-surfacing commutators. These stones 
consist of a block of grinding or abrasive material 
equipped with handles for convenient application 
to the commutator surface. Several stones of this 
type are shown in Fig. 152. These can be obtained 
in different sizes and degrees of hardness for use 
with machines having commutators of different di-
ameters and surface speeds. 

If a commutator has become badly pitted or 
burned or out of round, it may be necessary to re-
move the armature from the machine and turn the 
commutator down in a lathe, as shown in Fig. 154. 
When truing a commutator in a lathe one should 
never remove any more copper than is absolutely 
necessary, because even a very light cut with a lathe 
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Fig. 153. The above photo illustrates the method of testing the cunt.ct 
pressure or tension of controller contacts. The scale can be used in 
the same manner for adjusting tension on brushes. 

tool will remove more copper from the bars than 
several years of ordinary wear would destroy. 
The armature should be carefully centered to run 

true in the lathe, and the tool set to remove only 
a very thin coating of copper, no thicker than a 
thin piece of paper. If this first cutting doesn't 
remove the flat spots, another cut can be made. 
Commutators should never be turned down ex-

cept as a last resort or when they are badly out of 
round. 
'Special tools and tool holders are often used for 

turning large commutators right in the machine. 
Motors and generators should always have secure 

and firm foundations and should be anchored so that 
they don't vibrate while running. If the machine 
is allowed to vibrate, it may cause serious damage 
to the bearings and possibly also damage the com-
mutator, shaft, or windings. 

203. CARE OF CONTROLLERS 
All switches, circuit breakers, and controllers 

used in connection with motors and generators 
should be kept in good condition, because if they 
are allowed to become defective, they may cause 
damage to the machines by frequent interruptions 
in the current supply, or by causing voltage drop 
and lower voltage than the machine is supposed to 
operate on, or by failure to protect the machine in 
case of overload. 

All contact shoes or fingers on starting and con-
trol equipment should be kept in good condition 
and securely tightened. Bolts, nuts, screws, and 
terminals should also be kept tight and clean. 

Sliding contacts or make-and-break contacts of 
controllers should be kept properly lubricated to 
prevent excessive wear. A good grade of vaseline 
serves very well for this purpose, as it will remain 
where applied on the contacts and will not run or 
spread over the equipment. 

Resistance elements of starting and control equip-
ment should be kept in good condition. In case of 
open circuits in resistance units, it may be necessary 
to temporarily bridge this open section of the resist-
ance with a shunt or jumper, in order to keep the 

machine in operation; but the defective resistance 
unit should be replaced with a new one as quickly 
as possible to prevent overloading the machi 
when starting, due to having insufficient resistanle 
in the armature circuit. 
Dash pots and time element devices should be 

kept properly adjusted to allow the proper time for 
starting of motors. 

204. CARE OF OVERLOAD PROTECTIVE 
DEVICES 

Fuses and overload devices on control equipment 
or anywhere in the circuit to electrical machines 
should be kept in good condition, and should be of 
the proper size and adjustment to protect the ma-
chines from current overloads. Fuses should never 
be replaced with others of larger current ratings 
than the machines are supposed to carry. 
Overload trip coils on circuit breakers should be 

kept properly adjusted to trip at any current above 
the normal percentage of overload which the ma-
chine is allowed to carry. 

If breakers or fuses open frequently in the circuit, 
it is an indication of some overload or fault on the 
machines, and the trouble should be located and 
remedied, instead of setting the circuit breakers for 
heavier currents or using larger fuses. 

205. LIST OF COMMON TROUBLES 
In the following lists are given a number of the 

more common troubles of D. C. machines and le 
symptoms which indicate these troubles: 

MOTORS 
MOTOR FAILS TO START 

1. Fuse out, causing an open circuit 
2. Brushes not making proper contact 
3. Line switch open 
4. Bearings "seized" due to lack of oil 
5. Motor overloaded. This will usually blow 

the fuse 
6. Open field circuit at the terminal block or in 

the starting box 
"No voltage" release magnet burned out 

7. Open armature or line connections, either at 
the motor or controller 

8. Grounded winding, frequently blows the fuse 
9. Brushes not set on neutral point 

10. Armature wedged. Remove the wooden 
wedges from air gap of new machines 

11. Dirty commutator or brush faces 
12. High mica insulation on commutator pre-

venting brush contact 
13. Field coils short-circuited or grounded. Will 

usually cause excessive armature currents 
and blow the fuses 

14. Reversed field connections. Test for polarity 
with a pocket compass 

15. Low voltage 
16. Pulley, gear, or coupling, may be fig. 

against the bearing 
17. Bent shaft, causing armature to stick on pole 

faces 
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18. Badly worn bearings allowing armature to 

orb field poles. 
19. Burned out armature. 

206. MOTOR STARTS TOO QUICKLY 
1. Starting box resistance too low for the motor 
2. Starting box resistance short-circuited 
3. Insufficient time allowed for starting 
4. Line voltage too high 
5. Series motor without enough load for the 

starting resistance used with it 
6. Too much resistance in field circuit. 

207. MOTOR ROTATION REVERSED 

1. Reversed field connections 
2. Brush connections reversed or brushes in 

wrong position 
3. Compound motor connected differential and 

starts in reverse direction from the series 
field. Speed will be high and torque very 
low 

4. No field. Residual magnetism may start the 
motor in reverse direction on very light loads 
only. Motor will not start under heavy load 

5. Wrong field connection in starting box. 
Armature resistance may be in series with 
the field. 

208. SLOW STARTING OF MOTORS AND 
WEAK POWER 

e 1. Low voltage 
2. Resistance of starting box too high 
3. Brushes off neutral, and will cause bad 

sparking 
4. Motor overloaded 
5. Heavy flywheel on driven machines 
6. Weak field due to resistance in its circuit 
7. Dirty or loose connections 
8. Dirty or loose brushes 
9. Brushes improperly spaced on commutator 

10. Armature defects, shorts, grounds or opens 
11. Wet armature or commutator. 

',111111e, 

- - - 
gig. 154. Commutators that are badly burned or out of round can be 

resurfaced and trued up in a lathe as shown above. 

209. MOTOR BUCKING OR JERKING 

1. Overloaded motor 
2. Reversed interpole polarity 

3. Loose field connections which alternately 
open and close the field circuit and cause the 
motor to run jerkily 

4. Wet or shorted field coils 
5. Defects or loose connections in starting box. 

210. MOTOR OVERSPEEDS 
1. Open field circuit, may cause dangerously 

high speed 
9. Shorted or grounded field coils 
3. Load suddenly reduced on compound motor 

using field control 
4. Brushes off neutral 
5. Shorted or grounded armature conductors 
6. Line voltage too high 
7. Series motor overspeeds on light loads or no 

load. 

211. SPARKING AT BRUSHES 
1. Brushes or commutator dirty 
2. Rough or burned commutator 
3. High or low bars in commutator 
4. Commutator out of round 
5. Commutator segments shorted by carbon or 

copper dust in the mica slots, or by solder 
bridged across the bars 

6. High mica 
7. Brushes off neutral 
8. Wrong type of brushes 
9. Brushes poorly fitted 
10. Brushes stuck in holders 
11. Poor or unequal brush tension 
12. Weak field, due to short circuits or grounds 

in the coils 
13. Reversed field coils 
14. Opens or shorts in armature winding. Opens 

usually cause long blue sparks and shorts 
are generally indicated by yellow or reddish 
sparks. The location of the defective coils 
will usually be indicated by burned bars to 
which they are connected 

15. Oil grease or water on the commutator 
16. Unequal air gaps due to worn bearings 
17. Unbalanced armature winding 
IS. Bent shaft which causes brushes to chatter 
10- Poor foundation, permitting vibration of the 

machine. 

212. OVERHEATING OF MACHINES 
1. Overloading will cause heat on both motors 

and generators due to excessive current 
passing through their windings and brushes 

9. Excessive brush friction and brush tension 
too great 

3. Brushes of too high resistance 
4. Brushes off neutral 
5. Damp windings 
6. Excessive sparking at commutator, which 

may cause enough heat to melt the solder 
and loosen the armature connections 

7. Opens or shorts in armature winding 
8. Hot field coils caused by high voltage or 

short circuits in the coils 
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9. Field shunts loose or disconnected 
10. Windings shorted by oil-soaked insulation 
11. Hot field poles may be due to poor design 

causing eddy currents in the pole shoes. Un-
equal air gaps may cause field poles closest 
to the armature to heat 

12. Hot bearings due to poor lubrication. May 
be caused by poor oil, stuck oil rings, or 
clogged oil wicks. Also caused by poor shaft 
alignment or excessive belt tension 

13. Armature out of center with field poles, due 
to worn bearings. Causes excessive currents 
in parts of the armature winding and eddy 
currents in the field poles. Bearings should 
be repaired immediately 

14. Clogged ventilating ducts 
15. Loose connections between armature coils 

and commutator bars 
16. Weak field, not allowing sufficient counter-

E.M.F. to be generated to keep the armature 
current normal 

17. Heat transfer through direct shaft connec-
tions from air compressors, steam engines 
or other machinery. 

Normal operating temperatures of D. C. motors 
should not exceed 40° C. above the surrounding 
room temperature when operated at full load, or 
55° C. at 25% overload for two-hour periods. If 
the machines are operated at temperatures above 
these values for any length of time, the insulation 
of the windings will become damaged and even-
tually destroyed. Safe operating temperature is 
about 140 to 150 degrees F. 

213. UNUSUAL NOISES 
1. Belt slapping due to a loose, waving belt 
2. Belt squealing due to belt slipping on the 

pulley, caused by loose belt or overloads 
3. Brush squealing due to excessive spring ten-

sion, hard brushes, or dry commutator sur-
face. Application of a good commutator 
compound will usually stop the squealing 
due to a dry unlubricated commutator 

4. Knocking or clanking may be caused by a 
loose pulley, excessive end play in the shaft, 
a loose key on the armature spider, or a 
loose bearing cap 

5. Chattering vibration, caused by poor brush 
adjustment and loose brushes, hard brushes, 
or commutator out of round 

6. Heavy vibration due to unbalanced arma-
tures, bent shaft, or loose foundations. 

214. GENERATOR TROUBLES. FAILURE 
TO BUILD UP VOLTAGE 

1. Residual field lost or neutralized 
2. Reversed field 
3. Poor brush contact or dirty commutator 
4. Open field circuit due to loose connections 

or broken wires 
5. Field rheostat open or of too high resistance 
6. Series field reversed so it opposes the shunt 

field 

7. Shunts disconnected or improperly connected 
8. Wet or shorted field coils 
9. Too heavy load on a shunt generator 

10. Residual magnetism reversed by flux fro 
nearby generators. 

215. POOR VOLTAGE REGULATION 
1. Loose field shunts or connections 
2. Poor regulation of engine speed 
3. Belt slipping (if generator is belt driven) 
4. Brushes off neutral 
5. Improper resistance of field rheostat, or 

loose connections at this rheostat 
6. Series field shunts not properly adjusted 
7. Overheated field coils 
8. Loose or grounded field wires between gen-

erator and switchboard 
9. Armature out of center 

10. Brushes improperly spaced 
11. Weak field caused by short circuits or 

grounds in the field windings 
12. Shorts, opens, or grounds in the armature 

coils 
13. Excessive and frequent variations in load 
14. Improper compounding 

216. GENERATORS WILL NOT OPERATE 
IN PARALLEL 

1. Poor speed regulation on prime mover, 
caused by improper governor adjustment 

2. Open equalizer connections 
3. Incorrect field shunts, open or loose fies 

connections, or weak fields 
4. Defective field rheostat 
5. Wet field coils 
6. Improper adjustment of series fields 

compounding effects 
7. Extreme difference in size, causing the 

smaller machine to be more responsive to 
load changes than the larger machine 

8. Belt slipping, on belt-driven generators 
9. Variations in steam pressure, on generators 

driven by steam engines 
10. Defective voltmeter, causing operator to 

make wrong adjustment. 
217. SYSTEMATIC TESTING 
The preceding lists of common troubles and their 

symptoms are given to serve as a general guide 
or reminder of the possible causes of trouble in 
D. C. machines. They do not cover every possible 
trouble or defect, but intelligent application of the 
principles covered throughout these sections on 
D. C. equipment and careful systematic testing, 
should enable you to locate any of the troubles 
listed or any others. 
Keep well in mind the advice previously given 

in this Reference Set, to the effect that even the 
troubles most difficult to locate can always be found 
by methodically and systematically testing circuit 
and equipment. 

Let us remind you once more that any defect 
or trouble in electrical equipment or circuits can 
be found, and that someone is going to find it. It 

for 
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will be to your credit to be able to locate any and #troubles, and the best way to gain experience 
confidence is to undertake willingly every trou-

e-shooting problem you can find. Go about it 
coolly and intelligently, use your knowledge of the 
principles of electricity and electrical equipment and 
circuits, and in this manner you will save a great 
deal of time and many mistakes. 
You will also be surprised to find out how very 

simple some of the apparently baffling electrical 
troubles are, to the trained man who knows how 
to test and locate them. 

218. TEST EQUIPMENT FOR LOCATING 
FAULTS 

Some of the more common devices used for trou-
ble shooting and testing are as follows: 

1. Test lamp and leads 
2. Magneto tester 
3. Battery and buzzer tester 
4. Voltmeter (portable type) 
5. Ammeter (portable type) 
6. Thermometer 
7. Speed indicator 
8. Wheatstone bridge 
9. Megger. 
Every maintenance electrician's kit should in-

clude a test lamp and a battery and buzzer test-
outfit. These are very inexpensive and can easily barnacle up in a few minutes' time. It is a good 

to use two sockets and bulbs in series, for a 
test lamp which can be used either on 220 or 110-
volt circuits. The two lamps will burn at full 
brilliancy when connected at 220 volts, and at one-
half brilliancy on 110-volt circuits. 

219. USE OF TEST LAMPS, BUZZERS AND 
MAGNETS 

Test lamps of this type can be used for locating 
open circuits, short circuits, and grounds on the 
machines themselves or the wires leading to them. 
They are also very convenient for testing to locate 
blown fuses and to determine whether or not there 
is any voltage or the proper voltage supplied to 
the terminals of the machines. 
The battery and buzzer test-outfit can be made 

of one or two dry cells taped together, with the 
buzzer taped securely to them. This unit should 
then be supplied with flexible test leads several 
feet long. The dry cells and buzzer can be located 
in a portable box if desired. 
A simple test outfit of this kind can be used for 

locating grounds, opens, and short circuits on ma-
chines or circuits that are not alive. 
The magneto test-outfit is very effective for 

locating high-resistance short circuits or grounds. 
These hand-driven magnetos generate voltage suf-
Mently high to break down the resistance at the 
!pint of the fault or defect, while a battery test set 
or test lamp used with ordinary line voltage might 
not show the fault. 
When installing any new circuits to generators, 

BUZZEI, 

Fig. 155. A simple test set consisting of dry cells and buzzer is a 
very effective device for trouble shooting and locating of faults in 
electric circuits and machines. 

motors, or controllers, the wiring should be thor-
oughly tested for grounds, shorts, and opens before 
connecting the machines. 
An ordinary A.C. test magneto will ring through 

20,000 to 40,000 ohms resistance. The use of mag-
netos above 50,000 ohms is not advised because 
they will ring through the insulation of conductors 
on long circuits. 

In some cases an A. C. magneto will cause its 
bell to ring when the terminals are attached to the 
windings of very large machines, due to capacity 
or condenser effect between the windings and the 
frame of the machine. In such cases the ringing 
of the magneto doesn't necessarily indicate defec-
tive insulation. 

220. USE OF PORTABLE VOLTMETERS 
AND AMMETERS 

Voltmeters are very essential in plants having 
a great number of electrical machines and circuits. 
Voltmeters should be used for measuring line 
voltages or voltage drop on various circuits, to 
determine whether or not the proper voltage is 
supplied to the equipment. 

It is very important that D. C. motors be operated 
at their proper rated voltage and not at voltages 
10% or more below this, which sometimes results 
from overloaded line circuits and excessive voltage 
drop. 
Low reading voltmeters are very satisfactory test 

devices for locating faults in armatures and field 
coils, as well as commutator defects. They can 
also be used for testing voltage drop in controller 
coils and resistors and to locate defective coils in 
this manner. 
Ammeters can be used to measure the current 

through any circuit or machine and to determine 
whether wires or machine windings are properly 
loaded or overloaded. 
One or more ammeters should always be avail-

able in plants where numerous electrical machines 
are to be operated and maintained. 

221. THERMOMETERS 
Thermometers should be used to determine the 

temperature at which various machines are oper-
ated, and especially if a machine is known to be 
operating somewhat overloaded. On machines that 
are not overloaded, if the temperatures rise above 
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the rated temperature increase for a normal load, 
the cause should be determined and remedied at 
once. 
By checking the temperatures at different points 

on a machine or its windings, the exact location 
of the fault or trouble can frequently be found by 
noting the points of higher temperature. Some 
thermometers for this use are marked with the 
centigrade scale, while others are marked with the 
Fahrenheit scale. 
A convenient rule for converting the temperature 

in either scale to the other is as follows: 
Temperature C. = 5/9 X (Temperature F. — 32) 
Temperature F. = (9/5 X Temperature C.) 32 

222. SPEED INDICATORS 

Speed indicators or revolution counters are com-
monly used to determine the speed of various 
machines. If machines are overloaded or thought 
to be operating at low voltage, it is often necessary 
to test their speed. 

In other cases, checking the speed of machines 
may assist in locating certain faults within the 
machine or its own windings. In many industrial 
plants and factories it is very important that the 
motors driving production machines be kept oper-
ating at their proper rated speed, in order not to 
delay the production of the article being manufac-
tured. 
With the ordinary low-priced revolution counters 

or speed indicators, a watch with a second-hand 
can be used to check the time during which the 
revolutions are counted, and to get the speed in 
R.P.M. 
Where a large number of machines are to be 

tested frequently, a higher-priced speed indicator 
known as a "tachometer" may be used. This device 
when placed against the shaft of any revolving 
machine indicates the speed in R.P.M. instantly. 

223. IMPORTANCE OF RESISTANCE 
TESTS ON INSULATION 

.1s previously mentioned, the megger and Wheat-
stone bridge are very effective devices for testing 
the insulation resistance of electrical machines and 
circuits. Regular inspection of the motors and gen-
erators with one or the other of these instruments 
will often save many serious cases of trouble or 
winding failures. In this manner it is also possible 
to prevent delays in production caused by the shut-

down of machinery, on which the faults could have 
been located and repaired in advance by pro 
inspection and testing with such instruments. 

e 

In medium-sized and larger plants, instruments 
of this type will very soon save much more than 
their original cost. 

Electric instruments are usually furnished by the 
employers or plant owners, although in some cases 
the maintenance man and electrician can well afford 
to own one or more low-priced portable instruments 
for the great convenience and aid they give in his 
work. 
Whether these instruments are supplied by the 

employer or owned by the electrician, they should 
always be handled with proper care and intelligence. 
Most meters are delicate devices and they should 

not be carelessly handled or banged around. Ex-
treme caution should always be used not to connect 
ammeters across a line or in circuits with greater 
loads than the ammeter is designed for. The same 
warning applies to connecting voltmeters and watt-
meters, which should never be connected to circuits 
of higher voltage than the instrument is made for. 

224. COMMON TOOLS FOR MAINTENANCE 
WORK 

A few of the more common tools used by the 
electrical maintenance man are as follows: 

1. Knife 
2. Pliers (side cutting) 
3. Gas pliers 
4. Screw drivers 
5. Adjustable wrenches 
6. Pipe wrenches 
7. Machinist's hammer 
8. Center punch 
9. Cold chiselg 

10. Soldering iron 
11. Blow torch 
12. Tin snips 
13. Bearing scrapers 
14. Speed indicator 
15. Air-gap gauge 
16. Files; flat, round, and three-cornered 
17. Hack saw 
18. Breast drill 

This list covers the more essential tools for ordi-
nary jobs. Various other tools can be added for 
certain things, according to the class of work and 
equipment to be handled. A few good pointers in 
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Fig. 156. Convenient thermometers of the above type are used for determining the temperature of the machine windings, by attaching the 

bulb to the windings with a small amount of putty. 
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the selection and use of these tools are given in 
the following paragraphs. len electrician's knife should be a good substan-

one, with one sharp blade that can be used for 
the removal of insulation from conductors, and one 
general utility blade for miscellaneous cutting, 
scraping, etc. 
The most common and handy size of pliers is 

the 7-inch length, and if only one pair is used this 
should be the size. If one wishes to carry or to 
have on hand two or more sizes, the 6-inch and 
8-inch sizes should also be included. 
Cheap pliers never save any money, and only 

good pliers with strong jaws and good cutting 
blades should be purchased. Pliers larger than 
9-inches are seldom used, except for the handling 
of very heavy wires and cables. Good pliers are 
made of the best grade of tempered steel and should 
never be held in the flame of a torch or allowed 
to become overheated in any way. Pliers should 
not be used to cut hard steel bolts or spikes. 
The gas pliers are very convenient for holding 

cable lugs when heating them to melt solder and 
apply to cable ends, and for other general uses 
such as gripping bolts, nuts, and small parts. An 
8 or 10-inch size is usually most convenient. 
You should have at least three or four sizes of 

screw drivers and sometimes more. It is well to 
have one short and one long screw driver, both 

points to fit a No. 7 wood screw: one short 
one long driver to fit a No. 10 wood screw; 

and at least one large screw driver for No. 14 to 
No. 16 screws. 
Never use a screw driver for a crow bar or chisel, 

as such abuse will only bend their bits or split the 
handles and render them unfit for the purpose for 
which they were intended. 

If screw drivers become dull they can be care-
fully reground on the flat side of an emery wheel. 
Never grind them to a sharp point, as it tends to 
make them slip out of the slots in screws. 

Adjustable wrenches should be of the 6-inch, 8-inch 
and 10-inch sizes, and these will handle all except the 
very heavy work. These tools are used for tightening 
bolts and nuts on motors, controllers, and all kinds of 
electrical equipment; and both for taking apart and re-
assembling motors and machines to be repaired. 

When using an adjustable wrench, always tighten 
the jaws securely on the nut before applying any pull 
on the handle, as this will avoid slipping and injury to 
the operator as well as "rounding" of the corners on 
nuts or bolt heads. 

Never use a wrench upside down or backward, and 
don't hammer the handles, as it will only spring the 
jaws and spoil the wrench. Wrenches are made with 
handles long enough to apply by a steady pull all the 
fissure their jaws will stand. 

Pipe wrenches should be used for loosening stubborn 
or worn nuts on which the adjustable wrench slips, and 
also for making BX or conduit connections. One 10-

inch and one 12-inch pipe wrench will usually be suffi-
cient for ordinary repair work. 
A good hack saw is indispensible for cutting bolts, 

BX, conduit, and heavy cables. Usually the 12-inch 
rigid or non-adjustable frame is best, and several good 
sharp blades should always be on hand for this saw. 
When using a hack saw, the object to be cut should 

be securely held in a vise or clamp. If the object is 
allowed to wobble or twist it will crack the teeth out 
of the saw blade. 
A machinist's hammer of one lb., one and a half lbs., 

or two lbs. weight will usually be found most con-
venient. 

Center punches are very handy for marking places 
for drilling holes in metal, or for marking the end-
plates of motors or machines before they are removed, 
so you can be sure of getting them replaced properly. 
A small breast drill or Yankee drill with a dozen or 

more short drills will be found very convenient in mak-
ing many time-saving repairs. 

Several sizes of cold chisels are needed for cutting 
bolts, screws, metal strips, etc., on which the hack saw 
cannot be conveniently used. 

Tin snips are very convenient for cutting strips of 
hard insulation, such as fibre, or for cutting shims of 
thin metal for lining up bearings or machine bases. 
They can also be used for cutting shims to place under 
field poles when adjusting air gaps on the poles of 
motors or generators. 

A set of bearing scrapers, such as used on automotive 
work are usually very convenient. These are to be 
used for scraping sleeve-bearings to fit the shafts of 
motors or generators. 

An air-gap gauge consists of a group of thin metal 
feeler gauges that can be used for determining the air 
gap between the armature core and various field-pole 
faces. 

It is quite important to keep the armature centered in 
the machine, in order to secure best operation, and 
when bearings become worn and allow the armature to 
drop below the center, an air-gap gauge can be usec: 
to re-center the armature or determine which poles it 
is closest to. 

One or more pieces of hack saw blade can be easily 
fitted with file handles and used for undercutting mica 
on small and medium-sized machines, as was explained 
in a previous article. 

Flat files are very convenient for resurfacing and 
dressing the faces of contacts on controllers, and hun-
dreds of other uses which are not necessary to mention, 
as most everyone knows the common uses for a file. 

Where most of the work to be done is within reach 
of electrical circuits of the proper voltage, an electric 
soldering-iron is generally most convenient. Where 
electric supply of the proper voltage is not available or 
where very heavy soldering is to be done, a blow torch 
is essential. One or more soldering coppers can then 
be used, by heating them in the flame of the blow torch. 
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225. OPERATION AND CARE OF BLOW 
TORCHES 

At this point it will be well to give a few general 
hints on the use of gasoline blow-torches. 
A torch of one quart size is usually most convenient 

for ordinary work. To fill the torch, unscrew the cap 
in the bottom and pour the gasoline in the opening 
with a funnel. If any gasoline is spilled on the bottom 
of the torch it can be run inside by gently rocking the 
torch back and forth until most of it runs into the 
opening. 

After filling, replace the cap, making sure that the 
composition washer is in place, to seal the torch air-
tight and prevent leakage of gasoline. Tighten the 
screw cap securely and pump a small amount of air into 
the tank. Six to ten strokes of the pump is sufficient 
for starting a torch. Then hold the hand or some ob-
ject over the torch nozzle, tipping the torch back 
slightly, and open the needle valve a small amount. 
The gasoline which is allowed, to escape will then drain 
into the small vessel or cup under the torch. The cup 
should be nearly full before the valve is closed. 

This gasoline should then be carefully ignited with 
a match and allowed to burn away almost completely 
before opening the valve again. 

This flame heats the torch nozzle and gas generator 
so the liquid gasoline will be turned into vapor as it 
escapes. This is necessary for proper operation and to 
secure the full heat of the flame. 
When the torch is well-heated, open the needle valve 

and adjust it until the flame is a sort of blue color with 
a slightly pink tinge. 

If the torch is operated in a breeze or wind, turn 
the torch so the flame points against the breeze. This 

will tend to confine the heat of the flame where it will 
do the most good and keep the torch hot enough to 
operate. 
When through using the blow torch, it should be ex-

tinguished by closing the needle valve; never by blow-
ing or smothering the flame. After extinguishing the 
torch, let it stand a few minutes; then open the needle 
valve until a hissing sound is heard. This relieves the 
pressure in the tank and the needle valve can then be 
close gently and the torch put away until it is to be 
used again. 
Never use a pliers on the needle valve or you 

may damage the soft metal seat of the valve. Never 
use one blow torch to heat another, or it may 
result in an explosion and dangerous burns. 

These few general hints on the types of tools and 
the methods of their use are intended simply to aid 
those who have never used tools of this kind to become 
properly acquainted with them. 

Thoughtfulness, pride, and care in your work, and 
the application of a little mechanical ability along with 
practice, are all that are required to make most any-
one proficient in the use of these tools and in ordinary 
electric maintenance work. 
Always do all repair work neatly and thoroughly. 

You will find that in the long run it saves time and 
trouble. Take a reasonable pride in all electrical ma-
chinery and equipment which you may be operating or 
maintaining, and also in your knowledge of the prof, 
operation and care of this equipment. 

Conscientious and intelligent application of the 
knowledge you can gain from this section, should 
enable you to qualify in the operation or mainte-
nance of practically any Direct Current equipment. 

• 



D.C. 103 
D. G. MOTOR PRINCIPLES 

Electric motors are machines that change electrical energy into mechan-
ical energy. They are rated in horse power. (H.P.) 

The attraction and repulsion of the magnetic poles produced by sending 
current through the armature and field windings causes the armature to 
rotate. The armature rotating produces a twisting power called torque. 

Fleming's Left Hand Rule For Motors 

Place the thumb, first finger and remaining fingers at right angles to 
each other. Point the first finger in the direction of the field flux, 
remaining fingers in the direction of the armature current and the 
thumb will indicate the direction of rotation. 

The direction of rotation can be reversed on any D.C. motor by revers-
ing either the armature or field leads but not both. It is standard 
practice to reverse the armature leads to reverse the direction of 
rotation. 

The amount of torque developed by a motor is proportional to the 
strength of the armature and field poles. Increasing the current in 
the armature or field winding will increase the torque of any motor. 

The armature conductors rotating through the field flux has a voltage 
generated in them that opposes the applied voltage. This opposing 
voltage is called counter electro motive force, (C E M F) and serves 
as a governor for the D.C. motoi". After a motor attains normal speed 
the current through the armature will be governed by theCEMF 
generated in the armature winding. This value will always be in 
proportion to the mechanical load on the motor. 

APPUED VOLTAbl. C. EN\F 

EFFECTIVE VOLTAGE 

ARMATURE CURRENT 
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D.C. 103 
D. G. MOTOR PRINCIPLES 

Electric motors are machines that change electrical energy into mechan-
ical energy. They are rated in horse power. (H.P.) 

The attraction and repulsion of the magnetic poles produced by sending 
current through the armature and field windings causes the armature to 
rotate. The armature rotating produces a twisting power called torque. 

Fleming's Left Hand Rule For Motors 

Place the thumb, first finger and remaining fingers at right angles to 
each other. Point the first finger in the direction of the field flux, 
remaining fingers in the direction of the armature current and the 
thumb will indicate the direction of rotation. 

N 

The direction of rotation can be reversed on any D.C. motor by revers-
ing either the armature or field leads but not both. It is standard 
practice to reverse the armature leads to reverse the direction of 
rotation. 

The amount of torque developed by a motor is proportional to the 
strength of the armature and field poles. Increasing the current in 
the armature or field winding will increase the torque of any motor. 

The armature conductors rotating through the field flux has a voltage 
generated in them that opposes the applied voltage. This opposing 
voltage is called counter electro motive force, (C E M F) and serves 
as a governor for the D.C. motoi'. After a motor attains normal speed 
the current through the armature will be governed by theCEMF 
generated in the armature winding. This value will always be in 
proportion to the mechanical load on the motor. 

APPUID VOLTA(e. C. E. M F 

EFFECTiVE VOLTAGE 

ARMATURE CURRETIT 
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D.C. 104 
D.C. MOTOR PRINCIPLES (GoveiNuto 

The applied voltage is the line voltage. The effective voltage is the 
voltage used to force the current through the resistance of the 
armature winding. This value can be determined by multiplying the 
resistance of the armature by the current flow through it. To find the 
resistance of the armature measure the voltage drop across the arma-
ture and the current flow through it and use ohm law formula. R equals 
E over I 

The lamps are used to limit the current through the armature winding. 

The revolutions per minute of a D.C. motor con be varied over a wide 
range. The maximum safe speed for the average D.C. machine is 6000 ft. 
per minute peripheral speed of the armature. D.C. motors can be 
designed to operate safely up to 15,000 peripheral ft. per minute. 
Periphery means outer surface. 

2 ft. 
circumference 

Z16000  
3000R.P.M. is the maximum safe 

speed for the average D.C. machine 
that has an armature that is 2 ft. 
in circumference 

The H.P. rating of a motor refers to the rate of doing work. The 
amount of H.P. output is proportional to the speed and torque developed 
by the motor. The Prony Brake Test is used to determine the H.P. 

output of a motor. 

PONY eéRNKE FORMULA 

11. == 2.7r XP X LX R.P. M.  
33,000 

27requals 6.28 
P tt Pull on the lever arm in lbs. 
L tt Length of the lever arm in ft. 
R.P.M. equals Revolutions per minute. 

OUTPUT  
tf FIG IttICY INPUT 

SPRIT% SLAM 

LEVER ARM 

MOTOR PULLEY 

BRAKE BAND 

ADJUSTMENT 
5tREYI 

o 
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D. C. 106 

STARTING AND CONTROLLING TEE SPEED OF D.C. MOTORS 

Small D.C. motors (fractional H.P.) may be started across the line. 
The resistance of the armature winding is high in comparison to the 
resistance of larger armatures. Large armatures have low resistance 
because heavy wire is used to wind them. 

Shunt 
field 

Armature 

LINE 

When starting a D.C. motor larger than fractional H.P. in size full 
line .voltage should not be applied to the armature. A resistor should 
be connected in series with the armature to produce a voltage drop 
and apply a low voltage to the armature during the starting period. 
The starting period is from 10 to 45 seconds. 

The starting current should be limited to or 2 times full load 
current except when starting heavy torque loads which will require as 
much as 3 times full load current. After the motor attains normal 
speed the current through the armature can be determined by the 
formula; effective voltage divided by armature resistance.This value 
will be proportional to the mechanical load on the motor. 

The shunt field must be connected so it will receive full line volt-
age when starting. The field must be maximum strength to produce 
good starting torque and for the armature to quickly generate CEMF. 

FOUR POINT CONTROLLER 

Overload 
release sw. 

Spring 

Overload 
release coil 

Resi tor 

L2 e L1 

I I 

Line switch 

Armature startinr, resistor 

Armature 

The NO VOLTAGE RELEASE COIL allows the spring on the power arm to 
return the power arm to the "off" position if the voltage on the line 
drops to a low or zero value. 

OVERLOAD PROTECTION is provided by connecting an overload release coil 

in series with the load circuit. When the current reaches overload 
value the plunger will be drawn up and break the holdin7 coil circuit. 
The spring on the power arm will return it to the off position.coyNE 
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D. C. 107 

STARTING AND CONTROLLING THE SPEED OF D.C. MOTORS (continued) 

The speed of a D.C. motor varies in direct proportion to the voltage 
applied to the armature and in inverse proportion to the strength of 
the field flux. 

When a motor is operating with the rated voltage applied to the arm-
ature and field (with or without load) it is operating normally and 
the speed obtained is called NORMAL SPEED. 

SPEED CONTROL BELOW NORMAL SPEED (armature control) 

The speed can be controlled below normal by connecting a regulating 
resistor in series with the armature. The speed will vary with the 
voltage applied to the armature. The torque will not be affected 
because connecting a resistor in series with the armature does not 
change the amount of current through the armature. This value will 
be constant if the mechanical load is constant. The H.P. output will 
vary with the speed because the H.P. output is proportional to the 
speed and torque. 

FOUR POINT CONTROLLER 

Overloillt release switch 

Overload 
release coil 

L2 Li • 

Li( 

Power 
arm 

Armature resistor 

Spring 

No E release 
coil 

Resistor 

Al 

SPEED CONTROL ABOVE NORMAL SPEED (field control) 
The speed can be controlled above normal on shunt and compound motors 
by connecting a shunt field rheostat in series with the shunt field. 
The speed will vary inversely with the field strength. Weakening the 
field will increase the speed because the armature must rotate faster 
to generate a sufficient amount of CEMF to limit the current through 
the armature in proportion to the mechanical load on the motor. 
Decreasing the field strength will decrease the torque.. The-171._P• 
output will not be affected because the H. P. output is always pro-
portional to the speed and torque. When the speed increases and the 
torque decreases the product of the two will not change. COYNE 
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MAINTENANCE SHEET 

• 
Make the f 'Ow 

D.C. Mo 

1. Brush S 

on on Job and ruport condition and repairs needed. 

9or  Brush/Size 

2. Brush Shunt (Pigtail): OiWzr— __Brok &"  Loose 

Small 

•-- •--• • 
3. Brush Position: Correct  ‘-''incorreçAy-___ Symmetrical_ Non-Symmetrical _ 

4. Commutator: Smooth  fr/  Rough Dirty Pitted Flat - pots High Mica 

t 5. Field Coil Connection: Correct  7  Incorrect _Polarity Correct_ Incorrect__ 

6. Windings: Clean 1:"_DirtyOily___ 7. Interpole polarity: Correcti_l_Incorrect___ 
(Armature Insulation  _.5-4) Megohms 

8. Test machine insulation with megger: - (Shunt field ” __ ..£. Megohms 
(Series field It   Megohms 

Upper Left position__ __Inches Good__ 
Upper right " :Inches 

9. Air gap: Lower left " 4  Inches 10. Bearings: Badly 
Lower right "  Inches Worn  

11. Oil: Clean  Dirty _Thin__ __Low _Leaks 

12. Oil Ring: Turning and Carrying Oil  1"/ Ring stuck and dry   
Open armature coils  

13. Test armature with test meter or growler for: Shorted 
Grounded 

(1st Pole ED 

Open field coil  (2nd 
14. Test fields for: Shorted " " (3rd 

Grounded " "   (4th 
15. Foundation and anchorage: Secure Loose  Poor  

16. Vibration: Nono LittleljXcessive__ 17. Bearing or machine temp: Normal 49t__ 

18. Check R.P.M. against nameplate: R.P.M.  

D.C. STARTER NUMBER TYPE 

1. Power arm contacts: Good 17' Bad_ Power arm springs: Good 1d 

') Stationary Contacts: Good L.e. Bad Relay Contacts: Good jiBLI" 

3. Armature starting resistance: O.K. _ _Open _Loose connections 
4. Relay and contactor coils: O.K. _20,1411. Loose connections   

5. Check adjustment and setting of protective devices: 0.K._j//_Defective 
6. Condition of no voltage release coil: O.K. 17  Open ___ Shorted 

7. Main line switch: O.K. Bad condition Poor connections 

On the reverse side of this sheet, recommend all work to be done to put machine in 
1st class working condition. Have recommendations checked and OK'd before doing this 

work. J 
Name orl » Vi; (i Student No.  '4 (dti /  
Name   Student No.  
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CARBON 
CONTACTS 

,mw  

SOLEN ID 

( 
OIL DASH 

POT 

CARBON PILE STARTER 
(ALLEN - BRADLEY) 

FLEXIBLE CONNECTION 

OIL 

LEVER ARM 
CARBON 
PI LE 

OVERLOAD RELEASE. 
SW ITCH 

— 1 MAGNETIC BLOWOUT 
COIL 

,o 

AI* 

K:> 

OVERLOAD 
RELEASE 
COIL 

 ir\ 

/1. 

f 
S"TARTING 
RELAY 

StOP START 

-oTo—o o  

-o T  

L2 

LINE 

I 1 
CONNECTIOǸ e/ 

L I 

ef-f/ 

, 

-9,ct;kj' 

leitwe 

AAA". 

In certain classes of work it is desirable to have very gradual appli-
cation of the starting torque of the motor when the machine is first 
put in operation. To accomplish this, it is necessary to start the 
motor with extremely high resistance in the armature circuit, and 
limit the starting current to a very low value. 

For this Duruose, carbon pile starters are made with resistance 
elements consisting of small carbon disks stacked in tubes of non-
combustible material with an insulating lining. 

As long as these disks are left loose in the tube, the resistance 
through them is very high. If pressure is applied to these carbon 
disks, their combined resistance will be lowered because the greatest 
resistance is at the contacts between disks. As pressure increases, 
resistance decreases allowing more current to flow. 

This allows the motor to start very slowly, and its speed will gradual-
ly increase until normal speed is attained. 

COYNE 
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SOLENOID STARTER 

ARMATURE STARTIM RESISTANCE 

FLEXIBLE 

CONNECTION 

SOLEN01 

STICK SWITCH 

 D 

C.  

C.  

---- POWER ARM 

- SOLENOID 

1') 

ECONOMY 
RESISTANCE c 

c 

Economy 
RESISTANCE swi7cH 

C3 

L • L • 

-eocHa000, 

STOP 

SWITCH S WI TC Il 

START 

• 

SOLENOID STARTING CI RCUIT 

SOLENOID STICK CIRCUIT 

ARMATURE (.IRCUIT 

FIELD CIRCUIT 

MAGNETIC BLOWOUT COIL 
A magnetic blowout coil is for the purpose of providing a 

strong magnetic field to extinguish the arc drawn when the circuit 
is broken. It consists of a few turne of heavy wire wound on an iron 
core which has its poles placed on either side of the contacts where 
the circuit is broken. This arrangement provides a powerful magnetic 
field where the circuit is broken. 

The arc is a conductor and has a magnetic field set up around 
it. This field will be reacted upon by the flux of the blowout coil 
distorting the arc so that it is quickly broken or extinguished. 
This prevents the arc from burning the contacts. 

Magnetic blowout coils are connected in series with the line 
or in series with the con',,acts being protected. 

IRON 

POLE SHOE 

INSULATION - 

COPPER CONTACTS 

N o 
FLUX AROUND ARC. 

FLUX PRODUCED BY 

MAGNETIC BLOWOUT COI L 

ARC DISTORTED By p-Lux 

o 
ARC NOT DISTORTED 

COYNE 
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iA shunt motor is a motor that maintains nearly constant speed from no 
load to full load. The shunt field winding consists of many turns of 
small wire and is connected parallel with the armature winding or 
across the line. The diagrams below show the proper connection for the 
armature and field. 

SHUNT MOTOR 

DETAIL DIA GRAM 

f-1 

C ON VEN TIO NA L 

KETc H 

To reverse the direction of rotation 
reverse either the armature or field 
leads but not both. 

The characteristic curves below show that the torque developed by a 
shunt type motor varies with the armature current. This is true becaus 
the torque is proportional to the armature and field flux. The field 
maintains constant strength because it is connected across the line and 
the armature flux will vary with the armature current. The torque of a i 
shunt motor is considered to be fair in comparison to other D.C. motors. 
It will start about 50•'70 overload before being damaged by excessive 
current. 

The shunt type motor maintains nearly constant speed from no load to 
full load because the shunt field strength is constant. The character-
istic curve shows that the speed varies about 10% from no load to full 
load which gives this motor very good speed regulation. 

This motor is widely used where it is desired to control the sreed 
above and below normal speed. A shunt field rheostat connected in 
series with the shunt field will cause the motor to increase in speed. 
A resistor connected in series with the armature will cause the motor 
to decrease in speed. 

Shunt motors sometimes have a 
fer turns of heavy wire wound 
on each field pole and connected 
in series with the armature. This 
winding produces the same polarity 
as the shunt field winding and 
produces a more stable operation 
when the motor is carrying a 
fluctuating load. 

For aplications of the shunt 
motor see Motor Application Chart 
Number 115. 

so — 1000  

45 — 90o  

+0 — Boo  

4, • 35 — 700  

c:1 30 — 600 

2.5 500 0 

• — er 400   

cr I 5 — 300  

o 
ID — 200  

• — /00  

O — 0   
o 

CHARACTERISTIC CURVES 

5 /0 15 20 25 30 35 40 4-5 50 

LINE CURRENT 
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D.C. 

SERIES MOTOR 

A motor that has its field and armature connected in series with each 
other is a series type motor. The field is constructed of a few turns 
of heavy wire or strap conductor. The field strength will vary with 
the armature current under normal conditions. 

DETAILED DIAGRAM 

SEAMS nELP SHUNT 

The starting and stalling torque is excellent. It will start or carry 
very hea1.5 overloads. The torque of a series motor varies with the 
square of the armature current. This is true because the field strength 
varies with the armature current. Example- Doubling the armature 
current will likewise double the field strength and produce four times 
as much reaction between armature and field poles or produce four 
times as much torque. 

The speed regulation is very poor. The speed varies inversely with the 
load which means more load less speed and less load more speed. Care 
must be taken to see that there will always be sufficient load on the 
motor to keep the speed within safe limits. If the load drop to zero 
the motor probably would run fast enough to destroy itself. 

CNI\RALTIRISTIG CURVES 

The series motor is limited in 
application because of its poor 
speed regulation. It is especially 
suitable for cranes, hoists, mine 
machines and electrical railway work. 
These loads can be handled more 
efficiently with a series motor 
because the speed will be slow if the 
load is }heavy and a light load will 
be driven at a high speed. 

The speed of a series motor can be 
controlled above normal speed by 
connecting a series field shunt  
parallel to the series field. The 
speed will vary inversely with the 
field strength. Controlling the 
speed above normal decreases the 
possible torque outout but does not 
affect the H.P. output. 

100 1000 

30 900 

80 800 
W 
1- 

u 2 700 
"q   R. P. R. P. M. 

, 
a 
w• 54 cc 690 

W 
a 

g 50 500 
›- o 2 

Le-4-0 e 4-00 
"TORQUE. e 

a h 
Cf a .., 
ao g aoo 

--x....„...... 

- u, 
r 

Z 0 ZOO 

10 100 

0 0 
16 20 2.4- 2.A 3> 1 

L1NE CURRENT 
COYNE 
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COMPOUND MOTOR 

The field of a compound motor is made up of shunt and series coils 
placed on each field pole. The shunt winding is the main field winding. 
The series is the compound winding and its strength varies with the 
load current. If the shunt and series coils produce the same polarity 
nt ench field pole the connection is known as CUMULATIVE COMPOUND. 

DETAILED Die GRAM 
t•-> 1--"\  

J 

S S 
CONVENTION/,'L SIIETCH 

COMPOUND MOTOR CONNECTED CUMULATIVE 
The TORQUE is very good. It will start or carry heavy overloads. The 
cumulative connected compound motor produces a better torque than the 
shunt motor but not as good as the series motor. 
The SPEED REGULATION is fPir. The allue will vary from 15 to 25% from 
no load to full load. The per cent variation in speed from no load to 
full load will be governed by the comparative strength of the shunt 
and series field. 
The CUMULATIVE CONNECTED COMPOUND MOTOR is suitable for jobs, such as, 
compressors, crushers, steel mill roll, etc. For a complete list of 
applications see chart # 115. 

DIFFERENTIAL CONNECTED COMPOUND MOTOR 
If the polarity of the series field oppose the shunt field the connect-
ion is known as differential compound. 
The SPEED REGULATION of a differential connected cempound motor is very 
good up to approximately 75 % of full load rating. It is apt to slow 
down or stall if loaded beyond that point. 
The TURQUE is very poor. It is apt to start and then reverse its rotat-
ion when starting a load. 
There is very little use for the 
differential compound motor. 
TESTS TO USE TO DETERMINE CONNECT so 
ION MADE FOR COMPOUND MOTOR. 
1. Test the speed as connected. 4-5 900 

Reverse the series field leads and 40 800 

retest the speed. The connection 
producing the higher speed will be 4J t 35 700 

LL 
differential compound. 3o 600 

2. Operate the motor as a shunt • 
motor. (series field disconnected) 2'5. 500 

Observe the direction of rotation. 20 *00 
Next operate the motor as a series 
motor. (shunt field disconnected) Id1-5 300 

Again observe the direction of tcto 200 

rotation. If each field connection2 
nroduces the same direction of 5 too 
rotation, reconnect the fields the o — o 
same as when testing and the motor 
will be cumulative compound. 

CHeR4cTERISTic CURVES 

R p 

0 5 10 15 20 2 5 30 35 40 45 

LINE CURRENT 

50 
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UNIVERSAL SERIES MOTOR  

A 
LINE 

The above motor operates on the magnetic interaction between the armature and field 
poles, end runs in the same direction whether the current flows in on line A or line 
B, since reversing the flow of current in the line wires changes the polarity of both 
armature and field poles at the same instant as shown at C and D. Therefore, if such 
a motor be supplied with A.C. the torque developed will always be in the same direc-
tion. Since this machine operates on both D.C. and A.C. it is called e Universal 
motor. To operate satisfactorily on A.C. all parts of the magnetic circuit must be 
laminated to prevent undue heating from eddy currents, and element windinvs are 
usually desirable on the armature to ensure acceptable commutation. On the larger 
motors compensating windines are employed to improve operation and reduce sparking. 

CHARACTERISTICS 
This motor will produce about 4 times normal full load torque with 2 times normal 
full load current. The torque produced increases very rapidly with an increase in 
current as the curves below indicate. The variation in speed from no load to full 
load is so great that complete removel of load is dangerous in all motors of this 
type except those having fractional H.P. ratings. 

APPLICATIONS  
This motor is widely used in fractional 4000 

H.P. sizes for fans, vacuum cleaners, 36 00 
kitchen mixers, milk shakers, and port-
able equipment of all types such as elec-
tric drills, hammers, sanders, saws, etc. 
Higher ratings ere employed in traction 
work, end for cranes, hoists, end so on. 
In general, they are suitable for appli-
cations where high starting toraue or 
universal operation is desired. 

PRINCIPAL TROUBLES  
Commutator, brushes, brush holders, bear-
ings. Opens, shorts, or grounds in the 
armature, field, or associated apparatus. 
Loose connections. 
To reverse the direction of rotation, 
reverse the armature connections or the 
field connections, but not both. 

3 200 

.2800 

E 
a:2400 48 

20 00 _J40 

tul4 1 600z3e 

(r1i Zoo Ë a+ 

80o rglip 

400 8 

I
 

.-
1-

- 
I
 

--
- F
U
L
L
 
L
O
A
D
  

CufiVES' 
2600RPM 

F'1? 
5E?/E5 MOTOR 

-1 
Q 

EFe re 

2 

airo 

, 

Ill 

, ICI 
10 20 30 

0 2.5 S 

40 50 4,0 
AMPERg5 

7.5 
P. 

e 
100 
80 

60 

40 

20 

0 
70 80 90 100 

10 1Z.5 



O 

0 

OP 



D.C. 115 

C
O
N
S
T
A
N
T
 
S
P
E
E
D
 

S
P
E
E
D
 

 
 
C
L
A
S
S
I
F
I
C
A
T
I
O
N
 
 

 

j 

m 

cr 
LLI 

e 
Q. 

CI, 
(I , 

u 

> 

ui 
z 

111 
Q. 

)--- 

.:x 
i 

TYPE OF 

MOTOR 

LI_ 
0 CC 
w 

we 
z(-9 (2 u) 

Cr 0  Z 

0 < 

S
T
A
R
T
I
N
G
 
T
O
R
Q
U
E
 

1
 

P
E
R
 
C
E
N
T
 
O
F
 

F
U
L
L
 
L
O
A
D
 

 
M
A
X
I
M
U
M
 
T
O
R
Q
U
E
 

P
E
R
 
C
E
N
T
 
O
F
 

F
U
L
L
 
L
O
A
D
 

 
S
P
E
E
D
 
R
E
G
U
L
A
T
I
O
N
 

P
E
R
 
C
E
N
T
 
S
L
I
P
 

GEN ERAL 

REMARKS 

. 

TYPICAL APPLICATION 

IA
G
I
T
A
T
O
R
S
 
-
M
I
X
E
R
S
 

B
A
L
L
- 
R
O
D
 -
 P
U
G
 
M
I
L
L
S
 

B
A
L
I
N
G
 
P
R
E
S
S
E
S
 

B
E
N
D
I
N
G
 
R
O
L
L
S
 

B
L
O
W
E
R
S

-
P
O
S
I
T
I
V
E
 
P
R
 

B
O
R
I
N
G
 
M
I
L
L
S
 

B
U
C
K
E
T
 
E
L
E
V
A
T
O
R
S
 

v, 
a_ 

La r•A 
G 

C
A
P
S
T
A
N
S
-
C
A
R
 
P
U
L
L
E
R
S
 

C
O
M
P
R
E
S
S
O
R
S
 

C
O
N
v
E
Y
O
R
S
 
-
 

L
O
A
D
E
D
 
S
T
A
R
T
 

 
C
R
A
N
E
S

-
H
O
I
S
T
S
 -
 

E
L
E
V
A
T
O
R
S
 

 
C
R
U
S
H
E
R
S
-
G
R
I
N
D
E
R
S
-

W
I
T
H
 
F
L
Y
-
W
H
E
E
L
 

 
C
R
U
S
H
E
R
S

- 
G
R
I
N
D
E
R
S
-

N
O
 
F
L
Y
-
W
H
E
E
L
 

 

D
O
U
G
H
 
M
I
X
E
R
S
 

D
R
I
L
L
I
N
G
 
M
A
C
H
I
N
E
S
 

D
R
Y
I
N
G
 
T
U
M
B
L
E
R
S
-
C
Y
L
 

E
X
T
R
A
C
T
O
R
S
 -
 

L
D
R
Y
 
8
 
C
H
E
M
.
 

 

F
A
N
S
- 
C
E
N
T
R
I
F
U
G
A
L
 

F
A
N
S
 -
 P
R
O
P
E
L
L
E
R
 

G
R
I
N
D
E
R
S

-
B
U
F
F
E
R
S
 

H
A
M
 M
E
R
 
M
I
L
L
S
 

I
R
O
N
 E
R
S
 -
 F
L
A
T
W
O
R
K
 

L
A
T
H
E
S
 

L
I
N
E
 
S
H
A
F
T
S
 

M
I
L
L
I
N
G
 
M
A
C
H
I
N
E
S
 

M
O
T
O
R
 -
G
E
N
.
 

A
C
 -
 D.
C.

 

M
O
T
O
R
 -
G
E
N
.
 

D
C
.
-
A
C
.
 

M
O
U
L
D
E
R
S
 -
T
E
N
O
N
E
R
S
 

P
L
A
N
E
R
S
 -
J
O
I
N
T
E
R
S
 -
 

S
u
R
F
A
C
E
R
S
 

 

P
R
I
N
T
I
N
G
 
P
R
E
S
S
-
J
O
B
 

P
R
I
N
T
I
N
G
 
P
R
E
S
S
-

F
L
A
T
 
B
E
D
 

 
P
R
I
N
T
I
N
G
 
P
R
E
S
S
 -
 

,
 

R
O
T
A
R
Y
 
a
 
O
F
F
S
E
T
 

 
P
U
M
P
S
-
C
E
N
T
R
I
F
U
G
A
L
-

T
U
R
B
I
N
E
 

 

P
U
M
P
S
 -
D
I
S
P
L
A
C
E
M
E
N
T
 

P
U
N
C
H
E
S

-
S
H
E
A
R
S

-

H
A
M
M
E
R
S
 

 

S
A
N
D
E
R
S
 

S
A
W
S
 -
C
I
R
C
U
L
:
A
R
 

S
A
W
S

-
B
A
N
D
 

S
H
A
P
E
R
S
 

o  
Cr 
w 

o V
A
L
V
E
S
 

W
A
S
H
E
R
S

-
R
E
V
 
M
O
T
O
R
 

0 * * * * O O 0 * * O * * O * 0  

, 

0 * * O * 

A
L
T
E
R
N
A
T
I
N
G
 
C
U
R
R
E
N
T
 

S
I
N
G
 
P
H
A
S
E
 

3
 
a 

2
 

P
H
A
S
E
 

AS 
STANDARD SQUIRREL CAGE 
NORMAL TORQUE - NORMAL 
STARTING CURRENT 

1/2  TO 

300 HP 
150 

200 
TO 
250 

2 
TO 
5 

GENERAL PURPOSE 

WIDE APPLICATION 

SIMPLE CONTROL 
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B A 
.., SQUIRREL CAGE 

NORMAL TORQUE - LOW 
STARTING CURRENT 

7',4 TO 

200 HP 
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To 
150 

200 
TO 
225 
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TO 
5 

0 * * 0 0 * O * * * * * 0 O * * S O O O * O 

CA 
SQUIRREL CAGE 
HIGH TORQUE - LOW 
STARTING CURRENT 

3 TO 

100 HP 

200 
TO 

250 

175 
TO 
225 

4 
TO 
5 

HEAVY STARTING 
SIMPLE CONTROL 0 0 O O 0 0 0 O 

DK SQUIRREL CAGE 
HIGH TORQUE - HIGH SLIP 
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INTERMITTENT AND 
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CONSTANT LOAD 
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• 
tioc MAGNETIC CONTROLLER 
LINE. 

1 

The 

SMARTIN6 

RELAY 

term "magnetic controller" is 
lers on which the operation depends almost entirely on relays. Con-
trollers of this type have a number of separate circuits, each operated 
by a relay switch. 

These controllers are used extensively on large industrial motors, 
steel mill motors, and elevator motors. They can be designed to give 
any desired operation. 

Example: Let us assume we start a 110E, 401, 5 h.p. motor without a 
load. 
Starting current equals li-x 401 or 601. 
Armature starting resistance equals 1 ohm. 
Voltage drop across arm. starting res. equals 601 x 1R:60Ed. 
Voltage drop across section of res. marked "X" equals 1/3 of Ed 
across entire res. or 20Ed. 

Therefore, the voltage applied to the armature resistance cut-out re-
lay when starting, equals 110E --20Ed or 90 volts. This relay is ad-
justed so that it will not close its switch until it receives approxi-
mately full line voltage. The voltage across the relay increases as 
the current through "Y"+"X" decreases. Current flow will decrease to 
approximately 61, because of C.E.M.F. built up in the motor as it in-
creases in speed. This may be proven by the following figures: 
Total voltage drop across "VI+ "X" after motor attains normal speed 
equals 61 x 1R=6Ed. 

Now the voltage drop across "X" will be 1/3 of 6 or 2Ed, leaving 110 
minus 2 or 108E to operate the armature res. cut-out relay. This volt-
age is high enough to operate the relay and close its switch, which 
cuts out or shunts the armature starting resistance. 

The field relay closes when starting to give full strength field. 
When the armature res. cut-out relay closes, the field relay is shorted 
out of the circuit. This allows the speed to be controlled above nor-
mal by ad.justing the shunt field rheostat. 

ARMATURE 
STARTING 

RESISTANCE 

1. OHM 

2 WIRE REMOTE CONTROL SW. 

ADVANTAGES OF «b WIRE_ 
REMOTE CONTROL ovER 2 wiRE. 

NO VOLTAGE PROTECTION. 
2 - MULTI PLACE CONTROL. 

commonly used to apply to control-

COYNE 
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PRINCIPLES OF DRUM TYPE CONTROLLERS. 

• 

e 

e 

DRUM CONSTRUCTION. 

INSULATION. 

SERIES FIELD. 

1+ -1 

I- INSULATION. 2 -SHAFT. 

3 ANO 4 -CIRCULAR CONTACTING 

SHOES. 

AI AND A2 - STATIONARY COPPER 

CONTACTS. 

I 

Drum controllers are extensively used to handle heavy loads 
such as, Street cars, hoist and crane operation. The name 
is derived from the fact that the movable contacts are 

mounted on a cylindrical metal drum as shown in sketch be-
low. The movable part of the controller consists of an 

iron drum with copper contacts mounted the surface. These 
contacts complete a connection with stationary contacts 

when the drum is rotated. A fibre collar surrounding the 
shaft insulates the movable drum from the shaft and con-

troller handle. 

This type of controller, relatively simple and rugged in 

construction, may be designed to perform a variety of con-
trol functions not readily obtainable in motor controllers 
of other types; moreover, the durable and simple design 
lessens maintenance troubles. 

Figure A shows a drum type controller designed for start-

ing a simple series type motor. As the drum segments, 
shown by the heavy black lines, move to the right, a con-
nection is made from the line wire 1,1, through to R1 and 
then through the starting resistor and motor to the other 

line wire L2. As the drum is revolved, positions number 
2, 3, 4, and 5 are passed through, thereby cutting out the 
series resistance and connecting the motor directly across 

the line. 

Analysis of the controller action may be made on one of 
two methods; either the contacts on the movable drum may 

be visualized as moving from left to right as the drum is 
moved forward; or the stationary contacts-shown by the 
small round circles-may be regarded as moving right to 

left. Either method of analysis may be used. Diagram A, 

B, and C show the one method, while sketches A', H', and 
C' show the other. 

The CONTROL SEQUENCE CHART shown below diagrams A, B, and 

C depicts a simple graphical scheme for indicating the 
order or sequence in which contact is made between the 
various segments on the drum and the stationary contacts. 

Compare the chart with its corresponding controller pos-
ition and note how the different connections are indica-

ted. 

The connection chart in the lower left corner shows what 
happens in the motor circuit as the controller is moved 
through positions 1, 2, 3, 4, and 5. 

5 4 3 2 
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RESISTORS. MOTOR. 
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o- h b 0 

PTO \-0 

6-0 0 \-0 

0 0-a \-0 
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5 4 3 

C' 9 
DRUM FIXED 
SEGMENTS. CONTACTS. 

POSITION. 
OFF I 2 3 4 5 

Li • • 
RI • • 
R2 • 

R3 

R4 

R5 

POSITION. 
OFF I 2 3 4 5 

LI 
RI 
R2 

R3 

R4 

R5 

CHART FOR OFF POSITION. 

POSITION • 
OFF I 2 3 4 5 

Li • 

RI • 
R2 

R3 
R4 
Rs 

CHART FOR FIRST POSITION. 

CONNECTION CHART. CHART FOR SECOND POSITION. 
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PRINCIPLES OF REVERSIBLE DRUM TYPE CONTROLLERS. 
The drum type controller designed for reversing 

duty is provided with the extra drum segments and 
stationary contacts necessary to reverse the arma-
ture connections. As the controller handle is mov-
ed from the OFF position, current is passed thru 

the armature in one direction; moving from OFF in 

the opposite direction reverses the armature cur-

rent and the motor rotation. 

Comparison of diagrams A, B, and C will show how 

the simple controller shown in A is converted to 

the reversible type shown in C. 

The Control Sequence Table shows the order in 
which contact is established between the various 
drum segments and stationary contacts as the con-

troller is moved through the different positions, 
while the chart below indicates the electrical 
connections made on each position. 

CONTROL SEQUENCE TABLE. 
CON- 
TACTS. 

FORWARD. ---).- OFF --.&--- REVERSE. 
5 4 S 2 I I 2 3 4 S 

Li • I • • • • • • • • • 

RI • • • • 

R2 • • • • 

R3 • • • • 

R4 • • • • 
Rs • • • • • • • • • • 
Ad • • • • • • • • • • 

A2 • • • • • • • • • • 
Si • • • • • • • • • • 

CONNECTION CHART. 

RESISTORS. MOTOR. 

cf, 

o 
o_ 

R
EV

ER
SE

. 
T
 

FO
RW

AR
D.

 
 

u. ta. 
0 0-I 11--/ 000 \--0 H---10 

I 0 , 000 \ °---i\eArM,—Mr-d\AI -. 
2 fr60\--0 0—rWri\A/-1\Ar-/VNi 0 

3 0—Mr-Mrr-W-1,A/ 0 el5151r\-0 

4 °---rWe\Ar e e•--0 0 00 

5 I elrb\_.0 0---Mi-tV\i-t\A"-W r----0 

o   100, 0   h, 100, 0 h, 
I 0-1A-WW/VV--1 ro -] r----r 00 1'—o 
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3 K)J i_____.0 04.,„ 

4 a .___. °- "LNAAAl-MrkiAi roi f____,- 0 

5 roJ r_____. 

Po SITIONS. 
5 4 3 2 1 

MOVABLE 
DRUM SEG-
MENTS. 

4 3 2 

A  

Li 

RI 

R2 

R3 

R4 

5 

Ai 

A2 

STATIONARY 
CONTACTS 
RI, R2, R3 ETC. 
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DYNAMIC BRAKING 118 

• 

RUNNING 

N 

BRAKING 

IN FIGURES 1, 2. 8r 3 SWITCHES A & D ARE CLOSED AND B &C ARE OPEN 
WHEN RUNNING. SWITCHES B&C ARE CLOSED AND A & D OPEN WHEN BRAKING 

FIG. 1 

A 

SHUNT 
FIELD 
RHEOSTAT 

SCHEMATIC 

FI G. 

5 

VARIABLE 
.-RESISTANCE 

FOR BRAKING 

DYNAMIC BRAKE CONNECTIONS FOR SERIES MOTORS 

FIG. 3 

FIELD BRAKING 
RES ISTANCE 

The above diagram in Fig. 1 shows the connection used in dynamic 
braking, using a compound motor. Fig. 2 shows similar connections 
for a series motor. 

Shen the source of supply is shut off from a motor, the armature 
will continue to turn or coast because of its momentum. Any load 
connected to the motor will also continue to operate. In cases 
where motors must be stopped quickly, this momentum may be used to 
generate energy for dynamic braking. 

If the shunt field of the motor is excited during the coasting 
period, the motor will act as a generator and the armature will 
generate EMF until it stops. By connecting a suitable resistance 
in the armature circuit, as shown above, the generated armature EMF 
will cause the armature current and the armature poles to reverse. 
The reversed armature poles, reacting with the field poles, will 
now tend to reverse the armature rotation and this action will 
result in stopping the motor and load. 

This form of braking provides a quick, smooth, magnetic form of 
braking that has many advantages over mechanical methods. 
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DRUM CONTROLLER USED FOR 
DYNAMIC BRAKING 

COPPER CONTACTING 
4. SHOES 

 1 

SERIES FIELD 

 LQQQQQJ 
COMMUTATING FIELD 

L_rdy..71 I 

 41%  

SHUNT FIELD 

This diagram shows a compound motor controlled by a drum control-
ler having auxiliary contacts for dynamic braking. 

Advantages of this type of braking are: no mechanical wear, less 
maintenance, economical, effective and, although powerful, will not 
damage the motor is properly applied. 

Caution must be used, when applying dynamic braking, to prevent 
an overload of current through the armature. This is accomplished 
by connecting a resistance in series with the armature braking cir-
cuit, or by decreasing the field strength to lower the CEMF genera-
ted. 

Dynamic braking is known as "regenerative braking," when the cur-
rent generated by the CF is fed back into the power line. By lea-
ving the armature connected to the line and over-exciting,the field, 
the CEMF becomes greater than the line voltage. This means that the 
motor will now act as a gener?.tor and will help to carry the line 
load. This method is used on electric trains which run down long 
grades. In some systems, 88 much as 351 of the power used is gener-
ated in this manner. 

Dynamic braking, or regenerative braking, is only effective when 
the armature is rotating. Therefore, where it is necessary to hold 
a load which tends to revolve after brought to a stop, some form of 
magnetic or mechanical brake must be used in conjunction with dynam-

ic braking. 
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JOB NO. 15 
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A I I3a Ft 

FIELD 
DISCHARGE 
RESISTANCE 

s-r sir 

Ar"' -• 

LIN E PRINTING PRESS CONTROLLER. 
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DRUM CONTROLLER WITH 
OVERLOAD PANEL 

This diagram illustrates how an overload panel is used to 
protect -Ue motor against overload and "no voltage" conditions, 
by using contacts "Li" and "C" to complete the relay circuit 
wren trie controller is in tr.e "off" position. 

R 

LI-

R+ 

Rz Re! R5 

Job 4 B 
ALL CONNECTIONS 

BETWEEN TERM% NAL 

BO ARDS MUST E3E 

MADE WHEN WORKING 

T14 E J012). 

OVERLOAD PANEL 
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\\ 

Lt.., • L2 

tr" 

Lib 
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MAGNETIC 
BLOWOUT 
COIL 
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LINE 
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DRUM CONTROLLER & SERIES MOTORS. 

Job 4E. 

  6-0 

R5 E 

R4 E 

R3 

RZ ri 

R1 

 e n 

3TARTIN 6 
RU Pl 

MAGNETI C 
BLOWOUT 

COIL. 

—STATIONARY CONTACTS - 

PARALLELING 
AND REVERSIN6 

PRIM 

Il 

E 

C. 

Ep 

VA' e's  

v v 

5 

exel, 

SO 

1 t t 
i I L - PARALLEL REVERSE. 

I i  SERIES REVERIE. 

SERIES AHEAD 

PARALLEL AHEAD 

CONTINUOUS DUTY 

STARTING AND 

REGULATING. 

ti 

COYNE. 
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SPRING 
SCALE 

LEVER ARM 

2 FT. 

MOTOR PULLEY 
BRAKE BAND 

COMPUTE H.P. OUTPUT AND EFFICIENC`C 

ALLOW it/2. LB. FOR THE WEIGHT OF THE 

LEVER ARM WHEW COMPUTING H.P. OUTPUT. 

1—• e")  

ADJ. SCREW 

 o 

 o  

L2 

 o 

V. 

METER 
ANO 

BREAKER 

PANEL / 

H.P. = 

LINE 

Tf P 11/4 R.P. M.  

33, 000 

2 rr 6.2.B 

P = PULL ON LEVER IN LB. 

L LENGTH OF LEVER IN FT. 

R.P.M = REVOLUT‘ONS PER MINUTE. 

EFFICIENCY = 
WATT OUTPUT 

WATT INPUT 

D. C. POWER DEPI". 

COYNE. 
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3 POINT STARTER DIAGRAMS 

LINE 
Job #2A 

3 point starter for starting 
duty only. 

eit.44% 
(t 

L1 L2 
e 

! 

Job #2B 

3 point starter for starting 
duty only. The overload re-
lease coil protects the 
mucor against overloads. 

Connection diagram 

Starte terminals 

F2 

Connect as shown 
compound motor. 
For shunt motor connect 
A2 to L2. 

Draw a detailed diagram of the motor. Show all parts such as 
field poles, brushes, armature, terminals and the position of 
the terminal board. Test the motor terminals with test lamp 
to identify them. Connect the motor tc the starter as shown by 
the connection diagram. Trace the armature and field circuits 
and have the diagram OKed by the instructor before wiring the job. 

COYNE 
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REVERSIBLE DRUM TYPE CONTROLLER. (0.0 

4 5 6 - - - - I 2 3 REVERSE. 

• 

6 5 4 
I 

.d1± 

, 
I-11 I 17_ 
_ Imd_11_0;16-Al 

1-r-T1 
I I 

I I I 

d- —1— t — — 
`r 
- -1-

FORWARD, REVERSE 

AND DYNAMIC 

BRAKING. 

LI 

12  _ 
LINE. 

R 40 

1R5 

LI-

- 3 

"  

1 ----.1.- FORWARD. 
I 1 11 1 1 1 

1 í H 
I  

I  

I i I  
um, 

; 
I I I I ' 

SI 

ARMATURE STARTING RESISTORS. 

1
F2 ffiXXXXXX SHUNT nuo. 
AI 
•  

S2  

This controller is designed to provide --Q--(XXXXX)-()--) SERIES FIELD. 
forward or reverse operation, the rota-
tion of the motor being determined by the 
movement of the controller handle. When 
the controller is moved to the OFF posi-
tion, terminals X and X' complete the dy-
namic brake circuit. Notice that the arma-

ture starting resistors are in series 
with the armature when braking to protect 
the armature against excessive current. 

INTERPOLE WINDING. 

The basic connections effected by the con-
troller are shown in the connection chart 
below. The OFF section shows the circuit 
arrangement for dynamic braking, 
while the remaining sketches indi-
cate how the connections for for 
ward and reverse operation are ob-
tained. 

It is important to note that when 
the armature circuit is reversed 
for opposite rotation, that the 
armature and the interpole wind-
ing are treated as one unit, the 
current through both being re-
versed at the same time. 
Check the step by step operation 
of this controller and fill in 
the sequence chart. 

îl 

CON- 
TACTS 

FORWARO. — OFF. -.1.---- REVERSE 
6 5 4 3 2 I I 2 3 4 S 6 

X • 

XI • 

Li 
Si 

A2 
RI 
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R4 

Rs 
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D.C. DRUM CONTROLLER. 

STARTING, REVERSING, 

DYNAMIC BRAKING AND  

SPEED REGULATION.  

FI TO Vi4, FIELD 

RESISTOR 

CONTACTS.- - 

X AND XI, ARMATURE 

DYNAMIC BRAKE CON -

TACTS ---------

DYNAMIC BRAKE 

18- -TO 3 2 IOFF - - 18 - -TO 3 

I t I I 

I I 

RES1STOR.(AI- X) - I I 

`11 
I I 

t t 
ARMATURE STARTING LT A— 

T 
RESISTORS. - - - - - - 

Besides the usual control 
functions of starting, re-
versing, and dynamic brak-

ing, this controller also 
provides speed regulation 

above normal full load 

speed by introducing resis-
tance in series with the 

shunt field circuit. 

The control sequence table 
shown is provided so that 

the connections made by 
the controller in every 
operating position may be 
recorded. 

Note that in the OFF posi-
tion that only the dyna-

mic braking circuit is 
completed. Observe also 
that when the controller 
is moved to position No.1, 
this means that position 

e on the diagram moves 
under the row of station-
ary contacts that are 

shown directly under the 
OFF position. 

I 2 3 TO - 
1111 

OFF 
2 - - FORWARD. 

-tg 1 2 3 TO- -18- - REVERSE. ---).-
1  1 1 I 1 1 1 1 I 1 , I 

INTERPOLE WINDING. 

  ODD J  
SERIES FIELD. 
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SHUNT FIELD. 
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D. C. 167 

MULTIPLE SWITCH AND CARBON PILE STARTERS 

Draw a detailed diagram of the motor. Show all parts such as field 
poles, brushes, armature, terminals and the position of the terminal 
board. Test the motor terminals with test lamp to identify them. 

MULTIPLE SWITCH STARTER (JOB 2D) 

Starting duty only 

Al 

No E or no field release coil 

CARBON PILE STARTER 
Starting duty only (JOB 2E) 

No E or no field release coil 

rill Carbon 
pile 

Fl 
• d..00000J • 

Spring 

Fla 

A2 A1 

A1 
•  

1 

Se2d_Q_Qky__ 

Connection 
diagram L1 ( 

LINE 

I I 

Connect as shown 
for compound motor. 
For shunt motor 
connect A2 to L2 

Connect the motor to the starter 

as shown by the connection dia-
gram. Trace the armature and field 
circuits and have the diagram OKed 
by the instructor before wiring  

the job. 
COYNE 
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4 POINT CONTROLLERS 

• 

Job #2F 

4 PJint controller for 
starting & regulating duties. 

Job #2G 

4 Point controller for 
starting & regulating duties. 

LINE Connection diagram 

ie L Il• • 2 LI 

si 

• 

S2 

Connect as shown for compound 
motor. For shunt motor connect 
A2 to L2. 

Draw diagram of motor in detail. Show all parts, such as, field poles, 
armature, brushes, terminal board and terminals. Test motor terminals 
to identify them. Trace armature, field and holding coil circuits. 
Have the diagram checked and OKed before wiring the job. 

Coyne 
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D. C. 171 

INDUSTRIAL CONTROLLER 
Starting duty only JOB #2C 

fINP Magnetic blowout coil 

L. 
Fuses 

• L2 

Starting relay 

Armature starting resistors 

Power 
arm 

No E release 
coil 

Fi 

Draw a detailed dia-
gram of the motor. 
Show all parts such as 
field poles, brushes, 
armature, terminals 
and the position of 
the terminal board. 
Test the motor term-
inals with test lamp 
to identify them. 

Connect the motor to 
the controller as 
shown by the connect-
ion diagram. Trace the 
starting relay, field, 
armature and no E 
release coil circuits 
and have the dia7ram 
OKed by the instructor 
before wiring the job. 

Connection Diagram 

L2 F1 A1 

F2 

A9 Ai 

Connect as shown for 
compound motor. 
For shunt motor connect 
A2 to L2 

COYNE 
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D. C. 173 

Job #5G 
Drum controller for starting, regulating and reversing duties. 

LINE: 
I I 

Armature starting resistors 

Series field 
Fi 

S unt field 

Trace forward armature, reverse armature and field circuits. Draw 

thc terminal board on the diagram and test and identify the terminals. 
Do not show the terminals connected. Make all connections as shown 
if a compound motor is used. If shunt motor is used connect S1 to L2. 
If series motor is used omit F1 connection. co 
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Job #5D 

Drum controller for starting, regulating, 
reversing and dynamic brake duties. 

•  

 o 
Fi 

R1 

X 

o 
Ai 

• •••4-

4 

• 

A, 

LINE 

I I 

)\ 

R2 R, 

Armature starting resistors 
A1 
• 

Interpole winding 

A2 

Shunt field field 

Trace armature, field and dynamic brake circuits. Draw the terminal 
board on the diagram and test the terminals to identify them. Do 
not show the terminal board connected. Make all connections as 
shown for a compound motor. If shunt motor is used connect R5 to 
L2. If series motor is used omit F1 connection. 

COYNE 
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Direct-Current Control Circuits 

EASE IN SHOOTING TROUBLE on d.c. controls depends 
largely on a clear understanding of the basic principles 
and circuits used. It is the purpose of these data sheets 
to give that information. 

In general, d.c. motors of less than 2-hp. rating can be 
started across the line, but with larger motors it is usu-
ally necessary to put resistance in series with the arma-
ture when it is connected to the line. This resistance, 
which reduces the initial starting current to a point 
where the motor can commutate successfully, is shorted 
out in steps as the motor comes up to speed and the 

countervoltage generated is sufficient to limit the cur-
rent peaks to a suitable value. Accelerating contactors 
that short out successive steps of starting resistance may 
be controlled by countervoltage or by definite-time 
relays. 

For small motors used on auxiliary devices the coun-
ter-e.m.f. starter is satisfactory. The definite time starter 
is more widely used, however, and has the advantage of 
being independent of load conditions. 
The following diagrams illustrate some of the circuits 

commonly used for d.c. motor control. 

Figure 1. Basic requirements of a non-reversing d.c. starter 
in. its simplest form. 
When the start pushbutton is depressed line contactor M 

closes, energizing the motor armature through the starting 
resistance. As the motor comes up to speed the countervolt-
age, and the voltage across motor armature and series field, 
increases. At a predetermined value the accelerating con-
tactor A closes, shorting out the starting resistance. 

OL rvi 
I-1—I rt .1 -cr'o-e\e—I Sta Res 

Stop Start sel‘ OL 

o 

Disch Res 1-

5h. lid. 

Ser. Fld. 

—I Pot. I--

Figure 2. Typical, non-reversing constant-speed, definite-
time starter. The accelerating contactor is equipped with 
a time-delay mechanism. This contactor, A, is of the mag-
netic-flux-decay type. It is spring-closed, equipped with two 
coils, and has a magnetic circuit that retains enough magne-
tism to hold the contactor armature closed and the contact 
open indefinitely. Main coil Am has sufficient pull to pick 

up the armature and produce permanent magnetization. 
Neutralizing coil An is connected for polarity opposite to 
the main coil. It is not strong enough to affect the pick-up 
or holding ability of the main coil but, when the latter is 
deenergized, the neutralizing coil will buck the residual 
magnetism so that the contactor armature is released by 
the spring and the contacts close. By adjusting the poten-
tiometer the voltage impressed on this coil and hence the 
time required for the contactor to drop out can be varied. 
When the start button is depressed accelerating contactor 
coil Am is energized, causing contact A to open and auxili-
ary contact Aa to close. Contact Aa energizes line con-
tactor M, and normally open auxiliary contacts Ma establish 
a holding circuit. Neutralizing Coil An is also energized. 
Opening of contact Ma decnergizes coil Ani and contactor 
A starts timing. At the set time the main normally closed 
contacts on A close, shorting out the starting resistance and 
putting the motor across the line. 

r
iDisch. Res.  

Sh.F1d. 1 

/VV\AA  

OL M Ser. F Id. 

ff-1 Start Res.  

1141, •  ît 

Stop Start Ma 
—a_l_Q—•—o-1 lA tm 

140 1 AG 
1 I I----a T—i• 

Ma —2 Aa 

I  

0 L 

Pes 

--I Pot.  

Figure 3. The same kind of a starter as in Figure 2 but (le-
signed for use with a motor of larger horsepower. 

This starter provides two steps of definite-time starting. 
The operation is essentially the same as in Figure 2 but the 
first accelerating contactor, IA, does not short out all the 
starting resistance. It also starts 2A timing, which finally 

Courtesy Westinghouse Co. 
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shorts out the remaining resistance. The normally open 
auxiliary contacts on the accelerating contactors in Figures 
2 and 3 arc arranged so that it is necessary for the accele-
rators to pick up before the line contactor can be energized. 
This is a safety interlocking scheme that prevents starting 
the motor across the line, if the accelerating contactors are 
not functioning properly. 

Figure 4. One way of producing dynamic braking. 
Control circuits have been omitted, since they are a 

duplicate of those shown in Figures 2 and 3. Line con-
tactor M has two poles, one normally open and the other 
normally closed. Both poles arc equipped with an operat-
ing coil and are on the sanie armature, which is hinged 
between the contacts. In starting, when line contactor M 
closes normally closed contact MA opens. When the stop 
button is depressed the line contactor drops out and con-
tact MA closes. The motor, now acting as a generator, is 
connected to the braking resistor and coil NIA is energized 
by the resultant voltage. It causes M to seal in tightly, es-
tablishing good contact pressure and preventing this con-
tact from bouncing open. 

OL 

Stop Start Mo 
—nta—e—o 

—Ao 

ShDischRes..F1d. 1-1 

DBo Ma 
— 11— *  

Pot.   

Ser Fld. 

OL 

Figure 5. In the more modern types of controllers a sep-
arate spring-closed contactor is used for dynamic braking. 

Operation is similar to that described for Figure 2, except 
that the energizing of coil Am and the picking up of accel-
erating contactor A, closing contact Aa, energizes dynamic 
braking contactor DB, which in turn energizes line con-
tactor M through its auxiliary contact, DBa. This arrange-
ment not only insures that the dynamic braking contactor is 
open, but also that it is open before the line contactor can 

close. In order to cbtain accurate inching, such as is re-
quired for most machine tool drives, the motor must 
respond instantly to the operation of the pushbutton. In 
the scheme shown in Figure 5 the closing of the line con-
tactor is delayed until the accelerating contactor and the 
dynamic braking contactor pick up. 

OL 

Stop Start 

.--1   
CR  

Inch 
e--o 

CR 

Start. R 

1 A 2A 

Sh. 

 -JVV\AA/V\r  
Ser 

Bko. Res. 

Ma 

 CY' 

DB 

OL 
14. 

Res. 

Figure 6. Arrangement to secure quicker response of motor, 
for more accurate inching. 

Accelerating contactors IA and 2A are energized in the 
off position. Hence, when the start button is depressed, the 
dynamic braking contactor picks up immediately and its 
auxiliary contact DBa picks up M line contactor. 

OL 
Start Res. 

A 

Rheo. 

FF 

I  Stop SItart 

Ma 

Sb. Fld. 

 WAA 

Ser. Fkl. 

A 

Act 

Disdi Res.   
OL 
14. 

Figure 7. One method of connecting full field relay, used 
with adjustable-speed motors having a speed range in excess 
of 2 to 1. Coil FF is energized by the closing of the nor-
mally open auxiliary contact Aa and remains closed until the 
last accelerating contactor drops out. Contacts of the full 
field relay, FF, are connected to short out the field rheostat 
thereby applying maximum field strength to the motor dur-
ing the starting period. 

Gourtesy Westinghouse Co. 
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0 L FAc m 

Start res. 

Rhea. 

See fie/. 

Arm 

Shunt fle/c/ 

FA Disch.res. 

Figure 8. Another method of applying the full-field relay. 
This arrangement insures full field on starting, and pro-

vides for limiting the armature current when the motor is 
accelerating from the full-field speed to the speed set by the 
rheostat. Field accelerating relay FA is equipped with two. 
coils, one a voltage coil connected across the starting resist-
ance, the other a current coil connected in series with the 
motor armature. See Figure 2 for the remainder of the 
circuit. When line contactor M closes the voltage drop 
across the starting resistor is practically line voltage, and 
relay FA is picked up quickly. When accelerating contactor 
A closes, voltage coil FAv is shorted, but closing of A pro-
duces a second current peak, and current coil FAc holds 
relay FA closed. As motor approaches full-field speed this 
current decays and allows the FA contacts to open, weak-
ening the motor field. When the motor attempts to ac-
celerate the line current again increases. If it exceeds the 
pick-up value of coil FAc the relay will close its contacts, 
arresting acceleration and causing a decay of line current, 
which again causes FA to drop out. High inductance of the 
motor field, plus inertia of the motor and drive prevent 
rapid changes in speed. Hence the motor will not reduce its 
speed, but the increased field current will reduce the arma-
ture.current and cause FA to drop out. The fluttering 
action will continue until the motor reaches the speed set 
by the rheostat. Setting of the FA relay current coil deter-
mines the maximum current draw during this part of the 
acceleration period. Since relay FA must handle the highly 
inductive field circuit, a good blowout arrangement is neces-
sary. Hence the relay is usually equipped with a shunt 
blowout coil, FAbo. 

Figure 9. Connections of field loss relay, to prevent exces-
sive speed if the shunt field is deenergized while voltage 
remains on the armature. 

It usually consists of a current relay in series with the 
motor shunt field and is adjusted to pick up on full-field 
current and remain closed at any current within the oper-
ating range of the motor field current. Contacts of relay FL 

are connected in series with the overload relay contacts so 
that the opening of its contacts will deenergize the control 
by opening the line contactor. This type of field loss pro-
tection does not protect against the possibility of a short 

Set: fl o I . 0 L NI   T---•-.----V----I/ I Start res. 

Stop 

1A1. 

Arm 

FL. Shunt fie/c/ 

Start NA, 

— Act 

HPot. 

FL. OL 
/ 

RE'S. 

circuit across a part of the field, say across the one field coil. 
This would cause the motor speed to rise considerably but 
the current in the field circuit would also rise. Conse-
quently, the series current relay would not respond. 

Figure 10. Application of differential field loss protection. 
The differential field loss relay DFL is equipped with two 

voltage coils connected to buck each other. Each is con-
nected across one-half of the field winding. Normally the 
voltage across each coil is the same, hence the relay stays 
in the out position with its normally closed contacts closed. 
Shorting out of one field coil or other failure causing an un-

DFL 

Shunt tied 

0 L 

• Part res. 

Stop 

A 

Disch. res. 

Ser fia. 

Start Ma 

Arm 

A 
Ma 

A 

Pot. 

DFL OL 

Res 

Courtesy Westinghouse Co. 



• 

• 

1, 



Direct-Current Control Circuits 

• 

• 

balance of these voltages causes the relay to 
pick up, opening its contacts and dropping 
out the line contactor, deenergizing the motor. 

[). 
Figure 11. One form of reversing dynamic 
braking control, consisting of multi-pole con-
tactors having two poles normally open and one 
pole normally closed. Accelerating contactors 
IA and 2A are energized in the off position, as 
in Figure 6. Depressing the forward button en-
ergizes forward contactor F, closing the two 
normally open contacts F and opening the 
normally closed contact FA. Opening of nor-
mally closed auxiliary contact Fa starts the tim-
ing cycle of the accelerating contactors. Closing 
of the normally open auxiliary contact Fa estab-
lishes a holding circuit. When the stop or re-
verse button is depressed contactor F drops out, 
closing normally closed contact FA and setting 
up a dynamic braking circuit through the brak-
ing resistors, which energizes coils FA and RA. 
These coils hold the normally closed contact 
closed, and the normally open contacts open 
until the braking current drops to a low value. 
This action prevents bouncing of the back con-
tacts and plugging the motor, because if the 
reverse button were depressed during the brak-
ing period contactor coil R would not have suf-
ficient strength to overcome the pull of the RA 
coil until the motor had almost stopped. 

[). 
Figure 12. Another form of reversing dynamic 
braking starter using a spring-closed dynamic 
braking contactor and single-pole normally open 
directional contactors. When start button is de-
pressed contactor IF is energized. Closing the 
normally open auxiliary contact IFa energizes 
relay LV to establish a holding circuit and also 
energizes accelerating contact IA; IA contactor 
energizes 2A, and 2A energizes DB. In turn, 
DBa energizes 2F and normally closed contact 
2Fa starts the accelerating timing. 

Depressing the stop button drops out LV, 
closing DB immediately. Plugging is prevented 
by relay PR, a voltage relay connected across 
the motor armature. Its normally closed con-
tacts remain open, preventing the pick up of the 
reverse directional contacts until the armature 
speed drops down to a safe value for plugging 

 pLs ch. res. 
Shunt Fla'. 

IF IR 

Arm 0 L 
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D.C.MOTORS AND GENERATORS. 
OPERATION 

The D.C. motor operates on the first 
law of magnetism which states that 
like poles repel and unlike poles at-
tract-7--Ctir7FriT—flowing through the 
field coils produces the field poles, 
und current through the armature coils 
develops armature poles midway between 
the field poles. Attraction and re-
pulsion between these two sets of 
poles produces rotation. Note that 
the armature poles remain stationall 
in spaoe. 

ROTATION 
Sy reversing the direction of current 
flow through the fields 'or through 
the armature, the field poles or the 
armature poles will be reversed, and 
the direction of rotation changed. 
Compare A with B and C with D. 

ARMAYURE POU1S 
Diagrams E and F show a 4 pole motor. 
Note that the number of armature poles 7 -.----
always equals the number cf field 4, 
poles, and that the armature poles are 
located midway between the field poles. 
From the above it is obvious that a 
2 pole armature will not work in a 4 
pole field. Note also that when the 
d!.rection of current flow is reversed 
all poles are reversed. 

GENERATORS 
Diagrams G and H show two generators, 
one arranged for clockwise and the 
other for counter clockwise rotation. 
Note that poles are set up on generator 
armatures also, but that in this case 
the poles oppose rotation. As more cur-
rent is drawn from the armature, these 
poles increase in strength; this ex-
plains why an electric generator is 
harder to drive as the armature cur-
rent increases. 

D 
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D.C.MOTORS AND GENERATORS. 

INTERPOLES 
To minimize sparking at the brushes, 
most D.C. motors are equipped with 
small poles placed midway between the 
main poles and called interpoles or 
commutating poles. For proper oper-
ation, these small poles must have 
the correct polarity. Reference to 
any of the diagrams will show that 
the polarity of the interpole is al-
ways the same as the armature pole 
adjadgEF to 

REVERSING ROTATION 
The windings on the interpoles are 
always connected in series with the 
armature winding and are considered 
a part of the armature circuit. 
Therefore, when current through the 
armature is reversed, the interpole  
loolarity is also reversed. This 
arrangement automatically preserves 
the proper relation between the arma-
ture poles and the interpoles when 
the armature current is reversed. 

NUMBER OF INTERPOLES 
Machines equipped with interpoles may 
have as many interpoles as main poles 
or one-half as many interpoles as 
main poles. As the interpole winding 
is always connected in series with 
the armature, the interpole strength 
will vary with the value of armature 
current. 

GENERATORS 
Diagrams G and E show two generators 
equipped with interpoles. G is ar-
ranged for clockwise rotation and H 
for counter clockwise rotation. Note 
that the rule for the polarity of in-
terpoles applies to generators as 
well as motors. Note too, that the 
armature poles oppose rotation and 
thus produce the force against which 
the prime mover must work to maintain 
rotation. 
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D. C. GENERATORS. 
GENERATOR ACTION 
Ax electrical generator is a device designed to change 
mechanical energy into electrical energy. Note that it 
does not renerate energy, it merely converts it from the 
mechanical to the electrical form. 

As no conversion device is 100% efficient, the power 
input to the generator must be greater than the rated 
generator output. For generators of 5 K Vé rating or 
above, a prime mover capable of supplying 1.5 H P for 
each l‹W of generator output is usually employed. 

UPARATELY EXCITED GE:U .RATORS 
The D. C. Generator produces voltage by rotating con 
ductors through a magnetic field. In Figure H this 
field is produced by field coils that are energized 
from a separate source external to the machine. This 
type of generator may be driven in either direction, 
for the field excitation is independent. The polarity 
of the brushes will reverse when the rotation is chan 
ged, the positive brush becoming negative and vice 
versa. 

SELF EXCITED GENERATOR SHUNT TYPE 
In this machine, the energy for the field is obtained 
from the armature and the generator is self exciting. 
The field poles retain sone magnetism after having 
once been magnetized, and as the armature is rotated, 
the conductors cut this residual flux and generate 
voltage. This voltage is applied to the field, which 
is ix parallel with the armature, and in this manner 
the field is strengthened. This increased field raises 
the voltage still further and this action continues 
until normal voltage is reached. The magnetic polarity 
set up by the field coils must be the same as the res 
idual magnetism, otherwise the voltage will not build up. 

FAILURE TO GENERATE 
The self excited type generator may fail to develop 
normal voltage due to: no residual field magnetism; 
magnetic effect of field coils opposing residual 
magnetism; poor brush contact; speed too low; wrong 
direction of rotation. 
When the direction of rotation is changed, the brush 
polarity reverses and this reverses the current flow 
through the field coils, causing the coil magnetism 
to weaken the residual field. Under such conditions, 
the generator cannot build up a voltage. For operation 
in the opposite direction, the field leads must be 

reversed. 

C 
^ 
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VARIABLE VOLTAGE CONTROL. 

,d.--GENERATOR FIELD RHEOSTAT. 

MOTOR FIELD RHEOSTAT. 

RIVING MOTOR 

FIELD REVERSING 

SWITCH. 

ENERATOR 

ARMATURE. 

MOTOR 

ARMATURE. 

-«-GENERATOR FIELD. MOTOR FIELD. 

The variation in speed ob-
tainable by field control on the 
ordinary D.C. motor will not, 
in the average case, exceed 4 
to 1 due to the sparking diffi-
culties experienced with very 
weak fields. Although the 
range may be increased by in-
serting resistance in series 
with the armature, this can be 
done only at the expense of ef-
ficiency and speed regulation. 
With constant voltage ap-

plied to the field, the speed of 
a D.C. motor varies directly 
with the armature voltage; 
therefore, such a motor may 
be steplessly varied from zero 
to maximum operating speed 
by increasing the voltage ap-
plied to its armature. The 
sketch shows the arrangement 
of -machines and the connec-
tions used in the Ward Leon-
ard type of variable voltage 
control designed to change 
speed and reverse rotation. 
The constant speed D.C. gen-
erator (B) is usually driven 
by an A.C. motor (A) and its 
voltage is controlled by means 
of rheostat R. Note that the 
fields of both generator (B) 
and driving motor (C) are en-
ergized from a separate D.C. 

supply or by an auxiliary ex-
citer driven off the generator 
shaft. Thus the strength of 
the motor field is held con-
stant, while the generator 
field may be varied widely by 
rheostat R. 
With the set in operation 

generator (B) is driven at a 
constant speed by prime mov-
er A. Voltage from B is ap-
plied to the D.C. motor (C) 
which is connected to the ma-
chine to be driven. By proper 
manipulation of rheostat R 
and field reversing switch S 
the D.C. motor may be gradu-
ally started, brought up to 
and held at any speed, or re-
versed. As all of these changes 
may be accomplished without 
breaking lines to the main 
motor, the control mechanism 
is small, relatively inexpen-
sive, and less likely to give 
trouble than the equipments 
designed for heavier currents. 
The advantages of this sys-

tem lie in the flexibility of the 
control, the complete elimina-
tion of resistor losses, the rel-
atively great range over 
which the speed can be varied, 
the excellent speed regulation 
on each setting, and the fact 

that changing the armature 
voltage does not diminish the 
maximum torque which the 
motor is capable of exerting 
since the field flux is constant. 
By means of the arrange-

ment shown, speed ranges of 
20 to 1—as compared to 4 to 1 
for shunt field control—may 
be secured. Speeds above the 
rated normal full load speed 
may be obtained by inserting 
resistance in the motor shunt 
field. This represents a modi-
fication of the variable volt-
age control method which was 
originally designed for the op-
eration of constant torque 
loads up to the rated normal 
full load speed. 
As three machines are usu-

ally required, this type of 
speed control finds application 
only where great variations 
in speed and unusually smooth 
control are desired. Steel mill 
rolls, electric shovels, passen-
ger elevators, machine tools, 
turntables, large ventilating 
fans and similar equipments 
represent the type of machin-
ery to which this method of 
speed control has been ap-
plied. 
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ARMATURE EQUALIZER CONNECTIONS. 
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Although equalizers have 
been used on large armatures 
for many years, the applica-
tion of these connections to 
small machines is a compara-
tively recent innovation that 
has raised questions regard-
ing the advantages of such 
connections, and the method 
of testing such windings for 
faults. 

Briefly, equalizer connec-
tions provide better commuta-
tion, make possible one-half 
the number of brushes usually 
used on the lap-wound ma-
chine, and provide the manu-
facturer with a means of 
avoiding the special slot and 
commutator bar relationships 
demanded by wave-type wind-
ings. Inasmuch as the equal-
izers here referred to are per-
manently connected to the 
commutator, and inasmuch as 
they make testing of the ar-
mature impossible by the reg-
ular procedure, the testing 
method and other information 
about these connections 
should prove of value to main-
tenance electricians and ar-
mature shop men. 
The principal purpose of 

equalizers is to connect to-
gether on the armature those 
points which have the same 
polarity and which should 

have equal potential. For a 
four-pole winding this means 
commutator bars 180 degrees 
apart; for a six-pole arma-
ture, bars 120 degrees apart; 
for an eight-pole machine, 
bars 90 degrees apart. The 
number of bars spanned by 
the equalizer will equal bars 
pairs of poles. For the arma-
ture shown in the diagram, 
each equalizer will span 
24:2, or 12 bars, thereby mak-
ing the connection 1 and 13, 
2 and 14, etc. The pitch for 
any other number of bars or 
poles would be determined by 
the same method. 
To test such an armature, 

current must be fed to the ar-
mature from an external low 
voltage D.C. supply, such as a 
battery, the leads being con-
nected to commutator seg-
ments one-half the equalizer 
pitch apart. Since the equalizer 
pitch is 12 segments in this 
case, the leads will be spaced 
six bars apart or 1 and 7. Any 
pair of bars so spaced may be 
used, in a fully equalized ar-
mature; bars 13 and 15 being 
employed in the diagram. 
The value of the test cur-

rent is adjusted to give satis-
factory deflection on the milli-
voltmeter, and volt drop read-
ings are taken between all ad-
jacefit pairs of segments. 

20 21 22 23 24 

These readings are interpret-
ed in the usual manner, low 
readings indicating shorts, 
high readings showing high 
resistance connections or 
opens. Tracing the winding 
and also by actual test, it will 
be noted that if the readings 
from bars 13 and 19 are for-
ward, then the readings from 
19 to 1 will be backward. 1 to 
7 will be forward, and 1 to 13 
backward. This is a normal 
indication obtained in all 
windings. 

If the factors mentioned 
are kept in mind, the proced-
ure given will produce con-
sistently accurate results. It 
is to be noted such an arma-
ture will, when tested on a 
growler, give a shorted indi-
cation on all coils, even though 
the winding is in perfect con-
dition. The reason for this can 
be seen by tracing from bar 1 
through the coil to bar 2, 
through the equalizer to bar 
14, through the coil to bar 13 
and back through the equal-
izer to bar 2. Thus every coil 
on the armature is apparently 
short circuited by having an-
other coil placed in series with 
it through the equalizer con-
nections. This explains the 
need for a special testing pro-
cedure. 
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AMPLIDYNE GENERATORS. 

If a D.C. generator designed as shown and operated with 
a very weak field be driven at constant speed, the main 
brushes may be short circuited as indicated. This 
action results in relatively heavy currents in the arma-
ture that in turn produce an intense armature cross 
field with the polarities shown and, if the poles are 
especially designed to provide a magnetic circuit of 
low reluctance to this cross field, a strong magnetic 
field will be developed in the air gap. The armature, 
rotating in this field, produces a relatively high 
voltage at right angles to the normal brush axis and 
if extra brushes are placed as shown, power almost 
equivalent to the normal rating of the machine may 
be obtained. 

As the operating point for the field magnetism is 
set on the steep part of the magnetization curve, 
a small variation in the magnetizing force produced 
by the field coils will produce a relatively great 
change in the short circuit current produced by the 
armature, and this in turn will greatly increase the 
generated output voltage. Therefore, if special con-
trol coils be placed on the poles, and if these coils 
be fed from a low voltage or low power source, the 
variations which these coils produce may be caused 
to reappear in the output circuit in a greatly ampli-
fied form. This is the principle of operation of the 
Ampliclyne Generator. 

The Ampligene Generator may be regarded as a two 
stage electrical power amplifier, and its use is con-
cerned with control situations in which small con-
trolling impulses are employed to handle equipment 
that demands a large amount of power to operate it. 
The small control power is fed to the field coils 
where it effects a relatively high variation in 
field magnetism; this variation is amplified in the 
cross field and again in the output circuit. Am-
plifications of 20,000 to 1 are common and 100,000 
to 1 are possible. Thus a variation of one watt 
in the input control circuit may produce a change 
in generator output of 20 kilowatts, a range im-
practical for any electronic amplifier. The range 
may be extended by the use of a preamplifier using 
ordinary radio tubes. 

Instead of the split-pole construction shown above, 
the arrangement indicated in fig. C shows the con-
stru.:tional features of a modern amplOyne unit. 
Although four poles are shown, adjacent groups are 
wound with the same polarity, and the machine is 
therefore a two pole unit. 

Figure D shows the construction of an Amplilyne 
unit using interpoles. Although several field wind-
ings are employed in an actual machine, only the sig-
nal winding is shown. The brushes M are the output 
brushes from which the amplified energy is obtained. SIGNAL 

SIGNAL FIELD. 

CROSS FIELD. 

A 

SPLIT POLE DESIGN 
SHOWING CROSS FIELD. 

FIELD WINDING. 

C 

D 
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ARMATURE WINDING AND TESTING 

Section One 

D. C. ARMATURES 

This section covers one of the most interesting 
and important branches of practical electricity. 
There are many thousands of new motors and gen-
erators built each year which must be wound and 
tested by experts at the factories. There are also 
many millions of electric motors in use in this coun-
try which have to be maintained, tested, operated, 
and occasionally completely rewound. 
Power companies have expert armature winders 

to repair their great generators when their wind-
ings develop trouble. Industrial plants and facto-
ries, some of which have thousands of motors in 
one plant, require armature winders to repair the 
motors that burn out. Then there are the small 
companies which have only a few motors and don't 
have their own electrician, so they must send their 
machines to some armature shop for repairs. Many 
of our graduates operate a very profitable business 
of their own in armature winding and motor repair. 

Numerous smaller factories that do not keep a 
-egular armature winder, much prefer to have a 
maintenance electrician who can wind armatures 
when necessary. In many cases we find that the 
general electrician, who does the wiring and repair-
ing around the plant, is also called upon to test and 
rewind armatures in emergencies. So a knowledge 
of this subject will often enable you to land a good 
job, and to advance into greater responsibility and 
higher pay. 

Fig. 1 shows a large group of motors for overhaul-
ing and rewinding in a modern repair shop, and 
Fig. 2 shows a section of the winding department 
in this same shop. 
\Ve have mentioned armature testing, as well as 

winding, and wish to emphasize the importance of 
obtaining a good knowledge of testing and trouble 
- shooting, to be able to locate troubles and faults i 
the windings of motors and generators. 

Plg. 1. This photo shows a view in a modern electric repair shop. Note the great number and variety of electrical motors and generators 
which go through this shop by the thousands each year. They are tested, rewound, reinsulated, and generally repaired before going back 

in service. 
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In many cases some small fault, such as an open 
circuit, short circuit, or "ground", right at the leads 
r connections of an armature winding, will seri-

ously interfere with the operation of the machine. 
Many times such faults that don't require a com-
plete rewinding can be quickly repaire, and the 
machine put right back in service with very little 
lost time. 

Fig. Z. This view shows a section of the Armature Winding Depart-
ment of the same shop shown in Fig. 1. 

There are actually thousands of electricians in 
the field today who do not know how to locate and 
repair such faults, and instead must take motors out 
of service and send them out to be repaired. In 
many cases windings are pulled apart unnecessarily ir find troubles that could have been easily located 
y a test, without even removing the armature from 

the machine. It is needless to say that the main-
tenance electrician who knows how to systematical-
ly test for and locate these troubles, and can make 
quick repairs and put a machine back in service 
with the least delay, is the man who gets the best 
job and the best pay. 

A good knowledge of armature construction and 
windings not only makes it easier to understand 
testing and rewinding, but is also a great help to 
you in thoroughly understanding the motors and 
generators covered in the later sections. So make 
a careful and thorough study of this section, and 
you will find it very interesting and valuable. 

1. GENERATORS AND MOTORS 

In order to properly understand armature wind-
ing it is necessary to first know something of the 
construction and principles of motors and gener-
ators, and the function of the armature in these 
machines. 
An electric generator is a machine used to con-

vert mechanical energy into electric energy. 
An electric motor is a machine used to convert 

electric energy into mechanical energy. 
In actual construction these two machines are s ractically the same, the difference in them being 
erely in the way they are used. In fact, in many 

cases a generator can be used for a motor, or a 
motor used as a generator, with very slight changes 
and adjustments. 

The more important parts of a D.C. motor or 
generator are the Frame, Field Poles, Armature 
and Commutator. In addition to these, the brushes, 
bearings, and a number of other small parts are 
needed to complete the machine. 

Fig. 3 shows a machine with the front bearing 
plate removed. The field poles can be seen at "B", 
and are securely attached to the inside of the frame. 
The armature is shown resting inside the field poles, 
where it is rotated during operation. The commu-
tator can be seen on the front end of the armature. 
The extra poles shown at "A" in this view will be 
explained later. 

2. FIELD POLES 

The field poles are made of iron, either in the 
form of solid cast blocks or in many cases built up 
of thin strips or Laminations, pressed and bolted 
tightly together. These iron cores are then wound 
with a great many turns of insulated wire, forming 
what are called Field Coils. These coils may con-
sist of from a few hundred to several thousand 
turns, according to the size and voltage of the ma-
chine. We find then that the completed field pole 
is simply a large electro-magnet, and its purpose is 
to supply a strong flux or field of magnetic lines of 
force for the armature conductors to rotate in. 

The field frame is not only to provide a support 
for the field poles, but also provides a flux path for 
the complete magnetic circuit between the outer 
ends of the poles. The field coils are connected to-
gether in such a manner that each one will produce 
a magnetic pole opposite to the one next to it. They 
are then supplied with direct current to maintain 
constant polarity at the pole Shoes or Faces. 

Fig. 3. This view of a f..).C. generator with the front bearing bracket 
removed shows the field poles, armature, and frame very clearly. 
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3. ARMATURES 

The armature is also made of iron and is always 
of laminated construction, or built up of thin iron 
sheets pressed tightly together. The laminated con-
struction is used to prevent the flow of induced 
Eddy Currents in the armature core. The core has 
a number of slots around its entire outer surface, 
in which the armature coils are placed. See Fig. 5. 
The iron armature core provides a magnetic path 
for the flux of the field poles, and also carries the 
coils which are rotated at high speed through the 
field flux. 

In a generator, it is the cutting of these coils 
through the flux which produces the voltage. In 
a motor, it is the reaction between the field flux 
and the flux around the armature conductors, which 
causes the Torque or turning effort. 
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Fig. 4. The view at "A" shows the manner in which core laminations 
are assembled on a spider to make up the large armatures. At the 
right is a sectional view, showing the manner in which the lamina-
tions are assembled and clamped to the spider rim, and the air ducts 
which are left for ventilation and cooling. 

Small armatures are often constructed of lami-
nations in the form of complete disks which merely 
have a hole through their center for the shaft, and 
possibly bolt holes for clamping them. This makes 
a core which is solid clear to the shaft. In the larger 
machines it is not necessary to have the entire core 
solid, so the laminations are assembled like the rim 
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Fig. S. Completely assembled D.C. al-mature. Note the manner in which 
the laminations are clamped together by the heavy end rings, and 
also note the slots around the armature core in which the coils will 
be laid. 

of a wheel, on the outside ends of short spokes, as 
shown in Fig. 4-A. This wheel or center frame-
work is called the Spider, and the sections of core 
laminations are dovetailed into the spider, as shown 
in the figure. Heavy clamping rings at each end of 
the group, and drawn tight by bolts, hold the entire 
core in a solid, rigid unit. 

Fig. 4-B shows a sectional view through such • 
spider and core. Note the spaces or air ducts that 
are left between the laminations, for ventilation and 
cooling of the core and windings. 

Fig. 5 shows a completely assembled core of this 
type without the shaft or the commutator. 

Fig. 6 shows a complete armature with the wind-
ing in place and the commutator shown at the left 
end. Note how the coils are neatly fitted into the 
slots and held in place by wedges in the top of the 
slots. The ends of the coils are tightly banded with 
steel banding wire to prevent them from being 
thrown outward when rotated at high speed. 

Fig. 6. The view at the left is 
photo of a large D.C. armature for 
a 150 KW, belt driven generator. 
The commutator is at the left and 
the bars or segments can be plain-
ly seen. Note how the armature 
coils are held in the slots by 
wedges and by the band wires 
around each end of the armature. 
(Photo Courtesy Crocher-Wheeler 
Electric Company.) 

O 
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4. ARMATURE SLOTS 
There are several different types or shapes of glots used for holding the coils in armature cores. 
everal of these are shown in Fig. 7. This figure 

shows end views of the slots and sectional views of 
the coils in them. The one at "A" is called an "open 
type slot", and is used where the coils are com-
pletely wound and formed before being placed in 
the slots. This type of slot has the advantage of 
being very easy to place the coils in. Bands around 
the core must be used to hold the coils in slots of 
this shape when the armature is rotated. 

A C. D 

Types of slots most commonly used in armature cores 

Fig. 7. The above diagram shows four common types of armature slots. 
Note carefully the manner in which the coils are arranged and in-
sulated. and also the wedges which bold them in the slots. The 
wedge in the slot at "A" would be held in place by band wire* 
around the armature. 

"B" and "C" show slightly different types of 
partly closed slots, which are used with armatures 
on which the coils are wound directly into them. Shis type of slot gives a better distribution of flux 
om the field poles to the armature than the open 

ones do. This is due to the projecting lips which 
reduce the broad air gap over the top of the slot. 
With these partly closed slots the coils are held 
Jecurely in place by wedges slipped over their top 
edges and under the iron lips. 
"D" shows an open type slot which has a groove 

in each side of its top, through which the slot wedge 
is driven. 

5. COMMUTATORS 
Commutators are constructed of a number of seg-

ments or copper bars, mounted in the form of a cyl-

• 

inder around the shaft. They are mounted near to 
the end of the armature core, so the coil ends can 
be connected to each of these bars. Between each 
bar and the next is placed a thin mica strip or seg-
ment, which keeps them entirely insulated from 
each other. 

See Fig. 8-A, which is an end view of such a com-
mutator. B— and B+ are the brushes which rest 
on the commutator surface F. The black lines at 
"M" are mica insulating strips. 

At "B" is shown a sectional view cut endwise 
through a commutator, showing the shape of the 
bars or segments and the notches cut in each end, 
so they can be held securely together by the heavy 
Clamping Rings. When the bars are all fitted in 
place by the clamping ring "V" is drawn up 
tightly by the clamping nut "R", this locks the 
segments to the commutator core or center, in a 
sort of dovetail construction. The raised part of the 
segment at "L" is called the Riser or Neck. At "U" 
are shown slots in the segments where the coil leads 
are attached. 

The heavy black lines represent mica insulation 
which keeps all bars well insulated from the clamp-
ing rings, core, and shaft. Examine this diagram 
carefully as it shows the typical construction fea-
tures of small and medium sized commutators. 
On very large machines where the commutators 

have a large diameter, they are sometimes mounted 
on a spider similar to those described for large 
armatures. Commutators are held in place on the 
shaft by use of keys and slots, or special locknuts, 
in each end. 
On some of the very small armatures of fractional 

horsepower machines, the commutators are tightly 
pressed on to the shaft, and held in place by the 
extremely tight fit. 

Fig. 9 shows a large engine-driven D.C. genera-
tor from the commutator end. This commutator is 
mounted on a spider and you can note the brushes 
resting on its outer surface. Part of the field poles 
can also be seen around the left side of the frame. 

A 

Fig. 8. At "A- is mown an end view of • commutator, illustrating the manner in which the bars or segments are assembled and kept sepa-
rated by strips of insulation between them. At "B" is • sectional view showing how the commutator segments are clamped and held in 
place by clamping rings which fit in their grooves. 
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Machines of this type are made in sizes ranging 
from less than 100 horsepower to many thousands 
of horsepower, and small motors are made in sizes 
down to 1/50 horsepower and less. 
Keep in mind, however, that regardless of the size 

of the machine the general operating principles are 
the same; so if you obtain a thorough understanding 
of the purpose of the important parts and the fun-
damental operating principles of one type or size, 
these things will apply equally well to all others. 

6. OPERATING PRINCIPLES OF 
GENERATORS AND MOTORS 

So far we have only discussed the mechanical 
parts and construction of generators and motors. 
It is also very important that you have a good un-
derstanding of the electrical features and operating 
principles of these machines, for two reasons. It 
will help you understand armature windings much 
easier, and also provide a foundation for your study 
of these machines in the later sections. 
The operating principles of generators and 

motors are not nearly as complicated, when prop-
erly explained, as many men without training think 
they are. 
7. GENERATION OF VOLTAGE 
We have learned that a generator is a machine 

which when driven by mechanical power will gen-

erate voltage or electro motive force, and supply 
electric energy to the circuit or load to which it 
may be connected. • 
You will also recall from the section on elemen-

tary electricity that a generator operates on the 
principle of electroc-magnetic induction, and that 
the voltage is produced by the wires or conductors 
cutting magnetic lines of force. 

Fig. 10 shows a diagram of a very simple form 
of D.C. generator, consisting of two field poles 
marked "N" and "S", and one armature coil con-
nected to two commutator segments, which are in 
contact with the positive and negative brushes. 
These brushes are to collect the current from the 
commutator bars as the coil and the commutator 
revolve on the armature. If we revolve the coil 
rapidly through the magnetic flux between the north 
and south poles, a voltage will be generated in the 
coil; and if there is a complete external circuit 
through the lamps or load as shown, this voltage 
will cause current to flow out through this circuit 
and back through the armature coil continuously, 
as long as the rotation continues and the circuit 
remains closed. As the coil revolves, either side 
of it passes first the north pole and then the south 
pole, and cuts through the lines of force first in 
one direction and then the other. Therefore, the 

• 

Fig. L ibis photo shows a large 401 KW. 225 volt D.C. generator which is direct connected to a stesiti engine. This machine is designed to 
run at 1111 R.P.M. and, therefore. It has a larger diameter than those which operate at higher speeds. This generator bas 12 field poles 
and 12 sets of brushes. (Photo Courtesy CrockAr-Wbeeler Electric Company.) 
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voltage generated in the coil will be continually 
reversing or alternating in direction. 

If this coil was provided with collector rings in-
stead of commutator bars the entire circuit would 
be supplied with alternating current. Always re-
member that alternating current is generated in the 
windings of any ordinary D.C. generator. 

8. COMMUTATOR ACTION 
Now we come to the purpose of the commutator, 

which is to rectify this alternating current or change 
it to direct current, as it flows out to the external 
circuit. This is accomplished in the following man-
ner. 

Fig. 10. The above diagram shows the principles of a simple D.C. gen-
erator. Note the manner in which the field coils are connected to 
the brushes, and the rheostat used for controlling the amount of 
field current. 

The field poles and brushes are, of course, held 
rigidly in one position and always keep about the 
same position with regard to each other. Thus 
the positive brush will always be at the right place 
to collect current from the coil side which is pass-
ing by the south pole, and the negative brush will 
always be at the proper position to connect with 
coil sides passing the north pole. So the current 
will always flow out at the positive brush and back 
in at the negative brush, regardless of the speed of 
the armature. 

9. VOLTAGE CURVES. PULSATING 
DIRECT CURRENT 

We learned in a previous section that the voltage 
or current of any circuit can be conveniently repre-
sented by curves, as shown at "B" in Fig. 10. These 
curves show the variation and direction of the volt-
age that would be produced by this simple gen-
erator. 
The combined solid and dotted line curves 1, 2, 
and 4, represent the alternating impulses that are 
roduced in the armature coil. Curves 1 and 3 

above the line indicate voltage in one direction, 
while 2 and 4 below the line indicate voltage in the 
opposite direction. The vertical distance, from the 

center line, at any point along these curves, indi-
cates the value of the generated voltage at that 
particular point of the coil revolution. 
The rise and fall of the curves is due to the coil 

approaching and leaving the strong field flux 
directly under the poles. When the conductors of 
the coil are in the position shown by the dotted 
circles at "C", and are practically out of the effective 
field and moving parallel to the few lines of force, 
they do not generate any voltage. This position 
between two field poles is called the Neutral Plane. 
As the coil rotates back into the stronger field of 
the poles, the voltage gradually builds up higher 
until it reaches a maximum when the conductors 
are in the strong field at the center of the poles, 
as shown by the solid line curves. If we ignore the 
dotted curves 2 and 4 below the line at "B", and 
consider them to be placed above the line, the 
curves will then represent the pulsating direct cur-
rent which exists in the external circuit due to the 
action of the commutator. 

Large generators are never constructed with only 
one coil on the armature, but usually have a con-
siderable number of coils placed in the slots around 
the armature surface, and connected to as many 
commutator segments. The use of this greater 
number of coils produces impulses closely follow-
ing each other, and in fact overlapping, so that the 
variation or pulsation of current, as shown in Fig. 
10-B, is considerably reduced. 

Fig. 11-A, B, and C shows approximate voltage 
curves for the individual coils of three simple gen-
erators, each with a different number of coils on 
its armature. The one shown at "A" has two coils 
placed 90 degrees apart. One of these coils will be 
passing through dense flux directly under the center 
of the poles, while the other coil is at right angles 
to the poles and moving parallel to the flux. There-
fore, the voltage induced in one coil will be at maxi-
mum value, while that in the others is at zero 
value. The result is shown by the curves, and we 
can see that due to the overlapping voltage impulses 
the current flow in the external circuit will be much 
steadier. By comparing this with the number of 
coils in "B" and "C", and also observing the curves 
representing their voltage, we find that the greater 
number of coils we use the less pulsation there will 
be in the current flowing to the external circuit, and 
the closer it approaches to true direct current. The 
curves in this figure only show the positive halves 
of each cycle, due to the rectifying effect of the 
commutator. 

10. FACTORS THAT DETERMINE 
MACHINE VOLTAGE 

We may recall that in an earlier section on mag-
netic induction we learned that a single conductor 
must cut 100,000,000 lines of force per second to 
generate one volt, and that the voltage produced by 
any generator depends on the speed with which 
lines of force are cul. 
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This, in turn, depends on three principle factors 
as follows—strength of the field or number of lines 
of force per pole, speed of armature rotation, and 
number of turns in series between the brushes. 
We can readily see that the stronger the field, the 

more lines of force will be cut per revolution of the 
coil. If we strengthen or weaken the field of any 
generator its voltage will increase or decrease pro-
portionately. The voltage of generators while in 
operation is usually controlled by varying their 
field strength. 
The faster an armature turns, in revolutions per 

minute, the greater will be the speed of movement 
of its conductors and the greater the number of 
lines of force cut per second. So we find that the 
voltage of a generator will also vary directly with 
the speed. 

If a simple generator, such as shown in Fig. 10, 
has one volt produced in each side of its coil, then 
the pressure at the brushes will be 2 volts; be-
cause the two sides of the coil are in series, and 
their voltage adds together. If we were to increase 
the number of turns in this coil from one to ten, 
the pressure at the brushes would be 20 volts, be-
cause all ten turns would be in series and their 
voltages would add. So we find that the number 
of turns per coil in an armature winding will pro-
portionately effect the voltage produced. 

Fig. 11. The above diagram shows the voltage curves for three simple 
generators with different numbers of conductors in their armature*. 
Note how the greater number of conductors produces direct current 
of a more constant value. 

11. ARMATURE FLUX AND ITS 
ACTION IN GENERATORS 

When a generator is connected to an external 
circuit on which we have a load of lamps or motors, 
the amount of connected load and the resistance of 
the external circuit will determine the current which 
flows. This current, of course, must all flow 
through the armature winding continuously, and it 
sets up magnetic lines of force around the armature 
conductors, as shown in the upper view in Fig. 12. 

The reaction between this flux and that of the field 
poles causes the field flux to be distorted or pushed 
out of its straight path as shown. 
When the magnetic lines from the north field. 

pole strike the counter-clockwise lines around the 
left armature conductor, they deflect downward, 
and travel with them to a certain extent. Then 
as they encounter the clockwise lines around the 
right hand conductor they are deflected upwards. 
These lines, of course, have a tendency to try 

to straighten or shorten their path, and thereby 
exert considerable force against the movement of 
the armature conductors, and in opposition to the 
force applied by the prime mover which drives the 
generator. 
This force will, of course, depend upon the 

amount of current flowing in the armature con-
ductors and the strength of the flux which they 
set up. For this reason the greater load we have 
connected to the external circuit, the more power 
will be required from the prime mover, to drive 
the generator. 
12. MOTOR PRINCIPLES 

If we take this same machine which has been 
used as a generator, and send current through its 
armature and field coils from a line and some other 
source of electric supply, the reaction between the 
lines of force of the field and those of the armature 
conductors will set up Torque or twisting effort 
to rotate the armature, as shown in the lower view41> 
in Fig. 12. 
You will note that, in order to obtain rotation 

of the motor in the same direction the armature 
formerly turned as a generator, we must reverse 
the current through the armature coils. Use the 
right hand rule for magnetic flux around a con-
ductor, and check carefully the direction of the 
flux set up, with the direction of current flow 
through these conductors. The current is flowing 
in at the conductor nearest the north pole, and, 
therefore, sets up a clockwise flux around this 
conductor. In the other conductor the current is 
flowing out and sets up a counter-clockwise flux. 
The lines of force of the field coming from the 
north pole in striking those around the left con-
ductor will be deflected upwards over the top of 
this conductor, and as they continue across and 
strike the lines in the opposite direction on the 
right hand conductor, they will be deflected down-
ward and under it. Their tendency to shorten and 
straighten their path will then cause this force or 
torque to rotate the armature counter-clockwise. 
With a pulley or gear connected to the shaft of 
such a motor we can thus derive mechanical power 
from electric energy. 
13. COUNTER E. M. F. IN MOTORS 
We must remember that as the motor rotates its 

armature conductors will still be cutting lines o 
force of the field. As the conductors of the motor 
in Fig. 10 are revolving in the same direction they 
did in the generator, this voltage induced in the 
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Fig. 12. This sketch shows the manner in which motor torque is pro-
duced by the reaction between the flux of the armature conductors 
and the field flux. Examine both "A" and "B" very carefully, and 
check the direction of current in the conductors, die direction of flux 
around them, and the direction of the resulting movement. 

coils will be in the opposite direction to the applied 
line voltage. This voltage, which is always gen-
erated in the coils of any motor during operation, 
is therefore called Counter Electro-Motive Force, 
and usually referred to as counter E. M. F., or 
counter voltage. 
The applied voltage is equal to the counter E.M.F. 

plus the voltage drop in the armature or, E = 
C. E.M.F. I. R. 
As the counter voltage opposes the applied line 

voltage it regulates the amount of current the line 
will send through the armature. The resistance of 
the armature winding is very low, being only about 
X of an ohm in the ordinary 5 horsepower, 110 
volt motor. From this we can see that if it were 
not for the counter voltage an enormous current 
would flow through this armature. 
Applying Ohms law, or E ÷ R = I, we find 

that 110 ÷ = 440 amperes. Actually a motor 
of this size would ordinarily draw only about 10 
amperes when operating without mechanical load; 
so we can see to what a large extent the current 
must be controlled by the counter voltage. 
This counter voltage can be determined in the 

following manner. We know that I X R = E, 
so 10 x 34 = 2 volts, or the voltage required to 
force 10 amperes through the armature resistance. 
If we subtract this from the applied voltage we 
find the counter voltage, or 110 — 23/2 = 1073/2 
volts, counter E. M. F. 

14. GOVERNOR EFFECT OF 
COUNTER E. M. F. 

ii/A When a load is applied to a motor it tends to 
ow down a little, and as the conductors then cut 

through the field flux at less speed, the generated 
counter E. M. F. will be less, and will allow the ap-
plied voltage to send a little more current through 

the armature. This additional current increases 
the motor torque and enables it to carry the in-
creased mechanical load. If the mechanical load 
is entirely removed from a motor it will tend to 
speed up, and as the speed increases the armature 
conductors move through the field flux faster. This 
increases the counter E. M. F. which will imme-
diately reduce the current flow, by its opposition 
to the applied line voltage. So we find that The 
Counter E. M. F. of a Motor Armature Acts Like 
a Governor to Control Its Speed. 
We should also remember that if a motor is 

loaded to a point where the armature slows down 
too much, or stops entirely, the counter voltage 
will fall too low and allow the applied voltage to 
send excessive current through the armature and 
possibly burn out its windings. The counter voltage 
in a motor armature, of course, depends upon the 
number of turns in the coils, the speed of rotation, 
and the field strength, the same as the voltage in 
a generator does. 
Counter voltage plays a very important part in 

the starting of motors, and will be further discussed 
in the section on D.C. motors; but be sure you 
have a thorough understanding of its principles as 
covered in this section. 

15. ARMATURE COILS 
Armature windings merely consist of a number 

of coils of wire, arranged uniformly in the slots of 
the armature core, and connected to the commu-
tator bars to form series or parallel circuits between 
the brushes. Many untrained electricians think 
armature windings are very complicated. This is 
not necessarily true. The windings are the heart 
of the machine, and its operation depends on them, 
but there is nothing so mysterious or complicated 
about these windings that a trained man cannot 
easily understand. 
The Important Things to Know Are the Manner 

of Constructing the Coils. Insulating Them, Placing 
Them in the Slots, and Making the Connections to 
the Commutator. 
These things are all very easy to learn, for one 

who already knows the principles of electricity and 
series and parallel circuits. 
We are now ready to take up coil construction 

and insulation, and the connections will be ex-
plained a little later. 

16. NUMBER OF TURNS AND SIZE 
OF WIRE 

We have found that the number of turns in the 
coils of a generator winding has a definite effect 
on the voltage it will produce; and that in a motor 
the number of turns regulates the counter voltage, 
and thereby determines the line voltage which can 
be applied to the motor. 
The size of the conductors has no effect on the 

voltage generated in these machines, but does de-
termine the current their windings can carry. The 
larger the conductors or the more of them which are 
connected in parallel, the more current the windings 
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can stand without overheating. It is this conductor 
area that determines the current capacity of gen-
erators, or the full load current ratings of motors. 
So in general, high voltage machines use more 
turns of smaller sized wire and more coils con-
nected in series; while low voltage, heavier current 
capacity machines, use fewer turns of larger wire. 
The shape of wires used for armature coils de-

pends on the kind of machine and the shape of 
the slots. Round wires are most commonly used 
for small armatures, except those for the starting 
motors of automobiles and such very low voltage 
machines. These are usually wound with one or 
two turns of square or rectangular wires or bars. 
Windings for large size motors and generators 

generally use square or rectangular conductors in 
order to utilize all the space in the slots. 

17. WIRE INSULATION 

Armature coils of more than one turn must have 
all turns well insulated from each other. Round 
magnet wire, and also the smaller square wires, 

are usually supplied with the insulation already on 

them. 

The more common forms of insulation used on 

magnet wires are enamel, cotton, and silk cover -

ings. The silk and cotton covered wires can be 

obtained with either single or double layers of this 
insulation. Combinations pf enamel and cotton, or 

enamel and silk are also used. 

In specifying or buying magnet wire we usually 
refer to its insulation by the first letters of the 

coverings used, as follows: E. for enamel covered; 

S.C. for single cottnn D C. for double cotton: S.S. 

for single silk; D.S. for double silk; S.C.E. for 

single cotton and enamel.; etc. 

The plain enamel insulation is generally used . 

only on the very small wires, but combined enamel 

and cotton or silk coverings are used on quite large 

wires. 

The enamel used for insulating magnet wires is 

of a very good grade, being of very high dielectric 

strength, and flexible enough to allow the wire to 

be bent in a curve around a ..vire of its own size 
without damaging the enamel insulation. 

Very small motors of the fractional horsepower 

portablg types often use windings with only enamel 

insulation, because of the very small space this 

insulation occupies, and the ease with which it 
conducts heat to the outside of the coils. 

It is well to Use Wires With Sufficient Insulation 
to Protect Them From Short Circuits in the Fin-
ished Coils. However, we must also remember 

that the Thicker Insulations Require More Space 
and, Therefore, Allow Fewer Turns in a Slot of Any 
Given Size. 

Round magnet wires can usually be obtained in 
sizes from No. 46 to No. 6 B. & S. gauge. 

The table in Fig. 13 gives the diameters of mag-

net wires from No. 14 to No. 44 B. & S. gauge. 
These diameters are given for the hare wires and 

tlso for wires with various insulations. The table/II 
also gives the areas and weights of these wires, 

and in the right -hand section some additional data 

which is very convenient in calculating and wind -

inr various coils. 

else ['Lam' IMeT ier hu". Clam. Clam. Clam. 1131am. 
B B " e 000ra. S.C.E S.S.E. S.C.O. C.O. d Z . 
Dame In in. In in. In lo. In in. 

14 0641 1.628 .0661 

11- 172571 1.450 .0290 

16 1 .0508 1.291 .0526 

17 1 .0453 1.130 .0471 

18 1 .0403 1.023 .0419 

117170359 .9116 .0375  

- 20 1 .0320 MIS .0335 

21 .0285 .7129 .0299 

22 .0233 .6438 .0267 

23 .0226 .5733 .0239 

14 1 .0201 .2106 .0113  

21 1 .0179 .4547 .0191 

26 1 .0159 .4849 .0170 

27 1 .0142 .3606 .0122 

2111 I .0126  .3211 .0133 

29 1 .0113 .2829 .0172 

_11_1_112100 .2546 .0104 

31 0089 .2268 .0097  

sz I .0080 .2019 .0087 

33 1 .0071 .1798 .0077 

34 1 .0063 .1601 .0069 

2_1056 .1426 .0062  

36 1 .0050 .1270 .0055  

sr I .00ts .1131 .0050  

- 311 1 .0040 .1007 .0044  

22_12035 .0897 .0039 

!11031 .0799 .0035  

41 1 .0028 .0711 .0031 

42 1 .002S .0633 .0028 

43 1 Arms .0264 .0025 

44 .00to .osol  j .eois  

.0711 

.0640 

.0576 

.0321 

.0469 

.0425 

.0385 

.0344 

.0310 

.0282 

.0256 

.0234 .0211 .0222 .0262 

.0210-T71190 .0199 .0239 

.0192 .0172 .0185170222 

0172 .0155 .0166 .0206 

.0162 .0142 .0153 .0193 

.0148 .0128 .0140 .018111 

.0137 .0117 .0129  .0169 

.0127 .01070120 .0160 

.0117 0097 .0111 .0111 

.0109 .0089 .0103 .01.0 

.0102 .0082 .0096 .0136  

.0095 .0075 .0090 .0138 

.0681  1 .0691 1 .0741 

.0610 I .0621 1 .0671 

.0546 I .055±1i26011 

.0491 .0103 .0545 

.0439 .0455 .0493 

.0395 .0409 .0449 

.0355 .0370 .0418 

.0519 .0330 .0370 

.0287 .0296 .0336 

.0259 .0269 .0309 

.0235 I .0244 .0284 

The above tables show average diameter. which 
are ,,ubject, to variation. as follow.: 

Bare Wire-Size. No. 30 and larger, 1% plu. 
or minus. Mace No. 31 and liner .U001" plus or 
mine. 
Enameled Wire-Varying from .0001" phis or 

mine. on the line sizes to .0006" plus or minus on 
the heavy sloes. 

Fabric covered Wlre-W111 talio apProdmatolY 
the mme variation as the barn and enameled wire. 

ThIcances of insulation can be varied to meet 
special apace or dielectric requirement.. 

Dise.. 
8.3.0. 

In lo. 

Diana. 
D.S.C. 

In In. 

Area Ohm. 

Dlr. per 
MIN. 1,000 ft. 

Oh= 

Per 
pound 

Feet 

Per 
ohm 

Feet 

Per 
pound 

.0661 .0681 4107 2.521 .2028 396.6 80.44 

.0591 .0611 3257 3.179 .3225 314.5 101.4  

.0520 .0548 2583 4.009 .5128 249.4 127.9 

.0473 .0493 2048 SAMS .8153 197.8 161.3 

.0423 .0443 1624 6.374 1.296 156.9 203.4 

.0379 .0399 1288 8.038 2.061 124.4 256.5 

.0340 .0360 1023 I 0.14 5.278 98.66 313.4 

.0305 .0320 810.1 12.78 0.212 78.34 407.8 

70273 .0293 642.4 16.15 8.237 62.05 212.2 

.0246 .0266  509.5 20.32 13.18 49.21 648.4  

.0221 .0241 404.0 22.63 10.95 39.02 817.6 

.0199 1 .0219 320.4 32.31 33.35 30.95 1031 

.0179 .0199 22..1 40.75 55.97 24.04 1300 

.0161 .0182 201.2 31.38 84.23 19..6  

.0146 .0166 159.11 64.79 133.9 13.43 2067  

.0131  .9155 156.7 01.70 213.0 12.24 2607 

.0120 .0140 100.5 103.0 331-171711- 7..-707 3287 

70-119 FT1129 79.70 129.9 538.4 7.698 4145 

.0100 1 .0120 63.21 163.0 826.1 6.105 5227  

.0891 1 .0111 50.13 206.6 1361 4.541 6391 

.0083 1 .0103 39.75 360.5 2165 3.839 8311 

.09i6 1 .t2 .96 31.52 328.4 3441 3.045 10480 

.00701 .0090 25.00 414.3 3473 2.414 13210 

19.83 522.2 8702 1.915 16660 

15.72 658.3 13870 1.519 21010 

12.47 820.4 12000 1.204 26500  

9.808 1047 34980 .9550 5341C  

7.845 1333 54000 .7630 42060 

6.250 1600 87400 .6050 52300 

4.850 2120 132000 .4670 66400 

4.000 1670 112300 .3850 82600 

Winding D•t• Booed on Attoal Wiading Op«. 

Low Tendon Illgh 
C01111 Tendon 

Sim Coils Method of Determining 

Wire Torn. Actual Winding Space 1,.. Oh. 

Pet 
per per In. 

sq.ln. 
1 

CU. In. 
sq. 

14 177 .037 1..t D wouteld• diozo. 

IS 125 .060 finished ooll 

16 2821 .09111 d -Inoid• dlam. 

17 348 .146 
4.1.6.4 coil 

6, 11 length 
18 431 .229 

w o  
finished 1,1,11 

19 828 isal As w Aetoodwiedlog 

20 647 .547 61 •paoo low tn. 

21 7931 .842 800 aloe colt odd.- 

13 9001 1.518 9" Al .. r "ol"  ,..."t.d7:: ng 

23 12971 2.195 1203   low too. 

24 I 1590: 3.400 146 .Ion call %um! 

25 1970 3.31 1810 
4•1713   

26 2395 8.13 
22"  

topo. 

Ah w Aotuoiwiedieg 

27 2980 12.75 2680  high too-

28 3990 21.50 3270 slow eon 

29 4870 33 10 3930 
Them 

SO 3960 51.20 .„0  

2 
31 7330 79.40 6240 

32 8960 122.3 7650 

33 11920 1:05.5 9320 2 

36 14300 315.0 11150 Ala.,.._ii[cDt_Is"1-(d4,11 
2 35 17600 482.0 13800 

16 21700 730.0 16700 

17 28700 1230 21300 

38 34100 1870 25300 

39 43000 2980 32600 

40 55000 4490 41700 

42 91700 12600 72500 

46 130600,28300 106500 

Fig. 184 The above table gives some very valuable data, which will be of great ludp in determining the number of turns of any given size wfre 
which can be placed in a slot of a certain area. Observe the thickness of the various types of insulation on these wires. 
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18. TYPES OF COILS 
There are two general methods of winding arma-

dature coils. The proper number of turns can be 
wwound directly into the armature slots, as is gen-

erally done on the small machines; or the coils 
can be wound and formed complete before inserting 
them in the slots, which is the more common 
method with larger armatures. 

Fig. 14-A shows a Diamond Type Coil before 
and after pulling or shaping. The unfinished loop 
coil consists of three wires wound in parallel the 
desired number of turns, and after the coil is wound 
a layer of cotton tape is wound over it, with each 
turn lapping over the last by half its width. The 
coil is then pulled with a coil spreader into the 
shape shown in the lower view at "A". 
At "B" is shown a coil of the same type wound 

with five wires in parallel instead of three. Coils 
are often wound with several wires in parallel in 
this manner because several small wires are more 
flexible than one large one. In other cases they 
are wound in this manner so their ends can be 
connected to a greater number of commutator bars. 
One loop or coil connected between two com-

mutator bars is called an Element. So coils wound 
with three wires in parallel are called Three Ele-
ment Coils. 
The coil at "A" is called a three element coil. 

while the one at "B" is a five element coil. The Ocoil shown at "C" in Fig. 14 is known as the 
ickemeyer type. The upper view shows it before 

taping, and the lower view after it has been taped 
and shaped. At "D" is shown a single turn coil 
of copper ribbon or bar, shaped into a wave coil 
with a diamond twist on the back end. 

19. COIL AND SLOT INSULATION 
In addition to the insulation on the wires them-

selves it is also necessary to insulate the coils and 
entire winding from the slots and armature core. 
The insulations used for this purpose serve both 

to protect the coils from mechanical injury from 
contact with slot edges, and also to electrically 
insulate them from the slots. 
The materials commonly used for Mechanical 

Protection are as follows: Hard Fibre, Fish Paper, 
Manila Paper, Vulcanized Fibre, and Press Board. 

20. FIBRE AND PAPER INSULATIONS 

Hard fibre, vulcanized fibre, and pressboard or 
fullerboard, are made of dense hard paper or pulp 
layers tightly packed under hydraulic pressure, and 
have a dielectric strength or voltage breakdown test 
of about 200 volts per mil (1/1000 inch), at thick-
nesses from 50 to 150 mils. 
These materials are used wherever insulating 

material of exceptional mechanical strength is S eeded. as for armature slot wedges, etc. 
Fish paper is made from rag stock and by a 

treating process becomes a hard fibre-like paper 
which is very strong and tough. It is very com-
monly used for lining armature slots. 

Manila paper is made from linen or manila fibre, 
producing a tough, strong paper which when dry 
has very good insulating properties. 

Fish paper and manila paper are commonly made 
in thicknesses from 4 to 28 mils. These materials 
give considerable electrical insulation. as %%ell as 
mechanical protection to the coils. 

Fig. 14. This diagram shows several of the more common types of arma-
ture coils, both in the rough loop form and in the finished taped 
form. 

21. VARNISHED CLOTH INSULATIONS 

"File materials particularly for Electrical Insula-
tion are as follows: Yellow Varnished Cambric, 
Black Varnished Cambric, Varnished Silk, Oiled 
Muslin, and Yellow Oiled Canvas. 
Yellow varnished cambric is a strong, closely 

woven cloth having an especially soft finish, and 
is treated with high-grade insulating varnish. The 
varnish is baked into the cloth, producing a tough, 
flexible material with a very high dielectric strength 
and a smooth glossy surface. This can be obtained 
either by the yard, or in standard width tape, and 
is used for insulating slots and for wrapping coils. 
It is commonly made from 7 to 12 mils thick. 
Black varnished cambric is also a varnished cloth 

and is used in the form of straight cut tape for 
insulating wires and cables, and in a bias cut tape 
(cut at an angle to the weave) for taping armature 
coils. 

Varnished silk is made of Japanese silk treated 
with a very high-grade insulating varnish and oven 
cured. This material is very light and thin, and 
has very high dielectric strength per mil. It is 
commonly used in 3 and 5 mil thickness, where 
light weight and minimum thickness are required. 

Oiled muslin is a linen finish cloth, coated with 
oil and oven-cured to set the film to a hard smooth 
surface. It is a very flexible cloth of good insulat-
ing properties, and does not deteriorate much with 
age or vibration. 
Yellow oiled canvas is a high grade duck cloth, 

treated with oil to produce a flexible water-proof 
material. It is commonly used for insulating field 
coils and for pads under railway motor field coils, 
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etc. It can be obtained in 45 mils thickness and 
either by the yard in 36" width, or in standard 
width tapes. 

22. HEAT-RESISTING INSULATION 

For Heat Resisting and High Quality Electrical 
Insulation we use Mica, Micanite, Mica Paper, and 
Mica Cloth. 
Mica is a mineral which is mined in flake or sheet 

form, and is one of the very few materials which 
will maintain a high dielectric strength at high 
temperatures. It is not very strong mechanically 
in its original form, but is generally made up in 
sheets by cementing numerous thin flakes to-
gether. This is called micanite, and is used for 
insulating armature slots, between high voltage 
coils, and for commutator insulation. Flexible 
sheets are made by cementing mica splittings or 
flakes to paper or cloth. 
A little thought and good judgment will enable 

you to select the proper insulating material from 
the foregoing list, according to the requirements 
for flexibility, space, insulation, and mechanical 
strength. 
The following examples can be used as sugges-

tions, however: 
Typical insulation for 220 volt D.C. armature 

winding, with coils wound with D.C.C. round wire: 

1. Slot insulation, fish paper .004" thick. 

2. Slot insulation, a layer of varnished cam-
bric .008' thick. 

3. Coils taped with "half lapped" cotton 
tape .004" to .007" thick. 

4. Entire coil dipped in insulating com-
pound and baked. 

Typical insulation for 500 volt armature winding, 
with coils wound with D.C.C. round wire: 

1. Slot insulation, fish paper .004" thick. 
2. Slot insulation, fish paper and mica .012' 

thick, made up of fish paper .004' thick. 
3 layers of mica splittings .002' to .003" 
thick, one laver of Japanese paper .001' 
thick; all cemented together. 

3. Coils taped with "half lapped" cotton 
tape .007' thick. 

4. Entire coil dipped in insulating 
pound and baked. 

Corn-

23. WINDING COILS 
After the proper size of wire and the number of 

turns for the coils have been determined, either 
from the old winding in cases of rewinding, or 
from the designer's data on new machines, the next 
step is to wind the coils. 
We should be very careful to get the proper 

number of turns and the right size of wire, as well 
as proper wire insulation. 
When winding the coils care should be used to 

get them the correct length to fit the armature 
slots. If they are wound too short they will be 

very difficult or perhaps impossible to place in the 
slots. If they are too long, they will make the 
winding too bulky at the ends, and possibly cause. 
it to rub the machine frame or end plates. 
When rewinding an armature it is a good plan 

to pattern the new coils carefully after one of the 
old ones which has been removed, both in size and 
shape. 

In winding an armature on which there are no 
coils to compare with, and no coil measurements 
given, it is well to make the first coil from your 
own measurements of the armature, and then try 
this finished coil in the proper slots before making 
the others. 

Special machines can be obtained for winding 
and shaping coils of various sizes, and these are 
generally used in large repair or manufacturing 
shops. Fig. 15 shows an adjustable coil winder, 
for making coil loops of various sizes. 
For the small shop or the occasional rewinding 

job to be done by the maintenance electrician, sim-
ple coil winding forms can be made up at very low 
cost. 

Fig. IS. The above view shows a coil winder which can be used for 
winding coil loops of different sizes, by adjusting the end pins along 
the slide. When the crank is turned the wire is wound directly from 
the spool into the slots on these end pins. 

Fig. 16 shows several of these forms which can 
easily be made from pieces of board. At "A" is 
shown a flat board with 6 nails or wood pins driven 
in the proper shape to make a plain diamond coil. 
By moving the nails or pins, coils of most any 
desired size and shape can be made. 

In Fig. 16-B is shown a method of placing an-
other thick piece of board on the first one and 
driving the nails for the points of the coil, in the 
edge of this board at an angle. When the wires 
are wound over the corner of this board and down 
under these end nails, it shapes the twist in the 
coil ends as shown. 

Fig. 16, C and D, show how an adjustable winding 
form can be made, which can be rotated on a large 
center bolt by means of a crank. This enables a 
coil to be rapidly wound, by allowing the wire tn 
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Fig. 111. Simple board forms can be made as shown above for winding 
coils of various sizes. These are very economical and easy to make, 
and a very handy device for the small repair shop to have. 

run directly from a spool into this form as it is ro-
tated; similarly to the coil winder shown in Fig. 15. 
The two center blocks can be fitted with slots 

so they are adjustable for making coils of different 
sizes. When adjusted to the proper size for the 
coils to be wound, the other side-board can be put 
in place and the whole form clamped together by 
the bolts and wing nuts shown. 

24. TAPING AND SHAPING OF COILS ,Coils that are wound on forms of this kind can 
e tied together with short pieces of wire as they 

are removed from the form, removing these tie 
wires, however, before taping the coil. 

Fig. 17. This photo shows a coil shaping machine, which is used for 
pulling diamond coils into the proper shape and putting the twist 
in the ends as shown. This machine is adjustable to shape coils of 
different sizes. 

If the coils are to go in open type slots, they 
can be completely taped before inserting them. If 
they are to go into partly closed slots with narrow 
top openings, the wires must be fed into the slots 
a few at a time until the coil is all in place. Then 
the ends of the coil can be taped, and twisted in 
shape to fit compactly together in the smallest pos-
sible space. With the coils in the slots, the points 
can be gripped with duck bill pliers and twisted 
to just the right curve. 

If desired, the coil ends can be twisted before 
placing them in open type slots, by hooking a spike 
or bolt through the coil end and giving it a pulling 
twist, while the coil is held spread out on four pins 
or a block. 

Remember that to make a neat and well balanced 
winding it is very important to get all coils of the 
same size and shape, and the ends twisted uni-
formly and evenly. Fig. 17 shows a coil shaping 
machine used for shaping and twisting the coils 
before they are placed in open type slots. 

Fig. 18 shows several coils in various stages of 
completion. The first coil at the left is just a plain 
coil loop of the proper length, before taping or 
shaping. In the center are three of these coil loops 
already taped. The two coils at the right are com-
pletely taped and shaped. Note the sleeving placed 

Fig. If. Above are shown  I armature coils, both in the unfinished 
loops and the completely taped coils. Also note the roll of cotton 
tape and the varnished cambric used for insulating the coils and slots. 

on the coil leads for marking and protection. A 
roll of cotton tape such as used for these coils is 
also shown, and underneath the tape and coils arc 
shown a sheet of fish paper and a roll of varnished 
cambric such as used for slot insulation. 

• 
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LAP AND WAVE WINDINGS 

Armature windings can be divided into two gen-
eral classes, according to the methods of connect-
ing the coils to the commutator. These are called 
Lap windings and Wave windings. These names 
are derived from the appearance of the coils when 
they are traced through the winding. 

Fig. 19 shows a section of a lap winding. Starting 
with the coil at the left, trace the path of current 
through this coil as shown by the arrows, and then 
on through the next coil, etc. The coils are all 
alike but the one on the left is drawn with heavier 
lines to make it easier to trace the first one. Examin-
ing this diagram, we find that each coil overlaps the 
next as we trace the circuit through them; thus the 
name Lap Winding. 

Fig. 19-B shows the method of connecting coils 
for a wave winding. Starting at the left lead, trace 
the path of current through the two coils shown 
by the heavy lines. Note the location of the north 
and south field poles, which are shown by the dot-
ted rectangles and marked "N" and "S". We find, 
by tracing the circuit through, that each coil in 
this circuit is separated from the last by the dis-
tance of one pair of poles, and you will note the 
wave-like appearance of the two coils traced in 
heavy lines, and from this appearance the name 
Wave Winding is derived 
Lap Windings are known as parallel windings 

and are generally used for lower voltages and ma-
chines which must carry heavy currents. 
Wave Windings are known as series windings 

and are generally used for machines of higher 
voltage and smaller currents. 

Fig. IL The two above diagrams show the connections for a lap wind 
ing at "A", and a wave winding at "B". Observe carefully the man 
ner in which the leads are brought out from the coils te the coon 
seater bars. 

• 
In tracing through a lap winding from one brush 

to the next, we find two or more groups of coils in 
parallel between these brushes; while in tracing a 
circuit of a wave winding, we find a number of coils 
are in series between the positive and negative 
brushes. 
Both lap and wave windings are used in arma-

tures from fractional horse power sizes to those of 
hundreds of horse power. The type of winding 
selected by the designer depends on several factors 
in the electrical and mechanical requirements of the 
machine. Wave windings require only two brushes 
on the commutator. Lap windings generally have 
as many brushes as there are field poles. \Vave 
windings are quite commonly used on motors for 
street cars and electric locomotives, because these 
machines are generally used on quite high voltage. 
Another advantage of wave-wound machines for 
this class of work is that their two sets of brushes 
can be located at adjacent poles and also on which-
ever side of the commutator they may be most con-
venient and accessible for inspection and repairs. 

TYPE POLES BRUSHES .SPACING CIRCUITS 

LAP 

— e 2 180M. 2 d 
4 4 90' 4 ' 
6 6 60' 6 
8 a 45" a 
1 o i 0 36" 10 

•-• 12 12 30" 1 a 

WAVE 

.— 4 2 90° 2 
6 2 60" 2 
a 2 45' 2 
10 2 36 2 
I 2 a 30' 2 

._ 

Fit. 211. This convenient table gives the number of brushes and circuits, 
and the brush spacing for lap and wave windings with different 
numbers of poles. 

The table in Fig. 20 gives the number of brushes, 
brush spacing, and the number of circuits for lap 
and wave windings with different numbers of poles. 
These figures are given for Simplex windings, 
which will be explained later. 

25. CURRENT FLOW THROUGH A LAP 
WINDING 

Fig. 21 shows a complete four-pole winding of 
the lap simplex type. This diagram shows the posi-
tion of the field poles by the dotted lines and mark-
ings "N" and "S". It also shows the direction of 
current flow through the armature conductors under 
each pole and the position of the brushes with rela-
tion to those of the poles. Note that the two nega-
tive brushes are connected together in parallel a 
the two positive brushes connected the same. Th 
winding is drawn out in a flat plan view so that 
you can more conveniently trace the entire circuit 
and see all the coils. The last six slots on the right 
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e 
have only one coil side in each, while all the other 
slots have two coil sides in each. 

If these coils were wound in a round armature 
with 24 slots as represented here, the first six coil 
sides on the left would overlap the last six on the 
right; and the top sides of coils A, B, C, D, E, F, 
would go in the same slots respectively with coil 
sides, A', B', C', D', E', The current flow through 
this winding can be easily traced by starting at the 
negative brush G, and entering the left lead of coil 
A, coming around this coil and leaving at its right 
lead. As there is no brush on segment 2 of the com-
mutator, we must re-enter at the left lead of. the coil 
B, following this coil around and out at its right-
hand terminal; then through coils C, D, E, and F 
in the same manner, going out of the right lead of 
coil F, to the positive brush H. This completes one 
circuit. 
Next trace the other circuit from the same brush 

G through coil lead B, which continues through 
the coil at the far right end of the winding. Trace 
this current counter-clockwise through coils F', E', 
D', C', 13', and A', leaving at positive brush J. 

The other two circuits from the negative brush I 
can be traced through in the same manner by start-
ing with leads C and D. Thus we find we have 
four circuits in parallel, or the same number as 
there are poles. 

Note that there are six coils in series in each 
circuit, and that the number of coils per circuit is 
equal to the total number of coils divided by the 
number of circuits. 

By comparing this winding with the sketch at A 
in Fig. 19, we can see that it is nothing more than 
a number of coils all connected in series, with the 
finish of one coil attached to the start of the next, 
etc. 

• 

All coils for any given winding are connected the 
same as the first one. The two ends of each coil 
are connected to adjacent commutator bars, and 
this connection is known as the Simplex Connec-
tion. 
Each coil lies in two slots and spans over the 

intervening slots. They are placed in the slots, one 
after the other, completely around the armature. 
In order to arrange the coil ends more compactly 
and in less space, one side of each coil is placed in 
the bottom of the slot, and the other side in the top 
of its slot. This permits the ends of the coils to fit 
closely together without crossing each other un-
necessarily. 

26. COIL SPAN 

The number of slots spanned by one coil is known 
as the Coil Span. The two factors which govern 
this coil span are the number of slots in the core 
and the number of poles. When we know the num-
ber of slots and the number of poles of any machine, 
the correct full pitch coil span for its armature 
winding can be found as follows: Divide the total 
number of slots by the number of poles, and the 
next whole number above this answer will be the 
number of slots the coil should span. 

For example, if we have an armature with 21 
slots and for a machine with 4 poles, then 21 4 4 = 
5xl. The coil span, of course, cannot be a whole 
number and a fraction, and therefore the next whole 
number above 5 4 is selected. So the coil span will 
be 6 slots. 
The top side of coil No. 1 will lie in slot No. 1, 

and the bottom side in slot No. 6. 
In another case, we have a 28-slot armature to 

be wound for a four-pole machine. Then 28 ± 4 
= 7; and the next whole number above this being 
8, we will use a coil span of 1 to 8. 

2 3 4 5 6 7 à 9 10 II 12 13 14 15 16 Ii 18 19 20 21 22 23 24 

I% '7.\•.8 9 10 II 12 
_ 

13 
r 

14 15 16 17 18 le 20 21 22 23 24 

61  

1+ 
Fig. 21. 'The above diagram shows a complete four-pole lap winding of the Simplex type ter a generater. Nets the manner la widela the 

coils are laid in the slots, with one side of each coil in the bottom of a slot and the other side la the tap ad Its slat. Aloe trees eut 
this winding carefully with the instructimas given on the.. pages. 
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27. PREPARING AN ARMATURE FOR 
WINDING 

Now that we know how to make the connections 
for a lap or wave winding and how to determine the 
correct coil span for a given number of slots and 
poles, our next step will be the actual placing of 
the coils in the slots. Before this is done, however, 
the slots must be prepared and insulated to protect 
the coils from grounding against the sides or cor-
ners of them. The slots should be smoothed out 
carefully with a flat file, to remove the sharp edges 
and burrs which are often found in the bottom and 
sides of slots. The commutator should also be pre-
pared by making a slot in the Neck or Riser of each 
bar, in which the coil leads will be placed. \Ve 
should also test across each pair of bars or segments 
with a 110-volt test lamp to make sure that no bars 
are shorted together, due to defective mica insula-
tion between them. A test should also be made 
from the segments to the shaft, to be sure that no 
part of the commutator is grounded to it. This 
should always be done before starting a winding, 
because if the commutator is defective the arma-
ture will not operate properly when the winding 
is in. 

Fig. 22. The above photo shows a D.C. armature prepared for winding. 
The slot* are cleaned and smoothed out, and the necks of the com-
mutator bars have been slotted to receive coil leads. 

Fig. 22 shows an armature with the core and com-
mutator prepared for winding, and in Fig. 23 is 
shown an armature with the insulation placed in 
the slots. Note that this slot insulation is allowed 
to project slightly at the ends of each slot, to pro-
tect the coils at these sharp edges; and also out 
of the tops of the slots a short distance, to make 
it easier to slide the coils in, and to protect them 
from scratching or damaging the insulation while 
they are being placed in the slots. Also note the 
insulation wrapping on the coil support ring at 
the left end of the armature. All such metal parts 
against which the coils may rest should be thor-
ougly insulated by wrapping with fish paper or 
varnished cambric and tape, before any coils are 
placed in the slots. 

28. INSERTING COILS FOR A LAP 
WINDING 

By referring to the several sketches in Fig. 24, the 
method of laying coils in place in the slots can be 
observed. In the three views at "A" the coils are 
wound in from the left to right, as shown by the 
arrow. Note carefully the manner in which each 

coil overlaps the last, and the manner in which the 
diamond shaped ends of the coils allow them to fit 
closely and neatly together, if they are properly e 
shaped and twisted at the ends. In order to obtain 
a satisfactory winding job, it is essential that all 
coils be exactly the same size, and uniformly fitted 
in the slots and at their ends. Care and practice on 
these points are necessary to make a rugged and 
well-balanced winding. 

Fig. 23. This armature has the slot insulation in place ready to receive 
the coils, and you will also note that the coil support ring at the 
left end has been wrapped with insulating tape. The armature is 
mounted in a stand and free to revolve so it will be more convenient 
to place the coils in all the slots. 

The coils at "ii" in Fig. 24 are wound into the 
slots in the opposite direction around the armature, 
or to the left when facing the commutator end. 
Armatures may be wound in either direction, as it. 
makes no difference in their operation. The direc-
tion in which the coils are placed in depends on the 
shape of the twist or curl at their ends, and the im-
portant point to remember is that if the coils are 
shaped as shown at "A", they must be laid in the 
slots to the right, in order to get their ends to fit 
together compactly. If the twists on the coil ends 
are made in the opposite direction, as at "B", then 
the coils must be laid in the armature to the left. 
Sometimes coils fit very tightly in the slots and 

it is necessary to use a driver of some kind to force 
them down to the bottom of the slots. Such a coil 
driver can be easily made from a piece of hard fibre 
about three inches wide and six inches long, and 
just thin enough to slide easily through the top of 
the slot. After the coil is started in the slot, this 
driver is laid on top of it, and by tapping the top 
of the driver with a mallet the coil can be driven 
down in place. Extreme care should be used, how-
ever, not to apply too much force, as it may result 
in broken or cut insulation on the coil. 

After the bottom side of the first coil is in place 
in the slot, (leave the top of this coil out for the 
present), the lower coil lead should be brought out 
to the commutator and driven into the slot in the 
proper segment. The angle of this lead, or whether 
it connects to a segment in line with the center o.f 
the coil as in Fig. 24, or is connected straight ou 
to a bar in line with the side of the coil, depends 
upon the position of the brush with relation to the 
field poles. 
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Fig. 7.4. The above diagrams show the method of laying coils of a lap 
winding in the slots. Note the direction the coils are laid in or 
progress around the core, according to the shape of the tvrist at 
their ends. 

An explanation of these two different methods of 
connecting the coil leads is given a little later. 
Now the first coil is in place and its lower side 

in the slot, the bottom lead connected to the com-
mutator segment but the top side of the coil left 
out of its slot, and the top lead left unconnected. 
The second coil should be placed in the next slot 
and its bottom lead connected to the next adjacent 
commutator segment, but the top side of this coil 

ernd its top lead should also be left out, as with the 
rst one. The next two coils are placed in the slots 

in the same manner. When the fifth coil is inserted 
both sides can be placed in the slots, as the coil 
span is one to five, and the top side of the fifth coil 
will lie in the slot with the bottom side of the first 
coil. The top lead of the fifth coil should be left 
disconnected from the commutator. 

29. CONNECTING THE COILS 
From this point on, both sides of all the other 

coils can be placed in the slots as the winding pro-
gresses, but all of their top leads should be left 
unconnected until all coils are in, and the bottom 
leads all in place. 
A layer of varnished cambric should then be 

wound tightly around the bottom leads, and should 
be wide enough to extend from the ends of the coils 
to the commutator, so it will thoroughly insulate 
the bottom leads from the top ones. The top leads 
can then be connected to the commutator segments 
as follows: 
The top lead of coil No. 2 in Fig. 24 will connect 

to segment No. 2, with the bottom lead of coil 
No. 1. 

After carefully making this first connection, all 
the other leads can be connected in the same man-
ner: the top lead of coil No. 3 to bar No. 3; the top IIIlipd of coil No. 4 to bar No. 4; etc. 

After all the top leads are in place, the winding 
should be carefully tested for shorts, opens, and 
"grounds." This should always be done before 
soldering the leads to the commutator. The method 

of making these tests is explained in a later article. 
We are now ready to trim off the excess insula-

tion at the top of the slots. Fold in the edges neatly 
over the coil and place the slot wedges over it to 
hold the coils in. If the slots are not equipped with 
lips or grooves to hold the wedges in place, the 
armature should be banded with steel wires. The 
top leads are also quite often banded with steel wire 
or heavy twine to hold them rigidly in place and 
prevent their being thrown outward by centrifugal 
force when the armature is run at high speed. 

If steel wire is used for banding these leads, they 
should first be well wrapped with several layers of 
fish paper or varnished cambric, to prevent any pos-
sible short circuits between them and the steel band-
ing wire. 

Fig. 24-C. At "A" is shown a coil for a wave winding and at "B" 
coil for a lap winding. Note the difference in the way their ends or 
leads are brought out to the commutator bars, and the manner la 
which either side of the wave cod is braced in two directions by 
the angle of its front and back connections. 

The shape of wave-wound coils, their connections, 
and the manner in which they differ from lap wind-
ings, has already been explained. Wave windings 
have the advantage of their coils being more se-
curely braced and held in place by the way they are 
arranged in the armature. This is due to the man-
ner in which the coil ends are bent in the opposite 
direction from the coil side in the slot, while those 
of the lap winding are bent in the same direction 
as shown in Fig. 24-C. 

Fli. Z4-D. This photo shows an armature completely wound, with the 
«caption of laying in the last top call sides, and coasectisiff the 
leads to the amemtatsr. 
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When an armature is in operation there is con-
siderable centrifugal stress, which tends to throw 
the wipdings out of the slots; so the more rugged 
the winding can be made the better it is. 

Automobile starting motors frequently use wave 
windings in open type slots, and even without bands 
on the armature. This is because the strength of 
the heavy wave coils is sufficient to hold the wind-
ing in place. Large A.C. machines which have 
wound rotors very often use wave windings, be-
cause of the greater mechanical strength of these 
windings when completed. 

Fig. 25 shows a diagram of a complete wave 
winding. By tracing the coils, we find that there are 
only two circuits in parallel between the positive 
and negative brushes, but that there are eight coils 
in series. Two brushes are all that are needed to 
complete the circuits through all coils, but more 
brushes may be used, if desired, in order to reduce 
the current intensity in each brush. There can be 
as many brush groups as there are poles. 

In Fig. 25, the two coils indicated by X and X 
are at present short circuited by the positive brush. 
Each pair of coils must reverse in polarity as they 
move from one pole to the next, and this current 
should reverse when the segments connecting these 
coils are shorted by the brush or, in other words, 
the brush should short circuit the coil as it passes 
through the neutral plane in the center of the space 
between two .poles. 

Fig. ZS. This diagram elbows a complete four-pole wave winding for an 
armature with 17 dote. Note the coil span and commuuttor pitch, 
and trace out the two mile shown with heavier lines. 

31. PROCEDURE FOR WAVE WINDINGS 

Wave windings are made much the same way as 
lap windings, and the coil span will be the same for 
a given armature regardless of which winding is 
used. The coils are laid from the bottom of one 
slot to the top of the other, the same as described 
for a lap winding, and they may also be wound 

either to the right or to the left. There is a differ-
ence, however, in the manner of making connec-
tions of their coil leads to the commutator bars, and. 
in the distance between leads of any one coil. This 
distance between the coil leads is expressed by the 
number of commutator bars between them, and is 
known as Commutator Pitch. After this commu-
tator pitch has been determined the coils are placed 
in the slots much the same as with a lap winding. 
Commutator pitch for wave windings can be de-

termined by the following formulas. 
For a progressive wave windings— 

Segments + plex 
Pitch =   , plus 1 

54 the number of poles 
The term Plex refers to the methods of connec-

tion of the coils to the commutator, known as sim-
plex, duplex, and triplex. These will be explained 
later. 

In this formula simplex equals 1, duplex equals 2, 
triplex equals 3. 
For retrogressive wave windings— 

Segments — plex 
Pitch —   , plus I. 

the number of poles 

32. PROGRESSIVE AND RETROGRESSIVE 

In Fig. 25 the coil sides which lie in the tops of 
the slots are shown by solid lines, while those 
which lie in the bottoms of the slots are shown by 
dotted lines. If we start at the negative brush an. 
trace the top lead of the upper coil shown in the 
heavy lines, we find that the bottom lead of the 
second coil in this circuit connects to a commutator 
bar just to the right of the one at which we started, 
and if we trace on around the next pair of coils we 
arrive at a bar one more step to the right. This 
is known as a Progressive Winding, and applies to 
either lap or wave windings. 

If, after tracing through two coils, the bottom 
lead of the second coil connects to a bar to the left 
of the one at which we started, it is called a Retro-
gressive Connection. 

33. INSERTING COILS OF A SYMMETRICAL 
WAVE WINDING 

Fig. 26 shows the procedure of laying in the coils 
for a winding such as shown in Fig. 25. At "A" the 
first coil is placed in the slots and the bottom lead 
brought out to its commutator segment. The proper 
point for this first connection can be found by locat-
ing a commutator segment that is in line with the 
center of the coil as shown at "A". Then divide 
by 2 the commutator pitch which has previously 
been determined, and count off this number of bars 
to the right of the center bar, which has been lo-
cated. This will locate the proper bar to connect 
the bottom lead of the first coil to. This distance 
is shown from "A" to "B" in Fig. 26-A. 
Sometimes a mica segment will be in line with 

the center of the coil and in this case we start to 
count with the next bar to the right as No. 1. If 



Armature Winding, Section One. Commutator Pitch. Element Wmdings. 295 

the commutator pitch happens to be an odd number, 
dividing this by 2 will give a whole number and e fraction, in which case we should use the next 
arger whole number. 
After the first coil is in place but with its top 

side and top lead left out, the second coil is inserted 
in the next slot to the right and the bottom lead will 
be connected to the next bar to the right of the first 
one. The third and fourth coils are inserted in the 
same manner, leaving their top sides and leads out. 
The fifth coil can have both sides placed in the 
slots, but its top lead should still be left uncon-
nected, as should all the other top leads, until all 
coils are in place. 
When the winding is completed around the arma-

ture and the bottom sides of the last four coils are 
in their slots, then the top sides of the first coils can 
be placed in on top of these. After all coil sides 
and bottom leads are in place, the top leads are 
then connected to the commutator bars. 

Fig. U. The above views show the method of laying the coils of a wave 
winding in the slots. One side of each coil should go in the bottom 
of the slots, and the other sides in the tops of slots, and the coils 
should be laid in in the directions as shown and according to the 
shape of the twist on their back ends. 

34. DETERMINING COMMUTATOR PITCH 
AND CONNECTING THE COILS ON 
WAVE WINDINGS 

The armature shown in Fig. 25 has 17 slots and 
17 commutator segments and is connected simplex. 
We will use it for an example to determine the 
commutator pitch. 
We have learned that for a wave winding: 

Segments + plex 
Commutator pitch —   

Y2  number of poles 

17 1, plus 1 or: — pitch — 
2 

, plus 1, 

*  ln which: 
17 = slots 
1 = simplex 
2 = 3/2 of 4 poles 

With a commutator pitch of 10, the coil lead 

from the top side of one coil will connect to bar 
No. 1, and the lead from the bottom of the same 
coil to bar No. 10, counting toward the coil that 
is being checked. After the first top lead is con-
nected all the others are connected in the 
way. 
The completed winding is then wedged and 

banded if necessary, as was done with the lap 
winding. 
We should remember that some armatures can-

not be wound wave except by using dead coils or 
bars. The commutator pitch formula determines 
whether a winding can be connected wave or not. 
When a commutator pitch is a whole number and 
a fraction the winding cannot be connected wave 
without using dead coils or bars. 

35. ELEMENT WINDINGS 

That part of the armature winding which is con-
nected between two commutator bars is called a 
Winding Element. A simple winding element would 
consist of one complete turn of wire. Each side of 
this turn or coil is referred to as an armature con-
ductor or sometimes as an "inductor". Each ele-
ment, therefore, will have at least two conductors, 
and may have many more, according to the number 
of turns per coil. 

In many armatures the coils are wound with 
several conductors in parallel and the ends of each 
of these conductors can be connected to separate 
commutator bars. This will, of course, require a 
greater number of commutator bars than there are 
slots in the armature. But many machines are de-
signed in this manner to reduce the voltage between 
bars. 

It is not good practice to have too high a voltage 
across adjacent commutator bars, because of the 
greater liability of puncturing the mica insulation 
and the increased tendency to flash over or arc be-
tween bars while the machine is in operation. 
Carbon particles from the brushes and metallic 

dust from the commutator tend to start small sparks 
or arcs of this kind; and if the voltage between bars 
is too high, the arcs will be maintained and possibly 
burn the mica insulation between the bars. If this 
mica becomes charred or deeply burned, it results 
in a short circuit between bars, which will cause 
the coils of the windings to heat up and possibly 
burn out. 
On high voltage machines the voltage between 

bars usually doesn't exceed about 25 volts. On 
smaller machines it may range from 2 to 10 volts. 
So we can readily see that the higher the voltage 
the machine is to be operated at, the greater number 
of commutator bars it will usually have. This num-
ber of bars is determined by the designer or manu-
facturer in building machines on any given voltage. 
The number of slots in an armature is determined 

by the number of poles and the practical number of 
slots which can be used per pole. The slots, of 
course, cannot be too numerous or close together, 
or there will not be sufficient iron between the coils 

same 
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to provide a good magnetic path through the arma-
ture for the field flux. 
The number of slots is generally considered in 

determining the exact number of commutator bars, 
as the number of bars is usually a multiple of the 
number of slots. For example, an armature with 
24 slots might have 24, 48 or 72 commutator bars. 
In the latter case the coils would be wound with 
three conductors in parállel, and the six leads 
from each coil connected to the proper bars. - 
So we find that armature windings can be called 

single element, double element, or three element 
windings, according to the number of conductors 
in parallel in the coils, and the number of bars in 
proportion to the number of slots. 

36. WINDING SMALL ARMATURES 
In the following paragraphs we will explain in 

detail the method of winding a small two-pole, two-
element, non-symmetrical armature having 12 slots 
and 24 segments. 
The slots should first be lined with fish paper 

about 7 to 10 mils thick, and varnished cambric 
about 7 mils thick. The fish paper is placed in 
the slot, next to the iron core, and the varnished 
cloth or cambric is placed inside the fish paper. To 
complete the insulation of the core we generally 
use at each end a fibre lamination which is shaped 
the same as the iron core laminations and has the 
sanie number of slots stamped in it. This protects 
the coils at the corners of the slots. 
The armature should be held or clamped with 

the commutator end next to the winder. 
In winding the first coil the number of turns will 

depend on the size of the armature and its voltage 
rating. If this number is taken from coils in an 
old winding, the turns in one or more of the old 
coils should be very carefully counted. 
When winding an armature that has twice as 

many bars as slots, we wind two coils in each slot, 
thereby providing enough coil leads for all bars. 
The first coils for this armature will go in slots 

1 and 7, winding to the right of the shaft, at both 
the front and back ends of the core. After winding 
in one coil, a loop about 4 inches long should be 
made at slot No. 1. Then continue and wind the 
same number of turns again, still in slots 1 to 
7. When the last turn is finished, run the wire 
from the 7th slot over to the 2nd, and make a loop 
at slot 2. Next wind a coil in slots 2 and 8, and 
again make another loop at slot 2. Then place 
another coil in the same slots 2 and 8, and finish 
with a loop at slot 3, etc. This places two coils 
and two loops in each slot, and the same procedure 
should be followed until there are two coils and 
two loops in every slot. 
The slot insulation should then be folded over 

the tops of the coils, and the wedges driven in. 
The loops are next connected to the commutator, 

one loop to each segment, and they should be con-
nected in the same way that they were made in the 
winding. That is, the first and last single wires are 

brought together and connected to a segment 
straight out from the first slot. The second loop in 
the first slot is connected to the next bar, and th 
first loop in the second slot connected to the next, 
etc. 
To avoid mistakes these loops should be marked 

with cotton sleeving which is slipped on over them 
as they are made. Red sleeving could be used on 
the first loop of each slot, and white sleeving on the 
second, which will make it easy to locate the first 
and second loops for each slot. This winding would 
be used in a two pole frame, and has two circuits 
with 12 coils in each. If 110 volts were applied to 
this winding the voltage between adjacent commu-
tator segments would be 110 ÷ 12, or 9% volts, 
which is not too high between adjacent bars. If 
this same armature had a commutator of only 12 
segments, the voltage between bars would be 
110 ÷ 6, or 18% volts, which is a little high for 
this sized armature. 

37. ELEMENT WINDINGS FOR LARGE 
ARMATURES 

In winding large armatures having twice or three 
times as many segments as there are slots, the coils 
are made up specially for the type of armature and 
wound with two or more wires in parallel. 

In Fig. 27-A are shown the coils for two-element 
armatures. These coils are wound with two wires in 
parallel; and when the coil is completed, two smalek 
coils or elements are in each bundle. These two eleW 
ments are taped together with cotton tape. The top 
and bottom leads of one element are marked with 
sleeving of one color, and those of the other element 
are both marked with sleeving of another color. 

Fig. 21. The diagram at "A" shows the connections of lap coils for a 
two element winding At "B" are shown the connections for a three 
element winding. Note how the separate windings in each coil are 
connected to two separate commutator bars. 

These coils are placed in the slots the same way 
as single element coils, the only difference being 
that there are two bottom leads to connect instead 
of one. When connecting the bottom leads a defi-
nite system should be followed in the colors. If 
black and red sleeving are used to identify the tip 
elements, first connect a black lead and then a re 
When the second coil is placed in, again connect 
a black lead and then a red one. 

In order to avoid mistakes in the connections, all 
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coils should be connected in a similar manner. 
When the top leads are connected use the same 
ystem, and connect around the armature in the 
ame direction. This method can be used on any 
armature, regardless of the combination of slots and 
segments. 

Fig. 27-B shows the coils for a three-element 
winding having three wires wound in parallel in 
each coil, and the leads marked with three separate 
colors. These colors are alternated when the bot-
tom leads are connected in, each succeeding coil be-
ing connected similarly. The top leads are con-
nected around the armature in the same direction as 
the bottom leads were, and the colors alternated in 
the same manner. 
An armature winding may be of 2, 3, 4, or more 

elements, and the system for connecting these coils 
is the same as for a single element wave winding, 
only more than one lead is connected to the com-
mutator from each coil. The leads are marked with 
sleeving and the colors are alternated as in the lap 
windings. 
Many 2 and 3 element wave-windings have dead 

coils which are not connected in the armature cir-
cuit. They occur when the number of segments in 
the commutator is less than a multiple of the num-
ber of slots. When a winding has one dead coil it 
should be left in the slots to mechanically balance 
the armature; but if more than one dead coil occurs 
n a winding they may be left out, provided they 
re at equally distributed points around the arma-

ture core. 

38. CHANGING AN OLD MOTOR FOR NEW 
CONDITIONS 

It is often desired to change the voltage or speed 
at which a motor may operate, and in such cases 
some change is usually made in the windings. We 
have already learned that the voltage of an arma-
ture winding depends on the number of turns per 
coil. So it is evident that if any change is made in 
the number of turns between brushes it will have 
a direct effect on the voltage. The voltage of a 
winding will vary directly with the number of turns. 
For example, a winding bas 10 turns per coil of 

wires 4000 C.M. in area and operates on 110 volts. 
If we wish to rewind this machine for 220 volts 
we can do it by using 20 turns per coil of wire with 
2000 C.M. area. This rewound armature would 
operate on 220 volts with the same speed and horse 
power as it formerly did on 110 volts. 

It will be necessary, however, to change the field 
coil connections also. If they were formerly con-
nected two in series and two in parallel, as in Fig. 
28-A, they could be reconnected all in series, as 
shown in Fig. 28-B, and would then operate satis-
factorily on 220 volts. 

If the field coils are all connected in series on 
0 volts, they cannot be changed for 220-volt 

operation without rewinding. To rewind them for 
double voltage, we should use approximately twice 
as many turns of wire, of a size one-half as large 

as the wire with which they were formerly wound. 
The resistance of the field coils will have to be 

increased to stand the increased voltage. This, of 
course, will reduce the amount of current flowing, 
but the additional number of turns will maintain 
approximately the same ampere-turn strength of 
the field magnets. If we change the number of turns 
in the winding of an armature and leave the applied 
voltage the same, its speed will vary inversely with 
the number of turns. 
For example. if an armature is wound with 25 per 

cent more turns, the speed will decrease about 25 
per cent if the machine is left on the same voltage. 

zao Volts 

Fig. ZS. The above diagram shows the methods of changing the field 
pole connections from parallel to series to be able to operate them 
on higher voltage. 

39. MULTIPLEX WINDINGS 

in some cases, where armature windings are de-
signed to carry very heavy currents and at lower 
voltages, the connections can be arranged to pro-
vide a greater number of circuits in parallel through 
the windings. Windings connected in this manner 
are called Multiplex Windings. Those which we 
have covered so far have been Simplex Windings; 
and, in the case of the lap windings described, 
they have had the start and finish leads of each coil 
connected to adjacent bars of the commutator. 
Fig. 29-A shows a coil of a lap winding connected 
in this manner. With simplex connections a lap 
winding will have only as many circuits in parallel 
as there are field poles. 

If we simply move the finish lead of a coil one 
segment further from the starting lead, and use a 
wider brush to span two bars instead of one, we 
have provided twice as many circuits through the 
winding, or two circuits for each pole. This is called 
a Duplex Connection and is shown in Fig. 29-B. 

If we move the leads one more segment apart, 
we provide 3 circuits per pole, and have what is 
known as a Triplex Connection, as shown in Fig. 
29-C. In this case the brush must be wide enough 
to span three commutator segments. 

Fig. 30 illustrates the difference between simplex 
and duplex connections, with simplified winding 
liagrams. These sketches are laid out to show the 
winding in a straight form. On the actual armature 
the ends of this winding would come together at 
the points marked X and X. 
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In Fig. 30-A is shown a simplex connection with 
the start and finish leads of each coil connected to 
adjacent segments. If we start at the positive brush 
and trace the circuit to the left to the negative 
brush, we will pass through 12 coils in series; and 
the same will be true of the other circuit traced to 
the right from the positive brush to the point X, 
which in reality connects back to the negative brush 
in the actual winding. So we find we have two 
circuits in parallel between the brushes, and each 
of these circuits consists of 12 coils in series. If we 
assume that each coil is wound with a sufficient 
number of turns to produce 10 volts and with wire 
of a size that will carry 5 amperes, then this winding 
will produce 120 volis between brushes and have 
a total capacity of 10 amperes. 

Fig. 29. "A" shows the connections for a coil of a simplex lap winding 
"B" shows the connections for a duplex lap winding, and 'c" those 
for a triplex lap winding. 

This is easily understood by recalling our laws 
of series and parallel circuits. We know that when 
coils are connected in series their voltages are added. 
So 12 coils with 10 volts each will produce 12 X 10, 
or 120 volts. 

Connecting circuits in parallel does not increase 
their voltage, but does increase the current capac-
ity; so with two circuits each having five amperes 
capacity and connected in parallel, the total current 
capacity will be 10 amperes. 

In the lower sketch of Fig. 30-B, we have simply 
moved the start and finish leads of each coil one 
bar farther apart, which in effect makes two sepa-
rate windings, or 4 circuits in parallel between the 
positive and negative brushes. In this diagram we 
have lengthened the coils of one section simply to 
make them easier to trace separately from the 
other. Tracing through any one of these four cir-
cuits from the positive to negative brush, we now 
find there are only six coils in series. So the volt-
age of this winding will be 10 x 6, or 60 volts. 
But as we now have four circuits in parallel be-
tween the positive and negative brushes, the cur-
rent capacity of this winding will be 4 X 5, or 20 
amperes. The wattage of either winding will be the 
same, however. 
The brush span for a simplex winding is gener-

ally equal to the width of two to 3 segments, 
while for a duplex and triplex winding it must be 
increased proportionately. 
Wave windings can also be connected duplex or 

trip/ex if the commutator pitch is a whole number. 

So the surest way to determine whether a wave 
wound armature can be connected duplex or trip-
lex, is to calculate the commutator pitch ; and if. 
this number is a whole number and fraction the 
winding cannot be connected multiplex. 

40. NEUTRAL PLANE—IMPORTANT TO 
COMMUTATION 

We have learned that the coils of a motor or 
generator winding must have their polarity re-
versed as the coil sides move thru the neutral plane 
between two field poles. As the armature rotates 
and the segments slide under the brushes, the 
brushes repeatedly short circuit the coils which are 
connected to adjacent brushes. In order to avoid 
bad sparking at the brushes this short circuit must 
occur at the time the coil is dead, or passing thru 
a neutral point where no voltage is induced in it. 
This means that the brushes must always be in the 
correct position with regard to field poles, in order 
that they may short circuit the coils at the right 
time. This point is of great importance to good 
commutation, and will be more fully discussed later. 
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Fig. 30. At "A" is shown a simplified diagram of the circuit in a wind 
ing connected simplex lap. At "B" the winding is connected duplex, 
doubling the number of circuits from positive to negative brush. 

41. SYMMETRICAL AND NON-SYMMETRI-
CAL CONNECTIONS 

The angle at which the coil leads are brought out 
from the slots to the commutator segments depends 
upon the position of the brushes with respect to the 
poles. If the brushes are placed in line with the 
centers of the field poles, then each coil lead comes 
out from the slots at the same angle, to two bars 
directly in the center of the coil. This is called a 
Symmetrical Connection, as it leaves the coil and 
leads in a symmetrical diamond shape. 

Fig. 31-A shows this condition on a machine 
which has the brush located in line with the center 
of the field pole, and you will note that the leads 
are of equal length and brought out from the slot 
to the two bars in the center of the coil span. 
the brushes of the machine are located at a point 
between the field poles, the coil leads must be car-
ried to one side in order to be connected to the seg-
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SYMMETRICAL NON-SYMMETRICAL 

Fig. 31. Note the position of the brushes with respect to the poles, and 
also the shape of the end connections of the above lap winding coils 
fer symmetrical and non-symmetrical windings. 

ments at the time they are short circuited by the 
brush. 

Fig. 31-B illustrates this condition. One lead is 
brought straight out from the slot to the segment, 
while the lead from the other side of the coil is 
carried clear across to the adjacent segment. This 
is called a Non-Symmetrical Connection, because of 
the lengths and unbalanced shape of the coil leads. 
Whether the brushes are located in line with the 

center of the field poles or in line with the neutral 
plan depends, to quite an extent, on the mechan-
ical design of the machine. In some cases the 
brushes are much easier to get at for adjustment Sand replacement, if they are located as in Fig. 31-B. 

In small fractional-horse-power motors there is 
generally very little space between the centers of 
the field coils and the end shields. So the brush 
holders are frequently bolted to the end shields at 
a point between the poles. This makes necessary 
the use of a non-symmetrical connection on the 
armature coil leads. 
On larger machines, where there is plenty of 

space for the brush holders, they are usually placed 
in line with the centers of the field poles, and the 
coil leads of the armature are connected symmetri-
cally. 

42. COLLECTING DATA FROM OLD 
WINDINGS 

When rewinding any armature, care should be 
taken to collect sufficient data while dismantling 
the old winding to enable you to put in the new 
winding correctly. It is a very good plan to mark 
the slots and commutator segments from which the 
first coil and leads are removed. This can be done 
with a prick-punch or file, as shown in Fig. 32. One 
small punch mark can be placed under the slot that 
held the top coil side, and two dots under the slot 
that holds the bottom side of the same coil. The 
top leads are then traced out to the commutator, 
and each bar that they connect to should be marked 
with one dot. Next trace the bottom leads to the 
ommutator, and each of the bars they connect to 
should be marked with two dots. This can be done 
with both lap and wave windings, and is a positive 
way of keeping the core and commutator marked, 

to be sure to replace the coils and connections prop-
erly. 

If necessary, you can also make a sketch or dia-
gram of the first few coils removed. This sketch 
can be made similar to the ones in Fig. 32, and can 
show the exact coil span, commutator pitch, etc. 

In addition to marking the core and commutator 
and keeping a diagram of the winding and connec-
tions, the following data should be carefully col-
lected as the old winding is removed. 

1. Turns per element. 
2. Size of conductor. 
3. Insulation on conductor. 
4. Coil insulation. 
5. Slot insulation (layers, type, and thick-

ness.) 
6. Extension of slot insulation from each end 

of core. 
7. Extension of straight sides of coils from 

each end of the core. 
8. Over-all extension of the winding from 

the core, both front and back. 
If these things are carefully observed and re-

corded, you should have no difficulty in properly 
replacing most any type of winding and getting it 
back in the same space, and with the same connec-
tions. It will, of course, require a little practice to 
be able to make your coils exactly the proper size 
and shape so they will fit neatly and compactly in 
the armature. 

Fig. 32. A very simple and sure way of marking the commutator and 
armature when removing an old winding is shown above. Compare 
these sketches carefully with the instructions given, so you will be 
able to replace winding correctly. 

43. BANDING ARMATURES 
Wire bands, as previously mentioned, are gener-

ally used on large armatures having heavy coils, to 
hold the coil ends securely in place. If the core has 
open slots, bands are often used over the core to 
hold the wedges in place. High-grade steel piano 
wire is commonly used for this purpose and can be 
obtained in rolls in various sizes. This wire is 
usually tinned at the factory. 
When a banding machine is not available, a lathe 

can be used to hold the armature while the bands 
are wound on. A layer of paper or cloth is usually 
placed under the band. Cloth makes the best foun-
dation for bands placed on the coil ends, as the cloth 
tends to keep the bands from slipping off. A layer 
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of fuller board or fish paper can be used under bands 
placed around the core. Grooves about 1/32 of an 
.nch deep are usually provided for the bands on 
cores with open slots. 
The paper should be cut carefully to the exact 

width of this groove, so it will fit snugly and with-
out sticking out at either side. The banding wires 
should be wound on under tension, so they will be 
firm and tight when completed. A simple tension 
clamp or brake can be made by cutting two strips 
of fibre 34 inch by 1 by 6 inches, and bolting these 
together with two small bolts, using wing nuts on 
each end. Place these pieces of fibre in the tool post 
of the lathe and run the wire between them. Then, 
by adjusting the two wing nuts, any desired tension 
may be obtained. 

Fig. 32-C. Above are shown a number of the more common tools used 
in armature windings. No. 1 is a stripping tool for stripping open slot 
armatures and stators. No. 2—coil lifter for lifting coils from the 
slots. No. 3—lead lifter for lifting coil leads from commutator risers. 
No. 4—lifting tool lot prying tight coils from slots. No. S—coil hook 
to break coil ends loose from insulating varnish. No. 8—coil puller 
for sliding top sides of coils into slots. No. 7—fibre slot drift for 
driving coils into slots. (4 thicknesses needed: 3/18", 5/16", 7/16", 
9/16") No. 8—fibre cod shaper for shaping coil ends after coils are 
in slots. No. 9—steel slot drift for driving coils to the bottom of 
partly closed slots. No. 10—push cutter for trimming edges of slot 
insulation. No. 11—wedge driver for driving wedges into partly 
closed slots. No. 12—wire scraper for removing insulation from ends 
of coil leads. No. 13—lead drift for driving coil leads into commuta-
tor risers. No. 14—one sided chisel to cut off leads at risers. No. 
1S—commutator pick for picking out short circuits between segments. 
No. 16—under cutting saw for under cutting commutator mica. 
No. 17—banding clamp for placing tension on banding wires while 
winding them. 

To start the first band, make a hook of heavier 
wire and attach the band wire securely to this hook. 
Then slip the hook under the ends of a couple of 
coils close to the ends of the slots and start winding 
the band wire on the core. Make two or three grad-
ual turns around the core to get the band wire over 
to the first slot. As the first turn is wound in the 
slot, narrow strips of tin should be placed in the 
slot under it, and every few inches apart around 
the core. Drawing the first turn tight will hold 
these strips in place, and other turns are then wound 
on over them. Wire should be wound with the 
turns tightly together until this groove is full. Then 

fold up the ends of several of the tin strips to hold 
these wires in place, run the wire across to the next 
groove with a couple of gradual turns around the 
core, and start the next band without cutting the 
wire. Continue in this manner until all the bands 
are on. Then, before releasing the tension on the 
wire, run a thin layer of solder across each group 
of band wires in several places, to keep them from 
loosening when the end wires are cut. 

After cutting the wires between the bands, cut 
these ends off to the proper length, so that they will 
come directly under one of the tin clamping strips. 
Then fold in the ends of all these strips tightly and 
solder them down with a thin layer of solder. 
These tin strips are usually about 15 mils thick, 

and XI  inch wide, and should be cut just long enough 
so that their ends will fold back over the bands 
about y4 inch. 

44. ARMATURE TESTING 
We have already mentioned the importance of 

being able to systematically test armatures to lo-
cate faults and troubles in their windings. One of 
the most common devices used for this purpose is 
known as a Growler, and sometimes also called 
a "bug" or "mill." 
A growler is constructed of laminated iron in the 

form of a core, around the center of which a coil of 
insulated wire is wound, as shown in Fig. 33. When 
this coil is connected to an alternating current sup-
ply it sets up a powerful alternating magnetic field. 
at the two poles of the growler. 

Growlers are made with poles shaped at an angle, 
as shown in the illustration at "A", so that small 
and medium sized armatures can be laid in these 
poles. Growlers are also made with poles shaped 
as shown in Fig. 33-B, so they can be conveniently 
used on the inside of large alternating current wind-
ings, as will be explained later. 
The growler shown at "B" has its windings ar-

ranged in two separate coils and the leads are con-
nected to a double-throw, double-pole switch, so 
that the coils can be used either in series or parallel 
by changing the position of the switch. This per-
mits the growler to be used on either 110 or 220 
volts, and also makes possible an adjustment of 
growler field strength for testing windings with 
different numbers of turns and high or low resis-
tance. 

45. GROWLER OPERATION AND USE 
\V hen an armature is placed in a growler and the 

current turned on in the coil, the flux set up between 
the poles of the growler builds up and collapses 
with each alternation; thus cutting across the arma-
ture coils and inducing a voltage in them, in a man-
ner similar to the action in a transformer. If there 
are no faults of any kind in the armature winding, 
no current will flow in the coils from the voltag 
induced by the growler; but, if there is a short cir. 
cuit between two of the commutator segments or 
within the turns of a coil, an alternating current 
will flow in this shorted coil when it is placed at 
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Fig. 33 Two types of "growlers". The one at "A" Is for testing arma-
tures, and the one at "B" for use inside of stator cores. Note the 
switch and double coil arrangement of the growler at "B", which 
can be used to connect the coils in series or parallel to vary the 
strength of the growler flux. 

right angles to the growler flux. This secondary 
current, which is flowing in the armature coil will 
set up alternating flux around it and in the teeth 
or edges of its slots. 
Now, if we hold over the opening of this slot a 

thin piece of steel, such as a hacksaw blade, the 
steel will vibrate rapidly. A short circuit is the only 
fault that will give this indication, so we see that 
this method is a very simple one for locating shorted 
armature coils. 

It is best to make all tests with a growler on coils 
that are in the same plane of the growler flux; so, 
as we test from one slot to the next, the armature 
should be rotated, in order to make the tests on all 
coils in the same position. Sometimes it is difficult 
to rotate the armature without turning off the cur-
rent from the growler coil. 
A low-reading ammeter, with a scale ranging 

from 2Y2 to 10 amperes, is quite commonly used 
with a growler. A rheostat should be connected in 
series with a meter and a pair of test leads, as shown 
in Fig. 34. These test leads consist of two pieces of 
flexible wire several feet long to the ends of which 
are attached a pair of sharp test points or spikes. 
Sometimes these points are made of flat spring steel 
or brass and are attached to a wood or fibre hand-
piece in a manner that permits them to be adjusted 
close together or farther apart. This makes it con-
venient to test adjacent commutator bars or bars 
farther apart. 

If these test leads are placed across a pair of ad-
jacent commutator bars which connect to a coil ly-
ing in the growler flux, we will obtain a definite 
reading on the ammeter. If we continue around the 
commutator, testing pairs of adjacent bars while 

* otating the armature to make the test on coil, Which are in the same plane, each pair of bars 

should give the same reading. In the case of a 
faulty coil the reading may either increase or de-
crease, depending on the nature of the fault. 

46. GROWLER INDICATIONS ON WAVE 
WINDINGS 

When testing wave-wound armatures, if the leads 
of two coils are shorted the indication will show up 
at four places around the armature. Fig. 35 shows 
a winding for a four-pole wave armature in position 
for testing in a growler. The heavy lines represent 
two coils which complete a circuit between adjacent 
commutator bars, 1 and 2. The top side of one of 
these coils and the bottom side of the other connect 
at bar 10. It will be seen from this diagram that a 
short circuit between bars 1 and 2 would cause our 
steel strip to vibrate over the four slots shown by 
the small double circles. 

Practically all four-pole automotive armatures 
are wave-wound, so it is well to remember that a 
short between any two of their bars will be indi-
cated at the four places around the armature. 
47. COMMON ARMATURE TROUBLES 

In addition to short circuibs a number of the other 
common troubles are as follows: grounded coils or 
commutator bars, open coils, shorts between com-
mutator bars, and reversed coil-leads. In addition 
to the growler, which can be used to locate any of 
these faults, we can also use a galvanometer and 
dry cell to locate several of these troubles by test-
ing at the commutator bars. This method will be 
explained a little later. 

Fig. 34. This sketch shows connections of an ammeter and rheostat 
with test points on a "hand-piece". Meter and test leads of this 
sort are used for locating faults in armature windings. 

Fig. 36 is a simplified drawing of a two-pole, 24-
coil, lap winding in which are shown a number of 
the more common faults which might occur in 
armature windings, as follows: 

Coil 1 is short-circuited within the turns of 
the coil. 

Coils 20 and 21 have their terminals loose in 
the commutator bars. 

Coil 19 has an open circuit. 
Coil 5 is connected in reverse order. 
Coil 12 is grounded to the shaft or core of the 

armature. 
Coils 6 and 9 are shorted together. 
Coils 15, 16 and 17 are properly connected 
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in relation to each other, but have their leads 
transposed or connected to the wrong commu-
tator bars. 

Coil 13 has a short between its commutator 
bars. 
The commutator bar to which coils 2 and 3 

are attached is grounded to the shaft. 

Fig. 35. The above diagram shows the coils of a four-pole wave arma-
ture which la in place in • growler for testing. 

Now let's cover in detail each of these faults and 
the exact method of testing and locating them. 

48. SHORT CIRCUITS 
In Fig. 36 we found that coil 1 had a short circuit 

within the coil, which is probably the result of 
broken or damaged insulation on the conductors. 
To test for this fault, we will place the armature on 
the growler and close the switch to excite the 
growler coil. Place the steel strip over an armature 
slot which is at least the distance of one coil span 
from the center of the growler core. Now turn the 
armature slowly, keeping the steel parallel with and 
over the slots. When the slot containing coil 1 is 
brought under the steel, the induced current flow-
ing in this local short circuit will set up flux between 
the teeth of this slot, which will attract and repel 
the steel strip, causing it to vibrate like a buzzer. 
This indicates that that coil is short circuited. Mark 
this slot with a piece of chalk and proceed with the 
test. Again rotate the armature slowly and test 
each slot, at all times keeping the strip over slots 
that are in the same position with respect to the 
growler. When the slot which contains the other 
side of the shorted coil is brought under the steel 
strip, it will again vibrate. Mark this slot. The two 
marked slots should now show the span of the ex-
act coil which is shorted. 

If we find no other slots which cause the steel to 
vibrate, we know there is only one short in the 
armature. This test will apply to armatures of any 
size, regardless of the number of poles in their 
winding, and whether they are wound lap or wave. 

In order to locate on the commutator the bars to 
which the leads of the shorted coil are attached, ad-
just the test points of the hand-piece so they will 
span adjacent commutator bars. Place these test 
points on two adjacent bars, and adjust the rheostat 
until the meter reads about 3/4 of its full scale read-
ing. Note this reading carefully and, by rotating 
the armature, check the readings of all the other 
bars in this same position. 
\Vhen the test leads are placed on the bars that 

connect to the shorted coil, the reading will be 
lower than the other readings obtained. How low 
will depend on how many turns of the coil are 
short circuited. If the short is right at the leads or 
commutator bars and is of very low resistance, no 
reading will be obtained between these bars. 

49. LOOSE COIL LEADS 
In testing for loose coil leads, such as shown on 

coils 20 and 21 in Fig. 36, the steel strip would not 
vibrate at any slot due to this fault; but, in testing 
between commutator bars with the hand-piece, 
when the ammeter leads are placed on the commu-
tator bars to which these coils are connected, the 
reading between them and adjacent bars would 
drop to zero, indicating an open circuit. 
50. OPEN CIRCUIT 

In testing for an open circuit, such as shown in 
coil 19 in Fig. 36, the steel strip would, of course, 
give no indication of this fault. So we must locate 
it by again testing around the commutator with the• 
hand-piece. When these leads are placed across the 
bars to which the open coil is connected, we will get 
a very low reading. The reason that any reading at 
all is obtained is because there are always two paths 
for the current to travel through the winding, unless it 
is open at some other coil also. 

Fig. 16. This diagram of a two-pole lap winding shows • number of the 
more common faults which may occur in armature coils and at th 
commutator segments. 

\Vith an open circuit only at coil 19, we would 
still have a circuit through all the other coils in series. 
The voltages induced in the coils which lie in the 
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active position for the growler flux would tend to 
neutralize each other, but there is often a slightly Ounbalanced condition in the windings which would 
allow a little current to flow through the ammeter. 

If there are three coils of the armature in the 
active flux of the growler and one side of coil 19 is 
one of these, then there will be three good coil sides 
working against two good coil sides with their in-
duced voltages; and, since coil 19 is open circuited, 
the reading would be about 1/3 norma). The exact 
amount of this reading, however, will depend upon 
the pitch of the coils and the size of the armature. 
The main point to note is that one open circuit in 
an armature does not necessarily give a zero read-
ing, unless the coil sides on each side of the test 
points are perfectly balanced electrically. 

51. REVERSED COIL 
In testing for a reversed coil such as No. 5 in Fig. 

36, the steel strip will not vibrate at any slots, and 
testing from bar to bar with the ammeter leads on 
adjacent bars will not show up this fault either; 
because the induced current is alternating and the 
motor will not indicate the reversed polarity of 
the coil. So, in testing for reversed coils, we should 
spread the test points on the hand-piece far enough 
apart so they will touch bars 1 and 3. In this man-
ner we will get a reading of two coils in series. 
Then, when we place the test points on bars which 
are connected to coils 4 and 5, or 5 and 6, two coils 
viii be in series in each case; but, as the voltage in 
one will be opposite in direction to that in the other, 
the reading will be zero. 

So, in testing for reversed coils we test two coils 
at a time by spreading the test leads apart to span 
an extra commutator segment, and the indication 
for the reversed coils will be a zero reading. 

52. GROUNDED COILS 
Coil 12 in Fig. 36 is grounded. The steel strip or 

vibrator will not indicate this fault, nor will the bar 
to bar test with the ammeter leads. To locate a 
ground we should place the test leads one on the 
commutator and one on the shaft or core of the 
armature. If the first test is made between the bar 
of coil 8 and the shaft, we would obtain a very high 
reading on the ammeter, because this would give 
the reading of the 4 coils in series between the 
0-rounded coil and this bar. 
As we test bars closer to the grounded point the 

reading will gradually decrease, and the two bars 
that give the lowest reading should be the ones con-
nected to the grounded coil. The sum of the read-
ings from these two bars to the shaft should equal 
the reading of a normal coil. 

53. SHORTS BETWEEN COILS 
In Fig. 36 coils 6 and 9 are shorted together, grir ich places coils 6. 7, 8, and 9 in a closed circuit, 
ough the short and the coil connections to the com-

mutator bars. In this case the steel strip will vi-
brate and indicate a short circuit over each of the 
slots in which these coils lay. A bar to bar test with 

the ammeter leads would not give a definite indica-
tion, but the readings on these bars would be lower 
than normal. 
54. REVERSED LOOPS 

In the case of coils 15, 16, and 17 in Fig. 36, which 
are properly connected to each other but have their 
leads transposed or placed on the wrong commu-
tator bars, the steel strip will not vibrate or give 
any indication. The bar to bar test with the am-
meter leads would, however, show double readings 
between bars 1 and 2, normal readings on bars 2 
and 3, and double reading again on bars 3 and 4. 
This indicates that the coils are connected in the 
proper relation to each other, but that their leads 
are crossed at the commutator bars. 

55. SHORTED COMMUTATOR SEGMENTS 
In the case of coil 13 in Fig. 36, which is short 

circuited by a short between its commutator bars, 
the steel strip would vibrate and indicate a short 
circuit over both slots in which this coil lies. The 
bar to bar test of the ammeter will give a zero or 
very low reading across these two bars, depending 
upon the resistance of the short circuit between 
them. 

If the winding is connected lap, the short would 
be indicated in two places on the core; and if it is 
connected wave for four poles, it would be indicated 
in four places on the core. 

56. GROUNDED COMMUTATOR 
SEGMENTS 

The commutator bar to which coils 2 and 3 are 
connected in Fig. 36, is grounded to the shaft. The 
steel strip will not indicate this fault. Testing with 
the ammeter leads between other commutator bars 
and the shaft would show high readings on the 
meter; but, as we test bars that are closer to the 
grounded one, the reading falls lower and lower, 
and will be zero when one test lead is on the 
grounded bar, and the other on the shaft. 

If an absolute zero reading is obtained it indicates 
the ground is at the commutator bar. 

57. GALVANOMETER TESTS ON 
ARMATURES 

We have mentioned that a galvanometer and dry 
cell can be used to test armature windings for open 
circuits and short circuits in coils. You will recall, 
from the description of a galvanometer in an earlier 
section on elementary electricity, that this instru-
ment is simply a very sensitive voltmeter which 
will read a fraction of one volt. Fig. 37 shows a 
method of making galvanometer tests on armatures. 
Two leads from a dry cell should be held against 
bars on opposite sides of the commutator and kept 
in this position as the armature is rotated. This 
will send a small amount of direct current through thP 
coils of the winding in two paths in parallel. 

If the positive lead in Fig. 37 is on the right, a 
current will flow from this lead through the commuta-
tor bar to the right side of the winding. If all coils 
of the winding were closed and in good condition, 



304 Armature Winding, Section One. Emergency Repairs. 

the current would divide equally, part flowing through 
the top section of the winding to bar 3 and the 
negative lead, and the other part flowing through the 
lower section of the winding to the same bar and 
lead. When this current is flowing through the arma-
ture and we test between adjacent bars with the 
galvanometer, the instrument reads the voltage 
drop due to the current flowing through the resistance 
of each coil. So the galvanometer test is quite simi-
lar to that with the ammeter leads and growler. 

In testing for an open circuit with the galvano-
meter leads placed on adjacent bars connected to 
good coils, there will be no reading in the section 
of the winding in which the open coil is located; 
but when these leads are placed across the bars 
connected to the open coil, the needle will probably 
jump clear across the scale, because at this point 
it tends to read practically the full battery voltage. 
Of course, if there are two open circuits in this half 
of the armature, no reading will be obtained at any 
pair of bars. This is a good indication that there is 
more than one open. If a test is made all the way 
around the commutator and no open circuits are 
present, the galvanometer should read the same 
across any pair of bars. You should be careful, how-
ever, to secure at all times a good contact between 
these test leads and the bars, and also be sure that 
the battery leads make good connection to the com-
mutator as the armature is rotated. Otherwise vari-
ations in the readings will be obtained. 

Fig. 37. This diagram shows the method of testing with a galvanometer 
and dry cell to locate various faults in an armature. 

A lower reading than normal between any two 
bars will indicate a shorted coil, and a zero reading 
indicates a short between two commutator bars. 
When galvanometer leads are placed on bars 2 and 
3, which are connected to coils with their leads 
transposed, the reading will be normal ; but in test-
ing between bars 1 and 2, or 3 and 4, the reading 
will be double. This indicates that the leads at bars 
2 and 3 are the ones reversed. 

The methods and indications described for each 
of the foregoing tests should be carefully studied 
until you are quite sure you understand the princi-
ples in each case. It is not expected that you will 
be able to remember each of these tests until you 
have actually tried them a number of times. How-
ever, with the instructions given in the foregoing 
paragraphs, you need not hesitate to undertake any 
of these tests, if you have this material on hand to 
refer to during the first few times you make them. 

58. CUTTING OUT FAULTY COILS 
In many cases when a machine develops some 

fault in the coils of its armature, it is inconvenient 
to take it out of service for complete rewinding or 
for the amount of time required to replace the de-
fective coils with new ones. At times like this, when 
it is extremely important that a machine be kept in 
service in order not to stop or delay production on 
the equipment it operates, a quick temporary repair 
can be made by cutting the faulty coils out of the 
armature circuit. This is done by using a jumper 
wire of the same size as the conductors in the coils, 
and which should be soldered to the same two bars 
to which the defective coil was connected. This 
juniper will then complete the circuit through this sec-
tion of the armature, and will carry the current that 
would normally have been carried by the defective 
coil. 

Fig. 38 shows the manner in which an open cir-
cuit coil can be cut out with such a jumper. Foe 
each coil that is cut out of a winding a slightly 
higher current will flow through the other coils of that 
circuit. The number of coils that can safely be cut 
out will depend on the position in which they occur 
in the armature. 

In some cases several coils may be cut out, if 
they are equally distributed around the winding; 
but if several successive coils became defective and 
were all cut out with a jumper, it might cause the 
rest of the coils in that circuit to burn out. 
Other factors that determine the number of coils 

which can be cut out in this manner are: the num-
ber of coils per circuit, the amount of load on the 
motor or generator, and the size of the machine. 
If the defective coil is grounded, its two ends should 
be disconnected from the commutator bars before 
the jumper is soldered in place. Shorted coils should 
be cut at the back end of the armature and these 
cut ends well taped. The jumper wire should be 
well insulated from the leads of other coils. 

Repairs of this type should be considered as only 
temporary and, as soon as the machine can be con-
veniently taken out of operation, the defective coils 
should be replaced with new ones; or the armature 
rewound, if necessary. 
Keep well in mind this method of making tempor-

ary repairs, as there are frequent cases on the jog) 
when the man who knows how to keep the machi 
cry running through important periods of production 
or operation can make a very favorable impression 
on his employer by demonstration of this ability. 
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Fig. 38. The above diagram shows the method of cutting out a defective 
coil, and completing the circuit through the winding with • jumper 
at the commutator bars to which this coil connects. 

If you have carefully studied the material in this 
section, the knowledge you have obtained of the 

B 

• 

•• 

principles of D. C. machines and their windings will 
be of great value to you. 
While you are actually winding armatures in the 

department in the shops, you will be able to observe 
and put into practice many of the important things 
covered in this Reference Set. 

If you get the important points covered in the in-
tensely practical lectures on this subject, and do 
yogi- work on the windings thoughtfully and care-
fully, you should be able to quite easily rewind or 
repair armatures, or locate their troubles when 
necessary on the job. 
Remember that the important points are to get 

the correct number of turns of proper sized wire per 
coil, correct coil and slot insulation, and proper con-
nections to the commutator. 
By referring to this Reference Set you will find 

dependable information on all these points. 
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LAP VVINDINGS FIND ARMATURE CONNECTIONS 

An armature winding is an electro-magnet having a number of coils 
connected to commutator bars. There must be at least one start and 
one finish lead connected to each commutator bar. There are two types 
of armature windings, LAP & WAVE wound. The coil leads of a lap wound 
armature connects to commutator bars that are near each other and the 
coil leads of a wave wound armature connects to commutator bars that 
are widely separated. See fig. 1 & 2. 

When current flows through the soil in a clockwise direction a south 
pole will be produced on the surface of the armature. Fig. 3. If the 
current flows in a counter clockwise direction a north pole will be 
produced on the surface of the armature. Fig. 4. A large number of 
coils are used to produce a strong magnetic pole and a smoother 
twisting action. 
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ARMATURE WINDING CONNECTIONS 
Although there are only two types of D.C. armature windings there are 
a number of winding connections that apply to either a lap or a wave 
wound armature. 
SYMMETRICAL & NON-SYMMETRICAL CONNECTIONS. If the cOil leads connect 
to commutator bars that are on a line with the center of the coil the 
connection is symmetrical. Fig. 5. If the coil leads connect to com-
mutator bars that are not on a line with the center of the coil the 
connection is non-symmetrical. Fig. 6. 
The brushes must always short the coil when it is in the neutral plane 
which means that the brushes be located on a line with the center of 
the field pole if the coil is connected symmetrical and located be-
tween the field poles if connected non-symmetrical. 

FAG.s 3 

IFPIOELL I 

YMM ET R1C4L FI G. 6 NON 
I P1OELLED 

- SYMMET 
i 

RI CA L 

/\ 

HELD 
POLE 

FIELD 
POLE 

.....__--

HELD 

POLL 

I 

BRUSil 

BRUSH 

-. 

ARM. 8RUSH 

PIEL1 
POLE 

e-CommuTATOR I k-C 
4-gRUSH 

0 M MUTA TOR 
'-- BRUSY 



• 

o 

• 



D.C. 

LAP WINDINGS AND /1/MATURE CONNECTIONS (CoNT.) 
PROGRESSIVE & RETROGREssIVE CONNECTIONS. If the start and finish leads 
of a coil, or the element of a coil, do not cross the connection is 
known as progressive. Fig. 7. If the start and finish leads of a coil, 
or the element of a coil, cross the winding is connected retrogressive. 
Fig. 8. 
If a winding is changed from progressive to retrogressive, or vise 
versa, the effect will be reversed rotation on a motor and reversed 
brush polarity on a generator. Lap wound armatures are usually con-
nected progressive and wave wound armatures retrogressive. 
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ELEMENT WINDINGS are used to reduce the voltage across adjacent com-
mutator bars and decrease the tendency of brush sparking. Example- An 
armature has 30 turns per coil and the voltage per turn is 1 volt or 
30 E per coil. If the coil were wound in one section and connected to 
adjacent commutator bars the voltage across the bars will be 30 E. 
Such a coil would have one start and one finish lead and there would 
be as many bars as slots. This would be a single element winding. Fig. 
9. 
If this coil were divided in two sections (15 turns per section) and 
each section connected to adjacent bars the voltage across adjacent 
bars would be 15 E. Such a coil would have two start and two finish 
leads and there would be twice as many bars as slots. This would be 
known as a two element winding. Fig. 10. 
If the coil were divided in three sections (10 turns per section) and 
each section connected to adjacent bars the voltage across adjacent 
bars would be 10 E. Such a coil would have three start and three 
finish leads and there would be three times as many bars as slots. 
This would be known as a three element winding. Fig. 11. 
Element windings are particularly desirable for high voltage machines. 
The practical limit is usually three or four elements. 
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LAP WINDING 

SIMPLEX 

PROGRESSIVE 

NON-SYMMETRICAL 

TWO ELEMENT 

SLOTS = 15 

BARS = 30 

POLES = 2 

COIL SPAN= 1-8 
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ARMATURE GROWLER TESTS 
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TROUBLE: 9PEN CO /L =MIL, ILIMIELGUL TRuuBLE: GROUNDED MIL 
THIS DEFECT SHOWS ITSELF ON THE OPERATING MACHINE B7 HIDES- 
S/VE SPARKING AT THE BRUSHES AND BURNING OF THE BARS ATTACH- 
ED TO THE COIL. WHEN TESTED OW THE GROWLER, THE METER READ- 
ING BETWEEN BARS 1 AND 2 WELL BE ZERO. II TNT OPEN /S DUE 
TO POOR SOLDERING AT THE COMMUTATOR, REOLDER. IF CAUSED 
BI AN OPEN IN THE COIL ITSELF, DISCONNECT THE IF&ns, INDO- 
LATE THE ENDS, AND CONNECT I JUMPER FROM BAR 1 70 BAR 2. 

WHEN THE MACHINE IS 
TED BI THE ELCESS/VE 
ON ra ARMATURE MAINTAIN 
COIL 9FrnrE.5 CO POT 
WINDING. ON THE GROWLER, 
AND 5 WILL BE LOW 
ER THE SLOTS IN WHICH 

IN OPERATION, A SHORTED COIL IS INDICA- 
BEAT IT GENERATES. WHILE OTHER COILS 

à NORMAL TEMPERATURE, THE SHORTED 
THAT IT BURNS THE INSULATION MAI TFIE 

THE METER READING BETRIEN BARS 4 
OR ZERO. A HACKSAW BLADE WILL VIBRATE 0v- 

THE SHORTED 00/L LIES. 

A GROUNDED COIL WILL 
ATION UNLESS THE FRAME 
CASE, A SHOCK KAY 
GROUNDS ON THE ARMATURE 
GROWLER, A METER READING 
BARS 1.1(D THE SHAFT. 
BAR IS APPROACHED 

USUALLY GIVE NO INDICATION DURIPE OPER-
OF THE UNIT BE UNGROUNDED; IN THIS 

BE FEW *HEN TOUCELING THE FRAME. TWO 
PRODUCE A SHORT-CIRCUIT. ON THE 
IS TAKEN BETWEEN THE COMMUUATOR 

THE BEADING BECoRES LESS AS THE SHORTED 
AND /S MINIMUI WHEN CONTACTED. 
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Ihp.me evitztul COIL LE/15 
IN OPERATION, THIS DEFECT WOULD CREATE UNBALANCE IN THE ARM- 
ATURE CIRCUIT WITH THE RESULT THAT CIRCULATING CURRENTS 
WOULD FLOW AND TEND TO CAUSE OVERHEATING. ON THE GROWLER, 
MAKE A 1 TO I BAR TEST. WHEN TESTING BETWEEN BARS 7 AND 9, 
THE READING WOULD BE EFRO AND THE SAYE READING WOULD BE OB- 
TA/NED ESTILEN BARS 8 AND 10. THIS WOULD INDICATE THAT THE 
LEADS OF THE COIL ATTACHED TO EARS 8 AND 9 ARE REVERSED. 

poule: BelliSED COIL LOOPS 
POUBLI: SHORTED Bee THIS FAOLT, WHICH USUALLY OCCURS IN A REWOUND MACHINE, MAY 

PRODUCE SPARKING AT THE BRUSHES DURING OPERATION. WHEN 
TESTED ON THE GROWLER, THE METER BILL SION A DOUBLE READING 
BETWEEN BARS 10 IND 11, I NORMAL READING ON 11 AND 12, AND 
A DOUBLE READING ON 12 AIM I.S. TO REMEDY, UNSOLDER LOOPS 
ON 11 AND 12 AND REVERSE THEM. RACISM: WILL GIVE HD IRDI- 
CATION OF THIS FAULT. 

INDICATION DURING OPERATION IS OVERHEATING OF COIL ATTACHED 
TO BARS 14 AND 15 AND POSSIBLE SPARKING AT THE BRUSHES. ON 
GROWLER HACKSAW BLADE WILL VIBRATE OVER SLOTS CONTAINING 
COIL CONNECTED TO SHORTED BARS, AND METER READING BETWEEN 
14 AND 15 WILL BE ZERO. REMED/: REMOVE SHORT FROM BARS OR 
DISCONNECT COIL AND INSTALL. A JUMPER FROM 14 TO 15. 
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litlE 60^, A.G. 
THE PURPOSE OF A GROWLER IS TO PRODUCE AN ALTERNATING MAGNE-
TIC FIELD WHICH, CUTTING BACK AND FORTH THROUGH THE AMU-
TITRE COILS, INDICES IN TIER A LOW VOLTAGE MEASURABLE AT THE 
COMMUTATOR BARS WITH AN A.C. MILLIVOLTMETUL THE REGIS-
TANCE "R" IS USED TO ADJUST THE READING TO APPROXIMATELY 
MIDSCALE. WHEN A SEDATED COIL IS PLACED BETDEEN THE GROW-
LES JAWS, THE HEAVY CURRENT SET UP IN THE COIL CAUSES PER/0-
DIC MAGNETIZATIGN OF THE SLOT IN WH1Gw THE COIL LIES, RESUL-
TING IN THE HACKSAW BLADE HELD NEAR THE SLOT BEING ALTERNA-
TEL/ ATTRACTED AND RELEASED. 

TROUBLE, MOUREED Bee. 
TPIL „KETCH LADAS HON TILE LIFFERERT FAULTS ABOVE LISTED ARE 
REMEDIED. THE LETTERS ON THE SKETCH REFER TO SI/GRAMS 
ABOVE IN WHICH THE FAULT /S GIVEN DETA/LED TREATMENT. .A. 
SHOWS REMEDY FOR OPEN COIL, "8" FOR SHORT.D COIL, "C. FOR 

GROUNDED COIL. DOTTED LINES BETWEEN BARS REPRESENT JUMPERS. 
NOTE THAT WITH A SHORTED COIL IT IS ESSENTIAL THAT THE COIL 
ITSELF BE CUT AS SHOWN IN ^B. TO REMOVE THE 51081 CIRCUIT. 

IF THERE ARE PC OTHER GROUNDS ON THE MACH/NE, THE FAULT 
MILL MDT AFFECT THE OPERATION OF THE MACHINE AT ALL. /F 
OTHER GROUNDS ARE PRESENT, SEVERE FLASHIe AT THE BRUSHES 
WILL USUALLY OCCUR. THE TILT PROCEDURE IS THE SINE AS Em- 
PLOYED IN DIAGRAM "C". TO DETERMINE IF GROUND IS COIL OR 
BAR, DISCONNECT WIRES FROM BAR 13 AND THEN TEST BAR FOR 
GROUND. REMEDY: REINSULATE BAR. 
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ARMATUR 
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AMMETER 
FULL SCALE. 
READING 
E.S I 

RHEOSTAT 7 OHMS 
1./W\A.A 

TWO COILS OF WIRE ARE. USED 

EACH CONTAINING 2.50 TURNS 
OF * 17 S. C. E. WIRE—THE COILS 
ARE I Nat/LAI-ED FROM EACH 
OTHER By TWO LAYERs OF FISH 

PAPER AND TWO LAYERS OF 
EMPIRE CLOTH . THESE. COILS 

MAY at w0UND ONE OVER THE. 
OTHER OR IN TWO SEcTiONS AS 
SHOWN. 

D. P. D.T. SW. USED 
TO CONNECT COILS 
IN SERIES OR 
PARALLEL FOR 

I F; ERENT STRENGTH 
MAGNETIC FIELDS 

io E. 60-••• A.C. 

5 A n 

-  

24 LBS. OF 

LAMINATED IRON 

I 1/4 * I 9/d 

4 Ye" 

GROWLER SPECIFICATIONS 
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ARMATURE TESTS USING METER 

TROUBLE  - OPEN COL, 

TO PREVENT INJURY DO THE METER, THIS TEST MUST PRECEDE 
ALL OTHERS WHEN THE MILLIVOLT METHOD OF TESTING IS USED. 
SET METER ON THE 15 VOLT RANGE AND, WITH CURRENT FLOWING 
ThROUGH THE ARMATURE, TAKE READINGS BETWEEN BARS 1-2, 
L-3, 3-4, ETC., UNTIL ALL PAIRS OF SEGMENTS HAVE BEEN 
COVERED. A HIGH READING BETWEEN ANY PAIR OF BARS INDI-
CATES AN OPEN COIL. NOTE THAT IN THIS METHOD OF TESTING' 
THE METER IS USED TO MEASURE THE VOLTAGE DROP IN EACH 
ARMATURE COIL, AM THAT THIS IS DOME BI TAKING READINGS 
BETWEEN COMMUTATOR SEGIEMTS. 

TROUBEE - SHORTED COIL 
FOR THIS TEST SET METER ON THE M.V. RANGE THAT GIVES THE 
BEST DEFLECTION, STARTING WITH THE 300 SETTING AND MORE 
DOhN TO THE 50 N.V. RANGE IF NECESSARY. ADJUST CURRENT 
THROUGH ARMATURE UNTIL APPROXIMATELY MIDSCALE DEFLECTION 
IS OBTAINED ON A NORMAL COIL AND MAKE A BAR-TO-BAR TEST 
ON ALL SEGMENTS. THE DEFECTIVE COIL WILL GIVE A UDR OR 
ZERO READING DEPENDING UPON ROW MANY TURNS ARE SHORTED. 
IT SHOULD HERE BE UNDERSTOOD THAT THIS METHOD OF TESTING 
IS MERELY A COMPARATIVE OWE, FOR IT IS HOW THE READINGS 
COMPARE THAT IS IMPORTANT. 

TROUBLE - GROUNDED COIL 
TO WEE THIS TEST, SEND A CURRENT OF SUITABLE VALUE THEO' 
THE ARMATURE AND MEASURE THE VOLTAGE DIFFERENCE BETWEEN 
EACH SEGMENT AND THE ARMATURE SHAFT. IF THE WINDING IS 
GROUNDED, A READING WILL BE OBTAINED THAT BECOMES GRADU-
ALLY LESS AS THE BARS TO WHICH THE commu) COIL IS CON-
NECTED ARE APPROACHED. THE READING WILL BE WREST ON 
THE BARS TO WHICH THE GROUNDED COIL IS CONNECTED. IT 
SHOULD ALSO BE NOTED THAT AS THE GROUNDED COIL IS PASSED 
THE METER READING WILL REVERSE. TO DETERMINE IF THE BAR 
IS GROUNDED, DISCONNECT THE COIL LEADS AM REPEAT. 

ZEMLE - VERSER COIL LEADS 
USUALLY EtCOUNTERED ON ARMATURES THAT HAVE JUST BEEN RE-
WOUND, THIS FAULT REOIRES A DIEEERENT TESTING METHOD. 
SET METER ON 50 M.V. RANGE, SELECT THE FIRST COIL TO BE 
TESTED, AND FIND THE SEGMENTS TO WHICH TEE ENDS OF THIS 
COIL ARE CONNECTED. WITH TEE METER LEADS ON THESE BARS 

DMA A MAGNET SWIFTLY ACROSS THE SLOT IN WHICH ONE SIDE 
OF THE COIL LIES AND NOTE DEFLECTION ON THE METER. RE-
PEAT THIS TEST ON ALL OTHER COILS, ALNEYS HIVING THE 
MAGNET IN THE ELLE DIRECTION. lehIN DRAWN ACROSS A Re, 
IF,NSFID COIL, THE METER WILL READ BACKWARDS. 

TROUBLE - EEVERSET COIL LOOPS 
USUALLY FOUND ONLY IN REWOUND MACHINES, THIS FAULT IS 
CHECKED BY THE REGULAR BAR-TO-BAR TEST. PROCEED IN EX-
ACTLY THE SERE MARNER AS USED FOR LOCATING SHORTER COILS 
SINCE THE CURRENT IN PASSING FROM SEGMENT 10 TO SEGMENT 
11 MUST FLOW THROUGH TWO COILS, IT FOLLOWS THAT THE VOLT. 
AGE DROP BEThEEN BARS ID AND 11 WILL HE DOUBLE THE VALUE 
OBTAINED ON A NORMAL COIL: THE SAXE IS TRUE FOR BARS 12 
AND 13. BARS 11 AND 12 WILL GIVE A NORMAL INDICATION: 
THUS REVERSED COIL LOOPS ARE INDICATED BY A DOUBLE READ-
ING, A NOMAD READING, AND A DOUBLE READING. 

/ROUBLE - PORTED BARS 
MAKE SAME TEST AS FOR SHORTER COIL. WITH CURRENT FLOW-
DM THROUGH THE ARMATURE, MEASURE THE VOLTAGE DROP BE, 
TRIM SEGMENTS. MEN THE SHORTED BARS ARE ENDOUNTERED, 
THE METER WILL READ ZERO. INASMUCH AS THE SAME IND/CA-
TION WOULD BE OBTAINED IF THE COIL LEADS WERE SNORTED, 
IT WILL BE NECESSARY TO DISCONNECT THE LEADS FIBMI THE 
COMMUTATOR SEGMENTS BEFORE IT CAN BE DETEMINED WHETHER 
THE LOW READING WAS CAUSED BY SHORTED BARS OR SHORTER 
COIL LEADS. IF AFTER THE COIL IS DISCONNECTED • ZERO 
READING IS OBTAINED, THE MRS ARE SNORTED. 

POOR 7 
SOLDER 
CONNECTION 

11.000 SOLDER 6 
CONNECTION 

TROUBLE - GROUNDED BARS 
TEST FOR THIS DEFECT I. THE SAME AS FOR A GROUNDED COIL. 

METER READING FROM BAR TO SHAFT WILL BE EM. U WHEN THE 
GROUNDED BAR IS CONTACTED. TO DETERMINE WHETHER THE BAR 
OR THE COIL IS GROUNDED, DISCONNECT THE COIL MOM THE 
BAR AND TEST AGAIN; IF BM NOW TESTS CLEAR, COIL /S 
GROUNDED. WHEN MIMING THIS TEST, THE METER READINGS RAY 
CHANGE SO RAPIDLY AS THE GROUND IS APPROACHED, THAT a 
SATISFACOCRE DEFLECTION CAMIOT BE OBTAINED WITHOUT TURN-
ING TO A DIFFERENT RANGE. THEREFORE, AS THE READING 
FALLS, THE METER SWITCH SHOULD BE MOVED TOATINIFR RANGE, 

TROUBLE - BAD CONNECTION 
TROUBLE FREQUENTLY DEVELOPS IN ARMATURES AS THE RESULT 
OF POOR ELECTR/C1L CONNECTIONS BETAEEN THE COIL LEADS 
END THE COMMUTATOR SEGMENTS DUE EITHER TO POOR SOLDER-
ING OR TO OVERHEATING OF THE ARMATURE WHILE IN SERVICE. 
HIGH RESISTANCE CONNECTIONS OF THIS TEPE ARE INDICATED 
BY HIGH READINGS ON THE MILLIVOLDIETER. TO POSITIVELY 
LOCATE WHICH BAR HAS THE POOR CONNECTION, MAKE THE 
TEST INDICATED ABOVE. A POORLY SOLDERED JOINT WILL 
PRODOCE A READABLE DEFLECTION ON THE METER, AREAS A 
GOOD JOINT WILL GIVE NO READING. 

vARIABLE 
RESISTANCE 

VARIABLE 
RESISTANCE 

TESTING PROCEDURE 
CONNECT THE ARMATURE TO A 8 VOLT, 110 VOLT, OR OTHER D.C. 
SUPPLI WITH A CONTROLLING RESISTANCE IN SERIES. THIS RE. 
SISTARCE MAY CONSIST OF A LEBER OF PARALLEL-CONNECTER 
LAMPS ARRANGED TO BE SW/TONED IN OR OUT OF THE C/RCUIT 
AT WILL. FIND CURRENT INTO ARMATURE TBROUGH JARS EXACT-
LY ONE POLE PITCH APART, AND ADJUST CURRENT UNTIL THE 
MILLO VOLTMETER GIVES A MIDSCALE READING ON A NORMAL CO/1. 
THE AMOUNT OF D.C. CURRENT REVU/RED WILL VARY WITH THE 
SIZE OF THE ARMATURE, FRACTIONAL H.P. UNITS REV/RR/NG 
ABOUT 2-4 AMPS, MACHINED UP TO 20 H.P. ABOUT 10 IMPS, 
END THE LARGEST AIIIITURES CURRENTS AS HIGH AS 20 AMPS. 
EFTER THE CURRENT HAS BEEN ADJUSTED TO A SUITABLE VALUE, 
TAKE KILL/VOLT READINGS BETWEEN BARS 1-2, 2-3, 3-4, ETC. 
IF NO FAULTS ARE PRESERT, THE READINGS WILL BE APPROXI-
MATELY EQUAL. HIGH READINGS INDICATE HIGH RESISTANCE • 
CONNECTIONS, USUALLY CAUSED BY POOR SOLDER/MG, WHILE LOW 
READINGS SNOW SNORTED COILS OR COMP/AIM SEGMENTS.CpyRE 
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MOTOR AND GENERATOR COMMUTATION. 

MOTOR ROTATION 
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LOCATION AND POLARITY or INTERPOLES. 

N 

THIS DIAGRAM SHOWS THAT I NTERPOLES WILL BE 
CORRECT IN POLARITY WHEN ROTATION IS REVERSED. 

MOTOR 

COYNE. 
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D. C. 

COIL # 3 

COIL #1 

ARMATURE AND FIE TES  S 
.-OPEN 

COIL OPEN ARMATURE COIL TEST 
Connect armature across line with current-limiting lamps in 
series. Ilace meter selector switch in the 50 volt or the 10 
volt position and measure voltage across armature. Next make 

a bar-to-bar test; meter will read zero until open coil is 

bridged when total armature voltage will be registered. Ex-

ample: 8E across armature; bars 11, 12 read zero; bars 1, 2 
read 6E. To protect tne meter, the test for spans should al-

ways be made before any other check involving bar-to-bar 

readings. 

SHORTED ARMATURE COIL TEST 

Connect armature to circuit, as directed above. Set meter 

selector switch to 250 M.A. and make a bar-to-bar test. If 

necessary, change selector switch to obtain aoout half-scale 

reading on a normal coil. A low or zero reading will then 
indicate a shorted coil; a high reading a poor connection - 

usually at the commutator riser. Example: Meter reads half 

scale on bars 11-12, 12-1, 1-2; gives low reading on 2-3, 

thereby indicating a shorted coil. 

GROUNDED ARMATURE COIL TEST 

With the teat connection remaining the same as before, a me-

ter reading between the commutator segments and the shaft 
indicates a grounded coil. As the segment to which the 

ROUt4DED 
p cow_ grounded coil is connected is approached, the reading will 

become less and will be minimum when the test prod is in 

contact with the segments connected to the grounded coil. 
Example; With meter selector switch set on 50 a read-

ing from bar 10 to shaft is full-scale and this value is 

graduallr reduced to a minimum on bars 1 and 2. Beyond this 

point, the reading reverses bald starts to increase agcin. 

COIL #2 

COIL # 4 COIL # 3 

SHORTED FIELD COIL TEST 
connect shunt field to line as shown in sketch end take the 
voltage drop across each field coil with a D.C. voltmeter. 

If the voltage across all coils is the same, the field is 

O.K. A reading below normal indicates a shorted or partir.1-

ly shorted coil. "'he normal voltage across any field coil 

is equal to the line voltage divided by the number of poles. 

Example; Coil 1, 31Ed; coil 2, 17E; coil 3, 1Ed; coil 4, 

31Ed; coil 2 is shorted. 

OPEN FIELD Coll, TEST 

Connect field as indicated in sketch and place voltmeter or 

test lamp across each field coil. If the field is open, no 
reading will be obtained until the open in the circuit is 

bridged. Then the open may ce found by testing each coil 
individually, or by connecting one test lead to one of the 
circuit wires and :aoving the other lead around the field to-

ward the other line until a light is obtained. The open 

will then be in between the point at which the liet was oc-

tamed and the previous point tested. 

GROUNDED FIELD TEST 

Apply line voltage oetween the field leads and the frame 

with a suitable voltmeter or test lamp in series. If the 

meter indicates or the lamp lights, the field is grounded. 

To locate the ground, disconnect and test each coil separa-
tely. 
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INSULATION TESTS 
Ito E A.C.LINE 

RECTIFIER 
FILTER 
UNIT 

POWER PACK USED 
TO STEP-UP 110 E 
A.C. TO 500 E A.C. 
AND RECTIFY OR 
CHANGE IT TO D.C. 

500 E D.C. 

CONNECT TO NAME PLATE 
OR SHAFT 

L 
UNIVERSAL 
TEST METER 

o 

  _ 

Since the quality of the insulating materials used on any electrical ma-
chine deteriorates with age, due to the action of moisture, dirt, oil, 
acids, etc., it is necessary to periodically test the electrical resis-
tance of the insulation so that weaknesses may be detected and correc-
ted before they result in complete failure. 

Insulation resistance tests are usually made by applying 500 volts D. C. 
between the winding of the machine and the frame; the current which 
this pressure forces through or over the insulation to the frame is mea-
sured by a sensitive instrument, the scale of which is usually calibra-
ted to read in megohms. The 500 volts D. C. may be developed by a hand-
operated generator as in the megger, or it may be supplied from an A. C. 
source by a rectifier-filter combination as shown above. 

The readings obtained on any given machine will vary greatly with the 
temperature of the insulation, a 10 degree Centigrade rise in tempera-
ture reducing the insulation resistance as much as 50e. The dampness 
of the location, and the amount of oil, dust, or dirt on the winding, 
will also materially affect the readings. 4herever possible, the test 
should be made when the insulation is at the maximum operating tempera-
ture, 1b7 degrees F.,(75 degrees Ci an The minimum safe insulation resis-
tance at maximum operating tempera ure should not be lower than one meg-
ohm for equipment having a voltage rating below 1000 volts. 

To make the test, connect the rectifier unit to 110 volts A. C., set 
the control switch on the meter to the one mil position, set switch in 
D. C. position, make the connections shown above, and read the insula-
tion resistance on the top scale of the dial. Usually a general test 
is made between one lead- of the macnine and the frame, and if this 
proves to be too low, the windings are tested individually. So after 
the general test, test the armature, shunt field, series field, and 
brush holders separately. To do this, take the brushes from the holders 
disconnect the windings from each other, and test the insulation resis-
tance of each. In this manner, the faulty element can quickly be found. 
This same procedure is used on A. C. equipment also. If such readings 
are taken at regular intervals and the values recorded, a close check 
may be kept on the condition of the insulation resistance of all elec-
trical equipment, and apparatus may be removed from service and recon-
ditioned before breakdown occurs. 
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UNIVERSAL TEST METER MODEL 777 

Instruotions for Use 

The above instrument has been especially designed for general testing pur-

poses, the scales having been selected to adapt it to ordinary applications 

at commercial voltages. This meter will measure D.C. volts, D.C. millivolts, 

D.C. milliamperes, D.C. amperes (with an external shunt) A.C. volts, and 
resistance in ohms and megohms. As the instrument is equipped with an in-
ternal dry cell, it may be used for continuity and resistance tests when an 
external power supply is not available. 

All D.C. values on this instrument are read on the black scale, all A.C.  
values are indicated on the red scale, and all resistance values are shown 
on the green scales. It should be noted that the A.C. and D.C. scales read 
forward, but that the resistance scales all read backward. The value per 

scale division on the Red and Black scales will vary with the position of 
the range selector as follows: 

On the 0-15 scale each scale division equals 0.25 units 
" " 0-50 " n w w " 1.2 " 
n " 0-150 " ft II It " 2.5 „ 
„ „ 0-300 " 9, n n " 5.0 of 
„ „ 0-600 If If ff N " 10.0 If 

To use this instrument plug red lead into the red jack, and the black lead 
into the black jack; then set the selector switch on the desired range and 

read pointer position on the proper scale. When the value of the quantity 
to be measured is unknown, always start on the highest range and work down 

from this range to one that provides the most convenient deflection. To 

measure resistance, turn selector to desired ohm range, touch leads together 
and rotate zero ohm adjuster until the meter needle coincides with the right 
hand end of the scale. Then apply leads to resistance to be measured. 

To use the megohm scale a 500 volt D.C. supply is necessary. This can be 

provided by dry batteries or a rectifier unit. On this test, the meter is 
connected in series with one lead from the 500 volt supply - the range se-
lector being set on the 1MA position. 

When operating the instrument, always be sure that the selector switch is on 
the correct range before the test leads are applied and never move the selec-

tor switch when the meter is connected to a live circuit. If selected range 
is unsuitable, remove the leads from the live circuit, change to the range 
desired, and then make the test. Always remember that one mistake mav ruin 
the instrument. 

• 
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MAINTENANCE & TROUBLE SHOOTING 

A MACHINE MAY FAIL TO START OR IMPROPERLY OPERATE DUE TO-
1. Opens, loose connections or high resistance contacts in the motor, 
line or starter. Use a test lamp or a voltmeter and make a continuity 
test as shown by sketch. 

OVERLORD Relt RSE COIL 

sr—a7r IIELITACTS 

TEST LAMP 

ARMATURE- INTERPOLE 
ITA %TINA WMOINT) 
RESISTO 

• 
• 

—I— -------j------1-------, 

SERIES 
F LLO \ 

2. Worn bearings. On small machines the bearings can be tested by mov-
ing the shaft. If bearings are worn there will be a noticeable clear-
ance between the bearing and shaft. For a more accurate test measure 
the air gap with an air gap or thickness gauge. For best condition the 
surface of all field poles should be the same distance from the arm-
ature core. Use the same position on the armature for all tests. 

ISEARMS NOT WORN 

UPPER LEVI titRsuRtmun• . Z 6" 
ummn mcmi.  
LOWER • • .026" 
LOWER LLFT iI .02.6" 

WORN SERRINbS 

UPPER LEFT tntkuivitmErrt .044" 
UPPER RIGHT .044" 

LOWER r ID .008" 
LOWER LEFT .008" 

3. Incorrect field pole polarity. Field pole polarity will not reverse 
itself. This trouble occurs when field connections are being made be-
tween coils. Adjacent poles should produce opposite polarity otherwise 
maximum field strength will not be produced. A weakened field will 
cause a motor to run at a speed higher than normal and decrease the 
amount of torque it will produce. 

CORREC.T POLARVTY 

ATTRACTION 

A magnetic compass or 
large nails can be used 

5 to determine if ad- N 
jacent poles are oppos-
ite polarity. 

INCORRECT POLARITY 

REPULSION 

4. High or low line voltage. The armature of a shunt or compound motor 
will overheat if the line voltage is lower than normal if the motor is 
carrying its full load. High line voltage will cause the shunt field to 
overheat. Series motors will not be affected except the speed will 
vary with the voltage applied to the motor. 

5. Operating temperatures. The temperature rating on the name plate is 
the amount of heat the machine will produce when operating with full 
load. The maximum operating temperature for any machine is the name 
plate temperature plus normal room temperature. Example- Name plate 
temperature 40 degrees centigrade - Normal room temperature is always 
considered to be 40 degrees centigrade. This machine will operate at 
a temperature of 40° plus 40° or 80° centigrade which is equal to 

176 degrees fahrenheit. The following formulas are used to change 

fahrenheit to centigrade or vise versa. F equals (C times 1.8) plus 32 
C equals (F minus 32) divided by 1.8 

COYNE 
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135 
MAINTENANCE & TROUBLE SHOOTING (continued) 

6. Brushes not properly fitted to the commutator. Use sandpaper, brush 
jig or brush seater stone to fit or seat brushes. 

BRUSH 
BRUSH HOLDER 

RAMS >4 
smtinG 

SANDPAPER 

7. Brushes off neutral position. This condition will cause brush 
sparking and cause a motor to operate at a speed higher than name pla-
te speed. The correct position can be located by using one of the fol-
lowing methods. 1. If the machine is operating with load shift the 
brushes to a position of sparkless commutation. 2. Connect a voltmeter 
across the brushes of a motor and the shunt field across the line. 
Make and break the shunt field circuit. The brush position giving the 
lowest voltmeter reading will be the correct position. The motor must 
not rotate while the test is being made. For a generator the brush 
position giving the highest voltage will be the correct position. The 
generator should be operating without load when the test is made. 

BRUSH JIG 
BRUSH 

SEATER STONE 

TESTING A MOTOR TO LOCATE I 
CORRECT BRUSH POSITION / 

SHUNT FIELD 

Tt ST IN6 A «AERATOR TO LOCATE 
CORREGT BRUSH POSIT ION POOR BRUSH TENSION 

8. Poor or unequal brush tension. Apply equal tension of 1 to 3 lbs. 
per square inch of brush surface on the commutator. Measure brush 
tension by using a small spring scale. 

9. High mica. Use hack saw blade or undercutting machine and undercut 
the mica about 1/16 inch. 

10. Wet or oily windings. All damaged windings must be properly 
cleaned and repaired before drying. Use carbon tetra chloride or other 
agents for cleaning. Dry windings by baking at 180° F until dry. 
Motors can be dried out by operating them with an ammeter and a reg-
ulating resistor connected in series with the machine windings. Adjust 
the regulating resistor so the current through the machine windings 
will not exceed name plate value. After machine has been dried out make 
an insulation test to determine the condition of the insulation. 
11. Rough or dirty commutator. Smooth commutator with sandpaper or 
commutator stone. True commutator by turning it in a lathe or using 
tools made for that purpose. After trueing a commutator in a lathe use 
#000 or #0000 sandpaper to smooth commutator. Clean commutator with 
fine sandpaper or use a cleaning agent such as carbon tetra chloride. 
It is best not to use a cutting agent for cleaning. Never use emery 
cloth or a lubricant of any kind on a commutator. 

12. Incorrect grade of carbon brush. Carbon brushes vary in capacity 
from 40 I to 125 I per square inch of brush surface in the commutator. 
When renewing brushes always be certain that the brush used has 

sufficient capacity to carry the load without overheating. 

6 -̀̀1/ in'"iLie4A-t4j - ?elf' COYNE 
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POWER PecK FOR INSULATION RESISTANCE TESTER 
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The connecting scheme employed on unit designed to convert 110 volt, 60 cycle 
A.C. to 500 volt D.C. for insulation resistance testing is shown above. Many of the 
parts required for this rectifying and filtering device may be obtained from old 
radio equipment; the remainder may be purchased from any radio supply store. The 
material needed is listed below. 

One power transformer with windings to produce voltages shown. 
Three 600 volt, 2 microfarad, paper condensers. 
Two 50 henry chokes. 50 milliampere rating. 
One 82 tube and socket for same. 
One wooden case approximately 5x5x8. 
One bakelite cover for wooden case. 
One 500,000 ohm J. watt fixed resistor. 
One 400,000 ohm J. watt fixed resistor. 
One 250,030 ohm 1 watt variable resistor. 
One control knob for variable resistor. 
One instrument fuse base and clips. 
One instrument fuse, 2 amperes. 
Two tip plugs for leads (one red, one black) 
Two pin jacks (one red, one black) 

First experiment with parts to find the most suitable arrangement of the 
different items in the case. Small sketch shows one method that has proved satis-
factory. Tube base must be so placed as to permit replacement of defective tube 
without the removing other parts. All connections must be soldered. 

After the unit has been constructed, test the D.C. voltage output with a 
0-1 mil voltmeter. If the voltage is too high, use a lower resistance at X. 
A little experiment and adjustment will probably be necessary before the correct 
output voltage is obtained. The meter to be used in conjunction with this supply 
device must not require more than one milliampere to produce full scale deflec-
tion. Higher current drain will result in lowering the output voltage of the 
power supply; this will introduce errors in the readings taken when the unit is 
being used for insulation resistance tests. 
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D. C. 

PRINCIPLES OF LAP AND WAVE WINDINGS 

The lap winding is usually used on a circuit where the operating volt-
age is 220 E or less in value. This type of winding is desirable for 
general factory work. It is possible to design an armature for a 
higher ampere capacity by having it lap wound. The higher ampere 
capacity is obtained because there will be a greater number of paral-
lel paths in the armature which increases its ability to carry current. 

SECTION OF Pt 
LAP 

1 N 

Fig. 
4 POLE 
WINDING, 

I 

1 
PROGRESSIVE 

I 5 1 

Fig. 2 
SECTION OF A 4 POLE RETROORESSIVE 

LAP WINDING. 

1 N 1 I S 1 
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D.C. MOTOR 1 
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D.C. MOTOR 
, 
A, • 0 / , 
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zi 

1 

, ,1 , 

+ 4. 

The name wave wound is derived from the way the current circulates or 
waves through the armature. The wave type winding is usually used on 
P circuit where the operating voltage is 250 E or more in value. This 
type winding is desirable for traction work, steel mills & mine work. 
It is possible to design an armature for a higher operating voltage by 
having it wave wound. The higher operating voltage is obtained be-
cause there will be a greater number of armature coils in series be-
tween the brushes which increases the operating voltage. 

4 pole progressive 

N 

Fig. 

I I 

3 
wave 

N 

winding. 

I 5 I 

Fig. 
4 pole retrogressive 

l"1 M 

4 
wave winding. 
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152 

WAVE WINDING 

SIMPLEX 

RETROGRESSIVE 

SYMMETRICAL 

TWO ELEMENT 

SLOTS 7---' 13 

BARS = 25 

POLES = 4-

COI L SPAN = 1 — 4 

COMMUTATOR PITCH = 1-13 

A - ES ENDS or DEAD COIL. 
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DC - ARMATURE WINDING TOOLS AND MATERIALS 

To test and rewind armature stators efficiently, certain tools and testing equipment 
are necessary. The list given below indicates the tools and testing devices that 
should be available to the winder if his work is to be done effectively. 

16 oz. machinists 

12 oz. machinists 
Large screwdriver 

Small screwdriver 

#1 Rawhide mallet 
#2 Rawhide mallet 

Outside growler 
Inside growler 

hammer 
hammer 
6" 

3" 

ARMATURE AND STATOR TOOLS 
1 - Pair tin shears 1 

1 - Knife 1 
1 - Flat file 1 

1 - Cold chisel 1 
1 - Lead scraper 1 
1 - Armature spoon 1 

1 - 6" Parallel plier 1 

1 - Set soldering irons 1 

- Pair of scissors 
- Set wedge drivers 

- Coil lifter and shaper 
- Long nose plier 
- Diagonal plier 

- Set coil tamping tools 
- 8" side cutting plier 
- Universal test meter 

The proper insulation of a stator or armature means the insulation of the slots as 

well as the coils, the former serving the dual purpose of insulating and mechanic-
ally protecting the coils at the same time. These insulations may be divided into 
groups which indicate the purpose for which they are most suitable. In the first 

group may be listed the purely electrical insulations: cotton tapo, oiled cloth of 
cotton muslin or linen, varnished cambric, varnished muslin, varnished silk, and 

empire cloth. In the second group the materials which afford the greatest mechanic-
al protection: pressboard, presspahn, hard fiber, vulcanized fiber, and fish paper. 
In the third group those especially adapted to high temperatures such as: mica, 
micanite, mica paper, glass tape, and mica cloth. From this it may be seen that 

there is an insulation for practically every purpose, and that a certain degree of 
care must be excercised in choosing the insulation for any particular job. The most 

widely used slot insulations with their various thicknesses are given below. 

Black varnished cambric 

Yellow varnished cambric 
Yellow varnished silk 
Fish paper 
Duro 

Friction)Taping 
Rubber )splices 

Cotton ) 
Linen )Taping 

Silk )Coils 

Glass ) 

Fiber - usually 

SLOT INSULATIONS 
.012" thick 
.007 - .015 

.003 

.004 - .023 

.007 - .015 

Fullerboard 

Oiled asbestos 

Varnished " 
Mica paper 

Micanite 

INSULATING TAPES 

paper 

Oiled muslin 

Varnished cambric 

Duro 
Mica 

Black varnished cloth) 

.007 - .015" 

.006 - .015 

.006 - .015 

.005 - up 

.005 - up 

Used for 

taping 

coils. 

SLOT WEDGES OR SLOT STICKS  

rawhide fiber. Wood - generally maple 

Air dry) Baking not 
Shellac) essential 

INSULATING COMPOUNDS 

Clear baking varnish)Requires 

Black Baking Varnish)baking 

MATERIAL SUPPLY HOUSES 
Armature winding tools - Martindale Elec. Co. 1260 W. 4th St., Cleveland, O. 

Rewinding materials & wire - American Elec. Sply. Co. 626 W. Jackson Blvd. Chgo.. 
All insulating materials - Insulation Mfgs. Corp. 565 W. Washington St. Chgo. 
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D. C. 159 

DATA SHEET FOR MOTOR AND GENERATOR REWINDING. 

Job No.__________ Customer _ _ 
Address 

Date received Date promised 

How delivered_____ ___Send____________ Will call__ _ 
Terms of payment   Estimate_ _ - - - - - 
Cost of materials used   Total hrs. labor  

WORK TO BE DONE 
Write out in detail. 

REWIND DATA 
H.P. Volts Amps. R.P.M.__ _ _ __ Type _ _ _ 
Serial No. Make__ 

No. of slots_ ______ _Coil span _Turns per coil_ _ _ _ _ 
Size and kind of wire__ _ _ _ _ _ conn.__ _ 

No. of wires in parallel__ __ _ _ _ Lbe. of scrap wire remove.d_ _ _ 
Slot insulation _ _ 

No. of comm. bars__ _ Comm. pitch__ _ _ _ _ _ 

Dead coils Dead bars Wires per bar 

Dia, of core_ Length of core_____ ___ End room___ _ _ _ _______ 

Band wires___ _ Si ze__ __ No. of turns_ _ Solder balance weights 

WAVE SIMPLEX SYM. 

1 

END 
ROOM 

WIDTH 
OP 

CORE 

DISTANCE 
FROM 
CORE TO 
COMM-

LAP SIMPLEX SYM. 

1 1 , 1 . 1 1 1 1 ' 1 =1 1 .1 

1 1 1 1 1 1 1 1 1 1 I 1' 1  

WAVE SIMPLEX 
SVM. S ELEMENT 

LAP SIMPLEX 
NON 

LAP SIMPtti 
SYM. a ELE.MUIT. 

Mt* 
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LAP WINDING 

DUPLEX 

PROGRESSIVE 

SYMMETRICAL 

SINGLE ELEMENT 

6w a.7-0( /y 374 e& 77FE2/ 

SLOTS =, 24 

BARS 24 

POLES = 4 

COIL 5PAN =1-7 

Y 

COYNE 



e 

o 

o 
V V 

V 



D. C. 

a 

a 

e 

122 



e 

o 

e 
V 



D. C. 
150 

e 

WAVE. WINDING 

SIMPLEX 

RETROGRESSIVE. 

SYMMETRICAL 

SINGLE ELEMENT 

V 

0 "r<1 7(,/ 

SLOTS = 25 

DARS 25 

POLES.. 4 

COIL SPAN = 1-7 

COMMUTATOR FITC.M=1 -13 
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WAVE WINDING 

SIMPLEX 

PROGRESSIVE 

SYMMETRICAL 

SINGLE ELEMENT 

SLOTS rz 32 

BARS = 32 

POLES = 6 

COIL SPAN = 1-6 

COMMUTATOR PITCH 'i- 2. 

Y 

COYNE 



• 

e 

er 
V Y 

Y 



D. C. DEPARTMENT 

• 

e 

D. C. Motor and Generator Construction 

1. Name four types of work where D.C. power 
must be used. 

2. Describe the jobs that the characteris-
tics of D.C. motor makes them especially 
suitable. 

3. Why are the frames of motors and genera-
tors made of iron? 

4. Name the different types of frames. 

5. Why is it necessary to have different 
types of frames? 

6. Why are the field poles made of iron? 

7. Describe the purpose and location of the 
bearings in a motor. 

8. Name the types of bearings used and des-
cribe the construction of each type. 

9. What is the purpose of the oil ring? 
Describe its action. 

10. What is meant by the retaining screw and 
what is its purpose? 

11. Where is the oil well located? 

12. Where is the rocker arm located and what 
is its purpose? 

13. Do all motors have rocker arms? 

14. Explain the purpose and construction of 
the brush holders. 

15. Locate the brush tension spring and ex-
plain its purpose. 

16. Is it possible to have a five pole motor? 

17. What is the purpose of the brushes. 

18. Name the materials usea 
brushes. 

in making 

19. Describe the construction and purpose 
a commutator. 

D. C. Motor and Generator Construction 
Continued 

24. What is the purpose of the slots in the 
surface of the armature core? 

25. Give the purpose of the armature winding. 

26. Is there any difference in the construc-
tion of a motor and a generator? 

27. Name the different types of field wind-
ings. 

28. Describe the construction of each. 

29. What is the purpose of a motor? How are 
motors rated? 

30. Explain how motor rotation is produced. 

31. What is the twisting power produced by a 
motor called? 

32. Is the amount of torque output deter-
mined by the speed of the motor? 

33. Give Fleming's left hand rule for motors 
and be able to apply it on the job. 

34. How can the direction of rotation of a 
D.C. motor be reversed? 

35. What is the standard practice when re-
versing a D.C. motor? 

36. What determines the amount of torque de-
veloped by a D.C. motor? 

37. Will the torque of a D.C. motor be af-
fected if the armature or field current 
is increased? Explain. 

38. What is C EM F? Give purpose of C EMF. 

39. What limits the current through the 
shunt field winding? 

40. What is meant by the statement applied 
voltage? Effective voltage? 

of 41. How can the resistance of the armature 
be determined? 

20. Will a sleeve type bearing operate suc-
cessfully in a vertical position? 

21. Why is mica insulation used to separate 
the bars on most commutators? 

al 22. Describe the construction of the arm-
ature core. 

42. Why is it necessary to connect lamps or 
other resistors in series with the arma-
ture when determining the resistance by 
the Ed method? 

43. Is it possible to change the speed of a 
D.C. motor? 

23. Why is it necessary to use laminated 44. What is the maximum safe speed for the 
iron in the armature core? average D.C. machine? 

- 1 - 



D. C. DEPARTMENT 
D. C. Motor and Generator Construction 

Continued 

45. Explain what is meant by the peripheral 
speed of the armature. 

46. How many R.P.M. can an armature that is 
two feet in circumference be rotated 
safely? 

47. Define H.P. output. 

48. What two factors determine the amount of 
H.P. output of a motor? 

49. Describe how to test and determine the 
H.P. output of a motor. 

50. What is meant by efficiency? 

51. How can the efficiency of a motor be de-
termined? 

52. Does the size of a pulley make any dif-
ference when using the prony brake test 
to determine the H.P. output of a motor? 

53. Explain how to connect a test lamp to 
identify terminals. Be able to demon-
strate the test. 

54. What are the proper markings for the 
shunt, series & armature terminals? 

55. Which pair of terminals produce the great-
est amount of sparking when testing? Why? 

56. Which pair of terminals allow the lamp 
to burn brightly? Why? 

57. How many terminals on the terminal board 
for each of the following motors? Series, 
shunt and compound. 

Starting and controlling the speed 
D.C. motors 

58. How large a motor can be started across 
the line without damage to the motor? 

59. Why must a resistor be connected in 
series with the armature when starting a 
D.C. motor? 

60. How much time should be allowed to bring 
a motor up to normal speed? 

61. How much current should flow thru an 
armature when starting a D.C. motor? 

62. Should the shunt field have a high or 
low voltage applied to it when starting? 

63. After a motor attains normal speed the 
current flow through the armature will 
always be proportional to what? 

Starting and controllinn the speed 
D.C. Motors - Continued 

64. Why is it necessary to protect a motor 
against a no voltage condition on the 
line? 

65. Explain the action of a no voltage no 
field release coil. 

66. How are D.C. motors protected against an 
overloaded condition? 

67. Explain how overload release coils can be 
adjusted for different load operation. 

68. Define normal speed of a D.C. motor. 

69. How is the speed controlled above normal 
speed? 

70. Does controlling the speed above 
affect the possible torque output 
motor? Horse power output? 

normal 
of the 

71. How can the speed be controlled below 
normal speed? 

72. Does controlling the speed below normal 
affect the torque of the motor? Horse 
power output? 

73. With a constant load on the motor will 
connecting a resistor in series with the 
armature change the amount of current 
flow through the armature? Will connec-
ting a resistor in series with the shunt 
field change the amount of current flow-
ing through the field? 

74. Why will the speed of a D.C. motor vary 
if the voltage applied to the armature 
is varied? 

75. Determine the size resistor in ohms to 
be connected in series with the armatures 
of the following motors to protect them 
when starting. 

(a) 2 H.P. - 110E - 161. armature resis-
tance 1 R; (b) 3 H.P. -220E - 121. arma-
ture resistance a R; (c) 5 H.P. -110E - 
391. armature resistance .1R; (d) 5 H.P. 
- 220E - 19 I. armature resistagce 2 R; 
(e) 10 H.P. - 115E - 78 I. armature re-
sistance .05 R. 

76. Determine the size resistor in ohms 
needed to control the speed below normal 
on the following motors: 

(a) 5 H.P. - 110E - 38 I. Normal speed 
1600 R.P.M. Desired Speed 1000 R.P.M. (b) 
3 H.P. - 220E - 12 I. Normal speed 2000 
R.P.M. Desired Speed 1500 R.P.M. (c) 2 
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89. Demonstrate how to adjust the overload 

release coil for 40 I load. 

I). C. DEPARTMENT 

Starting and controlling the speed 
D.C. Motors - Continued 

H.P. - 115E - 15 I. Normal speed 2400 
R.P.M. Desired Speed 2000 R.P.M. (d) 1 
H.P. - 110E - 8 I. Normal speed 2600 
R.P.M. Desired speed 1300 R.P.M. (e) 20 
H.P. - 110E - 160 I. Normal speed 600 
R.P.M. Desired speed 500 R.P.M. 

77. Determine the power loss in the resistors 
used in problem a, b, c, d, and e of 
question #78. 

78. How much resistance should be connected 
in series with the shunt fields to in-
crease the speed 25% on the following 
motors? 

(a) 5 H.P. - 110E - 40 I. - Shunt field 
resistance 90 R, normal speed 1800; (b) 
10 H.P. - 110E - 80 I. - Shunt field re-
sistance 100 R, normal speed 1000; (e) 
5 H.P. - 220E - 19 I. - Shunt field re-
sistance 180 R, normal speed 1600. 

79. Determine the power loss in the resistors 
used in the problems a, b, & c, of ques-
tion #80. 

Carbon Pile Starter 

80. Give one advantage of a Carbon Pile 
Starter over other types of Starters. 

81. Describe the resistance unit used on a 
Carbon Pile Starter. 

82. How is the resistance varied in the arma-
ture circuit as the motor comes up to 
speed? 

83. Explain the construction and operation 
of an oil dash pot. 

84. What is the purpose of the solenoid on a 
Carbon Pile Starter? 

85. Is it possible to start a motor from two 
or more places when using the Carbon Pile 
Starter? Does the start or stop switch 
make or break the armature circuit? 

86. What is the purpose of the starting re-
lay used on the Carbon Pile Starter? 

87. How many switches does the starting relay 
close when energized and what is the 
purpose of each switch? 

88. Are the carbon piles disconnected ten the 
solenoid closes the armature run contacts? 

Solenoid Starter 

90. How is the resistance varied in the 
armature circuit of a motor on starting 
when a solenoid starter is used? 

91. Why must the plunger of a solenoid be 
made of soft iron? 

92. Can a solenoid starter be controlled 
from two or more places? 

93. What is the purpose of the M terminal 
on the solenoid starter? 

94. What causes the solenoid to remain ener-
gized after the starting switch is re-
leased? 

95. Does the solenoid have more current 
flowing through it when starting or 
then the power arm is in the running 
position? Explain. 

96. Explain the purpose of the economy resis-
tor and the economy resistance switch. 

97. Is the economy resistance switch open 
or closed when the motor is running? 

98. Is the starting switch an open or 
closed switch? 

Magnetic Blowout Coil 

99. Give the purpose of the magnetic blow-
out coil. 

100. How are magnetic blowout coils connected 
in the circuit? Does a magnetic blowout 
coil protect a motor against overload? 

101. Explain the action of a magnetic blow-
out coil when the circuit is broken. 

102. Should the arc be pushed up or down and 
why? 

103. Will carbon or copper stand the greater 
amount of heat? 

104. Why are pole shoes used on blowout coils? 

105. What is the purpose of the insulation 
between the pole shoes and contacts? 

D.C. Motor Characteristics 

106. How many different types of D.C. motors 
are there? 

107. Why are shunt fields made with many 
turns of fine wire? 

108. Which D.C. motor develops the best 
torque per ampere of armature? 

- 3 - 



D. C. DEPARTMENT 

Magnetic Blowout Coil - Continued 

109. Why will a shunt motor run at nearly con-
stand speed from no load to full load? 

110. What is meant by speed regulation? 

111. What is the difference between speed 
control and speed regulation? 

112. Give speed regulation and uses for 
shunt motor. 

113. Which type of D.C. motor is known as a 
constant speed motor? 

114. If a load must be driven at nearly con-
stant speed but does not require a very 
strong torque to start, which type of 
motor should be used? 

115. How does the torque vary with increased 
armature current on a shunt motor? 

116. Why will cumulative compound motors pro-
duce a better torque per ampere than 
shunt motors? 

117. If the armature current is doubled in a 
shunt motor will the torque output be 
affected. 

118. Can a large series motor be operated 
without load? Explain. 

119. How should a series motor be connected 
to its load? 

120. What is meant by the statement "The 
torque varies as the square of the arm-
ature current? 

121. Will a series motor run at high or low 
speed when operating under heavy load? 

122. How can the speed of a series motor be 
controlled above normal? 

123. When increasing the speed above normal 
on a series motor will the torque be 
affected? 

124. Why is the series motor adaptable to 
traction work? 

125. Which type of motor is known as a gen-
eral purpose motor? Why? 

126. Will a shunt motor operate without 
if the shunt field is open? 

D. C. Motors Starters and Controllers 

128. What is the primary purpose of all 
starting devices? 

129. What is meant by duties of starters and 
controllers? 

130. Name 5 manual type starters and give 
their duties. 

131. Which starter in the Department can be 
used for most duties? 

132. What is the difference between a star-
ter and a controller? 

133. What is the difference between a manual 
and automatic type starter? 

134. What is meant by three wire remote con-
trol? 

135. Give advantages of 3 wire remote con-
trol over the 2 wire remote control. 

136. Give advantages of automatic starters 
over manual starters. 

137. Give example where 3 wire remote con-
trol would be desirable. 

138. Describe how to locate trouble on 
starting devices. 

Magnetic Controller 

139. How many circuits does the starting re-
lay complete when energized? 

140. Is the field relay a high or low resis-
tance relay? 

141. How is the field relay connected with 
•reference to the armature starting re-
sistor? 

142. How is the armature resistance cutout 
relay coil connected in the circuit? 

143. Explain what causes the armature resis-
tance cutout relay to delay in operation 
until the motor comes up to speed. 

144. How can the operating values of the arm-
ature resistance cutout relay be changed? 

load 145. When the field relay closes its switch 
what effect will this have on the field 
strength? 

127. Explain how to test a compound motor to 
determine if it is connected cumulative 
or differential. Be able to demon-
strate the test. 

146. Why does the field relay de-energize 
when the armature resistance cutout re-
lay energizes? 

- 4 - 
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e Testing Equipment - Continued Explain how to make a high voltage test 
on an armature. 

263. Explain how to connect the armature to 
the line when using the universal test 
meter to test for opens, shorts, and 
grounds. 

264. Explain how to test for open armature 
coils using the universal test meter. 

265. On what range should the meter be set 
when making an open armature coil test? 

266. Will the universal test meter read high 
or low when connected across an open 
armature coil? 

267. If a normal coil in a armature gives 5 
volt drop across it, will a shorted coil 
give a reading higher or lower than 5? 

268. Explain how to test and locate a ground-
ed armature coil with the universal 
test meter. 

269. Explain where the range selector switch 
should be set when testing for opens, 
shorts and grounds in an armature us-
ing the universal test meter. 

Maintenance and Trouble Shooting 

270. Explain-bow to test a machine to deter-
mine if it is overloaded. 

271. Explain what effect incorrect field 
pole polarity will have on the opera-
tion of a motor. 

272. Explain how to test shunt fields for 
shorted condition. 

273. What equipment should be used to locate 
an open field coil in a 4 pole machine? 

274. Will a 4 pole motor with one field coil 
open operate if loaded? Without load? 

275. Explain how to test for worn bearings. 

276. If a winding is water soaked is the wind-
ing ruined beyond repair? Explain. 

277. What is the maximum operating temper-
ature if the name plate temperature is 
400 C. rise? 

278. What trouble will incorrect interpole /0 polarity produce? 

9. What effect will high or low line vol-
tage have on a motor that is carrying 
its normal load? (Shunt type motor) 

Maintenance and Trouble Shooting - Continued 

280. Three brushes have four pound tension 
and the other brush has two pound ten-
sion. What trouble will this condition 
cause? 

281. Explain what is meant by brush capp...ity. 

282. Do all brushes have the same capacity? 

283. Explain how to under cut mica between 
commutator bars. 

284. Give three reasons why a motor may fail 
to start. 

285. Explain how to properly fit brushes to 
the commutator. 

286. Explain how to recondition a rough or 
dirty commutator. 

287. What grade sandpaper should be used to 
smooth a commutator? 

288. Give the name of the cleaning agent 
used on electrical machines. 

289. Should emery cloth be used to smooth 
commutators? 

290. Should oil be put on commutators to 
make the brushes slide easily? 

291. What work should be done on a commuta-
tor if it is out of round? 

292. Describe a commutator stone and how to 
use it. 

293. What is ment by brushes being off 
neutral position? 

294. If the brushes are off neutral position 
what effect will this have on the oper-
ation of the motor? 

295. Explain how to locate correct brush po-
sition for motors and generators. 

Self and Separately Excited Generators 

296. 

297. 

298. 

299. 

300. 

Give purpose of a generator. 

How are generators rated? 

Can a motor be used as a generator? 

What is a prime mover? 

How many H. P. for each K. W. output of 
a generator should be allowed for the 
prime mover? 

8 - 



D. C. DEPARTMENT 

Commutation and Interpoles - Continued 

223. Will it be necessary to shift brushes 
on motor with interpoles? 

224. Why are interpoles connected in series 
with, and right next to the armature? 

225. Is it possible to shift brushes to stop 
sparking on motors that are to be re-
versed? 

226. What is meant by commutating plane? 

227. Explain how one half as many interpoles 
as main poles may be used. 

228. Name all electrical pressures present 
in the armature of a motor with inter-
poles, when operating. 

229. Explain how interpoles prevent sparking 
at the brushes. 

230. State some of the main points covered 
in the commutation lecture. 

D. C. Power Meters 

231. Give purpose of a meter. 

232. Describe construction of the moving 
coil D.C. meter. 

233. Are D.C. meters similar in operation to 
D.C. motors? • 

234. What is the purpose of the springs on 
the armature shaft of a meter? 

235. What is the difference in purpose of a 
voltmeter and an ammeter? 

236. What is the purpose of the aluminum band 
on which the armature coil is wound? 

237. Is the electrical operation of a volt-
meter and an ammeter similar? 

238. Describe type of bearings used In meters. 

239. Give example of how to determine value 
of resistance to connect in series with 
the element of a volt meter to obtain 
desired range. 

240. Give example of how to determine size 
resistance to connect parallel to the 
element of a milliammeter to obtain de-
sired range. 

241. Why is the armature core stationary in 
the D.C. meter? 

242. Is it possible to change a voltmeter to 
an ammeter? 

D. C. Power Meters - Continued 

243. Why are shunts used with ammeters? 

244. What materials are usually used in the 
manufacture of ammeter shunts? 

245. Why is a special alloy used in ammeter 
shunts? 

246. Give example of how to determine the 
size of an ammeter shunt needed to con-
nect parallel to element of an assumed 
size standard meter. 

247. Give proper connections for voltmeters 
and ammeters. 

Testing Equipment 

248. Outline troubles that a test lamp can 
be used to locate. 

249. Explain the uses of a neon test lamp. 

250. Explain how a voltmeter and an ammeter 
can be used to determine if trouble 
exists in a machine. 

251. Give purpose and explain how to use a 
speed indicator or a tachometer 

252. Of what value is a magneto tester?. 

253. Is a Wheatstone Bridge used to determine 
the volts, current, watts, or resis-
tance of a circuit? 

254. Explain the operation of a megger. 

255. What is the purpose of the rectifier 
filter unit (power packed)? 

256. On what range should the universal test 
meter be set when making the insulation 
test? 

257. If the universal test meter does not 
give any deflection at all when testing 
the insulation is the insulation in 
good or poor condition? 

258. Explain how to recondition poor insula-
tion. 

259. Give all uses for the universal test 
meter. 

260. Explain how it is possible to measure 
voltage and resistance with the same 
meter. 

261. How much current is flowing through 
meter element when the universal test 
meter is reading full scale deflection? 

- 7 - 
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D. C. DEPARTMENT 

D. C. Generator Characteristics 
Continued 

342. Explain difference between a flat com-
pound and a differential compound gen-
erator. 

343. Give voltage regulation for differen-
tial compound generator. 

344. The voltage will drop to what value if 
a differential compound generator is 
short circuited? 

345. Give reasons for voltage decreasing 
when load is increased on differential 
generator. 

346. Give application of differential com-
pound generator. 

Parallel Operation of D.C. Generators 

347. Why is it necessary to operate genera-
tors in parallel? 

348. Name two essential things to remember 
when paralleling two D.C. generators. 

349. Why should generators that are to be 
operated in parallel have the same op-
erating characteristics? 

350. Why should the series fields of all gen-
erators operating in parallel be connec-
ted to the same side of each armature? 

351. Is it possible to operate a shunt and 
series generator in parallel? 

352. Which type generator is usually used 
for parallel operation? 

353. Give purpose of equalizer bus or cable. 

354. Does the equalizer carry current all 
the time the generators are operating? 

355. Give proper connection for equalizer. 

356. Will the current flow through the 
equalizer be in the same direction all 
the time? 

357. Will the voltage generated in the arma-
ture and terminal voltage be the same 
at no load? At full load? 

358. Explain proper way of transferring load 
from one generator to another. 

What determines the amount of load in 
amperes carried by any generator opera-
ting in parallel with other generators? 

Parallel Operation of D.C. Generators 
Continued 

360. What adjustments would be necessary be-
fore a flat and over compound generator 
would operate satisfactorily in par-
allel? 

361. Give proper connection for ammeter to 
measure output of one generator, when 
two or more generators are operating in 
parallel. 

362. Explain tests necessary to determine if 
two generators will operate in parallel? 

363. If 2 generators are operating in par-
allel and the voltage of one generator 
decreases will there be any change in 
the amount of load each machine will 
carry? 

364. The equalizer connects all armature and 
series fields parallel to each other and 
divides the load current through the 
series field; does it divide the load 
current through the armature too? 

365. Two generators of equal size are opera-
ting in parallel with a 100 ampere load 
on the bus. One generator is carrying 
60 amps., the other 40 amps. How much 
current is flowing through the series 
field of each generator? 

366. Why should the compounding ratios of 
generators operating in parallel be the 
same? 

367. Under what operating conditions will a 
generator motorize? 

368. Should ammeters always be connected in 
the positive lead when generators are 
operating in parallel? 

D. C. Switchboar.d 

369. Name materials used in switchboard con-
struction. 

370. Which material is best? Why? 383. De-
scribe frame work for switchboard. 

371. Give purpose and connection of series 
trip coil and explain its operation. 

372. Give purpose of ammeter on branch cir-
cuit panel. 

373. Give connection of overload relay and 
explain how it protects the generator 
against an overloaded condition. 

374. Describe construction of circuit breaker. 

10 - 



D. C. DEPARTMENT 

Self and Separately Excited Generators 
Continued 

301. Name five types of prime movers used. 

302. Explain the difference between a self 
excited generator and a separately ex-
cited generator. 

303. Which is used most, self excited or 
separately excited generators? 

304- Give one example where separately excit-
ed type generator would be preferred. 

305. Define residual magnetism. 

306. Explain the building up of voltage in a 
self excited generator. 

307. Will a self excited generator build up 
a voltage in either direction of rota-
tion with any given connection made for 
armature and field? 

308. Can it be made to build up a voltage in 
either direction of rotation? 

309. Give factors that determine the amount 
of voltage generated. 

310. Is it possible to restore residual mag-
netism with A.C.? 

311. Should prime movers be constant or 
variable speed machines? 

312. Why are generators rated in volts, am-
peres and K.W. output? 

313. What length of time should be allowed 
to restore residual magnetism when the 
field is connected to an outside line? 

314. Why will low speed prevent a generator 
from building up a voltage? 

315. What is meant by voltage regulation? 

316. Why will improper location of brushes 
prevent building up voltage? 

317. What size prime mover will be needed to 
drive a 25 K.W. generator? 

318. What is meant by motor action or re-
tarding force of a generator? 

319. What determines the amount of retarding 
force produced by a generator? 

D. C. Generator Characteristics 

320. Define generator characteristics. 

D. C. Generator Characteristics 
Continued 

321. Explain IR drop or voltage drop in the 
armature. 

322. Give definition for the watt loss in 
the armature. 

323. Give formula to find watt loss in the 
armature. 

324. How can the voltage of a shunt genera-
tor be controlled? 

325. How can the voltage of a series genera-
tor be controlled? 

326. Will the shunt generator produce a 
voltage without a connected load? 

327. Why will the IR drop increase with an 
increase of load in a shunt generator? 

328. Give uses for a shunt generator. 

329. How can the voltage be controlled on a 
differential compound generator? 

330. Will a series generator build up a 
voltage without a connected load? • 

331. If the load is increased on a seri 
generator will the voltage be affected? 

332. How can the voltage be controlled on a 
compound generator? 

333. Give purpose of series fields on a flat 
compound generator. 

334. Explain difference in construction of a 
flat and over compound generator. 

335. Why should the load be located near a 
flat compound generator? 

336. Why will the terminal voltage of a flat 
compound generator remain constant in 
value from no load to full load? 

337. Give purpose of a series field on an 
over compound generator. 

338. Explain compounding effect of a com-
pound generator. 

339. Give formula to find the percentage of 
over compounding. 

340. Why are the flat and over compound gen-
erators more suitable for variable 
loads than shunt and series machines 

341. Should load voltage or terminal voltage 
be kept at constant value. Why? 

9 



D. C. DEPARTMENT 

1, 375. 
D.C. Switchboard - Continued 

Why is the operation of the reverse 
current relay likened to the operation 
of a shunt motor? 

376. Give proper connection and purpose of 
reverse current relay and explain how 
it prevents a generator from drawing 
current from the bus 

377. Why are three pole switches used on 
D.C. switchboards? 

378. Why is it best to place voltmeters on a 
hinge arrangement? 

379. Does the overload relay operate on high 
or low voltage? 

380. Describe a voltmeter switch. Also tell 
why voltmeter switch key should lock in 
the panel when voltmeter is turned on. 

381. Is it advisable to have two voltmeter 
keys at the board? 

382. Why should wattmeters be located on the 
bottom part of the switchboard? 

. 383. 
Explain how to test to identify the 
series field blade on the main gener-
ator switch? 

384. Why should similar devices occupy the 
same position on each panel? 

385. Why doesn't the reverse current relay 
switch close when the generator is 
carrying load? 

386. Explain proper method of connecting a 
generator to the switchboard. 

387. What devices are adjusted when trans-
ferring the load from one generator to 
another? 

388. Explain procedure for closing switches 
and breakers. 

389. Name the three contacts on each circuit 
breaker. 

390. Explain how to restore residual magnet-
ism or correct polarity when one gener-
ator is carrying load on the board. 

391. Explain how to restore residual mag-
netism or correct polarity when there 
is no load on the board. 

Wave Windings 

392. Give reasons why wave wound armatures 
are desirable. 

Wave Windings - Continued 

393. Give examples of the type of work where 
wave wound armatures are usually used. 

394. A wave wound armature is usually refer-
red to as a series winding or a par-
allel winding? 

395. How many sets of brushes are required 
for a four pole wave wound armature? 

396. How can you determine if an armature is 
wound lap, or wave? 

397. What is meant by the term commutator 
pitch? Why are dead coils used? 

398. Give formula for determining the commu-
tator pitch for progressive connection. 
Retrogressive connection. 

399. What is the commutator pitch for an arm-
ature having 31 slots, 31 bars 4 poles, 
simplex, retrogressive, wave wound? 

400. Should wave wound armature be connected 
progressive or retrogressive? 

401. Could wave wound armatures have more 
than two sets of brushes? 

Changing The Operating Voltage 
of D.C. Machines 

402. What is meant by plex connections? 

403. Why are duplex and triplex connections 
used? 

404. Give commutator pitch for duplex, lap 
wound armature? For triplex lap wound 
armature. 

405. Give minimum width of brush for sim-
plex, duplex, and triplex connertions. 

406. If a brush covers three bars, is that 
positive proof that the armature is 
connected triplex? 

407. How many circuits in a 8 pole, lap, 
duplex widing? 8 pole, wave, duplex 
winding? 

408. How many circuits in a 4 pole, lap, 
triplex winding? 4 pole, wave, triplex 
winding? 

409. How can the operating voltage of a D.C. 
machine be changed? 

-410. If a 4 pole, shunt type motor, is de-
signed for 220E operation explain how 
the winding can be reconnected for 110E 
operation? 



D. C. DEPARTMENT 

Changing The Operating Voltage 
of D.C. Machines - Continued 

411. Will reducing the operating voltage from 
220E to 110E have any affect on the 
speed, torque, H.P. output of a motor? 

412. If it is desired to operate a motor that 
is designed for 110E on a 220E circuit, 
what changes are necessary before this 
can be done? 

413. Will it be necessary to reconnect the 
field when reducing the operating volt-
age of a D.C. machine? 

414. A motor has ten turns per coil and the 
C.M. area of the wire is 4,107 the oper-
ating voltage is 110E. The machine is 
to be rewound for 220E operation. Give 
the number of turns per coil, and the 
size wire needed? 

Armature Winding Tools, Material, 
And Collecting Data 

415. Give a list of tools most commonly used 
for winding work. 

416. What is the difference in parallel 
pliers and diagonal pliers? 

417. What are wedge drivers used for? 

418. Explain how to use an armature spoon. 

419. Give a number of insulations used for 
slot insulation. 

420. Name six insulating tapes used in arma-

ture winding. wattmeter correctly in the circuit. 

Armature Winding Tools, Material, 
And Collecting Data - Continued 

421. What material is usually used for slot 
sticks or wedges? 

422. Whyisit necessary to dip and bake arm-
ature windings before putting them into 
service? 

423. Do all insulating liquids require 
baking? 

424. Give example showing how to collect 
data when stripping an armature to be 
rewound. 

Wattmeters 

425. Explain how operation is produced when 
an indicating wattmeter is connected in 
the circuit. 

426. Howls the necessary counter torque pro-
duced that causes the indicating watt-
meter to read correctly. 

427. What is the difference in the purpose 
of a voltmeter and a wattmeter? 

428. Describe construction of an Indicating. 

429. Why are the fields of wattmeters wound 
on an air core? 

430. Can the indicating wattmeter be used on 
either A.C. or D.C.? 

wattmeter. 

431. Explain how to connect an indicating 

• 
- 12 - 
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D. C. DEPARTMENT 

• Magnetic Controller - Continued 

147. Is the shunt field rheostat in the cir-
cuit when the motor is starting or when 
running? 

148. Can either a 2 or 3 wire remote control 
be used on a Magnetic Controller? 

149. Are magnetic controllers suitable for 
street car operation? 

Drum Controllers 

150. Explain some of the advantages of Drum 
Controllers. 

151. On what type of work are Drum Con-
trollers used? 

152. Why are Drum Controllers said to be 
simple in operation? 

153. How could you determine if the insula-
tion around the shaft of a Drum Con-
troller were broken down. 

154. 

110155. 

156. 

157. 

158. 

Is the current reversed through the arm-
ature or field to reverse rotation when 
using a Drum Controller? 

If a motor did not start until the con-
troller was moved to the third or fourth 
position the probable trouble will be. 

Give one disadvantage of a Drum Con-
troller. Locate the air gap and ex-
plain its purpose. 

Why are Drum Controllers commonly used 
to operate series motors? 

What will happen if the insulation around 
the drum shaft breaks down provided the 
drum frame is grounded? 

159. What repair work is usually done on a 
Drum Controllers to keep them in work-
ing condition? 

Dynamic Braking 

160. Explain dynamic braking. Name the two 
methods used to control the amount of 
braking. 

161. Is there any difference between dynamic 
braking and regenerative braking? 

Explain the action that takes place 
when dynamic braking is applied. 

Give advantages of dynamic braking. 

Why is dynamic braking preferable on 
Electric driven trains? 

Dynamic Braking - Continued 

165. Name the three steps necessary to apply 
dynamic braking on any D.C. motor. 

166. Name other uses for dynamic braking 
other than on traction work. 

167. Will dynamic braking damage the motor 
if properly applied? 

168. What precautions must be taken when ap-
plying dynamic braking? 

169. How many controllers in D.C. Department 
have dynamic brake duty? 

Lap Windings and Armature Terms 

170. State how to determine the polarity of a 
coil when current is flowing through it. 

171. Name two types of armature windings. 

172. If the leads of a coil connect to bars 
that are near eacH other the armature 
is connected lap or wave? 

173. Explain progressive and retrogressive 
connections. 

174. What effect will changing from progres-
sive to retrogressive have on the 
polarity of the coil? 

175. Explain symmetrical and non-symmetrical 
connections. 

176. If a winding is connected symmetrical 
will the brushes be located in between 
the field poles? 

177. Should a lap wound armature be con-
nected progressive or retrogressive? 
Give reasons. 

178. If an armature is connected symmetrical 
and the brushes are located midway be-
tween the field poles will the motor 
operate? 

179. What is meant by element windings? 

180. Why are element windings used? 

181. An armature has 36 slots and 108 commu-
tator bars, how many element winaings? 

182. If the coil span is 1-7 on an armature 
that has 24 slots and 24 bars how many 
poles will be produced by the winding? 

183. Give formula for determining the coil 
span. 

- 5 - 



D. C. DEPARTMENT 

Armature Growler Tests 

184. Explain the purpose of the growler. 

185. Describe how it operates. 

186, Must A.C. or D.C. power be used to 
operate a growler? 

187. Why is it necessary to have a variable 
resistor in series with the ammeter 
when making the growler test? 

188. Are the test leads always placed on the 
commutator bars that are directly above 
the coil in the growler flux? 

189. If a hacksaw blade vibrates over a slot 
what is the trouble? 

190. What indication would an open armature 
coil give while operating? 

191. Could a shorted armature coil be lo-
cated with a test lamp? 

192. How would you test for and locate a 
shorted armature coil? 

193. What indication would a shorted arma-
ture coil give while operating? 

194. Name three common faults that occur in 
armature windings. 

195. Could an open armature coil be located 
with a test lamp? 

196. Why should a section of a shorted coil 
be cut out after it has been discon-
nected from the commutator. 

197. When testing an armature in the growler 
the armature gives zero reading. How 
would you distinguish between an open 
coil and a shorted coil? 

198. When testing an armature in the growl-
er, how would you locate reversed loops? 

199. How would you test for and locate a re-
versed coil in an armature? 

200. How would you distinguish between short-
ed bars and a shorted coil in making 
the hacksaw blade test on an armature? 

201. How would you repair shorted commutator 
bars? 

202. When testing between the shaft and com-
mutator for grounds how would you dis-
tinguish between a grounded bar and a 
grounded coil? 

Armature Growler Tests - Continued 

203. What indication would shorted commuta-
tor bars give while operating? 

Commutation and Interpoles 

204. What is meant by the neutral plane? 

205. Define field distortion. 

206. Is the neutral plane always in the same 
'position? 

207. Is the field distorted when the motor 
is operating with or without load? 

208. Define self induction. 

209. What determines the amount of self in-
duced voltage in a coil? 

210. Give purpose of commutator on motor and 
generator. 

211. If the load is increased on a motor will 
the self induction in the shorted coil 
change in value? If so, why? 

212. Name and describe two methods used to 
neutralize self induction. 

213. Give purpose of interpoles. 

214. How are the interpoles always connected 
in a circuit? 

215. Give correct polarity of the interpoles 
for a motor. 

216. Why are motors with interpoles better 
for general purpose work than motors 
without interpbles? 

217. Give electrical reason for sparking at 
the brushes. 

218. Can a circuit carrying current be brok-
en without drawing an arc? 

219. Why should brushes on a motor be shifted 
opposite to rotation when the load is 
increased to prevent sparking at the 
brushes? 

220. What E is used to neutralize self induc-
tion on a motor without interpoles when 
brushes are shifted to stop sparking? 
On a generator? 

221. Give correct polarity of interpoles for 
generator. 

222. Will it be necessary to change the in-
terpole connection when using a motor 
as a generator? 

6 
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Determine the following values for the assigned job. 

(A) Speed control below normal speed. 

1. Determine the size resistor, in ohms, to be connected in series with 
the armature to reduce the speed to the desired amount. 

2. Determine the watt loss and voltage drop across the resistor when the 
motor is operating at full load. 

(B) Speed control above normal speed. 

1. Determine the size resistor, in ohms, to be connected in series with 
the shunt field to increase the speed to the desired amount. 

2. Determine the value of field current to obtain the desired speed and 
the watt loss in this resistor. 

Stand 
Number 

Full load Shunt field Normal % decrease 
H.P. Voltage current resistance speed below normal 

2 3 

5 

6 

10 

11 

13 

17 

19 

20 

34 

36 

37 

59 

42 

47 

115 

1 230 ; 3.5 

110 1 40 

1 230 4 

2 

2 

3 

230 

115 

speed 

24 1725 25% 

120 

55 

540 

550 

14 125 

115 24 180 

2 115 16 180 

1 115 8 

2 

2 

110 16 

110 18 

2 110 16 

2 115 

3 230 

3 220 

15 

11 

12 

5 220 20 

350 

150 

100 

130 

150 

430 

500 

75 

3 230 11 175 

2 250 8 1000 

3 115 • 24 75 

490 

1725 

1100 

1750 

1200 

1025 

1100 

1950 

1050 

1650 ! 20% 

Î  1050 60% 

1200 1 30% 

1100 10% 

1250 20% 

1650 15% 

1050 50% 

1275 33 1/3% 

1500 .50% 

23% 

30% 

12% 

15% 

18% 

26% 

35% 

18% 

30% 

% increase 
above nor-
mal speed 

25% 

40% 

50% 

100% 

50% 

40% 

30% 

50% 

33 1/3% 

60% 

100% 

60% 

24% 

50% 

24% 

52% 

40% 

30% 

50% 
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D. C. SWITCHBOARDS 

In power plants, substations, and industrial plants 
where large amounts of electric power are generated 
or used, it is necessary to have some central point 
at which to control and measure this power. For 
this purpose switchboards are used. 
The function of the switchboard is to provide a 

convenient mounting for the knife switches, circuit 
breakers, rheostats, and meters which are used to 
control and measure the current. The equipment 
located on the switchboard is generally called 
switchgear. 

66. TYPES OF SWITCHBOARDS 

Switchboards are of two common types, known 
as panel boards and bench boards. The latter are 
also called Desk-type boards. 

Panel-type boards consist of vertical panels of the 
proper height and width, on the face of which the 
switchgear is mounted. On the rear of the board 
are located the bus bars and wires which connect 
the switches, circuit breakers, and meters to the 
various power circuits which they control or meas-
ure the energy of. Fig. 59 shows a panel-type 
switchboard for a D. C. power plant. Examine it 
carefully and note its construction and the arrange-
ment of the equipment mounted on it. 

Bench-type switchboards have the lower section 
built like a bench with a sloping top, and above the 
rear edge of the bench section is a vertical panel 
which contains the instruments. 
The sketch in Fig. 60 shows an end view of a 

bench-type switchboard with the panels mounted on 
a pipework frame. Boards of this type are used 
mostly for remote-control switchboards, where the 
switches and circuit breakers are operated by elec-
tro-magnets and solenoids, which are controlled by 
small push-button or knife switches on the bench 
portion of the board. 
Another type of switchboard which is frequently 

used in industrial power plants is known as the 
truck type. These boards are built in separate sec-
tions, which can be drawn out on rollers for con-
venient repairs and adjustment to switchgear. Fig. 
61 shows a section of a truck-type board, removed 
from the main board, and showing the oil switch 
and bus bars which are mounted in the frame be-
hind the front panel. 

Bench-type and truck-type switchboards will be 
more fully explained in a later section on A. C. 
switchboards. 

67. SWITCHBOARD PANEL MATERIALS 

Switchboard panels are sometimes made of slate 
or marble, as these materials are good insulators 

and have good mechanical strength as supports foc 
the switchgear. 

Slate is cheaper than marble and is easier to drill 
and cut for mounting on the frames and for mount-
ing the switchgear. Slate is not quite as good an in-
sulator, however, and is usually not used for vol-
tages over 500 or 750. 
Marble is a better insulator and can be used on 

voltages up to 1100. Marble presents an excellent 
appearance, but it is more difficult to keep clean. It 
is also very hard to drill or cut. 
A newer material recently developed for switch-

board panels, and known as ebony asbestos, has a 
number of very important advantages for this work. 
It is made of a composition material in which asbes-
tos fibre and electrical insulating compounds are 
mixed and formed under great pressure into 
smooth-surfaced panels. 
This material has a beautiful natural black finish, 

is lighter in weight, and has better insulating quali-
ties and mechanical strength than either slate or 
marble. In addition to these advantages, ebony as-
bestos is also much easier to drill and cut, which 
makes it easy and economical to install. 

Steel panels are also coming into use for switch-
boards, and have the advantage of great strength 
and durability. The switchgear on steel panels 
must, of course, be insulated from the metal at all 
points. 

67-A. GENERATOR AND FEEDER PANELS 

The common panel-type switchboards are usually 
made about ninety inches high, and as wide as 
necessary to provide the required space for the 
equipment needed. They are practically always 
built up in vertical sections or panels, each of which 
is used for the control of separate circuits. Panels 
of greater width are used for the main circuits or 
generator circuit control, and sub-panels of nar-
rower width are used to control the separate feeder 
circuits, which supply the energy to the various 
lines or power circuits controlled from the switch-
board. 

Fig. 59 shows two generator panels on the right, 
and six feeder panels on the left. Note the difference 
in the size of the switches and circuit breakers on 
the main panels and sub-panels. By referring to 
this same figure, you will also note that each verti-
cal panel is divided into three sections. This type 
of construction facilitates repairs and changes of 
certain equipment, without disturbing the rest of) 
the equipment on that panel. 

For example, if the switches on a panel are to be 
changed to others of different size or type, the sec-

'game 
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Fig. $9. This photo shows a modern panel type switchbcard equipped with knife switches, meters, and circuit breakers. The two large 
panels on the right are the main generator panels and are equipped with field rheostats and instrument switches and much larger cir-
cuit breakers. The six smaller panels on the left are eeder or distribution panels. Examine all the parts and details of construction 
of this board very carefully, and refer to this figure frequently while reading the accompanying pages. 

tion containing them can be removed and a new one 
drilled and inserted. It is not necessary to disturb 
the other two sections, or to leave unsightly holes 
in the board where the old switches were removed. 

Sectional construction of panels also reduces the 
danger of cracked panels which might result from 
mechanical strains or vibration if larger single 
panels were used. 
Switchboard panel material can be obtained in 

thicknesses from y2", for very small boards for light 
duty, to 2" or more for large heavy-duty boards. 
These panels are usually beveled on the corners of 
the front side, for better appearance. 

68. SWITCHBOARD FRAMES 
Switchboard panels are commonly mounted on 

either angle iron or pipe-work frames. 
Where angle iron is used, it should be of the 

proper size to give the required strength and rigidity efor proper support of the panels and sm. itchgear. 
The board should not bend or vitrate noticeably 
during operation of heavy knife-switches or circuit-
breakers. 
Angle iron of 1Y2' to 3' is commonly used. It 

can be cut to proper length by means of a hack saw, 
and drilled for the bolts with which the panels are 
attached, and also for the bolts which hold the angle 
irons of adjoining panels together. 

Fig. 62 shows how the panels should be bolted 
to the angle irons at "h," and the method of bolting 
the angle irons together at "h2". The panels should 
be carefully marked for drilling, so they will line up 
neatly and give the proper appearance when fin-
ished. 

Short bolts of the proper length, with washers 
and nickle-plated cap nuts, can be used to provide 
good appearance of the front surface of the board. 

These bolts and nuts should be tightened suffi-
ciently to hold the panels securely, but not tight 
enough to crack the corners of the panels. 

The bolt holes can be drilled in the panels with 
ordinary metal drills used in a breast drill or an 
electric drill. Slate and marble are hard and should, 
therefore, be drilled slowly or the drill should be 
cooled while it is cutting. Ebony asbestos is very 
easy to drill; in fact, nearly as easy as hardwood. 

The lower ends o the angle irons should have 
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Fig. $O. The above diagram shows an end-view of a "bench-type" 
switchboard mounted on pipe frame work. This type of board is 
often referred to as "desk type". 

"feet" bent in them or attached with bolts, for 
secure anchorage to the floor. The upper ends 
should be braced to keep the switchboard rigid. 

69. PIPE FRAMES AND THEIR 
ADVANTAGES 

Pipe-work frames are very convenient to install, 
as they do not require drilling as angle iron does. 
The pipe frame-work is held together by special 
clamps, as shown in Fig. 60. Fittings with holes for 
the panel bolts are also provided to clamp on the 
pipes. The pipes are attached to the floor with 
threaded floor-flanges. 
Standard pipe sizes can be used; the common 

sizes being 1%" to 2", or larger for very heavy 
boards. Special clamp fittings can be obtained for 
mounting bus insulators and various devices on the 
rear of the board. Other fittings are used for attach-
ing brace pipes to secure the framework and board 
in a vertical position. 
Pipe-work frames are very popular and are ex-

tensively used, as they provide a very flexible frame 

AZ 

which can easily be adjusted to fit various panels 
and devices by merely sliding the clamp fittings. 
One of the pipes of the frame can be seen on the 
left end of the board shown in Fig. 59. 

70. KNIFE SWITCHES. TYPES 
Knife switches, used for controlling the various 

circuits on switchboards, are made in single, double, 
and three-pole types. The smaller and medium sizes 
are generally two or three-pole; but the larger ones 
are generally single-pole, for greater ease of opera-
tion. Three-pole switches or three single-pole 
switches are used to control the circuits of com-
pound generators, the three poles being used in the 
positive, negative, and equalizer leads. 

Three-pole switches are also used for circuits of 
the Edison three-wire system. Other D. C. circuits 
are usually two-wire, and they use either one two-
pole or two single-pole switches. 

Equalizer switches are sometimes mounted on 
small panels on pedestals near thé generators, to 
eliminate the necessity of running equalizer busses 

Fig. Si. This view shows • unit of a "truck type" switchboard on 
which the sections can be drawn out on rollers to make repairs and 
adjustments more conveniently. 

SLAB 

Az" AZ' 

Fig. CL The above sketches show the method of attaching switch board panels to the angle iron frame work. Note how the sends are 
bolted to angle irons, and the angles bolted together between panels. Also note the type of bolts, nuts, and washers used with this 
sonstructims. 
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to the switchboard. In such cases, the main panels 
for compound generators will also use two-pole 
switches. 

71. CONSTRUCTION OF SWITCHES 

Knife switches consist of three essential parts 
called the blade, hinge, and clips. The blades are 
made of flat copper bus bar material and are at-
tached to the hinges by means of short bolts and 
spring washers. This fastening gives the required 
tension for good contact between the blades and 
hinges, and yet allows freedom of operation. See 
Fig. 63. 

Fig. 63. Above are shown a double-pole and three-pole knife switch. 
Note carefully the construction of the switch plates, hinges, and clips. 

Switch clips are made of two or more thin, springy 
pieces of copper, mounted in a block. The blades 
are inserted between these clips when the switch is 
closed. The clips are usually slotted to make them 
more flexible and allow them to make better con-
tact with the blade of the switch. These details of 
construction can be observed by examination of the 
switches shown in Fig. 63, and also those on the 
switchboard in Fig. 59. 
Switch blades are equipped with insulating hand-

les and guards on their free ends. The hinges and 
clips usually have threaded studs of copper attached 
directly to them, for convenient mounting on the 
switchboard panels. Bus bars or cable lugs on the 
rear of the board are attached to these studs by 
means of extra nuts provided with them. 
The switch at the left in Fig. 64 shows the studs 

and the nuts used both for holding the switch on 
the board and for attaching cable lugs or bus bars. 
This switch and also the double-pole switch on the 
right in this figure, are both of a newer type which 
has double blades and single clip prongs. 

Knife switches on switchboards are practically al-
ways mounted with the blades in a vertical position 
and the clips at the top. This allows easier opera-
tion and prevents danger of the switch falling closed 
by gravity. 

Fig. 64. Single-pole and double-pole switches of a modern type. Note 
the manner in which the hinges and clips are attached to the board 
and the method of making cable or bus connections to the studs on 
the back of the board. 

72. SWITCH MOUNTING AND CURRENT 
RATINGS 

In mounting switches on the panels, the hinges 
and clips should be carefully lined up so that the 
blades will fit well and make good electrical con-
tact. 

All knife switches are rated in amperes according 
to the copper area of their blades and the contact 
area of clips and hinges. They are commonly made 
in sizes from 50 amperes to one thousand ampere 
capacity; and for heavy power circuits they are 
made to carry 6000 amperes or more. 
You will note that a number of the switches on 

the right-hand side of the switchboard in Fig. 59 
have multiple blades in each pole. This gives a much 
greater contact area between the blade surfaces and 
hinges and clips, and also allows air to circulate 
through the switches to cool them. 

Fig. 65. A number of special types of knife switches are made with 
auxiliary clips and blades as shown above. These two switches are 
used as field discharge switches for generators. 

Switches should never be loaded above their rated 
capacity in amperes for any great length of time, or 
they will overheat. Hinges or clips which are loose 
or poorly fitted will also cause overheating of the 
switch at these points. If switches are allowed to 
overheat too much, the copper will become soft and 
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lose the springy qualities which are necessary for 
tight fitting of the clips. Overheated switches often 
cause the copper clips or blades to turn a bluish 
color. Switches that have been heated to this ex-
tent will probably need to be replaced. 

73. CARE AND OPERATION OF SWITCHES 

New switches should be carefully fitted and 
"ground in" before loading. "Grinding in" can be 
done by coating the switch-blades with vaseline or 
oil mixed with abrasive powder, and then opening 
and closing the switch a number of times. This 
grinds and polishes the sides of the blades and clips 
to make their surfaces perfectly parallel and pro-
vide a good contact between them. 

Fig. N-A. This photo shows a common type of sir circuit breaker in 
closed position. Note the manner in which the main contacts and 
auxiliary contacts connect with the stationary contacts on the panel. 

Never open knife-switches under heavy load, if 
they have a circuit-breaker in series with them. 
Opening the switch under load will draw an arc at 
the point where the blades leave the clips. These 
arcs tend to burn and roughen the blades and clips, 
making the switch hard to operate and also destroy-
ing the good contact between the blade and clips. 
Where circuit-breakers are provided they should 

always be tripped open first and the knife-switch 
opened afterward. This prevents arcing at the 
switch and is also much safer for the operator, as 
the arcs drawn by opening switches under heavy 
current load may be very dangerous. 

Knife-switches should be kept lubricated with a 
thin film of petroleum jelly or light vaseline. 

Special types of knife-switches, with snap-action 
blades operated by springs, are made for use in the 
shunt field circuits of generators. Field circuit 
switches often have auxiliary blades to close the 
field across a resistance just before the main blades 
open. Such switches are called field discharge 
switches. Two types of these switches are shown 

in Fig. 65. Their purpose is to prevent the setting 
up of high voltages by self-induction due to the 
collapse of the flux around the shunt field coils when 
this circuit is opened. 

74. CIRCUIT BREAKERS 
For opening heavy power-circuits in case of over-

load or short circuits, automatic circuit breakers are 
commonly used. These are divided into two general 
classes, known as air circuit-breakers and oil cir-
cuit-breakers. Air breakers will be described here 
and oil breakers will be covered in a later section. 
An air circuit-breaker is a type of electric switch 

equipped with special contacts and a trip coil to 
open them automatically in case of overload on the 
circuit. Thus they provide for equipment the same 
protection as would be afforded by fuses. 
For circuits which frequently require overload 

protection, circuit-breakers are much more suitable 
than fuses, as the breakers can be quickly closed as 
soon as the fault is removed from the circuit. 

Circuit breakers are commonly made in single-
pole, double-pole, and three-pole types, and for vari-
ous current ratings, the same as knife switches are. 
Figures 66-A and 66-B show two views of a single-
pole circuit-breaker. The view in 66-A shows the 
breaker in closed position, and in 66-B it is shown 
open. 
The main current-carrying element or bridging 

contact is made of a number of thin strips of copper 
curved in the form of an arch and fitted closely to-
gether. This copper leaf construction permits the 
ends of this main contact to fit evenly over the sur-
face of the two lugs, or stationary contacts, which 
are mounted in the switchboard and attached to the 
bus bars. 

75. CIRCUIT-BREAKER OPERATION 
When the breaker is closed by means of the 

Fig. ev o IIIds view shows the same circuit break., ae t is 64-A, 
except that it is now in open position. Agate note carefully die 
construction and position ai the main contacts and arcing contacts 
Aloe nets the trip adjustment en the batmen elf die breaker. 

• 
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handle, a lever action is used to force the main con-
tact tightly against the stationary contacts under 
considerable pressure. 

Auxiliary arcing contacts and tips are provided 
above the main contact, as shown in the figures. 
The intermediate contact, or the one directly above 
the main contact, consists of the heavy copper 
spring with a removable copper tip. The top arcing 
contact on the movable element is carried by a long 
copper spring and has a removable carbon tip. 

Fig. 67. This sketch shows a side-view of a circuit breaker In closed 
position and illustrates the copper "leaf" construction of the main 
contact. Note the copper stubs which project through the board 
for connections to bus bars. 

When the breaker is opened, the main contact 
opens first and allows the current to continue flow-
ing momentarily through the auxiliary contacts. 
This prevents drawing an arc at the surface of the 
main contact and eliminates possible damage to this 
contact surface, which must be kept bright and 
smooth and of low resistance, in order to carry 
the full load current without loss. 
The intermediate contact opens next and it may 

draw a small arc, because the remaining circuit 
through the carbon tips is of rather high resistance. 
The carbon contacts open last and the most severe 

arc is always drawn from these points. Carbon 
withstands the heat of the arc fairly well, and these 
contacts are easily and cheaply renewed whenever 
they have been burned too badly by repeated arcs. 

Circuit-breakers of this type can usually be trip-
ped open by means of a small lever or button, as 
well as by the automatic trip coil. When released 
they are thrown quickly open by the action of 
springs or gravity on their moving parts. 

Fig. 67 is a sketch showing a side view of an air 
breaker in which can be seen the leaf construction 
of the main contact, and also the bus stubs to which 
the connections are made at the rear of the board. 
When a circuit-breaker is closed the contacts close 

in the reverse order, the carbon tips closing first, 
intermediate contact second, and the main contact 
last. This construction and operation eliminates 
practically all arcing and danger of pitting at the 
ends of the main contacts. It is very important, how-

ever, to keep the auxiliary contacts and carbon arc-
ing tips properly adjusted and occasionally renewed, 
so that they make and break contact in the proper 
order. 

76. CIRCUIT-BREAKER TRIP COILS OR 
OVERLOAD RELEASE 

Fig. 68 shows a single-pole and a double-pole cir-
cuit breaker which are both in closed position. The 
overload coils, or trip coils, can be seen on each of 
the breakers in this figure. These coils are of the 
series type and consist of a very few turns of heavy 
copper bar or cable, inside of which is located an 
iron plunger. 
When the coil is connected in series with the line 

and breaker contacts, any overload of current will 
increase its strength and cause it to draw up the 
plunger. The plunger then strikes the release latch 
and allows the breaker to open. 
An adjustment is provided for raising and lower-

ing the normal or idle position of the plunger so 
that the breaker can be set to trip at different cur-
rents and loads. Trip coils of this type are known 
as series-type overload release coils and are com-
monly used on breakers up to 500 amperes capacity. 
The circuit-breakers shown in Figures 66-A and B 
have electro-magnets and armatures which trip the 
holding latches, and also an oil dash-pot to delay 
the opening of the breaker on light overloads. The 
adjustments for these devices can be seen below the 
breaker in these figures. 

77. SHUNT TRIP COILS AND OVERLOAD 
RELAYS 

For circuit breakers of 500 amperes and more, it 
is not usually practical to use series overload-coils, 
because of the large sized conductor which would be 
needed to carry the current. 

Fig. 48. Single-pole and double-pole, circuit breakers., showing the over-
load trip coils and their adjusting mechanism for operation of the 
breakers at different current loads. 

On these larger breakers, shunt trip coils are used, 
and these coils are wound with a greater number of 
turns of small wire and are operated from an am-
meter shunt. Shunt trip coils are not connected 
directly to the ammeter shunts, but are operated by 
a relay which obtains from the ammeter shunt the 
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small amount of energy needed for its coil. 
The greater the current flow through ammeter 

shunts, the greater will be the voltage drop in them. 
This voltage drop is usually only a few milli-volts, 
and as it is difficult to wind the shunt trip coils to 
operate on this small fraction of a volt, overload re-
lays are generally used to close a circuit to these 
coils. 
The overload relay is a very sensitive instrument, 

having a small coil designed to operate on a very 
low voltage of 50 to 100 milli-volts; and this coil is 
connected across the ammeter shunt. 
The tinsion spring on the armatures of these re-

lays is adjustable so the relay can be made to close 
its contact and energize the shunt trip coil on the 
breaker, at any desired current load within the range 
for which the relay and breaker are designed. 
78. REVERSE CURRENT RELAYS 
Some circuit-breakers are also equipped with re-

verse current protection to cause them to open in 
case of reversed polarity of a generator or reversed 
current flow in the line. 

Fig. 69. Large, heavy duty circuit breaker equipped with a motor for 
automatic reclosing, after it has been tripped either by an overload, 
or by remote control. 

Reverse-current relays are used to trip the break-
ers to obtain this protection. These relays have two 
elements or windings similar to the field and arma-
ture of a simple motor. One is called the potential 
or voltage element, and the other the current ele-
ment. 

The current coil or element is connected across 
the terminals of the ammeter shunt. The potential 
coil is connected directly across the positive and 
negative leads or busses and serves to maintain a 
constant field flux. 
The direction of current through the current ele-

ment or moving coil of the relay is determined by 
the direction of current through the ammeter shunt. 
When the current through the ammeter shunt is in 
the normal direction, the moving coil tends to hold 
the relay contacts open and keep the shunt trip-coil 
of the circuit-breaker de-energized. 

If the current through the ammeter shunt is 
versed this will reverse the polarity of the voltage 
drop across the shunt and send current through the 
movable element of the relay in the opposite direc-
tion. This reverses its torque and causes the coil 
to turn in a direction which closes the relay con-
tacts and energizes the shunt trip-coil which trips 
the breaker. 
These relays are also adjustable so they can be 

set to open the circuit-breaker at the desired amount 
of reversed current. 

79. CIRCUIT-BREAKER CARE AND MOUNT-
ING 

Circuit-breakers are one of the most important 
pieces of switchgear and afford a great deal of pro-
tection to the electrical machinery on their circuits 
as well as to operators. They should be kept in good 
repair and adjustment, and should be frequently 
tested to be sure that they will open freely and 
quickly when necessary. The main contacts should 
be kept clean and well fitted, and arcing contacts 
should be renewed when badly burned. Operating 
springs and trip coils should be kept carefully ad-
justed. 
Heavy-duty circuit-breakers require considerable 

force on the handle to close them, and also deliver 
quite a shock to the switchboard when they fly open. 
For this reason, switchboard panels carrying heavy 
breakers should be thick enough and sufficiently well 
braced to provide a rugged mounting for the 
breaker, and to prevent vibration of the board when 
the breaker is operated. 

Fig. 69 shows a large circuit-breaker which also 
has a motor for automatically reclosing it. Such 
breakers can be equipped for remote control by the 
operator or for automatic reclosing by a time ele-
ment or relay, after the breaker has been tripped 
open for a certain definite period. 

re-

80. INSTRUMENT SWITCHES 

In addition to the knife switches and circuit-
breakers, special switches are used for the switch-
ing and control of motor circuits. These may be of 
the plug type, pull and push button type, or rotary 
button type. These switches are mounted in open-
ings drilled -through the board, so that the handles 
or buttons project from the face of the board; and 
the switch element is mounted on the rear for con-



D. C., Section Two. Bus Bars 385 

Fig. 70. Instrument switches of the above types are frequently used for 
changing the connections of various meters to different switchboard 
panels and busses. 

venient connections to the smaller wires of instru-
ments and relays. 

Fig. 70 shows two instrument switches of the pull 
and push type in the upper view and one of the plug 
type in the lower view. 

81. BUS BARS. MATERIALS AND MOUNT-
ING 

Copper bus bars are commonly used for connect-
ing together the various switches, circuit breakers, 
and heavy power circuits on switchboards. Long 
busses are usually mounted on insulators attached 
to the rear of the switchboard frame or panels, while 
short lengths may be supported by the studs or 
bolts to which they connect. 
Bus bars are generally run bare for the lower 

voltages up to 750 or, in some plants, even higher. 
Busses for higher voltages can be wrapped with 
varnished cloth or friction tape after they are in-
stalled. 
Copper bus bar materials can usually be obtained 

in sizes from 1/8" to j/2" in thickness, and from 1" to 
4", or even 6" wide. When very heavy currents are 
to be carried, several bus bars are usually run in 
parallel and mounted with their flat sides vertical, 
as shown in the right-hand view in Fig. 71. 

This arrangement of the busses allows air to cir-
culate freely through them and helps to keep them 
cool. The view on the right in Fig. 71 shows two 
separate busses, "A" and "B", each consisting of 
three bars. One set is the positive bus and one is 
negative. Both sets are mounted in a base of in-
sulating material, shown at "C", and supported by 
metal brackets attached to the switchboard frame. • The insulation used for mounting and spacing 
the bars can be hard fibre, slate, bakelite, or ebony 
asbestos. 

In the left view in Fig. 71 is shown a single bus 
bar supported by a porcelain bus insulator. 

Busses of opposite polarity and for voltages up to 
750 should be spaced several inches apart wherever 
possible. When they are run closer together they 
should be well mounted and braced so they cannot 
easily be bent or vibrated together. 

82. CONNECTING BUS BARS TOGETHER 
Where bus bars are joined together, they can be 

fastened either by means of bolts through holes 
drilled in the copper or by bus clamps which do not 
require drilling the bars. 

Fig. 72 illustrates the use of a common type bus 
clamp, consisting of two triangular pieces with three 
holes for the bolts which draw the parts of the 
clamp up tightly and grip the bars together. These 
clamps are very easy to install, as they do not re-
quire any drilling of the bars. 
Copper bus bars can be cut to the proper length 

with a hack saw; and where bolts are used for con-
nections the bars can be drilled with an ordinary 
metal drill. 

Fig. 73 shows the method of connecting bus bars 
to the studs of switches or circuit-breakers, by 
means of two nuts and a short strip of bar con-
nected to the main bus by a clamp. All joints and 
connections in bus bars should be made tight and 
secure, to avoid overheating when the current flows 
through them. Where the sections join the copper 
should be well cleaned of all dirt and oxide. 
Copper bus bars of the smaller and medium sizes 

can be easily bent to various angles where neces-
sary, but care should be used not to bend the cor-
ners too sharply and cause the bar to crack. 

In locations where the busses are well ventilated, 
it is common practice to allow about 1000 amperes 
per square inch of cross-sectional area of the bars. 

83. EXPANSION JOINTS OR LOOPS IN 
BUSSES 

Where long busses are run, some allowance 
should be made for expansion and contraction with 
changes in temperature, or sufficient strains may be 
set up to warp the busses or crack the switchboard 
panels by twisting the studs. 
A special loop or "U"-bend is sometimes put in a 

long bus to absorb this expansion in the spring of 

A 

o 
E?, 

Pig. 71. The above &arras» show methods of mountlag and installing 
bus heu-e es the back el switchboards. 
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SIN/TCH 2 5WITch, / 
Fig. 71. Bus bars can be connected together by means of special clamps as shown above. These clamp pieces are held securely gripped to the 

busses by means of short bolts through the holes in their three corners. Ciampi, of this type save the trouble of drilling the copper 
busses. 

the bend. In other cases, bus ends can be overlapped 
and held fairly tight with two bus clamps, but not 
tight enough to prevent the lapped ends from sliding 
on each other under heavy strains. One or more 
short pieces of flexible cable can then be connected 
around this joint to carry the current without heat-
ing. The cable ends should be soldered into copper 
lugs, and these securely bolted to the bus on each 
side of the slip joint. 

84. SWITCHBOARD LAYOUT AND 
CIRCUITS 

It is not a difficult matter to lay out and erect an 
ordinary switchboard for a small power plant or 
distribution center. 
A plan should be laid out on paper for the re-

quired number of circuits. The desired switches, 
circuit-breakers, and meters for the control and 
measurement of the power, should be included in 
this sketch or plan. 
After the load has been determined for the vari-

ous circuits, the size of the switches and devices 
for the proper current ratings can be obtained from 
the manufacturer's specifications. 

Panels can then be selected large enough to hold 
these devices in neat, uncrowded arrangement. 
The simplest type of switchboard would at least 

contain switches for each of the main circuits and 
feeder circuits. There should also be on each of 
these circuits some form of overload protection, 
such as fuses or circuit-breakers. 
On circuits of not over 500 amperes capacity and 
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Fig. 73. Two views sbowmg the method of connecting bus bars to the 
studs of switches and circuit breakers. 

which are very seldom subject to overload, cartridge 
fuses will provide economical overload protection. 
On heavy power circuits or any circuits which are 

subject to frequent overloads or occasional short 
circuits, circuit-breakers should be used. Circuit-
breakers eliminate the replacement of fuse links and 
enable the circuit to be closed back into operation 
more quickly. 

Usually it will be desired to measure the load in 
amperes on some of the circuits, if not on all of them. 
Ammeters of the proper size should be used for this 
purpose. 

V\,, here only one generator is used, one vo ltmeter ..11 
may be sufficient to check the voltage of the main 
busses. Where several generators are operated in 
parallel, we will need one voltmeter for the main 
bus and probably one for each generator, in order 
to check their voltages before connecting them in 
parallel. 
Sometimes one extra voltmeter is used for check-

ing the voltage of any one of the generators which 
is being started up. This is done by the use of a 
voltmeter bus and plug switches for connecting the 
meter to whichever machine is being started up. A 
meter used in this manner is often mounted on a 
hinged bracket at the end of the switchboard, as 
shown in Fig. 59. 
Wattmeters are often used to obtain instantane-

ous readings of the power in certain circuits. Watt-
hour meters may be installed for showing the total 
power consumed per hour, per day, or per month, 
on any circuit. 

In medium and larger sized plants, recording 
voltmeters and ammeters are often used to keep a 
daily record of the voltage and current variations. 
These instruments will be explained in a later sec-
tion on D. C. meters. 

85. SWITCHBOARD WIRING 

Fig. 74 shows a wiring diagram for a simple D.. 
switchboard with three panels, as shown by the 
dotted lines. The main generator-control panel is 
on the left, and contains the main switch, circuit-
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Fig. 74 The above diagram chows th, wiring and equipment for a 
simple switchboard with one generator panel and two distribution 
pausla. 

breaker, voltmeter, ammeter and shunt, and the 
shunt field rheostat. 
The two feeder panels on the right merely have 

switches and circuit breakers in each circuit. 
Note that the circuit breakers and knife switches 

are in series in each circuit; so that, when the 
breaker in any circuit is tripped, there will be no 
current flowing through the switch. 

.m9 The coils in series with each pole of the circuit-
breakers are the series overload-release coils, which 
trip the breakers in case of an overload of current. 
Note that the voltmeter is connected on the gen-

erator side of the main switch, so a reading of the 
generator voltage can be obtained before the ma-
chine is connected to the busses. 

Fig. 75 shows a wiring diagram for a switchboard 
with two generator panels and two sub-panels or 
feeder panels. A number of feeder panels could be 
added to either side of this board if necessary. 

Equalizer connections are shown for the genera-
tors, which are compound and are to be operated in 
parallel. 
The circuit-breaker trip-coils are not shown in 

this diagram. 
Circuits for switchboard instruments and meters 

which do not require heavy currents, are usually 
made with No. 12 or No. 14 switchboard wire, which 
has white colored slow-burning insulation. These 
wires can be held on the back of the board with 
small metal clamps and screws. 
Examine the wiring and check the locations and 

connections of the various devices shown in Fig. 75. 

86. LOCATION OF METERS AND SWITCH-
GEAR 

Refer again to Fig. 59 and note the positions and 
arrangement of the various switchgear and devices 
on the board. Knife switches are usually mounted 
so their handles come about in the center of the 
board height, or a little lower, as this height is very 
convenient for their operation. Watthour and re-
cording meters are frequently mounted along the 
lower panel-sections, underneath the knife switches. 

Voltmeters and ammeters are usually placed 
above the knife switches, at about eye level or a 
little above, so they can be easily read. 

Circuit-breakers are commonly placed at the top 
of the board, so any smoke or flame from their arcs 
cannot reach other instruments or blacken and burn 
the switchboard. 

When air circuit-breakers open under severe over-
loads or short circuits, they often draw long, hot 
arcs. The flame, heat, and smoke from these arcs 
are driven upward by their own heat. Therefore, 
if meters or instruments were located above the 
breakers and close to them, they would be likely 
to be damaged. 

Mounting the breakers at the top of the boards 
also places them up high enough so operators are 
not likely to be bumped or burned when the 
breakers fly open or, as we say, "kick out". 

Fig. 75. Wiring diagram for a D. C. switchboard with two main gen-
erator panels and two or more feeder panels. Additional feeder 
panels would be connected to the board and busses the 11.211:1141 as the 
two which are abeam. Note carefully the arrangement of all of 
the parts and circuits shown in this diagram. 

• 
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DIRECT CURRENT METERS 
Electrical meters are used for accurately meas-

uring the pressure, current, and power in various 
electrical circuits. There are a great number of 
types of meters, some of which are used only in 
laboratory work and others that are more com-
monly used in every-day work by the practical man. 
These latter types are the ones which we will 

principally consider in this section. The meters most 
frequently used by electricians and operators are 
the voltmeter, ammeter, and wattmeter. These in-
struments are made both in portable types and for 
switchboard mounting. 
87. TYPES OF METERS 
The portable meters are used for convenient test-

ing of machines and equipment wherever they are 
located, while the switchboard types are perman-
ently mounted on switchboards for measuring the 
energy of certain circuits on these boards. 

Voltmeters and ammeters are also made in record-
ing types, which keep a record of their various read-
ing throughout certain periods of time. 

‘Vattmeters are divided into two general classes, 
called indicating and integrating. 
The indicating instrument merely indicates the 

power in the circuit at any instant at which it is 
read. Integrating wattmeters, or watthour meters 
as they are commonly called, keep summing up the 
total amount of energy in kilowatt hours which is 
used throughout any certain period of their opera-
tion. 

88. PARTS AND CONSTRUCTION OF D. C. 
METERS 

Most meters operate on magnetic principles or 
use the magnetic effect of electric currents to pro-
duce the movement of the meter needle. 

Ordinary D. C. voltmeters and ammeters, consist 

Fig. 71. The above view shows the important parts of a D. C. voltmeter. 
Note the horse-shoe magnet which provides the magnetic field in 
which the movable coil rotates. The movable con with Use ovine« 
gttsched pon also be eau between tho mognet poise. 

of a permanent magnet of horse-shoe shape which '— 
supplies a magnetic flux or field, a delicately bal-
anced coil of fine wire which is rotated in this field, 
a pointer, scale, and case. 

Fig. 76 shows the principal parts of a meter of 
this type, with the case or cover removed. The 
poles of the permanent magnet are equipped with 
pole shoes which have curved faces to distribute the 
flux evenly over the rotating element. In the center 
of the space between the magnet poles can be seen 
a round soft iron core which aids in concentrating 
and distributing the magnetic field over the space 
in which the coil moves. The needle is attached to 
this rotating or moving element so it will swing 
across the scale when the coil is rotated. This type 
of construction is known as the D'Arsonval, be-
cause it was first developed by a Frenchman named 
D'Arsonval. 

Fig. 76-A shows a separate view of the moving 
coil with the needle attached. Also note the 
small coil-spring on each end of the moving coil 
This coil is usually wound with very fine wire on a 
light-weight aluminum frame, the shaft of which is 
then set in jeweled pivots made of first-grade sap-
phires. These pivots make it possible for the coil 
to move with an extremely small amount of energy 
which makes the instrument very sensitive and ac-
curate. 
89. OPERATING PRINCIPLES OF D. C. 

VOLTMETERS AND AMMETERS 
The operating principles of meters of this type are 

very similar to those of a D. C. motor. When a 
small amount of current is sent through the turns of 
the moving coil, it sets up around this coil a flux 
which reacts with the flux of the permanent magnet 
field and exerts torque to turn the moving coil 
against the action of the fine coil springs. The coil 
springs tend to hold the pointer, in normal or zero 
position, usually at the left side of the scale. 
The greater the current passed through the mov-

ing coil, the stronger will be its flux; and the re-
action between this flux and that of the permanent 
magnet will tend to move the needle across the 
scale, until the magnetic force is balanced by the 
force of the springs. 
The amount of voltage applied to the coil will de-

termine the amount of current flow through it. So 
the distance that the pointer is moved across the 
scale will indicate the amount of voltage or cur-
rent in the circuit to which the meter is attached. 
The same type of meter element can be used for 

either a voltmeter or ammeter, according to the 
manner in which the instrument is connected to the 
circuit to be measured. 
The permanent magnets used with good-grade 

meters are made of the best quality of steel, and are 
usually aged before they are used in the meters. 
This aging process leaves them with a certain 

• 
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amount of magnetic strength, which they will retain 
for very long periods without noticeable weakening. 

'The pole shoes are made of good-grade soft iron 
to provide a low reluctance path for the flux of the 
permanent magnets. An additional stationary core 
of soft iron is often placed within the rotating coil, 
to provide a better magnetic path between the pole 
shoes, and to more evenly distribute the flux. 

Fig. 71I-A. An excellent view of the movable coil, pointer and spring 
of a D. C. meter. 

90. DAMPING OF METER NEEDLES OR 
POINTERS 

As the aluminum coil-frame is rotated through 
the flux of a meter of this type, small eddy currents 
are induced in the frame. These tend to set up a 
damping effect which slows or retards the rapid 
movement of the coil and needle, making the instru-
ment more stable and preventing the needle from 
vibrating back and forth with small fluctuations in 
the voltage or current. 
Some instruments have a light-weight air-vane 

attached to the needle, to provide a further damping 
effect and to prevent the needle from striking 
against the case at the end of the scale when sudden 
increases occur in the voltage or current of the 
circuit. 

Small rubber cushions, or "stops", mounted on 
light wire springs are usually provided at each end 
of the scale to limit the needle travel and prevent 
it from striking against the case. These stops can 
be seen in Fig. 76. 
Meter scales are usually printed in black on a 

white cardboard background, and are located di-
rectly behind the pointers, as shown in Fig. 77. 
To obtain very accurate readings, some instru-

ments have a mirror strip parallel to the scale and 
directly behind the pointer. In reading a meter of 
this type, one should stand in such a position that 
the pointer covers its own reflection on the mirror. 
This eliminates viewing the meter from an angle 
and perhaps reading the voltage or current at a 
scale line which is not directly under the pointer. 
The instrument shown in Fig. 77 is one for 

An switchboard use and is designed to be mounted 
fflush with the surface of the board by setting the 

case in an opening cut in the switchboard panel. 
This meter is provided with a marker, or additional 
black needle with a round head, which can be set 

in any desired position on the scale by turning the 
button on the front of the case. This makes it 
easy to tell when the voltage of the generator or 
circuit has reached normal value, as the moving 
needle would then be directly over the marker. 

91. CARE AND ADJUSTMENT OF METERS 
Because of the delicate construction of the mov-

ing coils and the manner in which they are mounted 
in jeweled bearings, electric meters should be very 
carefully handled when they are being moved 
about; because, if they are dropped or severely 
jarred it may damage the mechanism and cause 
their readings to be inaccurate. Jarring also tends 
to weaken the permanent magnets. Meters should 
not be mounted where they are subject to severe 
vibration or mechanical shocks. 
On many meters adjustments are provided by 

means of which the tension on the coil spring can 
he regulated by a small screw, thereby correcting 
any slight inaccuracies in the meter reading. Pivot 
screws should be kept tight enough to prevent too 
much end play of the shaft and coil, but never tight 
enough to keep the coil from moving freely. 

92. VOLTMETERS 
When meter elements of the type just described 

are used for voltmeters, the moving toil is con-
nected in parallel, or across the positive and nega-
tive wires of the circuit on which the voltage is to 
be measured. 

W ESTON ELECTRICAL INSTRUMENT Co 

Fig. 77. Switchboard type voltmeter for mounting flush with the sur-
face of the board. Note the stationary index pointer or marker, 
to indicate when full voltage Is reached by the movable pointer. 

It is difficult to wind a sufficient number of turns 
on the moving coil to have high enough resistance 
to stand the full line voltage on ordinary power 
and light circuits. For this reason, special resist-
ance coils are connected in series with the moving 
coil element and the meter terminals, as shown in 
Fig. 78. 
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These resistance coils limit the current flow 
through the meter to a very small fraction of an 
ampere, and thereby allow the meter element to 
be constructed of light weight and as delicately 
balanced as required for accuracy. Voltmeter re-
sistance coils can be located either inside the case 
or outside. Portable instruments usually have them 
located within the case, while with switchboard 
instruments the resistance coils are sometimes 
mounted on the back of the switchboard behind 
the instrument. 

Fig. 78. This diagram allows the parts also the connections for a 
D. C. voltmeter. 

By changing the number of these coils in series, 
or by changing their size and resistance, we can 
often adapt the same meter element for use on 
circuits of different voltages. When a meter is 
changed in this manner to operate on a different 
voltage, a different scale will probably also be 
required. 

Fig. 79 shows a view of the inside of a voltmeter 
in which are mounted four resistance coils that are 
connected in series with a meter element. 

Fig. 80 shows two types of external voltmeter 
resistance coils that can be used for mounting on 
the rear of the boards with voltmeters for switch-
board use. With these resistance coils in series 
with the voltmeter element, it requires only a few 
milli-volts across the terminals of the moving coil 
itself to send through it enough current to operate 
the meter. Therefore, when the instrument is used 
without the resistance coils it can be connected 
directly to very low voltage circuits of one volt 
or less, and used as a milli-volt meter. 
Whether it is used with or without the resistance 

coils, the strength of the flux of the moving coil 
and the amount of movement of the needle will 
depend entirely upon the voltage applied, because 
the current through the coil is directly proportional 
to this voltage. 
Any type of voltmeter, whether for portable or 

switchboard use, should always be connected across 
the circuit, as shown in Fig. 81 at "A". 

93. AMMETERS AND AMMETER SHUNTS 
The construction and parts of an ordinary D.C. 

ammeter are the same as those of the voltmeter. 
When the instrument is used as an ammeter, the 
terminals of the moving coil are connected in paral-
lel with an ammeter shunt, and this shunt is con-
nected in series with the one side of the circuit to 
be measured, as shown in Fig. 81-B. 
The ammeter shunt is simply a piece of low 

resistance metal, the resistance of which has a fixed 
relation to that of the ammeter coil. The load 
current in flowing through this shunt causes a 
voltage drop of just a few milli-volts and this is 
the voltage applied to the terminals of the ammeter 
coil. 

In other words, the meter element simply meas. 
ures the milli-volt drop across the shunt; but, as 
this drop is always proportional to the current 
flowing through the shunt, the meter can be made 
so that the load in amperes can be read directly 
from the meter scale. 
This principle can be explained by another 

method, as follows: We know that electric current 
will always divide through any number of parallel 
paths which it is given. As the ammeter shunt is 
connected in parallel with the instrument coil and 
is of much lower resistance than this coil, the 
greater part of the load current passes through the 
shunt, and only a very small fraction of the current 
flows through the meter coil. 
The use of a shunt in this manner eliminates the 

necessity of constructing meter coils large enough 
to carry the load current. This would be practically 
impossible on meters of this style for heavy duty 
circuits. Shunts also make possible the use of the 
same type of moving coil element for either am-
meters or voltmeters. 

Fig. 79. The above %%Ow shows a D. C. voltmeter el • slightly different 
type, with the cam removed to show the resistance coils which 
are ceasected is eeries with thIll movable element. 

.4> 
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Fig. 80. External resistors for use with voltmeters and wattmeters. 
Resistors of this type are to be mounted outside the meter cast, 
and usually ou the rear of the switchboard • 

Ammeter shunts for portable instruments are 
usually mounted inside the instrument case; and 
for switchboard instruments on heavy power cir-
cuits, the shunt is usually mounted on the rear of 
the switchboard. 
To obtain accurate readings on the meters, am-

meter shunts should be made of material the re-
sistance of which will not change materially with 
ordinary changes in temperature, as the shunt may 
become heated to a certain extent by the flow of 
the load current through it. The material commonly 
used for these shunts is an alloy of copper, manga-
nese, and nickle, and is called "manganin". This 
alloy has a temperature co-efficient of almost zero; 
in other words, its resistance doesn't vary any ap-
preciable amount with changes in its temperature. 
Manganin is used also because it doesn't develop 
thermo-electric currents from its contact with the 
copper terminals at its ends. 
Ammeter shunts for use with D.C. ammeters are 

made in sizes up to several thousand amperes 
capacity. Fig. 82 shows several sizes and types 
of these shunts. Note the manner in which the 
strips of alloy are assembled in parallel between 
the bus connector stubs. This allows air circulation 
through the shunt to cool it. 

94. CONNECTION OF AMMETERS AND 
SHUNTS 

Remember that ammeter shunts or ammeters 

emust always be connected in series with the line 
and never in parallel. The resistance of meter 
shunts is very low and if they were connected in 
parallel across positive and negative wires of a 
circuit, they would produce a severe short circuit, 

which on heavy circuits would be dangerous to the 
person connecting the meter aild would at least 
blow the fuse and kick out circuit breakers. It 
would also probably burn out the meter or destroy 
the shunt. 

Fig. 83 shows a common type of portable meter. 
such as is used in testing various electrical machines 
and circuits. The protective case and convenient 
carrying handle make these instruments very handy 
for use on the job. Voltmeters, ammeters, and 
wattmeters of this type are very essential in any 
plant where a large number of electric machines 
are to be maintained. 

Fig. al. Ibis diagram shows the proper methods of connecting volt 
meters and ammeters to electric circuits. Note carefully the man 
nor of connecting voltmeters in parallel with the line and am 
meters or their shunts in series with the line. 

Testing the voltage and current of motors of 
different sizes will often disclose an overload or 
defective condition in time to prevent a complete 
burnout or serious damage to the machine windings. 
Some portable instruments have two separate 

elements in the case and two separate scales, one 
for a voltmeter and one for an ammeter. Portable 
instruments of this type are very convenient for 
tests, but extreme care must be used to be sure to 
connect the voltmeter terminals in parallel and the 
ammeter terminals in series with any circuit to be 
tested. 

Fig. t2.. The above photo shows several sizes and types of ammeter 
shunts which are generally used with ammeters where heavy leads 
are to be measured. 
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Fig. 83. Portable meters of the above type are very convenient and 
necessary devices for the practical electrician to use in testing 
various machines and circuits. 

D. C. meters must be connected to the line with 
the proper polarity, and their terminals are usually 
marked "positive" and "negative", as shown in Fig. 
84. If meters of this type are connected to the 
line with wrong polarity, the needle will tend to 
move backwards and will be forced against the stop 
wire or the meter case at the zero end of the scale. 
The meter shown in Fig. 84 is another type of 

switchboard meter for surface mounting. This 
instrument doesn't require cutting any opening in 
the switchboard panel, since the meter is mounted 
flat against the front surface of the panel. 

Fig. 85 shows another type of switchboard meter 
commonly used in power plants. Meters of this 
style often have the scale illuminated by electric 
lamps placed behind it. This makes the meter 
easier to read when the operator is some distance 
away, or working at the other end of the switch-
board. 
These meters are often mounted on a hinged 

bracket at the end of the switchboard so that they 
can be seen from any point along the board. 

95. INDICATING WATTMETERS 
Wattmeters, as previously mentioned, are used 

for measuring the power of circuits in watts. As 
this power is proportional to both the voltage and 
amperage of the circuit, wattmeters use two coils, 
one of which is known as the voltage or potential 
element, and the other as the current element. 
The potential element is connected across the 

line, similarly to a voltmeter coil; while the current 
element is connected in series with one side of the 
line, similarly to an ammeter coil. 
A diagram of the internal wiring and the con-

nections of a wattmeter is shown in Fig. 86. 

The potential coil is the movable element and 
is wound with very fine wire and connected in series 
with resistance coils, similarly to those used in the 
voltmeter. As this coil is connected across the 
line, the strength of its flux will always be pro-
portional to the line voltage. 
The current element is stationary and consists 

of a few turns of larger wire. As this coil is con-
nected in series with the line, its strength will be 
proportional to the load and the current which is 
flowing. This current element supplies the field 
and takes the place of the permanent magnet used 
in voltmeters and ammeters. 
As the turning effort, or torque, exerted on the 

movable coil is the result of reaction between its 
flux and the flux of the current element, the pointer 
movement will always be proportional to the 
product of these two fields and will, therefore, read 
the power in watts directly from the scale. 
The coils of these instruments are not wound on 

iron cores but arc wound on non-magnetic spools 
or in some cases the wires are stiff enough to hold 
their own shape in the coils. Wattmeters of this 
same design can be used on either D.C. or A.C., 
as they will read correctly on A.C. circuits if the 
reactances of both the moving and stationary coils 
are equal. 

Wattmeters are designed for different amounts 
of voltage and current and should never be used 
on circuits with a greater amount of power in watts 
than they are rated for, nor circuits with higher 
voltage or heavier currents than the instruments 
are designed for. 

Fig. 84. Switchboard type ammeter for surface mounting. This meter 
does not require any large opening to be cut in the switchboard 
panel. 

The terminals for the potential and current ele-
ments can be distinguished by their size, as those 
of the current element are usually much larger than 
those of the potential element. Extreme care should 
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be used never to connect these in the wrong relation 
to the circuit, because if the current coil is con-
nected across the line, a short circuit will result. 

Fig. 87 shows the internal construction of a D.C. 
wattmeter. In this view the current coils, consist-
ing of a few turns of heavy wire, can be plainly 
seen. The potential coil cannot be seen, however. 
as it is inside of the current coil. 

96. WATTHOUR METERS 
The common type of meter used in homes, fac-

tories, and power plants for measuring in kilowatt 
hours the total amount of power used during any 
certain period, is known as a watthour meter. 

Fig. 85. The above view shows a large voltmeter of the type com-
monly used on power plant switchboards. The scale of these meters 
can be illuminated with lamps placed behind them so the meter can 
be read from any place along the board. 

These meters have a current and potential ele-
ment somewhat similar to those in the indicating 
wattmeter. The potential element, however, is 
allowed to revolve continuously, like the armature 
of a D. C. motor, as long as there is any load on the 
circuit line to which the meter is attached. 
This element is not limited .to a fraction of a 

turn by the coil springs, as in the case of indicating 
meters, but is mounted on a vertical shaft set in 
jeweled bearings and is free to revolve completely 
around, with the application of very small torque. 

This rotating element is connected to a series 
of gears which operate the hands or pointers on 
the clock-like dials of these instruments. The cur-
rent element consists of a few turns of large wire 
and is connected in series with the line, or in parallel 
with an ammeter shunt which is connected in series 
with the line. This stationary current coil provides 
a magnetic field similar to that of a D.C. motor, 
and in which the potential coil or armature element 
rotates. 

97. PRINCIPLES OF WATTHOUR METERS 
The potential element, being connected across the 

Fig. 84. This diagram shows the potential and current coils of a watt 
meter. Note the manner in which each of these elements are con-
nected in the circuit. The movable coil is shown in a sectional 
view so you can observe the direction of current through its 
turns and note how the flux of this movable coil will react with 
that of the current coils and cause the pointer to move. 

positive and negative leads of the line, is always ex-
cited and has a very small current flowing through 
it as long as it is connected to the circuit. This 
coil usually has additional resistance coils placed 
in series with it, to limit the current flow to a very 
small value. Therefore it doesn't waste any appre-
ciable amount of current by being permanently 
connected across the line. 
As long as no load current is flowing through 

the line and the current element of the meter, there 
is no field flux for the flux of the potential coil to 
react with, and so it doesn't turn. As soon as load 
is applied to the line and current starts to flow 
through the stationary coils, it sets up a field which 
reacts with that of the potential coil, causing the 
latter to start to turn. 
The greater the load of current, the stronger will 

Fig. 87. This view shows the current coils, resistor coils, and general 
construction of a comma type wattmeter. 
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be this field and the faster will be the rotation of 
the potential element or armature. This will cause 
the pointers on the dials to revolve faster and total 
up power more rapidly. The longer the load is 
left on the circuit, the farther these pointers will 
be revolved and the greater will be the total power 
reading. • "_,.; 

98. CONSTRUCTION OF POTENTIAL AND 
CURRENT COILS 

Fig. 88 shows three views of the armature or 
potential element of a watthour meter, both partly 
wound and completely wound. The coils of fine 
wire are wound on a drum or hollow ball of light 
weight non-magnetic material and are held in place 
by a coating of insulating compound. You will 
note that they are wound similarly to the coils of 
a simple D.C. motor armatures The leads of the 
coils are brought up to a very small commutator 
located on the top end of the shaft at the right. 

Fig 88. The above photo shows several potential or armature coils of 
watthour meters and illustrates the manner in which they are 
wound. 

Fig. 89 shows both the current coils and poten-
tial coil of a watthour meter. The current coils 
are wound of heavy copper strip and are each 
divided in two sections. They are mounted close 
to the potential or rotating element, which can be 
seen just inside of them. You will note at the top 
of this figure the very small metal brushes mounted 
on wire springs and in contact with the small corn-
:nutator to which the leads of the potential element 
are attached. Directly above this commutator is 
the small wormgear which drives the series of small 
gears that operate the dials. The brushes of the 
meter are connected in series with the proper re-
sistance coils and then across the line wires, and 
they complete the circuit through the potential ele-
ment, or armature, of the meter. 
These brushes are commonly made of silver or 

some very good conducting material, in order to 
prevent resistance and voltage drop at the brush 
contact with the commutator. 

99. DAMPING DISK AND MAGNETS 
The speed at which the armature of the watthour 

meter will rotate depends upon the voltage applied 
to the potential element and the current flowing 
through the current element. Because of the very 
slow speed at which this armature revolves, its 

Fig. 89. This view shows the potential and current coils and also the 
commutator and brushes of a watthour meter. 

speed is not regulated by counter-E.M.F., as arma-
tures of direct current motors are. 

In order to prevent over-speeding and to make 
the driving torque remain proportional to the power 
applied, the motor armature must have some damp-
ing or retarding effect to oppose the torque exerted 
by the magnetic fields. This counter-torque is ob-
tained by mounting a thin aluminum disk upon the 
lower end of the armature shaft. and allowing it 
to rotate in the field of one or more permanent 
magnets of the horse-shoe type. This disk and the 
damping magnets can be seen in the lower part of 
the meter, shown in Fig. 90 with the cover removed. 
As the aluminum disk is rotated, it cuts through 

the lines of force from the magnet poles and this 
generates eddy currents in the disk. The reaction 
between the flux of these eddy currents and that 
of the magnets tends to oppose rotation, just as 
placing a load upon a generator will produce 
counter-torque and require effort from the prime 
mover to turn it. 

The induced eddy currents will be proportional 
to the speed of rotation of the disk and, as the flux 
of the permanent magnets is constant, the counter-
torque exerted by the disk will be proportional to 
the product of the flux from these eddy currents 
and that from the permanent magnets. 
When the load on the meter is increased, the 

speed of its armature increases, until the counter-
torque developed by the disk just balances the 
torque exerted by the armature. In this manner, 
the armature speed is maintained proportional to 
whatever load is applied to the meter, causing the 
pointers on the dials to read the correct power in 
kilowatt hours. 

This type of meter is often referred to as a watt-
hour meter, but the gears and speed of most of 
them are so adjusted and of the proper ratio so that 
the readings will be in kilowatt hours, instead of 
watt hours. 
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100. ADJUSTING DAMPING EFFECT 
The amount of damping effect produced by the 

disk can be adjusted by moving the poles of the 
permanent magnets in or out along the disk. If 
the poles are moved closer to the outer edge of 
the disk where it will cut their flux at higher speed, 
a greater amount of eddy current will be induced 
and cause a greater damping effect, and if the mag-
net poles are moved closer to the shaft where the 
disk is traveling at lower speed, the induced eddy 
currents will be less, and the damping effect will 
be reduced. 

101. COMPENSATING COIL 
No matter how carefully the armature of a meter 

of this type may be mounted, there is always a 
slight amount of friction to offer resistance to its 
rotation. Some of the energy produced by the 
meter coils will be required to overcome this fric-
tion and the friction of the gears on the dials. 

Fig. N. Complete view ol • KW-hour tooter with the cover removed 
clearly showing the dials, current and potential coils, compensating 
con, damping disk, and drag magnets. 

In order to make a meter register accurately on 
light loads, this friction should be compensated for. 
This is done by means of a coil consisting of many 
turns of fine wire, connected in series with the 
armature or voltage coil of the meter. This com-
pensating coil is mounted on an adjustable bracket 
in a position where its flux will react with that of 
the potential and current coils. 
This coil can be seen in front of the current coils 

and armature of the meter shown in Fig. 90. By 
having this coil adjustable, it can be moved closer 
to or farther from the meter coils and its effect can 

be accurately adjusted so it will just compensate 
for the friction, and no more. 
Sometimes these coils have a number of taps 

provided at various sections of the winding and 
also a small switch to shift the connections to in-
clude more or less of the turns of the coil. This 
also provides an adjustment of the amount of torque 
the coil will exert to overcome friction. 

Fig. 91 shows the coils and connections of a D.C. 
kilowatt-hour meter. You will note in this figure 
that the friction compensating coil is connected in 
series with the armature and resistance coil, and 
this group are connected across the positive and 
negative line wires. 

Current coils are connected in series with one 
side of the line so they will carry the full load 
current. The terminals of a watthour meter of this 
type are usually marked for the line and load con-
nections, and these connections must, of course, be 
properly made so that the meter will run in the 
right direction. 

102. WATT-HOUR CONSTANT AND TIME 
ELEMENT 

A given amount of power in watts must pass 
through a watthour meter to produce one revolu-
tion of the armature and disk. For example, it 
may require a flow of energy representing 6 watt-
hours, or the equivalent of 6 watts for one hour, 
to produce one revolution of the meter armature. 
This amount would be termed the watthour con-
stant of the meter. 
Knowing the number of watts per revolution, it 

only remains to get the total number of revolutions 
during a certain period of time, in order to know 
or measure the total amount of energy passed 
through the meter during that time. As each revo-
lution of the armature is transmitted to the gears 
which operate the pointers on the dials, the total 
power in kilowatt hours can be read directly from 
these dials. 

Fig. 91. This diagram shows the coils and circuits of a KW.bour 
meter and the manner in which they are connected to the line 
and load. 

The operation of the gears and dials or register-
ing mechanism is very simple. The worm-gear on 
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the upper end of the armature shaft is meshed with 
the teeth of a gear which is the first of a row or 
chain of gears all coupled together. This gear has 
attached to it a small pinion which meshes with 
the teeth of the next gear and drives it at Vio the 
speed of the first one. This second gear, in turn, 
drives the third gear 1/10 as fast as it runs, and the 
third drives a fourth, the speed of which is again 
reduced to ten times lower than the third one. 

Referring to Fig. 90, when the pointer on the 
right has made one complete revolution, the pointer 
on the next dial to the left will have travelled just 
one division or one-tenth of a revolution. 
When the first pointer has made ten revolutions, 

the second one will have completed one revolution, 
and the third pointer will have moved one point. 
When the first pointer completes 100 revolutions, 
the second will have completed 10; and the third 
will have completed one revolution. 

In this manner the first dial will have to make 
1000 revolutions to cause the left-hand dial to corn-
lete one revolution. 

Fig. 92. The above sketches, A. B, C, show the dials of a kilowatt-
hour meter in three different positions. If you will practice read-
ing each set of these dials with the instructions here given, you 
will be able to easily and accurately read any KW-hour meter. 

103. READING WATTHOUR METERS 
By noting the figures at which the pointers stand, 

in order from left to right, we can read the 
kilowatt hours indicated by the meter. Some me-
ters used on larger power circuits are adjusted so 
that their dials and pointers don't show the amount 
of power directly, but provide a reading which must 
be multiplied by some certain figure, such as 10, 
20, or 50, to obtain the correct total reading. This 
figure is called a constant or multiplier, and it 
should be used whenever reading a meter of this 
type. This constant, or multiplier, is usually marked 
beneath the dials of the meter. 
When reading kilowatt-hour meters, we should 

always read the last number which has been passed 
by the pointer on any dial. Some care is required 

in doing this until one has had enough practice to 
do it automatically. If each dial is not carefully 
observed, mistakes will be made; because each 
adjacent pointer revolves in the opposite direction 
to the last, as can be seen by the numbers marked 
on the dials shown in Fig. 92-A. 
When the pointer is almost directly over one 

of the numbers, there may be a question as to 
whether the pointer has actually passed this num-
ber or is still approaching it. This should always 
be determined by referring to the next dial to the 
right to see whether or not its pointer has completed 
its revolution. If it has completed the revolution 
or passed zero on its dial, the pointer to the left 
should be read as having passed its number. 

If the pointer to the right has not completed its 
last revolution, the one next to the left should not 
be read as having passed its number, even though 
it may appear to be beyond the number. 

If the readings are carefully checked in this man-
ner there is very little chance of mistakes. 
On the second dial from the left in Fig. 92-A, 

the pointer revolves in a clockwise direction, and 
it might easily appear that it has passed the No. 2. 
By checking with the dial next to the right, how-
ever, we find that this pointer, which revolves 
counter-clockwise, has not quite completed its revo-
lution or passed zero. Therefore, the dial at the 
left should still be read as No. 1. The correct 
reading for a meter with the pointers in the position 
shown in Fig. 92-A would be 3194 kilowatt hours. 
The reading for the pointers in Fig. 92-B should 

be 4510 kilowatt hours. Here again the pointer 
on dial No. 3 appears to be on figure No. 1; and, 
by checking with dial No. 4, we find that its pointer 
is on zero or has just completed a revolution; so 
it is correct to read dial No. 3 as No. 1. 
The reading for the set of dials in Fig. 92-C 

should be 7692. The pointer on dial No. 2 in this 
case appears to have passed No. 7; but, by checking 
with dial No. 3 to the right, we find its pointer has 
not quite completed its revolution; therefore, the 
dial to the left should be read as No. 6. 
104. "CREEPING" 
The armature of a watthour meter will some-

times be found to be rotating slowly, even when 
all load is disconnected from the circuit. This is 
commonly called creeping of the meter. It may 
be caused by a high resistance ground or a short 
on the line. The resistance of such a ground or 
short may not be low enough to cause the fuse to 
blow, and yet there may be a small amount of 
current flowing through it at all times. 

If the load wires are entirely disconnected from 
the meter and the disk is still creeping, it may be 
due to the effects of stray magnetic fields from 
large conductors which are located near the meter 
and carrying heavy currents, or it may be caused 
by the fields from large electrical machines located 
near by. 
For this reason, watthour meters, or for that 

'quo. 

• 
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matter any other electric meters, should not be 
located within a few feet of large machines, unless 
they are magnetically shielded, and they should be 
kept at least a few inches away from large con-
ductors carrying heavy currents. 
Large bus bars or cables carrying currents of 

several hundred or several thousand amperes set 
up quite strong magnetic fields around them for 
distances of several feet, and very strong fields a 
few inches away from them. 
Sometimes a very small load such as a bell trans-

former or electric clock may cause the meter to 
rotate very slowly, but this is actual load and not 
creeping. 
Vibration of the building or panel to which the 

meter is attached may sometimes be the cause of 
creeping. In some cases this may be stopped by 
proper adjustment of the compensating coil; or a 
small iron clip can be placed on the edge of the 
aluminum disk, if the clip does not rub the damping 
magnets as the disk revolves. 
When this iron clip comes under the poles of the 

permanent magnets, their attraction for the iron 
will stop the disk and prevent it from creeping. As 
long as this clip doesn't touch the permanent mag-
nets, it will not interfere with the accuracy of the 
meter; because its retarding effect when leaving the 
poles of the magnets is balanced by its accelerating 
effect when approaching the poles. 

Fig. 93. Common type of recording voltmeter used for keeping an 
hourly and daily record of the voltages on the system to which 
It is attached. 

105. TESTING KILOWATT-HOUR METERS 

Kilowatt-hour meters can be tested for accuracy, 
or calibrated, by comparison with standard portable 

etest instruments. 
A known load consisting of a resistance box can 

be connected to the load terminals of the meter 
when all other load is off. Then, by counting the 
revolutions per min. of the disk and comparing this 

number with the revolutions made by the disk of 
a "rotating standard" test instrument, the accuracy 
of the meter can be determined. 
When no standard load box or test instrument is 

available, a test can be conveniently made with a 
known load of several lamps or some device of 
which the wattage is known. 
For this test the following formula should be 

used: 
WHK x 3600 X R 

seconds 

In which: 
WHK — the watt-hour constant marked on the 
meter disk. 

3600 number of seconds in an hour. 
R = any chosen number of revolutions of the 

disk. 
\V — known load in watts which is connected to 

the meter. 
For example, suppose we wish to test a meter 

which has a constant of .6, marked on its disk. We 
can connect a new 200-watt lamp, or two 100-watt 
lamps across the load terminals of the meter, after 
all other load has been disconnected. At the instant 
the lamp load is connected, start counting the revo-
lutions of the meter and observe accurately the 
amount of time it requires to make a certain num-
ber of revolutions. Let us say it is 5 revolutions. 
Then, according to the formula, the time required 

for the disk to make these 5 revolutions should be: 
.6 X 3600 x 5 
 , or 54 seconds 

200 

If it actually requires longer than this, the meter 
is running too slow. If the time required to make 
the 5 revolutions is less than 54 sec., the meter is 
running too fast. 
Remember where to find this formula for future 

reference, as it may often be very convenient to use. 

106. RECORDING INSTRUMENTS 
In power plants or substations where large 

amounts of power are generated and handled, it is 
often very important to keep accurate records of the 
voltage, current, and power on principal circuits at 
all hours of the day and night. 

Records of this kind will show any unusual varia-
tions in load or voltage and they are often the means 
of effecting great savings and improvements in the 
operation of power plants and industrial electric 
machinery. 

It is usually not practical for an operator or elec-
trician to keep constant watch of meters to obtain 
a record of their readings hourly or more often. 
Recording meters which will mark a continuous 
record of their readings on a paper chart or disk 
can be used for this purpose. 
107. DIRECT-ACTING RECORDING METERS 
One of the simplest types of recording instru 

ments uses the ordinary meter element and has a 
case quite similar to that used for D. C. voltmeters 
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or ammeters, and has a small ink cup and pen at-
tached to the end of the needle or pointer. This pen 
rests lightly on a paper disk which is rotated once 
around every 24 hrs. by a clock-work mechanism 
inside the meter. See Fig. 93. 

As the disk slowly revolves, the pointer pen traces 
on it a line which shows the movements of the 
pointer and the variations in voltage or current, 
whichever the instrument is used to measure. 

The paper disks have on them circular lines which 
represent the voltage or current scale. By the posi-
tion of the ink line on this scale the voltage or am-
perage at any point can be determined. Around the 
outer edge of the disk is marked the time in hours, 
so the readings for any period of the day can be 
quickly determined. Fig. 94 shows a disk from a 
meter of this type. 

Fig. H Paper disk or chart from a direct acting recording meter. 
The irregular black line shows the voltage curve traced by the 
pointer and pen throughout each hour of the day and night. 

Recording meters of the type just described are 
called Direct-Acting instruments. One of the disad-
vantages of meters of this type is that the friction 
of the pen on the paper chart does not allow the 
pointer and pen to move freely enough to make the 
meter very sensitive or accurate on small variations 
in the voltage or current. They also require fre-
quent winding, replacing of charts, and refilling of 
the pen, but they are low in cost and very satis-
factory for certain requirements. 

108. RELAY TYPE RECORDING METERS 

Another type of recording instrument in very 
common use is the Relay Type, which operates on 
the electro-dynamometer, or Kelvin balance, prin-
ciple. 

The Kelvin balance consists of a set of stationary 
coils and a set of movable coils. These coils can be 
seen at the top of the instrument shown in Fig. 95, 
which is a relay-type recording meter. 
The thin moving coils are shown balanced be-

tween the larger stationary coils, and are equipped 
with a torsion spring which tends to oppose their 
movement in either direction. 

Any change of voltage or current in these coils 
changes the repulsion or attraction between the 
fields of the moving and stationary elements, and 
will force the coils of the moving element up or 
down. This moving element then operates a set of 
relay contacts which close a circuit to the solenoids 
or small operating motor which moves the pen. 

Fig. IC This photo shows a complete recording instrument of the 
relay type with the cover removed. Note the stationary coils and 
balance coils at the top, and the roll fer carrying the paper chart 
beneath die pointer. 

The instrument shown in Fig. 95 uses a motor 
for the operation of the pen and pointer. The motor, 
which can be seen above the chart roll, revolves a 
worm shaft which moves the pen. The movement 
of the pen also readjusts the counter-torque spring 
on the movable coil so that it is balanced properly 
for the new position of the pen. This causes the 
balance coils to open the relay contacts and stop 
the motor; so the pen will remain in this position 
until another change of the voltage or current 
occurs. 
The "clock" mechanism which drives the paper 

chart in this type of instrument is electrically wound 
and therefore does not require frequent attention. 

Fig. 96 shows a recording instrument of this type, 
with the chart roll in place. This paper chart is 
continuous throughout the roll. So, as the roll 
travels and the pen moves sidewise across it, a con-
tinuous record of the voltage or power is kept. When 
the end of one roll is reached, a new one can b. 
inserted. 

Fig. 97 shows the connections for a recording 
meter of the type just described. Terminals 1 and 2 
are for the motor circuit, and 3 and 4 are for the 
control circuit. 

• 
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Fig. 96. This view shows the recording instrument which was shown 
In Fig 95. with the paper chart in place. The glass ink cup and 
pen can be dimly seen attached to the lower part of the pointer. 

109. LOAD DEMAND INDICATORS 
Power and lighting loads which are of a steady 

nr constant nature and do not vary greatly through-
out the clay are most desirable to power companies. 
Loads which have high "peaks" in proportion to 
the average hourly load, require the operation and 
maintenance of generating equipment which is suffi-
cient for these peak periods, and may be either idle 
or lightly loaded at other periods. This tends to 
reduce the operating efficiency and economy in the 
power plant, and power companies will often give a 
customer lower rates per KW hr, on his power if 
his peak load is not over a certain percentage higher 
than his average load. 

II, Fig. 97. This diagram shows the coals and winding of • recording meter 
such as shown in Figs. 95 and N. 

To determine the maximum load, or peak, for any 
period during the day or week, Maximum Demand 

Indicators are used. They are sometimes called 
"max. meters". 

One type of demand indicator is the Wright max-
imum ampere-demand indicator, which operates on 
the thermal or heat expansion principle. 

This instrument consists of a specially shaped 
sealed glass tube, as shown in Fig. 98. In this tube 
is sealed a certain amount of colored liquid, usually 
sulphuric acid, and a certain amount of air. 

A resistance coil of platinoid metal is wound 
around the bulb as shown at "A" in the figure. This 
coil is connected in series with the line and load, 
or in parallel with an ammeter shunt. When cur-
rent passes through the coil it causes it to become 
slightly heated and this heat expands the air in the 
bulb "A". 

This expansion increases the air pressure and 
forces more of the liquid over into the right-hand 
part of the tube. If the liquid is forced high enough 
in this tube, some of it will run over into the small 
Index Tube, "C". 

Fig. 98. This sketch illustrates the principle of a common type maxi-
mum demand meter which operates by «parution of the air in the 
bulb "A", when current is passed through the call around this bulb. 

As the heat developed in the resistance coil is 
proportional to the square of the current passing 
through it, the index tube "C" can be graduated or 
equipped with a graduated scale behind it; so the 
maximum current in amperes can be read from the 
height of the liquid in this tube. 

A momentary increase in load will not register 
on an indicator of this type, because it requires a 
little time for the heat in the coil to expand the air 
inside the tube. This is a desirable feature, as it 
usually is not desired to measure peak loads that 
last only an instant. 

A load increase which lasts for 30 minutes will 
register the full amount, or 100%, of the increase. 
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Fig. 98-A. Two types of demand meters using pointers operated by 
magnets and thermostats instead of liquid to indicate maximum load. 

After a reading, this type of instrument can be 
reset by tilting the tube and allowing the liquid to 
flow hack into tube "B". 

Small, inverted, glass funnels are fastened inside 
the bottom of each side of the tube, to prevent the 
passage of air from one side of the tube to the other. 
These are called traps. When the tube is tilted to 
reset the indicator, these traps remain covered with 
liquid and prevent air from passing through. 
Recording wattmeters or ammeters also serve as 

maximum-demand meters, as they show all load 
variations. 
Another type of maximum-demand meter uses a 

combination of a wattmeter element and pointer and 
a watthour meter time element, to allow the watt-
meter pointer to register only over certain time 
periods. 
Some demand meters use a thermostatic strip to 

move the pointer as the strip is expanded and 
warped by the heat of the load current. 

Fig. 98-A shows demand indicators of these types. 
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Is. PO. The sketch at "A" shows the manner in which current will 
divide in &mores proportion te the resistance of two parallel cir-
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tirougli a galvanometer placed between four resistance's, one of 
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110. WHEATSTONE BRIDGE 
This instrument is a very convenient device for 

measuring the resistance of electric circuits or de-
vices, by comparison with standard resistances of 
known value. 
You have already learned that electric current 

will tend to follow the path of lowest resistance, and 
will divide through parallel paths in inverse propor-
tion to their resistance. 

Fig. 100. Resistance box of a common Wheatstone bridge. Note the 
plugs which are used for varying the amount ol resistance in the 
circuit. 

For example, suppose we have one resistance coil 
of 5 ohms and one of 10 ohms connected in parallel, 
as shown in Fig. 99-A. If we apply 10 volts to the 
end terminals, 2 amperes will flow through the 
5-ohm coil and 1 ampere through the 10-ohm coil. 
Now let us connect a group of four coils as shown 

in Fig. 99-B. Here we have two coils of 5 ohms 
each in series on one path, and a 5-ohm coil and a 
3-ohm coil in series on the other path. 

Fig. 101. This diagram shows the connections and principle of a 
Wheatstone bridge or resistance balancer. Note how the split 
metal sockets can be used to short out various resistance coils 
when a metal plug is inserted in these sockets. Study this dia-
gram carefully while referring to the explanations ou Mule pague. 

• 

If we now connect a sensitive galvanometer 
across the center of the paths between the coils, as 
shown, it will indicate a flow of current from the 
upper path to the lower when voltage is applied toll. 
the terminals of the group. 
Tracing from the positive terminal to the center 

of the group, the resistance of each path is equal, 
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but from this point on to the negative terminal the 
lower path or coil "X" has the lowest resistance. 
For this reason, some of the current tends to flow 
down through the galvanometer wire to the lower 
coil or easier path. 

If we changed the coil "D" to one of 3 ohms, 
both sides of the circuit would again be balanced 
and no current would flow through the galvan-
ometer. 
On this same principle, if the resistance of coil 

"X" is not known, we can determine it by varying 
the resistance of coil "D" in known amounts until 
the galvanometer indicates zero, or a balanced cir-
cuit. We would then know that the resistance of 
coil "X" is equal to whatever amount of resistance 
we have in coil "D" to secure the balance. 

111. OPERATION AND CIRCUIT OF 
WHEATSTONE BRIDGE 

The Wheatstone Bridge operates on the same 
general principle just described. It consists of a 
box of resistance coils with convenient plugs for 
cutting coils of various resistance in and out of the 
balancing circuits. Fig. 100 shows the resistance 
box of a bridge of this type. 
Some bridges have knobs and dial switches in-

stead of plugs for switching the resistance units; 
and some have the galvanometer built in the top 
of the box, and the dry cells inside. 

Fig. 101 shows a diagram of a common type of 
bridge and the method by which the coils can be 
left in the various circuits or shorted out by insert-
ing metal plugs in the round holes between metal 
blocks attached to the ends of each resistance coil. 
The coil or line of which the resistance is to be 

measured is connected at X. The circuits A, B, and 
C are called Bridge Arms. A and B are called Ratio 

1 

Fig. 102. The above photo shows a "Messer", or device used for meas-
uring the resistance of insulation and high resistance circuits. This 
instrtunint contains its own D. C. generator as well as meter 
easousat. 

Fig. 103. Simple circuit showing the connections and principles of a 
"Messer". Note the arrangement of the D. C. generator arma-
ture and meter element at opposite ends of the magn;thietzles and 
the connections of this device to the line or test te 

Arms, or balance arms; and C is called the Rheo-
stat Arm. 
Arms A and B usually have the same number of 

resistor units of similar values in ohms. Arm C 
has a number of resistors of different values. 
When the unknown resistance, X, has been con-

nected in and the bridge arms so balanced that the 
galvanometer shows no reading when the button 
is pressed, the resistance of X in ohms can be de 
termined by the use of the following formula: 

A 
X - X C, 

ln which: 
X — resistance in ohms of device under test. 
A known resistance in ratio arm A. 
B = known resistance in ratio arm B. 
C = known resistance in rheostat arm C. 

The Wheatstone bridge is a very convenient de-
vice for testing the resistance of coils or windings 
of electrical equipment; of lines, cables and circuits; 
and of the insulation on various wires or devices. 
There are a number of types of bridges for resist-

ance measurement, most of which are supplied with 
a connection chart and instructions for operation. 
So, with a knowledge of their general principles as 
covered here, you should be able to use and operate 
any ordinary bridge. 
112. "MEGGER" 
Another testing instrument frequently used by 

the practical electrician for testing the resistance 
of insulation on electrical machinery is known as a 
Megger. This naine comes from the fact that this 
instrument is commonly used to measure resistances 
of millions of ohms; and a million ohms is called 
one meg-ohm. 
The megger consists of a small hand-operated 

D. C. generator and one or more meter elements, 
mounted in a portable box, as shown in Fig. 102. 
When the crank is turned, the D. C. generator will 
produce from 100 to 1000 volts D. C., according to 
the speed at which the generator is rotated and the 
number of turns in its winding. 
Normal operating voltage is usually from 300 to 

500 volts, and is marked on the meter scale. Some 
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of these instruments have a voltmeter to show the 
generator voltage, and an ohm-meter to indicate the 
insulation resistance of the device under test. 
The terminals of the instrument can be connected 

to one terminal of a machine winding and to the 
machine frame. Then, when the crank is rotated 
the insulation resistance in meg-ohms can be read 
directly from the scale. 

Fig. 103 shows the internal connections of a meg-
ger and the terminals for connections to the equip-
ment to be tested. As the insulation of electrical 
machines or lines becomes aged, or in some cases 
where it has been oil or water-soaked, its resistance 
in ohms is considerably reduced. Therefore, the 
resistance test with the megger is a good indication 
of the condition or quality of the insulation. 
Periodic megger tests of electrical equipment and 

records of the insulation resistance will often show 
up approaching trouble before the insulation breaks 
down completely and burns out the equipment. 

Fig. 104. Very sensitive relays such as shown above are commonly 
made with the same principal elements used in voltmeters or 
ammeters. Relays of this type can be used to open or close various 
circuits at any set voltage or current values. 

Either the Wheatstone bridge or the megger can 
be used to determine the approximate location of 
grounds or faults in cables and long lines, by meas-
uring the resistance from the end of the line to the 
fault, through the cable and its sheath or the earth. 
Then, by comparing this resistance with the known 
resistance total of the line or with its resistance 
per foot or per 1000 ft., the distance to the fault 
can easily be calculated. 

113. METERS ESSENTIAL IN ELECTRICAL 
WORK 

A number of simple and practical tests of resist-
ance can also be made with voltmeters and am-
meters, and the use of ohms law formulas. By 
applying voltage of a known value to any device 
and accurately measuring the current flow set up 
by this voltage, we can readily calculate the re-
sistance of the circuit or device by the simple 
formula: 

E 
R 

While on the subject of meters, it will be well 
to mention that very sensitive relays are often made 
from regular meter elements, using a short arma-
ture or moving contact in place of the regular 
pointer or needle. Fig. 104 shows a relay of this 
type. In this figure you can see the short contact 
needle attached to the moving coil, and the adjust-
able contacts on each side of this needle. 
By proper adjustment of the contacts of relays 

of this type, they can be made to close or open cir-
cuits when the voltage or current values rise above 
or fall below any certain values. 
Keep well in mind the importance of ordinary 

electric meters in the work of any practical, up-to-
date electrician, and remember that great savings 
in power or equipment can often be made by the 
proper use of electrical meters and instruments. 
For testing the efficiency of machines, checking 

operations in power plants, inspection of electrical 
equipment, and for trouble shooting and fault loca-
tion, electrical meters of the proper types are of 
enormous value. 
The trained practical man should never overlook 

an opportunity to effect a saving or improve opera-
tion by the selecticn and use of the proper meters. 

• 
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Changing Meters for Higher or Lower Readings 

In certain cases an electrician may not have 
suitable meters for testing all of the various circuit 
voltages and current loads in the plant, and in such 
cases it is often very convenient to know how to 
change the meters on hand, to indicate voltages or 
currents other than those for which they were de-
signed. This can quite easily be done by changing 
the resistors on voltmeters or the shunts used with 
ammeters. 

In recent years instrument manufacturers have 
begun to standardize on the construction of essen-
tial parts of meters. This not only reduces original 
costs and makes it easier to secure repair parts, 
but it also makes certain meters more flexible or 
adaptable to a wider range of service. For exam-
ple, many volt meters and ammeters are now made 
with a standard moving coil having a resistance of 
21/2 ohms and designed to give full scale deflection 
of the pointer with a current of 20 milliamperes, or 
.020 amperes. According to Ohm's Law formula, 
I X R = E, or .020 I X 2.5R = .050E, or 50 mili-
volts drop, or pressure applied to force full scale 
current through this coil. A coil having 21/2 ohms 
for a 50 millivolt reading would be on a basis 

• of 50 ohms per volt, as one volt or 1,000 m.v. 
• 50 m.v. = 20, and 20 X 2.5 = 50. 

Now if we wish to use this 50 m. v. meter to 
measure 100 m.v., or double the present voltage 
rating, we should simply double the resistance of 
the meter circuit or add 21/2 ohms more resistance 
in series with the 2y2 ohm moving coil. Then 
272 ± 23/2 = 5 ohms total resistance, which when 
connected across a 100 m.v. circuit would draw 
.100 ± 5 or .020 amperes and again give full scale 
deflection. If we now remark or recalibrate the 
scale for 100 m.v., we have doubled the range of 
the meter. 

You can readily see that if the ohm coil were 
connected on a circuit of double its rated voltage 
without increasing the resistance, the coil would 
receive double current and be burned out. There-
fore, in changing voltmeter resistancés to adapt 
the meter for correct readings of higher voltage 
values, we simply use the following formula to de-
termine the correct resistors to use in series with 
the meter coil: 

Desired voltage range 
Total resistance 

Full scale meter coil current for meter circuit. 

Then by subtracting the resistance of the moving • coil from this total resistance we can determine the 
amount of extra resistance to use in series for the 
higher readings. For example, suppose we wish to 
adapt this same meter element for a full scale read-

ing of 150 volts, and for safe use on a 150 volt 
circuit. 

150 E 
Then 7500 R. total resistance 

.020 I 

Then 7500 — 2.5 — 7497.5 ohms of additional re-
sistance to be used. 

Fig. 1115. This diagram oticrwo a meter designed for twang two I. 
forrat voltages. 

If we wish to use the same meter for dual service 
or 150 and 300 volt circuits, we can arrange another 
resistor of 14997.5 ohms as shown in Fig. 105. Then 
by connecting the wires of the circuits to be tested 
to the proper terminals or resistors we can measure 
either voltage. Some multiple range meters have 
these extra resistors located inside the case and con-
nected to proper terminals. These meters may also 
have the scale marked for 3 or more voltage ranges. 
The same changes can be applied to ammeters to 

adapt them for other ranges by changing the resis-
tance of the shunts which are used with this same 
standard meter element and 21/2 ohm moving coil. 
Using only the meter coil without any shunt the in-
strument's capacity and full scale reading would be 
only 20 milli-amperes. If we wish to change it to 
measure current up to 100 M.A. or 5 times its 
former rating, we would place in parallel with the 
moving coil a shunt having a resistance one-fourth 
that of the coil or, 2.5 4- 4 .625 ohms resistance 
for the shunt. 
With this shunt connected in parallel with the 

meter as shown in Fig. 106, the current will divide 
in inverse proportion to the resistance of the two 
parallel paths, and 4/5 of the current, or 80 M.A. 
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will pass through the shunt, while 1/5 of the cur-
rent, or 20 M.A. will pass through the meter coil. 

When making such changes for scale readings of 
2 amperes or less, we should determine the shunt 
resistance according to the desired division of cur-
rent between the meter coil and the shunt, as we 
have just done in the foregoing problem. This is 
due to the fact that in order to obtain readings 
which are accurate at least within one per cent on 

ZINO. 

Fig. lee. This figure shows how the ammeter shunt Is coonected in 
parallel with the meter coil. 

such small current loads, we must consider the 
amount of current which flows through the meter 
element. However, for changes over 2 amperes the 
following simple formula can be used to determine 
the shunt resistance: 

Voltage rating of meter coil 
— Resistance of shunt. 

Desired current capacity 

Then if we want to change this same type of 
meter with the 50 millivolt coil to measure currents 
up to 10 amperes at full scale reading, 

.050  
— .005 ohm shunt 

10 

to be used in parallel with the meter element. Note 
that the shunt resistance is 1/500 of the meter coil 
resistance, and the meter coil current of .020 is 
1/500 of the new full scale current of 10 amperes. If 
we desire to change this type of meter to read 200 
amperes, then, 

.050 
—, .00025 ohm shunt. 

200 

Meters which use these standard coils of 21/2 ohms 
resistance for M.A. current, at 50 ohms per volt, are 
guaranteed by the manufacturers for accuracy 
within one per cent. This is accurate enough for all 
ordinary shop tests. When a higher degree of ac-
curacy is required for laboratory measurements, 
etc., meters with higher resistance moving elements 
are used. The more resistance per volt which is 
used in the meter coil, the higher the degree of ac-
curacy will be. 
We feel quite confident that you have found the 

material contained in this first volume of the Coyne 
Reference Set both INTERESTING AND EDU-
CATIONAL. The more a man learns about Elec-
tricity, the more interested he becomes. Therefore, 
you should find the material in Volume 2 even more 
interesting, because in studying it you will be put-
ting to use the knowledge already acquired in 
this volume. 

In Volume 2 of our set we continue a further 
study of the subject of Alternating Electricity. 
Alternating Current is in many respects an easier 
subject to understand than D. C. Electricity. This 
is partly due to the fact that Alternating Current 
is the type of power with which we are most famil-
iar, because we have it in our homes and all around 
us. We treat this subject in the same detail and 
with the same thoroughness that we have covered 
every subject in this volume. Practically every-
thing you have studied in this volume can be ap-
plied to alternating current principles and operation, 
so look forward to the many interesting phases of 
Electricity covered in the next volume of this 
Reference Encyclopedia. 
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Parallel Operation of D.C. Generators. 

1. Necessity for parallel operation. 
(1) Increased ampere capacity. 

(a) The total capacity is equal to the sum of the 
individual capacities of all generators operating in parallel. 

(h) Parallel connection does not affect the voltage 
output. The total voltage is equal to the voltage of one 
generator. 

(2) Increased operating efficiency. 
(a) Using a number of generators (instead of one 

large generator) it is possible to operate a sufficient 
number 'to carry the load and keep the generators that are 
operating fully loaded. 

2. Requirements for parallel operation. 
(1) Equal voltage. 

(a) Generators operating in parallel must generate 
equal terminal voltage, otherwlse, the generator with the 
high voltage will drive the other generators as motors. 

(2) Like polarities connected together. 
(a) To make a parallel connection, positive must 

be connected to positive and negative to negative. 

(3) Generators operating in parallel must have the same 
operating characteristics. 

(a) Shunt, aeries or compound generators may be 
operated in parallel but it is not possible to operate 
generators in parallel unless they have the same operating 
characteristics. 

(4) An equalizer connection muet bu made when operating 
series or compound generators in parallel. 

(a) An equalizer connection is a heavy cable or 
bus bar connection made between the armature nnd series 
field on all generators operating in parallel. 

(5) The resistance of each series field circuit must be 
exactly the same in value if the generators arc equal in 
size. If the generators are unequal in size the resistance 
of each series field circuit must be inversely proportional 
to the size. 
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ALTERNATING CURRENT WINDINGS 

The previous section covered the windings for D. 
C. generators and motors only. This section will 
deal with the principles and windings of A. C. ma-
chines. 

Alternating current is very extensively used for 
light and power purposes, and most of the large 
power plants generate alternating current because 
it is so much more economical than D. C. to trans-
mit over long lines. The reason for this will be ex-
plained in a later section on alternating current. 
The general use of A. C. in industrial plants and 

power plants makes it very important for one to 
know these principles of A. C. machines and the 
methods of winding, connecting, and testing them. 

59. PRINCIPLES OF A. C. GENERATORS 

We have learned that voltage can be generated in 
a conductor by moving it through a magnetic field, 
and that alternating voltage will always be gener-
ated in the windings of a D. C. generator, because 
during rotation the conductors are continuously 
passing alternate N. and S. poles. 

Let us review this principle briefly, to be sure we 
have it well in mind as we start the study of A. C. 
machines. 

In the Elementary Section on electro-magnetic 
induction we learned that the direction of induced 
voltage in any conductor depends on the polarity of 
the field or direction of the lines of force, and the 
direction of movement of the conductor. 

In Fig. 39-A and B we have another illustration of 
this principle. At "A" the lines of force from the 
field poles are passing downward and the conduc-
tor is being moved to the right. This will in-
duce in the wire a voltage that will tend to cause 
current to flow in at the end we are facing, or away 
from us, if this conductor is part of a closed circuit. 
Check this with the right-hand rule for induced 
E. M. F. in generators. 
This rule is here repeated for your convenience. 

Hold the thumb, forefinger, and remaining fingers 
of your right hand, all at right angles to each other. 
Then, with your fore-finger pointing in the direc-
tion of the flux, and your thumb in the direction of 
the conductor movement—the remaining fingers 
will point in the direction of the induced E. M. F. 
Try this rule also with Fig. 39-B, where the con-

ductor is moving in the opposite direction, through 
the same magnetic field; and you will find the in-
duced voltage has reversed with the direction of 
the cc nductor movement. 

The circular arrows around the conductors indi-
cate the direction of the lines of force which will 
be set up around them by their induced currents. 
Check this also by the method mentioned in an 
earlier section, of considering the field lines as mov-

ing rubber bands rubbing the conductors, and set-
ting up the new or induced lines in the direction 
the bands would revolve a pulley, etc. Also note 
the symbols used to indicate the direction of in-
duced E. M. F. in the conductors: + for voltage in, 
and the dot for voltage out. 

Vol tae 
5enerated 

IN 

;; 
11'5 1.; 
III I, 

Volte 
lenerated 

OUT 

F g. 39. This diagram Illustrates the method of producing E.M.F. In 
conductors by cutting them through magnetic lines of force. Note 
carefully the direction of the induced voltage at both "A" and "B". 

In Fig. 40-A we have two conductors of a coil, 
mounted in slots of an armature and revolving 
clockwise. In their position at "A" the conductors 
are not generating any voltage, as they are in the 
neutral plane and are not cutting across lines of 
force. At "B" the direction of induced voltage will 
be "in" at conductor "F" and "out" at "G"; so if 
the conductors are connected together at the back 
of the armature their voltages will add together. 

In Fig. 40-C the conductors are both in the neu-
tral plane again, so their induced voltage once more 
falls to zero. 
At "D" conductor "G" is passing the north pole 

and conductor "F" is passing the south pole, so 
they are both moving through the field flux in op-
posite directions to what they were at "B", and 
their induced voltage will be reversed. At "E" bot 
conductors are again back in the neutral plane, or 
at the point they started from. 
A curve indicating the voltage generated is shown 
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under these various steps of generation in Fig. 40. 
At "A" the voltage curve is starting at the zero line, ...., 
as the conductors start to enter the field flux. At 

-- "B", where the conductors are cutting through the 
dense field directly under the poles, the curve shows 
maximum positive voltage. From this point it falls 
off gradually as the conductors pass out of the flux 
at the poles, until it again reaches zero at "C". 
Then, as the conductors each start to cut flux in the 
opposite direction, the curve shows negative voltage 
in the opposite direction or below the line, reaching 
maximum value at "D". At "E" the negative volt-
age has again fallen to zero. 

60. CYCLES AND ALTERNATIONS 
Upon completion of one revolution with the sim-

ple two-pole generator we also complete what we 
term one Cycle of generated voltage. The single 
positive impulse produced by the conductor passing 
one complete pole, and shown by the curve from 
"A" to "C", is called one Alternation. It takes two 
alternations to make one cycle. Therefore, each 
time a conductor passes one north and one south 
pole it produces one cycle. 
There are 360 Mechanical Degrees in a circle, or 

in one revolution of a conductor on an armature; 
and in generators we say that a conductor travels 
360 Electrical Degrees each time it passes two alter-
nate field poles and completes one cycle. So One SCycle consists of 360 Electrical Degrees, and One 
Alternation consists of 180 Electrical Degrees. 

In a machine having more than two poles, it is 
not necessary for a conductor to make a complete 
revolution to complete a cycle, as One Cycle is pro-
duced for each pair of poles passed. So a four-pole 
generator would produce two cycles per revolu-
tion; a 12-pole generator, 6 cycles per revolution; 
etc. 
61. FREQUENCY OF A. C. CIRCUITS 

Alternating current circuits have their frequency 
expressed in cycles per second, the most common 
frequencies being 25 and 60 cycles per second. 

If frequency is expressed in cycles per second and 
if a conductor must pass one pair of poles to pro-
duce a cycle, then the frequency of an A. C. gener-
ator depends on the number of its poles and the 
speed of rotation. 
For example, if a four-pole machine is rotated at 

1800 R. P. M., the frequency of the current it pro-
duces will be 60 cycles per second. Its conductors 
will pass two pairs of poles per revolution, or 1800 
X 2 = 3600 pairs of poles per minute. Then, as 
there are 60 seconds in a minute, 3600 ÷ 60 = 60 
cycles per second. 
A generator with 12 poles would only need to 

rotate at only 600 R. P. M. to produce 60 cycles per "Second. The conductors in such a machine would 
ass six pairs of poles per revolution; or at 600 R. 

P. M. they would pass 6 x 600 or 3600 pairs of 
poles per minute. And again, 3600 ÷ 60 = 60 cycles 
-)er second. 

The symbol for frequency is a small double curve 
like a sine wave, or —. Thus 60 —, means 60 cycles 
per second. 
The speed at which A. C. motors will operate de-

pends on the frequency of the circuit they are con-
nected to and the number of their poles. This will 
be more fully discussed later. 

Fig. 40. The above diagram shows step by step the development of 
a complete cycle of alternating voltage. Compare each of the 
generator sketches with the voltage of the curve directly beneath It. 

62. REVOLVING FIELD ALTERNATORS 
Alternating current generators are commonly 

called Alternators. So far we have discussed gen-
erators with their conductors revolving on an 
armature through stationary field flux. Now, why 
wouldn't it work equally well to have the armature 
conductors stationary and revolve the field, causing 
the lines of force of the moving field poles to cut 
across the conductors? 
This is exactly what is done with a great num-

ber of A. C. generators or alternators; and, while 
some of the smaller ones are made with revolving 
armatures, most of the larger ones are of the revolv-
ing field type. 
This type of construction has two very important 

advantages for large power plant alternators. The 
first of these advantages is that if the armature 
conductors are stationary the line wires can be 
permanently connected to them and it is not neces-
sary to take the generated current out through 
brushes or sliding contacts. This is quite an advan-
tage with the heavy currents and high voltages 
produced by modern alternators, many of which 
are designed to supply from several hundred to 
several thousand amperes, at voltages from 2300 to 
13,200 and higher. 
Of course, it is necessary to supply the current 

to the revolving field with slip rings and brushes, 
but this field energy is many times smaller in am-
peres and lower in volts than the main armature 
current. 



310 Armature Winding, Section Two. Single Phase Generators 

The other big advantage is that the armature 
conductors are much larger and heavier than those 
of the field coils, and much more difficult to insulate 
because of their very high voltage. It is, therefore, 
much easier to build the armature conductors into 
a stationary element than it is in a rotating one. 
The field, being the lighter and smaller element, 

is also easier to rotate and this reduces bearing 
friction and troubles, as well as air friction at high 
speeds. 
With large revolving field alternators, the sta-

tionary armature is commonly called the Stator, 
and the rotating field is called the Rotor. 

63. SINGLE PHASE CURRENTS 

Fig. 41 shows a sketch of a simple revolving field 
alternator, with one coil in the slots of the stator or 
stationary armature. The circles in the slots show 
the ends of the coil sides, and the dotted portion is 
the connection between them at the back end of the 
stator. Inside the stator core is a two-pole field 
core with its coil mounted on a shaft so it can be 
revolved. 

Stationary 
Armature 

Field Coil 
connected to 
DC source 

Armature Coil 

Alternation 

1Cycle or 3EttSE 

Sin9Ie phase. Generator 

Smile phase Current 

Fig. 41. Sketch of a simple single-phase alternator of the revolving 
field type, showing a single coil in the stator slots. The curve at 
the bottom of the sketch shows the single-phase alternating voltage 
which will be produced when the field revolves past the stator coil. 

When direct current is supplied to the field core 
through the slip rings and brushes shown, the core 
becomes a powerful electro-magnet with flux ex-
tending from its poles into the stator core. Then, 
as the field is revolved the lines of force from its 
poles revolve with them and cut across the con-
ductors in the stator slots. 
As each coil side is passed first by the flux of a 

north pole and then a south, the induced E. M. F. 
and current will be alternating, as it was with the 
revolving armature type previously shown. The 
curve underneath the generator shows the complete 

cycle wh'ch will be produced by one revolution of 
the two pole field; so this machine would have to 
revolve at 3600 R. P. M. to produce 60-cycle energy. 
Revolving fields are made with four or more 

poles, to produce 60-cycle energy at lower speeds. 
Fig. 42 shows a large alternator of the revolving 

field type, with 36 poles. Each revolution of this 
field will bring 18 pairs of poles past any given coil, 
and so produce 18 cycles per revolution. Then, if 
its speed is 200 R. P. M., 200 X 18 = 3600 cycles 
per minute, or 60 cycles per second. 

Fig. O.. This photo shows a large 34-pole alternator of the revolving 
field type. Examine its construction carefully as you study the 
explanation given on this page. 

Note carefully in this figure the slip rings, 
brushes, and wires which carry the D. C. from the 
rings to the field coils. Also note the armature coils 
arranged in the slots of the stator, and at the bottom 
the cables by means of which the line leads are at-
tached to these coils. 
The generator shown in Fig. 41 will produce what 

is known as Single Phase alternating current, as 
shown by the curve in this same figure. 
Single-phase A. C. flows in a simple two-wire cir-

cuit, and consists of alternations 180 degrees apart. 
or current that continuously reverses in direction 
and varies in amount. 

This current first flows out in the top wire of the 
line and back in the lower one; then dies down, 
reverses, and flows out in the bottom wire and bac 
in the top one. Or, we might say, it consists 
continuously recurring alternations. 
Even if the generator in Fig. 41 had a number of 

stator coils connected in series and just two leads 
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connected to the group, it would still deliver single-
phase current. 

 4. TWO PHASE CURRENTS 

Generators are also made to produce 2-phase and 
3-phase currents. Circuits supplied by 2 and 
3-phase energy are often called polyphase circuits, 
meaning that their currents are divided into more 
than one part. 

Fig. 43 shows a sketch of a simple 2-phase alter-
nator, which has two separate coils placed in its 
stator at right angles to each other; or displaced 90 
degrees from each other. 
As the field of this generator revolves it will in-

duce voltage impulses in each of these coils, but 
these impulses will not come at the same time, be-
cause of the position of the coils. 

Instead, the voltages will come 90 electrical de-
grees apart, as shown in the curves in Fig. 43. The 
curve "A" shows the voltage generated in coil "A" 
as the poles pass its sides. As these poles rotate 
90° farther their flux cuts across coil "B" and pro-
duces the voltage impulses shown by curve "B", 
which are all 90° later than those in curve "A". 

Fig. 41. Sketch of a simple two-phase A.C. generator or alternator. 
The curve at the bettes at the sketch skew, the two-phase voltage 
that will be produced when the field revolves past the two coils 
in the stator. 

These two separate sets of impulses are each 
carried by their own two-wire line circuits as shown 
in the diagram. 
So we see that a two-phase circuit is simply a 

circuit of two parts, or having two sets of alterna-
tions occurring 90 degrees apart. In the curve you 
will note that these alternations or impulses overlap Illkh other, and that while one is at zero value the 

er is at maximum value. So with a circuit of 
this type, there is always voltage existing in one 
phase or the other as long as the circuit is alive. 

This feature is quite an advantage where the energy 
is used for power purposes, as these overlapping 
impulses produce a stronger and steadier torque 
than single-phase impulses do. 
For this same reason three-phase energy is still 

more desirable for motor operation and power 
transmission, and is much more generally used than 
two-phase. 

Fig. 44. This sketch shows the arrangement of the stator coils in a 
simple three-phase alternator and beneath it the curves for three-
phase energy. 

65. THREE-PHASE CURRENTS 

Fig. 44 shows a sketch of a simple three-phase 
alternator, with three coils in its stator, and spaced 
120 electrical degrees apart. 
As the field poles revolve past coils "A", "B", 

and "C" in succession, they induce voltage impulses 
which are also 120 degrees apart, as shown in the 
curves in the figure. 
The line leads are taken from the coils at points 

120 degrees apart and the other ends of the coils 
are connected together at "F". This type of con-
nection is known as a Star connection of the coils 
to the line. Another common connection for three-
phase windings is known as the Delta connection. 
Both of these will be explained later. 
The principal points to note are that a three-

phase circuit is one with three parts, or three sepa-
rate sets of alternations occurring 120° apart and 
overlapping each other. These impulses are car-
ried on three line wires, and the current flows first, 
out on wire "A" and in on wires "B" and "C"; 
then out on wire "B" and in on wires "A" and "C"; 
then, out on wires "C" and in on wires "A" and 
"B"; etc. 

Additional features of single-phase and polyphase 
circuits and machines will be covered later. But, 
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End Brackei Stator Rotor End Bracket 

Fig. 45. Above are shown the more essential parts of an A.C. Induction motor. Note carefully the 
construction of each part and the names by which they are called. 

now that you know the difference between these 
forms of alternating current, you will be able to 
understand the various A. C. windings much easier. 

66. CONSTRUCTION OF A. C. MOTORS 

The most common type of A. C. motor is known 
as an Induction Motor. This name comes from the 
fact that the currents in the rotor are induced in it 
by the flux of the stator coils. 

Fig. 45 shows the more important parts of an 
A. C. induction motor, with the names of each. 
Note that the stator coils are placed in the slots 
around the inside of the stator core very much as 
the coils of a D. C. armature are placed in slots 
around the outside of the armature. 

67. ROTORS 

A. C. induction motors have two common types 
of rotors, known as Squirrel-Cage rotors and Phase-
wound rotors. 
The rotor shown in Fig. 45 is of the squirrel-

cage type; and, instead of having wire windings, 
it has heavy copper bars buried in closed slots 
around its surface and all connected together by 
rings at each end. 

Fig. 46 is a cut view of such a rotor, showing 
how the bars are imbedded in the core iron. The 
end rings are made of copper or brass; or, in some 
cases, of aluminum. The short blades on the end 

Fig. 46. This view shows a sectional view of a squirrel-cage rotor for 
an A.C. induction motor. Note the manner in which the copper 
bars are imbedded in the surface of the core. 

\me 

rings act as fans and set up an air draft to cool the 
rotor and machine windings while the motor is 
in operation. 

Fig. 47 shows a slightly different type of squirrel-
cage rotor, in which the ends of the bars can be 
seen projecting from the core ends. This rotor is 
also equipped with fan blades for ventilating the 
machine, and you can note the air space left be-
tween the laminations of the core. These spaces 
are also for cooling purposes. 

Fig. 47. Another style of squirrel-cage rotor showing the bars of the 
winding and also the ventilating fans. 

The purpose of the end brackets shown in Fig. 45 
is to support the bearings in which the rotor shaft 
turns. These bearings must always be in such 
condition, and the brackets so lined up, that they 
will support the rotor so that it does not rub or 
touch the stator core. 

Fig. 48 shows in greater detail some of the 
smaller parts used in the construction of A. C. 
motors. In the center is shown the shaft to which 
the rotor core is keyed; and above this are a bear-
ing sleeve, shaft key, oil ring, and stator coil. At 
the left end of the shaft is shown a rotor lamina-
tion, and beneath it an end ring and rotor bar. 
In the upper right-hand corner is a stator lamina-
tion, showing the shape of the slots and teeth; and 
below this is one of the frame rings used for cla 
ing together and supporting the stator core lamin - 
tions. 

Phase-wound rotors for A. C. induction motors 
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have windings placed in the slots of their cores, 
similarly to D. C. armatures. Their windings are 
renerally connected wave. 

68. STATORS 
Stators for A. C. motors are constructed of 

laminations which are stamped from soft iron. One 
of these was shown in Fig. 48. The slots are cut 
on the inside of the stator cores, instead of on the 
outside as with D. C. armatures. 
Two types of these slots are shown in Fig. 49. 

This view also shows the slot insulation and method 
of protecting the coils and wedging them into the 
slots. 

In large stators, the groups of laminations are 
spaced apart to leave an air duct every few inches 
for cooling the windings and core. 
The partly closed slots shown at "A" in Fig. 49 

are used on small stators where the wires are fed 
into the slots a few at a time. The open-type slots 
as shown at "B" are used on large stators which 
have their coils wound and insulated before they 
are placed in the slots. 

69. TYPES OF A. C. WINDINGS 
Three of the commonly used types of windings 

for A. C. stators are the Spiral Type, Lap, and 
Wave windings. 
The spiral-type winding is used very extensively 

on small single-phase motors. eThe poles are wound in a spiral form, as shown 
in Fig. 50. The wire is started in the two slots to 

Fig. IL The above diagram shows two common types ef stator slo s 
with the slot and coil insulation in place around the coils. Also 
note the wedge used for holding the finished coils in place. 

be used as the center of a pole, and after winding 
the desired number of turns in this coil we con-
tinue right on in the sanie direction in the next 
pair of slots, with the same wire. In this manner 
we build up the coils for one pole, working from 
the center to the outside. Sometimes more than 
one slot is left empty in the center as the first wind-
ing is placed in. 

70. SKEIN WINDINGS 

Another method, which uses what is known as 
the Skein Coil for making spiral windings, is illus-
trated in Fig. 51. 

In this method the long skein coil is first made 
up of the right number of turns and the proper 
length to form the several coils. The end of this 
skein is then laid in the center slots as shown at 
"A" in Fig. 51, and the long end given one-half 

Fig. 48. Here are shown a number of the smaller parts used in the construction of A. C. motors of the 
induction type. Note the shape of the laminations for both the rotor and stator cores, and compare 
each of thee, parts with their explanations given on thou Pall«. 
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Fig. 50. This diagram illustrates the method of winding the coils for 
a spiral-type stator winding. Note how the wire continues from 
one coil to the other. as shown by the dotted lines under the tape 
at the lower end. 

twist near the ends of the slots, as shown at "B". 
The remaining end is then laid back through the 
next two slots—at "C"—and again twisted one-
half turn so its sides cross near the first coil end. 
Then the last loop is laid back through the outer 
two slots to complete the coils for this pole. 

Trace the circuit through this finished coil, start-
ing at the left lead, going through each coil, and 
coming out at the right-hand lead. 

This skein method of winding is quite a time-
saver where a number of stators of the same size 
and type are to be wound. After carefully measur-
ing to get the first skein coil the right length, the 
balance of the coils can be made on the same form, 
and the stator poles wound very rapidly. 

If there are only two or three small stators to be 
wound, the first method described is generally best. 

71. RUNNING AND STARTING WINDINGS 

FOR SINGLE-PHASE MOTORS 

Single-phase A. C. motors of these small induc-
tion types generally have two windings called the 
Running Winding and Starting Winding. The first 
winding placed in the slots as we have just de-
scribed is the running winding. The starting wind-
ing is always placed in the slots over the running 
winding coils after they are all in the slots. This 
starting winding is usually wound with wire about 
one-third as large as that used for the running wind-
ing, and with about half as many turns. The start-
ing winding coils are displaced 90°, or exactly one-
half the width of one pole, from the coils of the 
running winding. 

Fig. 51. Skein type windings as shown 
above are often used to save considera-
ble time when winding a number of 
stators which are all alike. Note care-
fully the various steps of twisting the 
coil and laying it in place in the slots. 

Fig. 52. On the left are shown several 
views of small single-phase stators for 
A.C. induction motors. Both the start-
ing and running windings can be clearly 
seen in each of these views. Note how 
the starting winding overlaps the coils 
of the running winding about one-half 
their width or 90 degrees. This type 
of winding is known as a single-phase 
split-phase. 
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In starting to wind these coils, their centers are 
located where the edges of the running coils meet. 
This brings the edges of the starting coils together 
at the center of the running coils, and very often 
in the slots which were left empty when the run-
ning coils were wound. Windings of this type are 
known as single-phase, split-phase windings. The 
term "split phase" is used because the different 
numbers of turns in the starting and running wind-
ings cause them to be of different inductance, which 
makes the alternating current impulses in one wind-
ing lag slightly behind those in the other winding. 
This produces around the stator a sort of shifting 
or rotating magnetic field, which in turn cuts across 
the bars of the rotor, inducing current in these bars. 
The reaction between the flux of the stator cur-

rents and rotor currents is what produces the torque 
or turning effect of this type motor. 
The principles of inductance and split-phase 

operation will be more fully covered in a later sec-
tion. 

Fig. 52 shows several small stators and the posi-
tions of their starting and running windings. 

72. CONNECTIONS OF STARTING 
WINDING 

The starting and running windings are connected 
in parallel to the single-phase line, but a centrifugal 
switch is connected in series with the starting w ind-
ng as shown in Fig. 53. This switch is arranged 
so that when the motor is idle it is held closed by 
springs. 

CENTRIFUGAL 
SWITCH 

AC. LINE 

Starting Winding 

Running Winding 

Fig. 53. The above diagram shows the complete circuits through 
both the starting and running windings of a single phase stator. 
Trace out each winding carefully and note how the coils are 
connected to produce alternate north and south poles around the 
stator. 

!Mk When current is applied to the windings, both 
e starting winding and running winding are in 

I use while the motor is starting and getting up to 
speed; but as soon as it reaches full speed, the 
switch, mounted to revolve on the shaft of the 

motor, is thrown open by centrifugal force, thereby 
opening the circuit of the starting winding. The 
motor then runs on the running winding only. 
The starting winding must never be left in the 

circuit longer than just the few seconds required to 
start the motor. If it is left connected longer than 
this it will overheat and probably burn out. 

Fig. 54 shows a simple sketch illustrating the 
method of connection of the starting and running 
windings to the line, and also the connection of the 
centrifugal switch. Remember that this switch must 
always be connected in series with the starting 
windings. 

Fig. 54. This is a simplified diagram showing the manner in which 
the starting and running windings of a single phase motor are 
connected in parallel to the line. The centrifugal switch "c" is 
connected in series with the starting winding as shown. 

73. CENTRIFUGAL SWITCHES 

There are many different types of centrifugal 
switches used on single-phase motors; but the gen-
eral principle of all of them is the same, in that they 
open the circuit of the starting winding by cen-
trifugal force when the motor reaches nearly full 
speed. 

Fig. 55 shows a sketch of one of the common 
types of these switches. The two views on the left 
show the stationary element, which is mounted on 
the end bracket of the motor; and the view on the 
right shows the rotating element, which is mounted 
on the shaft of the rotor. On the stationary element 
we have two terminals, "B" and "B", to which the 
line and starting winding leads are connected. These 
semi-circular metal pieces are separated from each 
other; so that there is no circuit between them 

STATIONARY PART 

MOUNTED ON END BRACKET FIBER OLoCK 

END VIEW S DE NEW 

ROTATING PARE 

'PRINKS / 

END VIEW 

Fig. 55. These sketches illustrate the principle of a simple centrifugal 
switch, such as used for starting single phase motors. Examine 
each part closely as you read the explanations given on these pages. 
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drawn together over the cylinder formed by "B" 
and "B". This closes a circuit between them when 
the motor is idle. When the motor starts and begins 
to revolve at high speed the weight of the pieces 
"A" and "A" causes them to be thrown outward to 
the ends of their slots, thus disconnecting them from 
"B" and "B" and opening the circuit of the starting 
winding. 

74. OPERATING PRINCIPLES OF TWO-
PHASE MOTORS 

Two-phase motors are designed to operate on 
two-phase alternating current and have two wind-
ings, each covering one-half of each pole, or spaced 
90° apart, similarly to the starting and running 
windings of a single-phase motor. 
Each of the windings in a two-phase machine, 

however, is of the same size wire and has the same 
number of turns. Instead of being wound with 
spiral coils, two-phase windings are generally made 
with diamond-shaped coils similar to those used in 
armatures. A section of a two-phase winding is 
shown in the lower left view of Fig. 56, and you will 
note the manner in which the three coils of each 
phase overlap in forming the winding for one pole 
of the motor. 

In the upper view of this figure are shown the 
curves for two-phase current with alternations 90° 
apart. When this current flows through the two 
windings, it sets up poles that progress step by 
step around the stator so rapidly that it produces 
what is practically a revolving magnetic field. The 
progress of this field and the magnetic poles can 
be observed by tracing out and comparing the 
several views in Fig. 56. The dotted lines running 
vertically through the curves in the upper view 
indicate the polarity of the curves at that instant. 
These will be referred to as "positions". 

For example, in position 1, "A" and "B" are both 
positive; and, referring to position 1 at the leads 
of the windings, we find that current will flow in 
at the starting leads of the two windings which are 
marked "S" and "S". The polarity set up will be as 
shown by the positive and negative marks in the 
sketch above these coils and at position 1. 
At this instant we find that the current flows in 

at all of the six wires on the left and out at all six 
on the right. See Fig. 56B, lower line. This will 
set up a magnetic flux or polarity as shown in the 
sketch of the magnetic circuit, position No. 1 shown 
at D. This shows that the center of the pole at 
this instant will be in the exact center of the coils, 
and that a north pole will be produced at this point 
on the stator teeth. 
At position No. 2 in the current curves, "B"-phase 

is still positive be "A" is changed to negative; so 
the current in the starting lead of "A"-phase will 
reverse as shown at position No. 2 and cause a re-
versal of the polarity around the "A" group. As 

Fig. Si. The above diagrams show step by step the manner in which 
a revolving field is produced in s two-phase motor winding. Refer 
to each of the five sketches frequently when reading k. descrip-
tions in these columns. This figure illustrates a very important 
principle of induction motors and is well werth considerable study. 

except when the metal pieces "A" and "A" are. 
this group covers the first half of the pole, these 
three slots will change in polarity. The first three 
slots of the second pole will also change and cause 
the pole to move three slots, to the right as shown 
in position No. 2 of the field rotation sketch. 
This shift of the magnetic pole is also illustrated 

in position 2 of the magnetic circuit sketch. At 
position 3 on the current curves, "B" has changed 
to negative and the current in the leads of the "B"-
phase coil will reverse, causing the last three slots 
in each pole to change in polarity so the center of 
the pole moves three more slots to the right, as 
shown in position 3 of the field rotation sketch. 
We find that as the currents in the coil groups 

reverse in this manner and keep shifting the mag-
netic poles to the right, a corresponding change or 
movement of the field takes place in the stator, as 
we have seen in positions 1 and 2 of the magnetic 
circuit. As this flux moves to the right and cuts 
across the rotor bars, it induces currents in them 
and the reaction between the poles of this secondary 
current in the rotor and the stator poles causes the 
field of the stator poles to be distorted from its 
natural shape, as shown in position 2 of the mag-
netic circuit. It is from this field distortion that the 
torque or twisting force is produced and causes tibia., 
rotor to turn. It may be necessary to read the prew- 
ceeding paragraphs and trace the diagrams several 
times in order to thoroughly understand this prin-
ciple, but it is well worth the time. 
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75. OPERATING PRINCIPLES OF THREE-
PHASE MOTORS 

The rotating action of the field in a three-phase 
motor is very much the same as that of two-phase 
machines, with the exception that only one-third of 
the pole, or two slots, reverse at a time. In the two-
phase machine one-half of the pole, or three slots, 
change at each reversal of current. The coil groups 
of the three-phase winding should be placed in the 
slots in such a manner that they alternate in the 
same order as the currents change in the three-
phase system. 

If we observe the three-phase current curves in 
Fig. 57 we find that the alternations change polarity 
or cross the center line in the order A, C, B; A, C, B; 
etc. The coil groups should be wound in to corre-
spond with these current changes, or in the order 
A, C, B; etc., as shown in Fig. 57. 
A very interesting fact to know about three-

phase systems is that at any given time the voltage 
or current curves above the zero line will exactly 
equal those below the line. For example, in Fig. 57 
at position 1, A and B are each at about half their 
maximum positive value, while "C" is at full maxi-
mum negative value. A vertical line through these 
curves at any point will show the same voltage 
or current relation. 
There is another condition that always exists in 

three-phase windings, and with which you should 
be familiar. You will notice that when tracing cur-
rent in towards the winding on the line wires, the 

Position % 4 • • • • • • + + + + + + 1 

3 • • • • + ++++ -- • • 

" a • • + + + + + + • • • • 

" i + + + + + + • • • • • • 

j 

F g. al. Lb. above diagrams show the development of the rotating 
field of a three-phase alternating current motor. Compare carefully 
the ix*, center, and lower diagrams and note the manner in which 
the field poles gradually advance in the slots as the current alter-
nates is tile three phases A. C. and B. 

center group, or "C"-phase, will be traced around 
the coils in the opposite direction to "A" and "B". 
This should be the case in any three-phase winding, 
and will be if the coils are properly connected. This 
may seem confusing at first, but keep in mind that 
the three currents never flow toward the winding 
at the same time and that there will always be a 
return current on one of the wires. At any time 
when all three wires are carrying current, there 
will either be two positives and one negative or 
two negatives and one positive. 
When these three currents flow through a three-

phase winding, as shown in Fig. 57, three consecu-
tive coil groups will be of the same polarity, and 
the next three groups will be of opposite polarity, 
thus building up alternate poles, N.S., N.S., etc. 
Trace out and compare each of the positions 1, 2, 

3, and 4 in Fig. 57 as was done in Fig. 56, and you 
will find how the field poles progress around the 
stator to produce a revolving magnetic field in a 
three-phase motor. 

76. TERMS AND DEFINITIONS FOR A. C. 
WINDINGS 

The following terms and definitions should be 
studied carefully, in order that you may more easily 
understand the material in the following pages. 
A Coil Group is the number of coils for one phase 

for one pole. 
The formula for determining a coil group is: 

Slots 
Coils per group=  

poles X phases 
The term Full Pitch Coil Span refers to coils that 

span from a slot in one pole to a corresponding slot 
or position in the next pole. 
The formula for determining full pitch coil span 

is: 

Slots 
Full pitch coil span—  -I- 1 

poles 
NOTE: Full pitch is also known as 100% pitch. 

In some cases a winding may be more than full 
pitch, but should never exceed 150% pitch. 
The term Fractional Pitch applies to coils which 

span more or less than full pitch. A fractional pitch 
should never be less than 50% of full pitch. 
We have already learned that there are 360 elec-

trical degrees per pair of poles; so, in the study of 
the following material be sure to keep in mind that 
any single pole, regardless of size, has 180 electrical 
degrees. 
The term Electrical Degrees Per Slot is com-

monly used to express the portion of the pole which 
one slot covers, and is abbreviated E° per slot. 
The formula for determining the electrical de-

gree per slot is: 

180 X poles 
Electric degrees per slot 

slots 

Some of the material just covered may seem to 
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you to be somewhat technical or theoretical, but 
a thorough study of the principles and terms 
on these preceding pages will help you obtain a 
better understanding of many of the most import-
ant and practical features in the winding and test-
ing of alternating current machines. 

77. LAP WINDINGS FOR A.C. MACHINES 
Roth lap and wave windings are used for A.C. 

motors and generators, but some of the rules which 
were given for these windings on D.C. machines 
do not apply to A C. machines. 

Instead of classing them as parallel and series 
windings, as we did for D.C., they are defined for 
A.C. as follows: 
A lap winding is one in which all coils in a pole 

group can be traced through before leaving that 
group. 
A wave winding is one in which only one coil 

in each pole group can be traced through before 
leaving that group. 
Lap and wave windings are practically the same 

as to polarity and general characteristics. 
On D.C. machines with a certain number of coils 

the wave connection gives the highest voltage. This 
is not true of A.C. windings, as the A.C. wave con-
nection gives no higher voltage than the lap. A 
single circuit A.C. lap winding puts all possible 
coils in series, so it gives just as high voltage as the 
wave. 
The wave winding is stronger mechanically than 

the lap winding, and for that reason it is generally 
used for phase-wound rotors, as there is often con-
siderable stress on their windings due to centrifugal 
force and starting torque. 

Stators are generally wound with lap windings. 
In the design of A.C. stators, the number of slots 
is determined by their size and the number of poles, 
and is selected for convenience in connecting the 
type of winding desired for the purpose of the 
machine. 

78. TWO PHASE A.C. WINDING EXAMPLE 
When the total number of slots is evenly divisible 

by the product of the number of poles and the 
number of phases, there will be an equal number 
of coils in each group and the same number of 
groups in each phase. This is known as an equal 
coil grouping. 
For example: if we have a machine with 72 slots 

and we wish to wind it for 6 poles and 2 phase 
operation, then, to determine the coils per group, 
we use the formula: 

Slots 
Coils per group = 

or, in this case, 

Coils per group = 
2 X 6 

Then there would be 6 coils in series in each 
pole group, and twelve such groups in the winding. 

poles X phases 

72 
= 6 

These twelve groups are divided into six parts for 
the six poles, and each part is again divided in two 
for the two phase-groups. Then these small groups 
of six coils each are connected into one phase of 
a two-phase winding. 

A simple form of two-phase lap winding for two 
poles is illustrated in Fig. 58. 

The starting leads of the coils for the "A" and 
''B" phases are marked "S A" and "S B", while 
the finish leads are marked "F A" and "F B". This 
winding could not be connected for three phase 
because the coils in each pole are not evenly divisi-
ble by three. 

Note that the starts of each phase are 90' apart, 
or displaced from each other by one-half the width 
of one pole. 
This should be remembered when connecting any 

two-phase winding, as the starts for these windings 
must always be spaced this distance apart. 

y 

- ° - 

Fig. 58. Thls sketch shows the coils and connections of • simp e 
two-pole, two-phase winding. Examine the connections of the coils 
carefully and note the direction of current in each coil. 

79. COIL POLARITY IMPORTANT 
When there is more than one coil per group the 

coils must be very carefully connected, as all coils 
of the same group must be connected for the same 
polarity, or, so that current flows in the same direc-
tion through all coils of this group. This is a very 
important rule to remember and is illustrated in 
Fig. 59. 

The two coils in the group at "A" are properly 
connected; that is, the finish of one is connected 
to the start of the next; so that the flux will unite 
around the sides of these coils, as it should to pro-
duce the pole. The coils in group "B" are improp-
erly connected, with the finish of one to the finish 
of the other. So in this case the current in the 
right hand coil is reversed. This causes the flux 
of the two coils to oppose and neutralize each other 
and therefore they cannot build up a strong mag-
netic pole in the stator core. 
Check the connections of these two groups of 

coils carefully, so you will know the right and 
wrong methods. 

-••••• 
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NS, 

yoe" 

PRCPERLY CONNECTED IMPROPERLY CONNECTED 

Fig. 59. Above are shown both the right and wrong methods of 
connecting stator coils to obtain the right polarity. Note the 
conditions of magnetic flux set up In the slots with each connection. 

Fig. 60 shows a simple two-pole, three-phase 
winding with one coil per phase group and three 
groups per pole. This winding only has one coil 
per group. Observe very carefully the method of 
connecting the coil groups together. You will note 
that they are connected to give alternate polarity 
—N, S, etc. Also note that there are two coil sides 
per slot, one lying on top of the other. 
The leads from the coil ends are referred to as 

top and bottom leads, the one from a coil side lying 
in the top of the slot being called the top lead, and 
the one from a bottom coil side is called the bottom 
lead. 

••• 60*--•-•- 60*-e 

.-- 120*--... — 120 . •••• 

1 0' 

Fig. 60. This sketch shows a two-pole, three-phase winding. Note 
the spacing in degrees between the coil sides and line leads, and 
also the arrangement of the coil connections. 

In making the connections from one pole group 
to the next of the same phase, always connect like 
leads together; that is, bottom leads together and 

— top leads together for the short jumper arrange-
imppent. This rule should be followed strictly, in order 

to produce the alternate poles which are necessary 
in the winding to make the machine operate. If 
any of these coils is connected wrongly, the coils 

will overheat, as their self-induction will be neutral-
ized and too much current will flow through them. 
This principle will be explained in a later section. 

80. TYPES OF COILS FOR STATOR 
WINDINGS 

Stators of 15 h. p. and under, and for less than 
550 volts, usually have partly closed slots and are 
commonly wound with "fed in" or "threaded in" 
windings. For this type of winding we can use 
either the threaded-in diamond coil or what is 
known as a basket coil. Fig. 61 shows a coil of 
each type. 

THREADED IN 
DIAMOND 

TYPE COI, 

COTTON TAPE 
ON ENDS - 

Fig. 61. Two common types of coils used in winding small stators 
with partly closed slots. These coils can be easily fed into the 
narrow slot openings. 

The diamond coil is wound, shaped, and the ends 
taped with half lapped cotton tape before the coil 
is fed in the slots. The basket coil is simply wound 
to the approximate shape, and to the proper length 
and size; but is left untaped except for little strips 
of tape at the corners just to hold the wires together 
until they are placed in the slots. The ends of 
these coils are taped after they are placed in the 
slots, or in some cases on small stators the coil 
ends are left untaped. After placing the coils in 
the slots, their ends are shaped with a fibre drift 
and a rubber or rawhide mallet, so the coil ends 
can pass over each other. 
These basket coils are generally used only for 

the smaller machines, and the diamond coils are 
usually more desirable for the larger machines. 
The untaped sides of either of these types of 

coils make it possible to feed the wires one or two 
at a time into the narrow slot openings. Thus 
the name "fed in" coils. 

81. PROCEDURE FOR WINDING A 
THREE PHASE STATOR 

The following paragraphs describe in detail the 
procedure of winding a three-phase stator of 36 
slots and 6 poles. 

Let us apply the formula: 

Coils per group = 

or, in this case, 

Coils per group 

Slots 

36 

poles X phases 

6 X 3 
=_ 2 coils per group 
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The full pitch coil span will then be found by 
the coil span formula: 

Full pitch coil span = 

or, in this case, 

Full pitch coil span =  
6 

The first coil will then span or lie in slots one 
and seven. 

After the slots !lave been insulated, begin by 
placing one side of the first coil in any slot with 
the leads of the coil toward the winder, as shown 
in Fig. 62. 

One side of the next coil is then placed in the 
slot to the left of the first, which will make the 
winding progress in a clockwise direction around 
the stator. Four more coils are then placed in the 
slots in a similar manner, leaving the top sides of 
all of them out. 

slots 

poles 

36 

+ 1 

± 1 = 7. 

Fig. U. This view shows a method of starting the first coil tor a 
stator winding. The fish paper insulation is in all slots and the 
varnished cambric has been placed In several. 

When the bottom side of the seventh coil is 
placed in the seventh slot, its top side is laid on 
top of the first coil, as shown in Fig. 63. The 
bottom of eighth coil is placed in the eighth slot 
and its top is placed on top of the bottom side of 
the second coil. 
This procedure is followed until all the coils are 

in place, the bottom sides of the last six coils being 
slipped in under the first six coils, the top sides 
of which were left out of the slots. Fig. 64 shows 
a view of a stator from the back end, after the last 

••••• 

\Ha. 

Fig. (3. This diagram illustrates the method of placing the first coils 
in a stator and the proper rotation for Inserting them. Note the 
sleeving used for marking the leads of the different phase groups, 
and also the several coil sides which are left out of the slots until 
those of the last coils are inserted under them. 

coils have been laid in under the top sides of the 
first coils. These top sides are now ready to be 
inserted in the slots and then the slot insulation 
can be trimmed, folded in over the coils, and the 
slot wedges put in place. 
While the coils of the winding just describe 

were laid in to the left of the first, or clockwisill0 
around the stator, they can be laid either clockwise 
or counter-clockwise, according to the shape of the 
end twist of the coils. 

Fig. 64. This photo shows a stator winding nearly completed and 
ready for the top sides of the first coils to be placed in on the 
bottoms of the last coils which were inserted. The Insulation has 
been neatly folded down over the coils in most of the slots. 
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Fig. SS. Complete diagram of a three-phase, six-pole winding fora machine with 34 slots. The coils of each phase are shown in lines of 
different thickness in order that they may be easily traced through the winding. Trace these circuits very carefully and note the 
manner in which the coils are connected to obtain alternate N. and S. poles. Also note how the coil groups of each phase overlap to 
complete the three phases of each pole of the winding. Refer te this diagram frequently while studying the accompanying pages, and 
also at any time you may need it when connecting a three-phase winding. 

82. MARKING AND CONNECTING 
COIL LEADS 

In winding stators of small size it is general 
practice to connect the coils into groups as they 
are fed in the slots. You will notice in Fig. 63 
that the bottom lead of the first coil is connected 
o the top lead of the second. The top lead of the 

first coil and the bottom lead of the second are 
identified or marked with sleeving of the same 
color. All of the following groups are connected 
together the same as the first; but the unconnected 
leads of the second group are marked with a dif-
ferent colored sleeving than the first, and the third 
group with still another color. For the fourth 
group we again use the same color as for the first, 
and from there on the colors are duplicated on the 
other groups, the same as on the first three. 
When all the coils of this 36-slot winding are 

in place there will be five more poles similar to 
the one in Fig. 63. 

After the wedges are in the slots the pole group 
connections are made as shown in Fig. 65. This dia-
gram shows the connections of the groups into a 
three-phase winding. 

Careful observation of the starting leads of A, B, 
and C phases will show that there are three separate 
windings spaced two-thirds of a pole, or 120 elec-
trical degrees, apart. 
You will note however, that the windings are 

placed in the stator in the order A, C, B, from left 
to right; thus actually making the effective spacing 
60 degrees for certain connections. 

After selecting the top lead of any convenient coil 
the winding for the start of A phase and con-

111111tcting all groups of a corresponding color into one 
winding, the second start, or B phase, is selected. 
This lead must be taken from the top of the third 
group, counting A phase as number one. All groups 

for B phase are then connected and, last of all, those 
for C phase are connected. The C phase should 
start at the top lead of the fifth coil group, which 
would be the same distance from B as B is from A. 
There will then be six leads left, three starts and 

three finish leads. In Fig. 65, these leads are marked 
SA, FC, SB, SC, FA, and FB, and you will note that 
they are all from top sides of coils. In selecting 
the starting leads for such a winding, we choose 
three groups which are close to the opening for the 
line leads in the frame or end-bracket. 

Fig. 66 shows a complete connection diagram for 
a two-phase, four-pole winding with 24 slots. The 
coils are laid in the slots the same as for a three-
phase winding. There are three coils per group and 
two groups in each pole. The coils are also con-
nected into groups the same as for a three-phase 
winding, and the pole group connections made simi-
larly, except with two groups per pole instead of 
three. 

Fig. SI. Complete two-phase winding for a four-pole machine with 
24 slots. Note the similarity between this diagram and the one 
in Fig. IS as to the arrangement of coils and connections between 
pole groups; but also note that there are only two pitase groups 
per pole, and the different spacing in electrical degrees between 
the leads in this winding and the three-phew winding in Fig. II. 
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83. PROCEDURE FOR CONNECTING A 
3 PHASE WINDING 

Fig. 67 shows complete four-pole, three-phase 
winding in a stator with 48 slots. The coils are all 
in place, but no group connections have been made. 
You will note that all top and bottom leads are 
brought out at the points or ends of the coils, and 
all in the same position on the coils, in order to 
make a neat and systematic arrangement of the 
leads and to simplify the making of connections. 

Fig. 47. The above photo shows a stator with 48 slots wound for 
four poles, three phase. The coils are all ln the slots and the leads 
are marked with sleeving and ready for the connections to be made. 

The bottom leads of all coils are bent out around 
the edge of the frame, and all top coil leads are ar-
ranged straight out from the stator core. The next 
step would be to strip the ends of these leads and 
temporarily connect them in bunches for making a 
ground test from the coil leads to the stator. This 
test can be made with a 110-volt test lamp, and it 
should always be done before connecting any coils, 
to make sure that none of them are grounded be-
cause of damage to their insulation while they were 
being placed in the slots. 
To make sure that no coils in any group are open, 

the start and finish leads of each group should also 
be tested by placing one wire of the 110-volt line 
on a start and the test lamp on the finish lead. 
Note that all coil leads are marked with sleeving 

and that every fourth bottom lead and also every 
fifth top lead are marked with longer sleeving, as 
these leads are those of the start and finish of each 
pole group. 

84. MAKING "STUB" CONNECTIONS 
The next step will be to cut off all leads of the 

coil groups that are marked with the short sleeving, 

about 3 inches long. Strip the insulation from 
about 1y2 inches of their ends; then connect them 
together, the bottom lead of one coil to the top of 
the next. This is shown in Fig. 68, and the pigtail 
splices of these coil groups can be plainly seen. 
The bottom leads of the pole group are still shown 

sticking out around the frame, and the top pole 
group leads are projecting out from the center of 
the core. 

85. POLE AND PHASE CONNECTIONS 
In Fig. 69 the coil-group connections have been 

soldered, taped, and folded down between the coil 
ends and the pole group leads have been connected 
together. The bottom lead of one group is connected 
to the bottom lead of the the next group of the same 
phase and color. The top lead of one group is also 
connected to the top lead of the next group of the 
same phase. This places all pole groups of each 
phase in series in the winding. These pole-group 
leads are commonly called jumpers. 

You will note that the three starts for the phases 
which are marked SA, SB, and SC are taken from 
the first, third, and fifth pole groups, near the line-
lead opening in the frame. 

Fig. It. This view shows the same stator as in Fig. 47, except that 
the coil group connections have been made. By looking carefully 
you can see the bare pig-tail splices of these connections around 
the winding. The pole group leads are not yet connected. 

The three finish leads marked FA, FB, and FC, 
are shown at the top of the winding. 

In Fig. 70 the three finish leads are shown con- --

nected together at the top of the machine, and the 
three start leads are connected to heavy rubber 
covered wires for the line leads. 
The pole-group leads are now folded or pressed 
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Fig. 19. Again we have the genie stator as in the last two figures, 
but in this case the connections are one step farther along. The 
coil group connections have been soldered and taped, and the pole 
group connections are made, leaving only the start and finish leads 
of each phase. These are marked by the tags as shown. 

edown around the outside of the coil ends to make 
them clear the end bracket and rotor, and the wind-
ing is then ready for the insulating compound and 
baking. 

86. UNEQUAL COIL GROUPING 
The lap windings previously covered have all had 

equal coil grouping, that is, the same number of 
coils in consecutive groups. In some cases it is 
necessary to wind a stator with unequal coil groups 
in the winding. This is because the number of slots 
does not happen to be evenly divisible by the prod-
uct of the number of poles and the number of 
phases. The unequal coil grouping to be used in 
such a case will have two or more groups in each 
pole, with an unequal number of coils per group. 
For example, suppose we have a 48-slot machine 

to wind for 6 poles and 3-phase. In this case the 
product of the poles and phase, is 6 X 3, or 18. The 
number of slots, or 48, is not evenly divisible by 18 
so we cannot use equal coil grouping. 
This stator can, however, be wound satisfactorily 

for three-phase by using the following coil group-
ing: Three coils in group "A", three coils in group 
"C", then two coils in group "B", which completes 
the first pole. 
For the second pole the small group should be 

shifted to another phase; so we will place three coils dein group "A", two in group "C", and three in group 
"B", etc. Thus we keep rotating or shifting the 
small group from one phase to the next through-
out the winding. 
The tables in Fig. 71 show the manner in which 

this grouping will even up the coils per phase in 
the complete winding. These tables show unequal 
groupings which are commonly used in two and 
three-phase motors. 
The horizontal lines or rows show the number 

of coils per group in each phase, for each of the 
poles. The vertical columns show the number of 
coils per group throughout the entire winding. By 
adding the columns for each phase you will find 
that the number of coils per phase is the same in 
all three phases. 
87. STAR AND DELTA CONNECTIONS 

After the coil groups and pole-group connections 
in a three-phase winding have been completed, six 
leads remain to be connected for line leads. 
The two methods of connecting these are known 

as Star and Delta connections. These connections 
are very important, as they determine to quite an 
extent the voltage rating of an A. C. generator or 
motor. 
The left view in Fig. 72 shows the star connection 

for an A. C. winding. The three coils—A, B, and 
C—represent the three-phase windings of the ma-
chine and are spaced 120° apart. The center con-
nection of this star is the point at which all three 
of the finish leads of the winding are connected to-
gether. The three outer ends of the coils are the 
starts, and are connected to the line wires. 
The sketch at the right in this figure shows the 

method of making the star connection right on the 
leads of a winding. 

Fig. 7111. The last step In the coonectkess has now been completed 
and the starts and finishes of the first groups are connected te 
the line wires which are brought out through the right elide el 
the frame. 
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The symbol for the star connection is a mark con-
sisting of 3 small lines 120° apart and connecting 
at the center. The letter Y is also commonly used. 
The left view in Fig. 73 shows the delta connec-

tion for an A. C. winding. The three coils—A, B, 
and C—again represent the three-phase winding of 
the machine, and are connected together in a closed 
circuit with the start of "A" to the finish of "C", 
start of "C" to finish of "B", and start of "B" to 
finish of "A". 
The line leads are then taken from these points 

at which the windings are connected together. 
The sketch at the right in Fig. 73 shows the 

method of making the delta connection right on the 
leads of a winding. 
The symbol for the Delta connection is a small 

triangle, A. 

AC B 

POLE * 1 a i 2 

.. 2 3 2 3 

" 3 2 3 3 

81 4 3 3 2 

• S 3 2 3 

• 6 2 3 3 

48 SLOTS 6 PO L ES 
3 PHASE. 

A C 

POLE e 1 3 2 2 

2 2 3 2 

" 3 2 2 3 

" 4 2 2 2 

" 5 3 2 2 

" 6 2 3 2 

" 7 2 .2 3 

8 2 2 2 

34 SLOT3 8 POLES S4 3LOTS 6 POLES 
3 PHASE 2. PH AS E 

Fig. 71. The above table shows unequal coil groups which can be 
used for two and three phase windings. Note bow this arrange-
min-it of coils places an equal number in each phase when the 
winding Is complete, even though there is not the same number 
In each phase of any one pole. 

AC B 

POLE li 1 4 5 4 

" 2 5 4 5 

. 3 4 5 4 

" 4 5 4 5 

54 SLOTS 4 POLF_S 
3 PHASE 

POLE. * 1 5 4 

' 2 4 5 

" 3 5 4 

" 4 4 5 

" 5 $ 4 

" 6 4 5 

88. VOLTAGE OF STAR AND DELTA 
CONNECTIONS 

By carefully comparing these two forms of con-
nections in Figures 72 and 73, you will note that 
the delta connection has only half as many turns of 
wire in series between the line leads of any phase, 
as the star connection. We know that the number 
of turns or coils in _series directly affects the volt-
age, so we can see that for a given voltage per 
phase, the star connection for a generator will pro-
duce higher voltage than the delta, and that the star 
connection when used on a motor will enable the 
motor to be used on higher line voltage. 
The delta connection, however, has two windings 

in parallel between any two line or phase leads, so 
it will have a greater line current capacity than the 
star connection. 
As the star connection places twice as many coils 

in series between line wires as the delta connection, 

Fig. 72. The above two sketches illustrate the method of making star 
connections with alternating current windings. Note the phase 

.displacement between the three windings on the left and also the 
manner in which two windings are placed in series between any 
pair of phase wires. The sketch at the right will be convenient 
for reference when connecting machine windings in this manner. 

it might at first seem that it would give double the 
voltage of a delta connection. The voltage increase, 
however, will not be quite double, because the spac-
ing of the two windings in the machine is 120° 
apart and consequently their maximum voltages oc-
cur at slightly different periods of time. The placing 
of the C phase winding between the windings of A 
and B phases, as explained in Art. 82, actually re-
verses its phase relation to the other two windings 
by 180 degrees; and in the star connection this puts 
phase voltages in series which are only 60 degrees 
displaced. So when two equal voltages which are 
60 degrees apart are connected in series, their total 
voltage at any instant will not be double, but will 
be approximately 1.73 times the voltage of either 
one. 

• 

Fig. 73. These diagrams show the method of making delta connections 
for alternating current windings. The sketch on the left shows 
that with this delta connection two windings are in parallel between 
any pair of phase wires. The sketch on the right shows the 
manner of making a delta connection to the leads of a machine. 
winding. 

This value is obtained by vectorial addition in-
stead of numerical addition. Fig. 74 shows how this 
can be done graphically or with lines drawn to scale 
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and at the proper angles to represent the voltages to 
be added. The line from "B" to "A" represents 100 
volts of one winding, and the line from "B" to "C" 
represents 100 volts of another winding 120° out 
of phase with the first. However, as one of the 
phases is reversed with respect to the other, we will 
draw a line in the opposite direction from B to D, 
to represent the voltage 180° displaced, or in the 
reverse direction to that shown by line B A. This 
voltage will then be 60° displaced from that in the 
other phase, shown by line B C. 
By completing our parallelogram of forces as 

shown by the light dotted lines we can now de-
termine the vectorial sum of the two phase winding 
voltages in series, by measuririg the diagonal line 
B. E. If the lengths of the lines "B C" and "B D" 
are each allowed to represent 100 volts by a scale 
of 38 inch for each 10 volts, we find by measuring 
the length of the line "B E" that it is 1.73 times as 
long as either of the others, so it will represent 
about 173 volts. 

Observation of Fig. 74 will show that a straight 
line drawn from A to C would be exactly the same 
length as the line from B to E. In many cases these 
vector diagrams are drawn in this manner by merely 
reversing the arrow on line A B and leaving off 
lines B D, C E, and B E. 
This same method can be applied to find the sum 

or combined force of two separate mechanical forces 
acting at an 'angle. If we have a force of 100 lbs., 
acting in a direction from "B to C", and another 
equal force acting from "B" to "D", then the com-
bined force "B to E" will be approximately 173 lbs. 

o 

Fig. 74. The above diagram illustrates the method used to determine 
the sum of two voltages that are 60" out of phase, as when two 
phases of a three phase winding are connected finish to finish. 

Another method of calculating the sum of vol-
tages which are out of phase will be given in a later 
section; and the use of vectors, or lines and angles 
for such problems will also be more fully explained 
in that section. 
The important fact to remember is that the star 

connection always gives 1.73 (or, to be exact, 1.732) 
times the voltage of the delta connection. So, in 
changing from delta to star we multiply the delta 
line voltage by 1.732; and in changing from star to 
delta we divide the star line voltage by 1.732, or 
multiply it by .5774, to get the delta line voltage. 

89. FRACTIONAL-PITCH WINDING 
Fractional-pitch windings, also known as short-

chord windings, are those in which the coil span is 

less than full pitch. There are several reasons for 
making windings with fractional-pitch coils. The 
shorter coils used in these windings provide greater 
mechanical strength of the winding, and they also 
produce a lower voltage than full-pitch coils. Frac-
tional-pitch windings are also used to improve the 
power factor of alternating-current machines, as 
will be explained in a later section. 
By referring to Fig. 75, you will note that the 

length of the coil between its ends or points is re-
duced by making the coil span less than full pitch. 
In this figure the large coil which spans from slot 
1 to slot 7 is assumed to be a full-pitch coil, so a 
coil laid in slots 1 and 6 will be a fractional-pitch 
coil and will have 83Y3% pitch. The shorter the coil 
ends are, the greater the mechanical strength of the 
coil. 
Most two and three-phase motor windings use a 

coil span of less than full pitch, and generally about 
75 to 85 per cent of full pitch. If a generator wind-
ing is changed from full pitch to fractional pitch, the 
coils which are thus shortened will not span from 
the center of one pole to the center of the next. 
Thus the generator voltage will be decreased. This 
voltage reduction will vary with the sine of an angle 
of one-half the electrical degrees spanned by the 
coil. 

For example, if a machine has 54 slots and 6 
poles, the full-pitch coil span would be (54 6) 
plus 1, or 10. The coils for this winding would then 
span from slots 1 to 10 and this full pitch would, of 
course, be 180 electrical degrees. Such a coil will 
span from the center of one pole to the center of the 
next, and the voltage generated in it will be maxi-
mum or 100%. 

If we use a fractional pitch coil which lies in slots 
1 and 7, it would in this case span only 120 electrical 
degrees, instead of 180. Since 54 -÷ 6, or 9 slots 
represent 180 degrees, one slot will represent 20 de-
grees and 6 slots 120 degrees. One-half of 120 de-
grees is 60 degrees, and the sine of an angle of 60 
degrees is .866. So a fractional-pitch coil spanning 

Fig. 75. Note how fractional-pitch windings make the cells diet-ter 
as their pitch is decreased. The shorter colis will have greater 
mechanical strength, which is one of the advantages se Ws type 
of winding. 
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6 slots instead of 9 would only generate a little over 
86% of the voltage that would be produced by a 
full-pitch coil, and this would apply to the entire 
winding of the machine. The sines of various angles 
can be found in tables given in a later section on 
A. C. and will be more fully explained in that sec-
tion. 

90. SPECIAL POLE GROUP CONNECTION 
Fig. 76 shows a system of connections very often 

used on three-phase motors. This system of con-
nections will give the same results as the one previ-
ously described in this section and can be used on 
any two or three-phase winding. You will note that 
instead of connecting from the finish of a certain 
coil group to the finish of the next coil group of 
that phase, this finish lead is carried over to the 
start of the third coil group of that phase, skipping 

the second one and leaving it to be connected when 
the counter-clockwise connections are made. This 
produces the same polarity as though all coils of a 
certain phase were connected together in succession 
from finish to finish, start to start, etc. 
Compare this method with that shown in Fig. 65. 

One of the advantages of this system is that on 
heavy windings it allows the end connections to 
fit more compactly against the coils and in a small 
space in the machine, and it also permits the use 
of equalizer connections to correct magnetic un-
balance. 
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Fig. 78. Thls diagram shows a different method of connecting together 
the pole groups of the winding to allow a more compact arrange-
ment of the leads on heavy windings. This method simply connects 
every other pole of one phase in a straight series group without 
crossing the leads; then connects back to get the remaining poles 
of those phases which were skipped the first time. These are 
connected in another straight series group and to the first group 
in • manner to produce alternate N. and S. poles throughout 
that phase. 

91. ROTOR WINDINGS 
We have previously mentioned that some alter-

nating current machines have wound rotors using 
windings similar to those of a D. C. armature, but 
instead of these coils being connected to the bars of 
the commutator, they are connected together for 
two or three-phase the same as stator coils are. The 
main leads are then connected to slip rings on the 
rotor shaft. Such windings are used on machines 
for variable speed duty and machines where extra-
heavy starting torque and certain power factor char-
acteristics are required. 

Fig. 77 shows a diagram of a "phase-wound" rotor 
of four poles and 24 slots, wave wound. This type 
of winding is used very extensively on large rotors 
which have heavy coils made of copper bars, and 

the connecting system is practically the same as for 
all wave windings. This rotor can be used satisfac-
torily with either a two or three-phase stator wind-
ing. 
The actual winding procedure for such rotors is 

practically the same as for D. C. armatures, except 
for the difference in the connections. 

92. CHANGING OPERATING VOLTAGE OF 
INDUCTION MOTORS 

Very often the maintenance man is confronted 
with a problem of changing the operating voltage 
of induction motors to permit them to be operated 
on a different line voltage, in case they are moved to 
a new locality where the original operating voltage 
is not obtainable. 
The voltage of any individual motor winding var-

ies directly with the number of turns it has con-
nected in series. 

If you remember this simple rule it will help you 
solve many problems in making voltage changes on 
equipment. There are, of course, certain practical 
limits beyond which this change of voltage should 
not be carried. For example, if we have a winding 
operating at 220 volts we might, by reconnecting, 
be able to increase the number of turns in series 
to a point where the winding would stand 2300 
volts, but it is doubtful whether the insulation 
would stand so high a voltage. 

It is almost always permissable to reconnect a 
winding to operate on a lower voltage than it has 
been designed for; but, when reconnecting a ma-
chine to increase its operating voltage, the insula-
tion should always be considered. The usual ground 
test for the insulation of such equipment is to apply 
an alternating current voltage of twice the machine's 
rated voltage, plus one thousand volts. This voltage 
should be applied from the winding to the frame for 
at least one minute and a test should be made after 
the winding is reconnected, or on any new winding 

Mg. 77. This sketch shows& complete winding diagram Ida 24-slat 
wave-wound rotor. Rotors with windings .1 this nature are mar 
tams mad "plhaae-wetard" ream 
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Fig. 78. The above diagram shows the method of reconnecting poles 
of the winding from series to series-parallel to be operated on a 
lower voltage. 

before it is placed in operation. When a winding 
is reconnected for a different voltage, it should be 
arranged so that the voltage on each coil group will 
remain unchanged. 

Fig. 78 illustrates the manner in which this can be 
done. In the diagram at "A", 220 volts are applied 
to four coil groups in series, which places 55 volts 
on each group, and we will assume this voltage will 
cause 5 amperes to flow. The same winding is shown 
again at "B", reconnected for 110 volts, with two 
groups in series in each of two parallel circuits. 
When 110 volts are applied to these two parallel 
groups we will still have 55 volts per coil, and the 
same amount of current will flow. The rotating 
magnetic field will not be affected any differently 
as long as the amount of current per coil is not *changed and the polarity of the coils is kept the 
same. This explains why it is not necessary to 
change the rotor winding when the winding in the 
stator is reconnected for a different voltage. 

In reconnecting two or three-phase windings all 
phases must be connected for the same number of 
circuits, and when connecting the groups for a 
winding having several circuits, extreme care should 
be taken to obtain the correct polarity on each 
group. 
93. TEST FOR CORRECT POLARITY 

In changing the connections of a three-phase 
winding one must be very careful not to connect 
the phases in a 60° relation instead of 120° as they 
should be. By referring to Fig. 79 we can see that 
it would be easy to connect the wrong end of the 
B-phase to the star point. This would reverse the 
polarity of the entire B-winding, and cause the sta-
tor winding to fail to build up the proper rotating 
field. The result would be that the motor would 
not develop proper torque, and the winding would 
heat up and burn out if the reverse connection were 
not located and corrected at once. 
To avoid making a mistake of this kind, trace 

through each winding, starting from the leads or 
terminals and proceeding to the star connection at 
the center of the winding. As each successive coil 
group is traced through, place an arrow showing 
the direction in which that group was passed 

--4Wthrough. When all three phases have been traced 
through in this manner and the arrows on the 
groups are inspected, the sketch or connection is 
correct if the arrows on adjacent groups reverse. 

That is, they should point alternately clockwise and 
counter-clockwise around the winding as in Fig. 79. 

94. EFFECT ON CURRENT WHEN CHANG-
ING THE VOLTAGE 

It is common practice among most manufacturers 
to design machines that can readily be connected 
for either of two common voltages. This is accom-
plished by a series or parallel arrangement which 
can be more easily understood by comparing Figs. 
79 and 80. In the center of each of these diagrams 
is shown a small schematic sketch that illustrates 
in a simple manner the series or parallel arrange-
ment of the coils. This center sketch in Fig. 79 
shows that there are twice as many coil groups in 
series between the terminal leads as there are in 
the connection in Fig. 80. This means that if the 
winding in Fig. 79 is properly connected for 440 
volts the one in Fig. 80 would be correct for 220 
volts. 

AC.8 

Fig. 79. This diagram shows a 3-phase, four-pole winding in which 
the pole groups in each phase are all four connected in series, 
and the three series groups connected star as illustrated by the 
diagram in the center. Don't confuse the inner and outer diagrams 
as they are entirely separate and each shows the same winding 
merely in a different manner. 

We know that in any motor the horse power de-
pends on the number of watts which are used in 
its circuit, and we also know that the watts are 
equal to the product of the volts and the amperes; 
so, if we wish to maintain the same horse power of 
a motor at one-half its normal voltage, we can see 
that it will have to carry twice as many amperes at 
full load. 

AC 5 

Fig. U. This diagram shows the same three-phase, four-pole winding 
which was shown in Fig. 79, but in this case the four pois grout* 
of each phase have been connected two in series and two in 
parallel, and then the phase groups connected star as shOWI, by 
the center sketch. 
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By comparing the center diagrams in Figs. 79 and 
80, we can see that this extra current can be carried 
all right by the windings as they are reconnected 
for the lower voltage in Fig. 80. In this connection 
there are two circuits in parallel which, of course, 
will have twice the cross-sectional area of copper 
that the single circuits in Fig. 79 had. 

If the number of poles in the machine is evenly 
divisible by 4—as, for example: 4, 8, 12, 16, etc.— 
the winding may be connected in four parallel cir-
cuits, as shown in Fig. 81. By comparing this with 
the connections and voltages of Figs. 79 and 80, we 
find it will be proper to operate the winding in Fig. 
81 at 110 volts, and four times the current which 
was used in the connection in Fig. 79; which should 
maintain the same horse power. The increased cur-
rent in this connection is again provided for by the 
four circuits in parallel. 

ll C. 8 

Fig. 81. Again we have the three-phase, four-pole winding. This 
diagram has all four poles of each phase connected in parallel and 
the three phase groups connected star as shown by the center 
sketch. 

On this same principle, if the number of poles of 
a machine can be evenly divided by 6, it will be pos-
sible to reconnect the windings for either three or 
six parallel groups, as shown in Figs. 82 and 83. 

Before attempting to make such changes in con-
nections, a check should be made to see if the wind-
ing can be connected for the desired number of cir-
cuits. A simple rule for this is that the total num-
ber of poles must be evenly divisible by the num-
ber of circuits desired, otherwise the winding can-
not be changed to that connection. 

Fig. 82. This diagram shows a six-pole, three-phase winding with the 
six poles of each phase connected two in series and three in parallel, 
and duo the three phase groups connected star. 
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Fig. 83. In this case the six-pole, three-phase winding has all six 
poles of each phase connected in parallel and the three-phase 
groups connected star. These diagrams from 79 to 63 inclusive 
show additional practical applications of series and parallel cir-
cuits to obtain different voltage and current capacities of machine 
windings. 

95. SPECIAL CONNECTIONS FOR CON-
VENIENT VOLTAGE CHANGES 

Inasmuch as some factories and plants may be 
supplied with more than one voltage for power pur-
poses, manufacturers commonly supply motors that 
can easily be changed from one voltage to another; 
for example, 110 to 220 volts, or 220 to 440 volts; 
or from either of the higher voltages to the lower 
ones. 

In most cases each winding is divided into two 
parts with suitable leads from each section brought 
outside the motor. These leads can be conveniently 0 
changed for either one or two voltages. 

Practically all repulsion induction motors that 
use a spiral type winding are provided with this ar-
rangement for two voltages. Fig. 84 shows the 
windings and terminal block of such a machine and 
the manner of changing the connections for either 
110 or 220 volts. Two poles are connected in series 
with leads 1 and 4 brought out to the terminal block, 
and also two poles in series with leads 2 and 3. By 
simply changing the connections of the line leads 
and one or two short jumper wires at these ter-
minals, the winding can be changed to operate on 
either of the two voltages given. 
A similar system is also used on two or three-

phase motors. Fig. 85 shows the method of arrang-
ing the leads of a three-phase winding and the con-
nections from the winding to the terminal block. 
The two small diagrams on the right-hand side of 
this figure show the method of changing the line 
and jumper connections to operate the motor on 
either 440 or 220 volts. In this figure the windings 
of the motor are represented by the heavy black 
lines arranged in the delta connection, with separate 
leads for each section of the winding brought out 
to the terminal block. 

Fig. 86 shows a diagram of a star-connected sta-
tor winding, and the arrangement of the leads from 
the separate winding sections to the terminal block.& 
The small sketches on the right-hand side of thisle 
figure also show the method of arranging the line 
leads and jumpers to change this machine for opera-
tion on either 220 or 440 volts. 
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96. CHANGE IN NUMBER OF PHASES 

In certain emergency cases it is desirable to know 
how to change a motor from three-phase to two-

-- phase operation, or vice versa. The following ex-
ample will illustrate the procedure that should be 
used in making a change of this kind. Suppose we 
have a machine that is connected three-phase and 
has 144 slots in the stator and a 24-pole winding. 
The coils are connected 4-parallel delta for 440 volts, 
and we wish to reconnect them for operation on 
two-phase at the same voltage. 144 coils connected 
for three-phase would have 144 ÷ 3, or 48, coils per 
phase. This would be connected for four-parallel 
circuits, so there would be 48 4. or 12, coils in 
series across the line. 

Fig. 84. This diagram shows how the terminals of a single phase 
winding can be arranged for convenient changing from aeries to 
parallel, so they can be operated on two different voltages. 

1:emember that these 12 coils are connected in 
series on 440 volts, so we would have approximately 
36% volts applied to each coil in the original wind-
ing. This winding is to be regrouped for two-
phase, which means that if it is connected single 
circuit there would be 144 2, or 72, coils in series. 
To maintain the same voltage on each coil, the 
same number of coils must be connected in series 
across the line as before; or 72 12 = 6 parallel 
circuits in which we must arrange the coils for 
the two-phase winding. 
According to the formula for determining coils 

per group, the three-phase winding would have 
(144 ÷ 24) ÷ 3, or 2 coils per group. 
As a two-phase winding would have (144 24) 
2 or 3 coils per group, it will be necessary to 

reconnect some of the coil leads for this new 
grouping. 

1,97. CHANGES IN FREQUENCY 

Sometimes it is desired to change a motor which 
has been operating on one frequency so that it will 
operate on a circuit of another frequency. The 

Fig. 8$. Sketch showing the arrangement of the leads for a three-
phase delta winding, and the manner in which they can be arranged 
on a terminal block for convenient voltage changes. 

most common frequency for alternating current 
circuits in this country nowadays is 60 cycles, but 
occasionally a 25-cycle circuit or one of some other 
odd frequency is encountered. 
We have learned that when an induction motor 

is running, a rotating magnetic field is set up in 
the stator and that it is this field which induces 
the secondary current in the rotor and produces 
the motor toi.que; also that this same rotating field 
cuts across the coils in the stator itself and gener-
ates in them a counter-voltage which opposes the 
applied line voltage and limits the current through 

Fig. U. The above diagram shows a winding which Ls connected star 
and has its leads all brought out to a terminal block far convenient 
change 'rein 448 te 828 volts. 
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the winding. The speed of field rotation governs 
the strength of the counter E.M.F., and therefore 
regulates the amount of current which can flow 
through the winding at any given line voltage. 
There are two factors that govern the speed of 

rotation of this magnetic field. These are the num-
ber of poles in the winding and the frequency of 
the applied alternating current. The effects of 
changing the number of poles will be explained in 
a later article. Any change that is made in the 
frequency of the current supplied to a motor should 
be offset by a change of voltage in the same direc-
tion, and in the same proportion. 
This should be done so the current through the 

coils will be kept at the same value. For example, 
if a motor is to be changed from 30 to 60 cycles, 
the magnetic field will rotate twice as fast and 
the counter-voltage will be doubled. This means 
that if we are to maintain the same current value 
in the stator coils the line voltage should also be 
doubled. If the winding is to be operated on the 
same voltage at this higher frequency, the number 
of turns in each group across the line should be 
reduced to one-half the original number, in order 
to allow the same current to flow. 
This procedure should, of course, be reversed 

when changing a motor to operate on a lower fre-
quency. 
The horse power of any motor is proportional 

to the product of its speed and torque or turning 
effort. So, when the frequency is varied and the 
stator flux kept constant, the horse power will vary 
directly with the change in speed. 

98. CHANGING NUMBER OF POLES 
AND SPEED 

It is very often desired to change the speed of 
motors for various jobs around manufacturing and 
industrial plants. This can be done by changing 
the number of poles in the stator windings of A.C. 
motors. 

The speed of an induction motor is inversely 
proportional to the number of poles; that is, if the 
number of poles is increased to double, the speed 
will decrease to one-half; or, if the poles are de-
creased to one-half their original number, the speed 
will increase to double. This rule assumes that 
the speed of the rotor will be the same as that 
of the revolving magnetic field. There is, however, 
a small amount of "slip" between the speed of the 
rotor and that of the revolving field. This causes 
the rotor to turn slightly slower than the field. 
A very simple formula which can be used to 

determine the speed of the rotating field of such 
motors and the approximate speed of the rotor is 
as follows: 

120 X frequency 
R.P.M. 

poles 

When changing the number of poles of an induc-

tion motor, if the voltage is varied in the same 
direction and same proportion as the change pro-
duced in the speed, the torque will remain practi-
cally the same and the horse power will vary with 
the speed. Therefore, the horse power increases 
with the higher speeds and decreases at lower 
speeds, in exact proportion to the change of speed. 

99. SPECIAL CONNECTIONS FOR 
CONVENIENT SPEED CHANGES 

Generally the change in the number of poles is 
confined to a variation of only one pair of poles, 
as for example, changing from 6 to 8 poles or from 
10 to 12, etc. There are, however, specially-built 
motors which have windings so connected that they 
can be changed from outside the motor by suitable 
arrangement of the leads and a switching device. 
Such motors can be changed to operate at either 
full speed or one-half of full speed. 

Fig. 87. shows a lap three-phase winding which 
may be connected for either two or four poles by 
changing the connections of its leads outside the 
motor. This winding will produce the same torque 
at both speeds and will develop twice the power 
when running as a two-pole motor and the higher 
speed than it will develop as a four-pole motor 
and operating at the lower speed. 

Fig. 87. A three-phase lap winding with six line leads brought ou 
for convenient connection into either two or our poles. This 
enables the speed of the machine to be easily changed. 

Six leads are brought outside the motor frame 
and the external connections should be made as 
follows: For two poles, connect the line leads to 
L 4, L 5, and L 6. Then connect L 1, L 2, and 
L 3 together. For four poles, connect line leads 
to L 1, L 2, and L 3, and leave L 4, L 5, and L 6 
open or unconnected. This winding has two coil-
groups per phase and when such a winding has as 
many groups in each phase as it has poles it is 
known as a salient pole connection. 
You will notice that in the four-pole winding only 

two groups are used to build up four magnetic 
circuits in the stator. This is known as a conse-
quent pole connection. 

In connecting two-speed windings of this kind 
they are usually made fractional pitch for the high 
speed connection. When reconnecting windings for 
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a different number of poles it will be necessary to 
change some of the group connections. 

100. ADAPTING INDUCTION MOTORS TO 
NEW OPERATING CONDITIONS 

Motors may be adapted to new operating require-
ments by reconnecting or rewinding. The modifica-
tions most frequently necessary, and the method of 
effecting such changes, is indicated in the subse-
quent material. 

CHANGES IN FREQUENCY 
The replacement of 25 cycle energy by a 60 cycle 

supply presents the problem of adapting the exist-
ing 25 cycle motors to 60 cycle operation. Three 
methods may be employed to accomplish the above: 
First, a change in applied voltage; second a change 
in the winding connections; third, a complete re-
winding job. The method ultimately employed in 
any given case will depend upon the conditions. 

By the first method, a 110 volt 25 cycle motor 
may be operated from a 220 volt 60 cycle circuit, 
and a 220 volt 25 cycle motor connected to a 440 
volt 60 cycle circuit; in both cases, the motor's speed 
and h.p. rating will be approximately doubled. Con-
sideration for the peripheral speed of the rotor 
must be given in such a change for, should the rim 
speed exceed 7,000 feet per minute, there is a possi-
bility of the rotor being unable to withstand the Elb increased centrifugal stresses. The speed of the 
machine driven by such a motor may be maintained 
at its normal value by reducing the size of the motor 
pulley to approximately one-half its original 
diameter, or by increasing the size of the driven 
pulley to twice its original diameter. 

The second change—that of reconnection—is 
used to enable the motor to operate at name-plate 
rated voltage on 60 cycles. This method can be em-
ployed on motors that are designed to operate on 
two voltages, such as 110-220 or 220-440. Thus a 
110-220 volt, 25 cycle motor, may be changed to 60 
cycle operation at 220 volts, by connecting it the 
same as for operation on 110 volts, 25 cycles. If the 
leads are not brought out, internal sections of the 
windings may be paralleled. For example, a 4-pole, 
220 volt, 25 cycle motor, having all poles connected 
in series, may be reconnected for a 220 volt 60 
cycle circuit by having its poles connected two in 
series and the two groups in parallel; similarly, a 
25 cycle single-circuit-star motor can be converted 
to 60 cycle operation on the same voltage by chang-
ing the connection to two-circuit-star. As in the 
previous examples, these changes will be accom-
panied by doubled speed and horsepower. 

The last mentioned change—that concerned with 
rewinding—is generally necessary when 25 cycle 

iik motors must be changed to 60 cycle operation with-
...out considerable change in speed. This means that 

the 25 cycle motor must be wound for twice as 
many poles when operating on 60 cycles. The gen-
eral rules for rewinding are: 

Rewind the new coils for one-half the original 
coil span, using the next larger size of wire, and 
eighty-four percent of the original turns. The wind-
ing connection will remain unchanged; that is, if 
the original winding were series-star, the new wind-
ing will be connected in a similar manner. With 
this arrangement, the horsepower and speed will 
increase about twenty percent. In general, the re-
lationship to keep in mind is that the number of 
turns in series in any given phase or section of 
the winding must be made to vary in inverse pro-
portion to the proposed change in frequency, and 
in direct proportion to the change in voltage. 

CHANGES IN SPEED 

With induction type motors, a change in speed 
invariably involves a change in the number of poles 
set up by the winding and, since this implies a 
variation in the coil span, rewinding is usually re-
quired. For example, to change the speed of a 1800 
R.P.M. motor to 900 R.P.M. on the same voltage 
and frequency, rewind the stator employing one-
half of original coil span and double the number of 
turns per coil. Wire size must be halved and orig-
inal connections preserved. If the motor was 
originally 4-pole series star, the new winding will 
be 8-pole series star. Such a change will maintain 
the orginal torque but decrease the horsepower in 
porportion to the reduction in speed. Changes from 
low to high speed demand consideration of the 
depth of iron behind the stator teeth as a decrease 
in the number of poles increases the flux in this 
area. 

Another factor affecting the change in winding 
design problems is the coil span, as the counter 
voltage generated by the stator coil depends not 
only upon the strength and speed of the rotating 
magnetic field cutting the coil, but also upon the 
number of turns in the coil and fraction of full pole 
pitch that the coil spans. Assume for example, that 
a 72 slot, star connected, 220 volt, 60 cycle, 900 
R.P.M. (8 pole) motor is to be changed to 1200 
R.P.M. (6 pole). Since there are 9 slots per pole in 
the original winding, a full pitch coil would span 
from slots 1 to 10, and the maximum counter volt-
age for a given speed and strength of revolving 
magnetic field will be achieved, because the voltage 
developed in the coil side lying in slot 1 is exactly 
in phase with the voltage generated by the coil side 
placed in slot 10. Were the coil span to be changed 
either way, all other factors remaining as before, 
the generated counter voltage would be less since 
the voltages generated in the opposite sides of the 
coil are no longer in phase with each other. As the 
span is varied either way from the full pitch posi-
tion, the effectiveness of the coil, either for produc-
ing magnetic flux with a given current flowing 
through it, or for generating voltage when cut by a 
given flux, is materially decreased, the reduction 
being roughly proportional to the degree of de-
parture from the full pitch value. 
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The effectiveness of the 8 pole coils in a 6 polt 
field will be reduced, as the full pitch coil span undel 
this condition should be 1 and 13, as determined by 

slots 
the formula: Pitch — X 1. Actually, the 

poles 

coil will now generate a counter voltage propor-
tional to the chord factor, a fraction that indicates 
the effectiveness of the coil in terms of its full pitch 
value. The chord factor may be found by finding 
the number of electrical degrees spanned by the 
coil, dividing this value by 2, and then determning 
the sine of this number of degrees from a trig-
onometric table. A full pitch coil spans 180 elec-
trical degrees. 

As the span is 1 to 10, the number of teeth be-
tween coil sides is 9 and the electrical degrees per 
tooth or per slot equals 180 9 or 20°. When the 
effectiveness of this coil in the 6-pole case is con-
sidered it is seen that, as the number of teeth per 
pole is now 72 ÷ 6 or 12, the electrical degrees per 
slot equals 180 12 or 15°, and 9 X 15 equals 
135°. So the full pitch coil in the 8-pole coil spans 
180°, but the same coil in a 6-pole winding has the 
effect of spanning only 135°. As half of 135° is 
67.5°, and as the sine of this value (from a table) 
is approximately 0.92, the 1-10 span coil, if used in 
a 6-pole winding, will be but 92% as effective as 
when used in an 8-pole winding. Assuming no other 
changes, such a reconnected winding would gen-
erate a counter voltage 8 percent lower than before. 

Other changes do occur, however. For instance, 
the speed of the rotating magnetic field is increased 
when the number of poles for which the winding is 
connected is diminished, and the flux per pole is 
also altered. Moreover, if a change in frequency or 
phase is necessary, these factors further modify the 
result. A formula evaluating these various fac-
tors is: 

E — 
Phn Fn X fo X Cho 

E = Voltage applied per phase 
Tv = Total voltage applied to one path X num-

ber of paths in parallel X number of 
phases 

Po = Poles in the old winding 
Fn -= Poles in the new winding 
fo = Frequency applied to old winding 
fn = Frequency applied to new winding 

Cho = Chord factor of old winding 
Chn = Chord factor of new winding 
As the phase voltage available under the pre-

scribed conditions is but 127, the number of turns 
per coil in the new winding need to be reduced to 

82 
127 156 or — or 82% of the original. 

100 
Were the motor rewound and the coil span 

changed to 1 and 13, full effectiveness of the coil 
would be achieved and the number of turns in the 

Tv X Po X fnX Chn 

6-pole coil would be 57% of the original. The de-
creased turns would permit the use of larger wire 
required to handle the increased horsepower made 
available by the increase in speed. 
When windings are changed for operation on a 

different voltage, frequency, or speed, it is impor-
tant that the flux density in both teeth and back 
iron be maintained at a normal value. Densities 
lower than normal decrease the torque and power; 
densities higher than normal result in overheating. 

When such changes are made the following 
should be kept in mind: 

1. An increase in the number of poles reduces 
the flux per pole in inverse proportion. 

2. An increase in the number of poles reduces 
the speed of the rotating magnetic field in in-
verse proportion. 

Thus when the number of poles in a winding is 
doubled, the flux per pole is halved; however, the 
total flux in the air gap is unchanged as there are 
twice as many poles with one half flux per pole. 
Consequently, the torque developed is unchanged. 
But as the speed of the rotating magnetic field is 
halved, and the counter voltage developed by the 
winding is similiarly reduced, and the horsepower 
developed is proportionately decreased. 

3. Increase in the frequency raises the speed of 
the rotating magnetic field and counter E.M.F. 
in proportion. If voltage applied to the wind-
ing is raised in proportion to the speed, the flux 
will remain constant, the torque will remain 
constant, but the horsepower will vary as the 
R.P.M. 

4. When the coil span of a winding with a given 
number of poles is reduced, the C.E.M.F. gen-
erated by the winding is diminished in propor-
tion. Therefore the voltage applied to the 
winding must be decreased. 

Taking all changes into consideration a 25 cycle, 
2-pole motor, when changed to 4-pole, 60 cycle, with 
the same chord factor would have the same air gap 
flux, 1/2 the back iron flux, 1800/1500 of the original 
speed and 1800/1500 of the original counter voltage. 
Since the counter voltage should almost equal the 
applied voltage, the number of turns per phase 
would have to be reduced to 1500/1800 of the orig-
inal value, or 84%. Thus the machine should be re-
wound with 84% of original turns and should use 
wire one size larger. 

In some cases the problem is one involving a 
change in the number of phases. As such changes 
may effect both speed and H.P. output, it is im-
perative that the ultimate results of the conversion 
be understood before reconnecting or rewinding is 
attempted. A modification not uncommon is the 
changing of a two-phase motor to three-phaseAr 
operation. The possibilities associated with such dik 
change will now be considered. 
The simplest change with regard to phase varia-

tion is the reconnecting of a two-phase, series-con-
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nected motor, to three-phase, series-star. When so 
changed, however, the three-phase winding contains 
25% more turns per phase than in required if the 
same value of line voltage is to be employed. In 
other words, a two-phase, series-connected, 220-volt 
motor, when connected three-phase series-star, will 
require a voltage of 275 volts between lines if the 
same voltage per coil is to be maintained. Since a 
change in line voltage is usually impracticable, nor-
mal voltage per coil may be obtained only by cut-
ting out one-fifth of the stator coils. The coils 
dropped should be spaced around the stator as 
symmetrically as possible in order to avoid un-
balanced phase voltages. Furthermore, since the 
normal full load current per phase for a three-phase 
star connected motor of specified H.P. is 12.5% 
greater than the current per phase drawn by a sim-
ilarly rated two-phase motor for the same line volt-
age, it is evident that the three-phase H.P. will be 
less than rated two-phase H.P. by this amount. 
However, as the average motor will withstand a 
15% overload without injury, equal H.P. on the 
three-phase connection may usually be obtained. 

Due to the fact that the voltage impressed across 
the insulation between phases may equal the line 
voltage, motor manufacturers invariably place 
heavier insulation on the coils at the ends of the 
pole phase groups; therefore, when a change from 
two-phase to three-phase is made, the insulation on 
the phase coils should be changed if the possibility 
of insulation breakdown is to be minimized. This 
change, which implies the insertion of extra insula-
tion between the pole phase groups should always 
be performed where conditions permit; however, 
where windings have been heavily doped, this may 
be impractical. On low voltage machines, it may be 
possible to effect a phase change that will perform 
satisfactorily without the extra insulation men-
tioned, although the strain on certain sections of 
the motor winding is increased, and the possibility 
of failure enhanced. 

A combined voltage and phase conversion fre-
quently made is the change from 440 volts two-
phase to 550 volts three-phase. Under these cir-
cumstances, all stator coils are used effectively in 
both connections, the motor performing equally 
well under either condition. One precaution that 
must be strictly observed when making phase 
changes is the avoidance of parallel circuits, par-
ticularly where such circuits contain dead coils. 
Prevention of circulating currents can be effected 
only if the voltages induced in the parallel sections 
are not only equal in value, but also in phase with 
each other. Thus it is possible to have two-parallel 
circuits in a phase—each circuit containing an equal 
number of coils—that will produce excessive heat-
ing if operated, due to the difference in phase of the 
induced voltages in the two apparently equivalent 
sections. It follows that a careful consideration of 
all of the factors effecting the ultimate distribution 
of current should be made before a change in con-

nection is attempted, as only by such a procedure 
can unsatisfactory performance be avoided. 

When a change in the number of phases is con-
templated, consideration of the relation between the 
number of slots per pole in the original and the 
proposed winding is essential, for a symmetrical 
winding is not possible unless the number of slots 
per pole is divisible by the number of phases. For 
example, if a 48 slot, 6-pole stator is to be converted 
from 2 phase to 3 phase operation, it will not be 
possible to have an equal number of coils per phase 
in each pole, as the number of slots per pole (8) is 
not divisible by the proposed number of phases (3). 
As there should be an equal number of coils in each 
phase, unequal coil grouping must be used. The 
manner in which the coils may be arranged to 
achieve a balanced 3-phase winding in a 6-pole, 
48-slolt stator is indicated below: 

Phase A Phase B Phase C 
1st pole   3 3 2 
2nd pole   3 3 
3rd pole   2 3 
4th pole   3 2 
5th pole   3 3 
6th pole   9 3 

2 
3 
3 
2 
3 

Total per phase  16 16 16 

While these data do not cover all possible 
changes, they do show how some of the more fre-
quently desirable conversions may be effected. 

101. USE OF INSULATING VARNISH AND 
COMPOUNDS ON WINDINGS 

All windings, whether D. C. or A. C., should be 
thoroughly impregnated with a good grade of in-
sulating varnish before they are put into service. 

This varnish serves several very important pur-
poses. When properly applied it penetrates to the 
inner layers of the coils and acts as extra insulation 
of the conductors, thereby increasing the dielectric 
strength of the insulation between them. This corn. 
pound within the coils and in their outer taping, 
greatly reduces the liability of short circuits be-
tween conductors and of grounds to the slots or 
frame. 
When a winding is thoroughly saturated with in-

sulating varnish and this varnish is properly hard-
ened, it adds a great deal to the strength of the coils 
and holds the conductors rigidly in place. This pre-
vents a great deal of vibration that would otherwise 
tend to wear and destroy the insulation, particularly 
in the case of alternating current windings where 
the alternating flux tends to vibrate the conductors 
when in operation. 

Insulating varnish also prevents moisture from 
getting in the coils and reducing the quality of the 
insulation; and it keeps out considerable dust, dirt, 
and oil that would otherwise accumulate between 
the coils. Keeping out moisture, dust, and oil 
greatly prolongs the life of the insulation. 
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102. AIR DRY AND BAKING VARNISHES 

There are many grades of insulating varnish, 
some of which require baking to "set" or harden 
them, and others which have in them certain liquids 
or solvents which make them dry and harden very 
quickly when exposed to air. The first type are 
called baking varnishes and the latter are called air 
dry varnishes. 
Good air-dry insulating varnish will set or harden 

in from 20 to 30 minutes, but it should be allowed 
to dry out thoroughly for about 24 hours before 
the windings are put in service. Air dry varnish 
is not considered quite as good as the better grades 
of baking varnish. Therefore, the latter should be 
used wherever a bake oven or some means of ap-
plying heat is available. 

103. METHODS OF APPLYING INSULA-
TING VARNISH 

There are three common methods by which in-
sulating varnish can be applied to coils and wind-
ings. These are: dipping, brushing, and spraying. 
Dipping is considered the best method and should 

be used for all small windings of stators and arma-
tures, and for armatures and stator coils and field 
coils. To dip these coils or windings, a pan or tank 
of the proper size and depth will be required. Be-
fore dipping the windings they should be thorough-
ly dried out in a bake oven at about 212 F., in order 
to drive out all moisture and to heat the coils so 
that when they are dipped the varnish will rapidly 
penetrate to their inner layers. 
The coils should be allowed to remain in the var-

nish until all bubbling has ceased. When they seem 
to have absorbed all the varnish possible they 
should be slowly withdrawn from the tank at about 
the same rate as the varnish flows from them of its 
own accord. This will give them a uniform coating 
with the least possible accumulation of varnish at 
the lower end. They should then be allowed to 
drain until the varnish stops dripping and becomes 
partially set. The time required for this will de-
pend on the size of the winding or coils. 
When dipping a large number of small coils, con-

siderable time can be saved by arranging a drip 
board set at an angle, so the coils can be hung above 
it and the varnish which drips from them will run 
down the board and back into the tank. With this 
method other coils can be dipped while the first set 
are draining. 

After all the surplus varnish is drained from the 
coils they should be baked. When placing them in 
the oven it is a good plan to reverse their positions, 
so that any excess varnish on the bottom ends will 
tend to flow back evenly over their surface when 
first heated. 

104. GOOD VENTILATION IMPORTANT 
WHEN BAKING 

When a large number of coils are being baked at 
one time and practically fill the oven, trouble is 

sometimes experienced with insufficient ventilation. 
If the air inside the oven is not kept moving 
through the coils, and fresh air constantly supplied, 
the vapors from the varnish will cause a green 
coating to form on the coils and greatly decrease 
the insulating qualities of the varnish, and it may 
also permit an accumulation of highly explosive 
vapors. With large ovens, fans are sometimes used 
to force an air draft and insure good ventilation. 
Small ovens are usually provided with a chimney 
at the top and an air inlet at the bottom, so the 
heated air can rise and provide its own circulation. 

Fig. 88 shows an electrical baking oven and a 
large D. C. armature to which a coat of varnish has 
been applied and which is ready for baking. This 
)ven has an automatic temperature-control to keel) 

Fig. 88. This photo shows a D.C. armature in place in an electrical 
bake oven and ready for the insulating compound on the windings 
to be baked. 

»so' 

the temperature uniform throughout the baking 
operation. Also note the ventilation chimney on top 
of the oven. 

When applying the varnish with a brush, the 
winding should, if possible, be preheated to drive 
out the moisture and permit the varnish to flow 
deeper into the coils. Varnish can be applied with 
an ordinary paint brush, and this method is used 
where the dipping tank is not large enough to ac-
commodate the winding, or where no dipping tank 
is available. 

Spraying is used principally on large windiii 
and gives a very good surface for a finishing coat. 

The ends of coils should be given two or threet 
coats of varnish as an added protection against 
mechanical damage and moisture, and to help pre-
vent flash-overs to the frame of the machine. 
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105. PROPER TIME AND TEMPERATURES 
FOR BAKING 

Fig. 89 shows a convenient table which gives the 
proper temperatures and approximate time in hours 
for baking insulating varnishes. You will note that 
when baking complete armature or stator windings 
more time is required to thoroughly bake the larger 
sizes. Also note that a slower baking produces a 
more elastic and better quality of insulation. 

In emergency cases, where time is very important, 
the windings can be baked at the higher tempatures 
in a much smaller number of hours, but the varnish 
will be zomewhat more brittle and inclined to crack 
or check when any strain is placed upon it. Never 
attempt to bake windings at temperatures very 
much higher than those given in the first column of 
this table, or you are likely to damage the insulation 
already on the coils. When a job doesn't need to 
be r•ihed, it is much better to bake it at the lower 
tem,-,eratures and for the longer periods given in the 
table, which will give a much more durable and de-
pendable insulation. 

In addition to the advantages already mentioned 
for this form of insulation, it also provides a 
smoother surface on the windings and coils, mak-
ing them much easier to clean, either by means of a 
brush, compressed air, or by washing them with 
a mixture of carbon-tetra-chloride and gasoline or 41111 some such solution to remove grease and oil. 

Fir,. 89-B shows a stator winding heavily coated 
with a solid mass of insulating compound applied 
by repeated dipping. Note the rugged protection 
tItir, gives the winding. To remove a winding which 
has been treated in this manner it is necessary to 
heat it first, in order to soften the compound. 

Size of Armature orStator 

Core Diameter 

248' F. 
Quick 
Baking 

224'F. 
Elastic 
Baking 

212*F. 
Extra Elastic 
Baking 

Under 6 Inches 4 to 6 hrs. 6 to 8 hr.,. 8 to10 bra. 

6 to 12 Inchea 12 hrs. 24 hr.,. 36 hrs. 

12 to 13 Inches 24 hrs. 36 hrs. 48 hrs. 

18 10 24 inch*, 36 hrs. 48 hrs. 60 hrs. 

Fig. 89. This convenient table gives the proper temperature and time 
in hours for baking Insulation of windings of different sizes. 

106. TROUBLES OF INDUCTION MOTOR 
WINDINGS 

By far the greater number of defects which occur 
in windings during service or operation are caused 
by short circuits, open circuits, and grounds. Water 
may have found its way into the coils, or oil from 
the bearings may have destroyed the quality of the 

,la insulation. Metallic dust and grit sometimes work 
_.4.nto the windings and cause short circuits; or a 

static charge from a belt-driven machine may cause 
punctures or small pin holes in the insulation, which 
results in flash-overs and grounds. 

Any one of the above mentioned faults is also 
likely to show up just after a motor has been re-
wound or repaired. So, if a machine doesn't operate 
properly after having been rewound, it is quite 
likely that some of the coils are connected wrong 
or that there is a short, open, or ground in some 
coils because of work carelessly done in the repair 
shop. 
The average small induction motor when running 

properly is almost noiseless, and even in the larger 
motors only a uniform, gentle humming should be 
heard. This humming noise is due largely to vibra-
tion of core laminations, which are caused to vi-
brate slightly by the reversals of the magnetic field. 
This vibration will be in synchronism with the fre-
quency of the alternating current in the windings. 
In addition to this humming, which is unavoidable 
even in the best of motors, there is also a slight 
whistling noise caused by the fan blades on the 
rotor, friction of the air with the revolving parts, 
and air passing through ventilation ducts. This air 
whistling is harmless and it will continue for a short 
period after the current is shut off and while the 
machine is still turning. If a motor is unusually 
noisy there is probably some defect responsible for 
the noise. 

A deep, heavy growling is usually caused by some 
electrial trouble resulting in an unbalanced condi-
tion of the magnetic field in the windings. 

If a shock is felt when the frame is touched it is 
quite sure evidence that one or more coils in the 
winding are grounded to the core or frame. This is 
a very dangerous condition with any voltage and 
particularly so with voltages above 220. A grounded 
coil on a 440-volt machine may result in a very 
dangerous shock, and it is for this reason that the 

Fig. 89-11 The above photo shows a stator winding heavily impreg-
nated with insulating compound. Note how insulation of this type 
affords mechanical strength and protection to the windings and 
would also prevent dirt, oil and moisture from getting in between 
the coils. 
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frames of motors should be grounded when the ma-
chines are installed. 
When the frames are grounded in this manner 

and a coil does become grounded, it will usually 
blow a fuse, thus indicating a defect at once. 

Fig. 90 is a diagram of a three-phase winding in 
which are shown a number of the more common 
faults occurring in such windings. These faults are 
numbered and listed for your convenience in locat-
ing them. 

I. The last coils in the second and fourth groups 
of phase "A" are grounded. 

2. The last coil in the third group of phase "A" 
is shorted. 
3 The start and finish leads of the first coil in 

the second group of phase "A" are shorted together 
at the stubs. 

Fig. 90. The above is a diagram of a three-phase winding in which 
are shown • number of the more common faults that occur in 
stator windings. 

4. The last coil in the fourth group of phase "B" 
is open. 

5. The last coil in the third group of phase "C" is 
reversed. 

6. The second coil group of phase "B" is reversed. 
7. The second coil group of phase "C" and third 

coil group of phase "B" have wrong numbers of 
coils connected in them. 

8. Another fault known as "reversed phase" oc-
curs when the three starts are spaced in the wrong 
position. This fault is not shown in this sketch. 
The following paragraphs describe in detail the 

methods of testing to locate these faults and al— 
the method of correcting them. 

107. GROUNDED COILS 
The usual effect of one giounded coil in a wind-

ing is the repeated blowing of a fuse when the line 
switch is closed. That is providing the machine 
frame and the line are both grounded. Two or 
more grounds will give the same result and will also 
short out part of the winding in that phase in which 
the grounds occur. A quick and simple test to de-
termine whether or not a ground is present in the 
winding, can be made with the test outfit shown in 
Fig. 91. This test set consists of several dry cells 
connected in series with a small test lamp and pair 
of test leads. 

In place of the dry cells and low-voltage lamp, we 
can use two test leads connected to a 110-volt line 
and with a 10-watt lamp in series. In testing with 
such a set, place one lead on the frame and the 
other in turn on each of the line wires leading from 
the motor. The line switch should, of course, be 
open before making any test. If there is a grounded 
coil at any point in the windings the lamp will indi-
cate it by lighting. 

To locate the phase that is grounded, test each 
phase separately. In a three-phase winding it will 
be necessary to disconnect the star or delta con-
nections. After the grounded phase is located the 
pole-group connections in that phase can be discon-
nected and each group tested separately. When the 
test leads are placed one on the frame and the other 
on the grounded coil group, the lamp will indicate 
the ground in this group by again lighting. The 
stub connections between the coils and this group 
may then be disconnected and each coil tested sepa-
rately until we locate the exact coil that is 
grounded. 

108. HIGH RESISTANCE GROUNDS 
Sometimes moisture in the insulation around the 

coils, or old and defective insulation will cause a 
high-resistance ground that is difficult to detect 
with a test lamp. In this case we can use a test 
outfit consisting of a telephone receiver and several 
dry cells connected in series, as shown in Fig. 92.411> 
Such a test set will detect a ground of very high 
resistance, and this set will often be found very 
effective when the ordinary test lamp fails to locate 
the trouble. 

100. REPAIRS FOR GROUNDED COILS 

When the grounded coil is located it should either 
be removed and reinsulated, or cut out of the cir-
cuit, as shown in Fig. 93. At times it is inconveni-
ent to stop a motor long enough for a complete 
rewinding or permanent repairs. In such cases, 
when trouble develops it is often necessary to make 
a temporary repair until a later time when the 
motor may be taken out of service long enough for 
rewinding or permanent repairs. 

Fig 9l 3 I dry cells in series with a low voltage test lamp 
a pair of test leads or "points" make a very convenient test out 
fol locating a number of the troubles in motor windings. 

The sketch in Fig. 93 shows a coil group consist-
ing of the three coils on the left. The single coil on 

Alb 

'quo. 
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the right is the first one of the following group 
which is not all shown in this sketch. Coil 2 is de-
fective and the temporary repair will be the sarne 
whether the fault is a short, an open, or a ground. 
A jumper wire of the same size as that used in the 
coils, is connected to the bottom lead of coil 1, and 
across to the top lead of coil 3, leaving coil 2 en-
tirely out of the circuit. Coil 2 should then be cut 
at the back of the winding, as shown by the dotted 
lines in the sketch. If the defective coil is grounded 
it should also be disconnected from the other coils, 
as shown on the diagram. 

110. ONE OR MORE TURNS SHORTED 
TOGETHER 

Shorted turns within coils are usually the result 
of failure of the insulation on the wires. This ie 
frequently caused by the wires being crossed and 
having excessive pressure applied on the crossed 
conductors when the coils are being inserted in the 
slot. Quite often it is caused by using too much 
force in driving the coils down in the slots. In the 
case of windings that have been in service for several 
years, failure of the insulation may be caused hy 
oil, moisture. etc. I f a shorted coil is left in a wind-
ing it will usually burn out in a short time and, if 
it is not located and repaired promptly, will prob-
ably cause a ground and the burning out of a nom 
ber of other coils. 

Fig. 92. A telephone receiver can also be used in series with dry 
cells and test leads for locating high resistance grounds occurring 
in windings. 

One of the most practical ways of locating a 
shorted coil is by the use of a growler and thin 
piece of steel, similar to the method described foi 
D. C. armatures. Fig. 94 shows a sketch of a 
growler in use in a stator. Note that the poles are 
shaped to fit the curvature of the teeth inside the 
stator core. The growler should be placed in the 
core as shown and the thin piece of steel should be 
placed the distance of one coil span away from the 
center of the growler. Then, by moving the growler 
around the bore of the stator and always keeping 
the steel strip the same distance away from it, all 
of the coils can be tested. 

Fig. 95 shows a photo of a growler in use on a 
siklarge stator. The steel strip is held over the slot 
..the proper distance from the growler for the si 

of coils or coil span used in this case. 
If any of the coils has one or more shorted turns 

the piece of steel will vibrate very rapidly and cause 

a loud humming noise. By locating the two slots 
over which the steel will vibrate, we can find both 
sides uf the shorted coil. If more than two slots 
cause the steel to vibrate, they should all be marked 
and all shorted coils should be removed and re-
placed with new ones, or cut out of the circuit as 
previously described. 

111. SHORTED COIL GROUPS 

Sometimes one coil or a complete coil group be-
comes short circuited at the stubs or end connec-
tions. The test for this fault is the same as that for 
a shorted coil. 1f all the coils in one group are 
shorted it will generally be indicated by the vibra-
tion of the steel strip over several consecutive slots. 
corresponding to the number of coils in the group. 
The stub connections should be carefully ex-

amined and those that appear to have poor insula-
tion should be moved during the time that the 
test is being made. It will often be found that when 
the shorted stub connections are moved during the 
test the vibration of the steel will stop. If these 
stubs are reinsulated the trouble should be elimin-
ated. 

112. OPEN COILS 

When one or more coils become open-circuited b) 
a break in the turns or a poor connection at the 
stubs, the can be tested with a test lamp and dry 
cell such as previously shown and explained. If 
this test is made at the ends of each winding, an 
open can be detected by the lamp failing to light. 
The insulation should be removed from the pole-
group connections and each group should be tested 
separately. After locating the coil group that is 
open, untape the coils between that group and test 
each coil separately. In making this test it is not 
necessary to disconnect the splices or connections. 

In many cases the open circuit ‘vill be at the coil 
ends or stubs, due to a loose connection or broken 
conductor. If the trouble is at this point it can 
usually be located by careful observation and 

Fig. 93. This diagram illustrates the method of cutting out a defective 
coil with a jumper. In this manner a machine can be quickly 
repaired and kept in service until such time as the defective coil 
can be replaced. 
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checking. If the trouble is a loose connection at the 
stub, it can be repaired by resoldering the splices; 
but if it is within the coil, the coil should either be 
replaced or have a jumper placed around it, as 
shown in Fig. 93, until a better repair can be made. 

113. REVERSED CONNECTIONS 

Reversed coils cause the current to flow through 
them in the wrong direction. This fault usually 
manifests itself—as do most irregularities in wind-
ing connections—by a disturbance of the magnetic 
circuit, which results in excessive noise and vibra-
tion. The fault can be located by the use of a mag-
netic compass and some source of low-voltage, di-
rect current. This voltage should be adjusted so 
it will send about one-fourth to one-sixth of full 
load current through the winding; and the D. C. 
leads should be placed on the start and finish of one 
phase. If the winding is three-phase, star-connected, 
this would be at the start of one phase and the star 
point. If the winding is delta-connected, the delta 
must be disconnected and each phase tested sepa-
rately. 

Place a compass on the inside of the stator and 
test each of the coil groups in that phase. If 
the phase is connected correctly, the needle of the 
compass will reverse definitely as it is moved from 
one coil group to another. However, if any one of 
the coils is reversed the reversed coil will build up 
a field in the opposite direction to the others, thus 
causing a neutralizing effect which will be indicated 
by the compass needle refusing to point definitely to 
that group. If there are only two coils per group 
there will be no indication if one of them is reversed, 
as that group will be completely neutralized. 

Fig. 94. The above view shows the manner in which • growler can 
be used to induce current in a shorted coil and indicate the short 
circuits by vibration set up in the steel strip at the right. This 
is a very simple and effective method of locating short circuits. 

114. REVERSED COIL GROUPS 

When an entire coil group is reversed it causes 
the current to flow in the wrong direction in the 
whole group. The test for this fault is the same 
as that for reversed coils. The winding should be 

magnetized with direct current, and when the com-
pass needle is passed around the coil groups they 
should indicate alternately N. S., N. S., etc. If one 
of the groups is reversed, three consecutive groups 
will be of the same polarity. The remedy for either 
reversed coil groups or reversed coils, is to make a 
visual check of the connections at that part of the 
winding, locate the wrong connection, and recon-
nect it properly. 
When the wrong number of coils are connected 

in two or more groups, the trouble can be located 
by counting the number of stubs on each group. If 
any mistakes are found they should be remedied by 
reconnecting properly. 

115. REVERSED PHASE 
Sometimes in a three-phase winding a complete 

phase is reversed by either having taken the starts 
from the wrong coils or by connecting one of the 
windings in the wrong relation to the others when 
making the star or delta connections. If the wind-
ing is connected delta, disconnect any one of the 
points where the phases are connected together, 
and pass current through the three windings in 
series. Place a compass on the inside of the stator 
and test each coil group by slowly moving the com-
pass one complete revolution around the stator. 
The reversals of the needle in moving the com-

pass one revolution around the stator should be 
three times the number of poles in the winding. 

In testing a star-connected winding, connect the 
three starts together and place them on one D. C. 
lead. Then connect the other D. C. lead and star 
point, thus passing the current through all three 
windings in parallel. Test with a compass as ex-
plained for the delta winding. The result should 
then be the same, or the reversals of the needle in 
making one revolution around the stator, should 
again be three times the number of poles in the 
winding. 
These tests for reversed phases apply to full-pitch 

windings only. If the winding is fractional-pitch, a 
careful visual check should be made to determine 
whether there is a reversed phase or mistake in 
connecting the star or delta connections. 

116. TESTING SPLIT-PHASE MOTORS 
If a split-phase motor fails to start when a line 

switch is closed, the trouble may be due to one 
several of the following faults: 

1. Tight or "frozen" bearings. 
2. Worn bearings, allowing the rotor to drag on 

the stator. 
3. Bent rotor shaft. 
4. One or both bearings out of alignment. 
5. Open circuit in either starting or running wind-

ings. 
6. Defective centrifugal switch. 
7. Improper connections in either winding. 
8. Grounds in either winding or both. 
9. Shorts between the two windings. 

or 

I> 

• 

c 
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117. TIGHT OR WORN BEARINGS 

Tight bearings may be caused by failure of the 
41111‘ lubricating system; or, when new bearings are in-

stalled, they may run hot if the shaft is not kept 
well oiled. 

If the bearings are worn to such an extent that 
they allow the rotor to drag on the stator, this will 
usually prevent the rotor from starting. The inside 
of the stator laminations will be worn bright where 
they are rubbed by the rotor. When this condition 
exists it can generally be easily detected by close 
observation of the stator field and rotor surface 
when the rotor is removed. 

Fig. 95. This photo shows • growler in use in a large stator. Note 
the size and shape of these coils and the position of the steel strip 
which is just the width of one coil from the center of the growler. 

118. BENT SHAFT AND BEARINGS OUT OF 
LINE 

A bent rotor shaft will usually cause the rotor to 
bind when in a certain position and then run freely 
until it comes back to the same position again. An 
accurate test for a bent shaft can be made by placing 
the rotor between centers on a lathe and turning 
the rotor slowly while a tool or marker is held in 
the tool post close to the surface of the rotor. If 
the rotor wobbles it is an indication of a bent shaft. 

Bearings out of alignment are usually caused by 
uneven tightening of the end-shield plates. When 

ie
lacing end-shields or brackets on a motor, the bolts 
hould be tightened alternately, first drawing up 
two bolts which are diametrically opposite. These 
two should be drawn up only a few turns, and the 
others kept tightened an equal amount all the way 

around. When the end shields are drawn up as far 
as possible with the bolts, they should be tapped 
tightly against the frame with a mallet and the bolts 
again tightened. 

119. OPEN CIRCUITS AND DEFECTIVE 
CENTRIFUGAL SWITCHES 

Open circuits in either the starting or running 
winding will cause the motor to fail to start. This 
fault can be detected by testing in series with the 
start and finish of each winding with a test lamp. 
A defective centrifugal switch will often cause 

considerable trouble that is difficult to locate, unless 
one knows where to look. If the switch fails to 
close when the rotor stops, the motor will not start 
when the line switch is closed. Failure of the 
switch to close is generally caused by dirt, grit, or 
some other foreign matter getting into the switch 
mechanism; or by weakened springs on the switch 
The switch should be thoroughly cleaned with gaso-
line and then inspected for weak or broken springs. 

If the winding is on the rotor, the brushes some-
times stick in the holders and fail to make good 
contact with the slip rings. This causes sparking 
at the brushes. There will probably also be a cer-
tain place where the rotor will not start until it 
is moved far enough for the brush to make con-
tact on the ring. The brush holders should be 
cleaned, and the brushes carefully fitted so they 
move freely with a minimum of friction between 
the brush and the holders. If a centrifugal switch 
fails to open when the motor is started, the motor 
will probably growl and continue to run slowly 
and the starting winding will burn out if not 
promptly disconnected from the line by a fuse or 
switch. This is also likely to be caused by dirt or 
hardened grease in the switch. 

120. REVERSED CONNECTIONS AND 

GROUNDS 
Reversed connections are caused by improperly 

connecting a coil or group of coils. The wrong con-
nections can be found and corrected by making a 
careful check of the connections and reconnecting 
those that are found wrong. The test with D. C. 
and a compass can also be used for locating reversed 
coils. Test the starting and running windings sepa-
rately exciting only one winding at a time, with the 
direct current. The compass should show alternate 
poles around the winding. 
The operation of a motor that has a ground in 

the windings will depend on where the ground is, 
and whether or not the frame is grounded. If the 
frame is grounded then when the ground occurs in 
the winding it will usually blow a fuse. A test for 
grounds can be made with a test lamp and dry cells, 
or a 110-volt lamp and leads. One test lead should 
be placed on the frame and the other on a lead to 
the winding. If there is no ground the lamp will not 
light. If it does light, it indicates a ground due to a 
defect somewhere in the insulation. 
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121. SHORT CIRCUITS 

Short circuits between the two windings can also 
be detected by the use of a test lamp. Place one of 
the test leads on one wire of the starting winding 
and the other test lead on the wire of the running 
winding. If these windings are properly insulated 
from each other the lamp should not light. If it 
does light, it is a certain indication that there is a 
short between the windings. Such a short will 
usually cause part of the starting winding to burn 
out. The starting winding is always wound on top 
of the running winding; so, if it becomes burned out 
due to a defective centrifugal switch or a short cir-

• 

Fig. 96. The above photo shows a stator partly wound with factory-
made coils. Coils of this type can be purchased ready made from 
many manufacturers so they can be quickly and conveniently 
inserted, and speed up repairs of the machines. 

cuit, the starting winding can be conveniently re-
moved and replaced without disturbing the running 
winding. 

Single phase motors are very simple to rewind. 
and in many localities there are a great number to 
be rewound or repaired each year. Many of them 
need only to have the centrifugal switches cleaned 
and adjusted, or fitted with new springs. Others 
have only a loose or grounded connection which 
can be quickly repaired. 

Many of our graduates start a fine business of 
their own, or make considerable money in their 
spare time from their regular job, by repairing small igne 
motors of fans, washing machines, and others. With 'NI. 
a few lbs. of wire and a little insulation material 
many men do this work right at home in their own 
basements or garages. 

In many cases you can get old motors of both 
small and large sizes, that the owners have planned 
to discard because they did not know they could be 
rewound or knew no one nearby who could rewind 
them. Such cases are splendid opportunities for you 
to get additional experience and practice and to get 
started in this line of work if you choose. 

In any case, let us again emphasize the import-
ance of applying the instruction covered in this sec-
tion, and keeping familiar with it by frequent refer-
ence to its pages, for any question or problem of 
this nature which you may have. 
You are very likely to find a knowledge of arma-

ture winding, connecting and testing very valuable 
on some job when you least expect it. 
\Velcome every opportunity to get added experi-

ence of this nature, and use this Reference Set 
frequently and you should be able to make a 
definite success of any job of armature winding or 
testing. 

Fig. 97. This view shows the neat appearance of the stator in which 
the coils are of the proper size and shape and carefully placed in 
the slots. 
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A. C. Motor Name — Number  

O 1. Clean any dust, dirt or oil from frame and metal parts  [--
./  2. If ventilating ducts in winding are clogged, clean carefully 

Do not damage insulation. 
3. Check shaft, dust seal at both sides of bearing, Good Bad  
4. Oil leaks at bearings, Leaky No Leaks..,:-. 

.-----' 
6. Oil Well Covers 0.K—....Defective Missing  
6. Oil Well Drain 0 K  ' Leaky Oil Good Poor  
7. Oil level as shown by indicator Full..,..Low  
8. With motor running does either bearing heat Pulley end .....Opposite end  
9. Bearing retaining screw (See bearing diagram) Tight Loose  
10. Shaft end play Measure and state amount  
11. Oil Rings Turn freely  '  Sticking  
12. If pulley or gear Tight Loose  Motor vibrates Yes No.2 
13. Key way Good Worn Key Good Worn  
14. With motor running note any unusual noise Quiet Noisy 
15. Run motor single phase and note sound and behavior. 
16. Connections and Lugs Loose Tight  -'  Unsoldered  
17. Bare wires touching frame none  1  one or more  
18. Condition of stator winding (A) Condition of insulation Good....Bad  

(B) Oily Dry  (C) Caked Grease Yes No  (D) Bare conductors 
Yes No  (E) Poor taping Yes No  "--- (F) Loose connections 
Yes No  (G) Clearance between rotor and stator or poles, (pulley,end) 
check with air gap gauge and mark measurements Top.i  '  Bottom. J. . e..... 
Right side. Left side- 11  

19. If machine has wound rotor check for: (A) Condition of insulation Good  
Bad  (B) Oily Dry  (C) Caked grease and dirt on windings Yes.... 
No  (D) Bare conductors Yes No  (E) Poor Taping Yes No.... 

(F) Loose Connections Yes No  (G) Solder thrown from connections 
Yes No  (H) If machine has commutator, is brush setting correct Yes. • 
No  (I) Brush pig tails Loose Tight  (J) Brush gear, Mechanical 
condition of holders Good Bad  (K) Brushes, Poor Contact Yes  

No  (L) Brush sticks in holder Yes No  (M) Brushes too loose in 
holders Yes No  (N) Brushes too long Yes....No  Too short 
Yes  No  (0) Slip rings pitted or worn Out of Round Dirty  
Poor insulation  (P) Brush Spring tension Even....uneven....too much.... 
0.K Too little.... (Q) Slip rings to rotor connections 0.K Poor.... 
(R) If machine has commutator is it 0.K Dirty High Mica  (S) Band 
wires tight....Loose  (T) Squirrel cage rotor bars Tight Loose or 
thrown solder  

STARTING EQUIPMENT 

4. 

20. (A) Loose connections Yes No  (B) Contactors clean and well fitted.. 
Pitted....Dirty....Worn.... (C) Spring tension on contactors Equal  
Unequal... (D) Do all contactors make contact at the same time Yes No. (E) 
Does magnet holding arm. line up squarely with magnet poles Yes  --- No  
(F) What type of overload relay is used Thermo....Magnetic.... (G) Condition 
of trip contacts Good....Bad.... (H) If time relay is used is it mechanical.. 
....or magnetic... (I) If time relay is used is its condition Good....Bad... 
(J) Are interlocking contact switches in Good...or bad....condition (K) Does 
starter use a mechanical interlock Yes.ie.No.... (L) Are any mechanicl parts 
loose Yes....No.... (M) Are starting or holding magnets Noisy....Excessive 
Magnetic hum....Quiet.... (N) Are shading coils used on magnets Yes(:-.No  
(0) Make a note of anything unusual in starter operation. 

1 



VOLTAGE TESTS TO BE MADE THEN WORKING JOB NUMBER 13 

The A.C. Vcltmeter and Milliammeter may be obtained from an instructor at the 

desk upon deposit of job card. Handle all meters with care, and be careful to 
4Felect the proper meter scale before attempting to make any test Please return 

meters promptly to the desk when tests are completed. 

(1) Voltage between line 1 and line 2   . Volts 

4 (2) Voltage between line 2 and line 3  q  Volts 
(S) Voltage between 

/ 
line 1 and line 3    Volts 

Voltage between line 1 and ground (Conduit)    Volts 

Voltage between line 2 and ground (Conduit) 

Voltage between line 3 and ground (Conduit) 

Voltage applied to motor at starting   

Voltage applied to motor when running    Volts 

Percentage tap used on auto-transformer 

Voltage applied to starting magnet   

Voltage applied to running magnet   

 Volts 

•.<1 
 Volts 

Bring motor up to normal speed. Disconnect 1 motor lead and make 
the following tests. (Assuming motor lead No. 3 to be open.) 

 Volts 

I  Volts 

.Volts 

(12) Voltage between Motor lead No. 1 and open lead   ....... Volts 
r-

........ .;..1101L (13) Voltage between motor lead No. 2 and open lead   Volts 

(14) Voltage between motor leads No. 1 and No. 2    Volts 

Use PHASE LOCATION INDICATOR provided on meter "dolly" to identify line 

wires from left to right at the 3 phase switch. Connect "B" lead of 
phase rotation indicator to identified line wire (high voltage lead to 

ground). Connect "A" and "C" to the other 2 lines to obtain "BRIGHT" 

and "DIM" indication shown on phase rotation indicator. Line wire 
identity corresponds to the marked leads on the phase rotation indicator. 

,y 
(15) Le  Phase,   Phase,  Phase, 

MEGGER TEST - Insulation resistance is measured between an external 

motor lead and the frame or shaft of the machine. Place the selector 

switch of the meter on the 1 M.A. range, and make the necessary connec-
tions to the power pack provided on the meter "dolly". Read insulation 
resistance in MEGOHMS on the bottom most scale of the meter. 
(DO NOT USE MILLIAMMETER FOR VOLTAGE TESTS.) 

(16) Insulation resistance of stator winding  Megohms 



Z55  
Job No 13 T Rf\NSFO ER CONNECTIONS 
T. :a job .s used to illustrate the different conneetionn that may be made with 
sin,-;1,4-phale transformers, and also to demonntrate the relationship that exists 
between the line and pheae volteges for tae various three-phase connections. 
Take the readiags indicate) below the diagrama and enter teem in tae spaces pro-
vided. Make the delta connention first, then add the fourth wire and rend from 

t, N. 

1, Li L2 

._.i  L, __Q La__T  13 

PRI. LIME E  
PRI. PHASE F  
RATI 0  
SEC. PHASE E  
SEC. LINE E  
ADD NEUTRAL NO Rc CHECK VOLTAGE 
ILi toN I La toN l L3 toN 

E BETWEEN Li toN,& L3 toe: LINE EX 0.3 
E BETWEEN Lz a N =LINE E X 0.861, 

PRI. 

A SEC. 
A 

• NEUTRAL WIRE (N) 
USED IN 3 PHASE 

T4. WISE SYSTEM 

Section 2 shown a delte-ster connection with a four-wire secondary. Connect 
and rend as indicated in Section 1. Note that on all connections, line volt-
ages are obtained between Li, L2, Le, and phase voltages from ti i to 112 or 
Xi to X2. In the four-wire secondary used here, phase voltages are also ob-
tainable from seconinry line t, the neutral wire. The neutral is usually 
grounded. 

:2, 
Lo L2 

Hi Hz 6-.141 _ —_— 

4994.001.000411.0 0Q9Q.040000o., 

  -J 

Li 

PRI. 

A 
SEC. 

Y 
s. 

.NEUTRAL WRECK) 

PIN. LINE E   
PRI. PHASE E  
RATIO  
SEC. PHASE E  
SEC, LINE E  
ADD NEUTRAL (N) 8( CHECK VOLTAGE 
I Li to N I L2 to N I. Ls to N 

E BETWEEN LI, L2 &  LN to Pi= ONE EX0.58 

3 

PR!. LINE E 
PRI. PHASE E  
RATIO  
SEC. PHASE E 
5EC. LINE E  

PRI. 

Y 
SEC 

Y 

It. the above coanectim, Which i3 tee ear-ear arrsa,;ement, take all rending: 
-c'tuired, mark the starts ami iaisaes on both primary and seconlare. Also 1-1-

atte what polerity each transformer has; that is, whether it is additive or 
ibtreotive. Whet voltage 33 obtained from ta- star point to the line wire on 

primary - on toe secondarfr Do. 1 tais voltage equal tea phade voltage? 

PRI. 

Y 
SEC. 

A 

PRI. LINE E  
PRI. PHASE E  
RATIO  
SEC. PHASE E  
SEC. LINE E  C" 6  

Repeet'all tents enumerated in Section 3. Hon do the line and phase volt-
ages compare on the primary; on the secondary? If one transformer failed, 
ceeld a three-phase supply be maintained by the connection used in Section 1; 
in Section 2; in Section 3; in Section 4? Prom the answers ta the above 
guentiens, derive the advantages of the delta connection as compared with 
the star. 

La L2 1-.6- Li L.2 

PRI. 

V 

SEC 

V 

L2 IL3 

CONNECTED OPEN-DELTA 
PR!. LINE E  
PRI. PHASE E  
RATIO  
SEC. PHASE E  
SEC. LINE E  
,e tout use) two eiagle,pha, 

z-, ,.' ,rlior uni Limit e true three-phase trans-
fu-,atim is obtain-a. Particularly note the 
volta.:e rendinga between secondare lises. Ex-

N L2 

Single Phase 3 Wire 
System 

Pt,. lire E  
Ratio  
Sec. line 

tO N  
La toN  

E  

Kompere t-z s readines with 
dthose eta: v.: on epen-delte 
Wand explain «by they differ. 

VOLTAGE AND CURRENT FORMULAS FOR 
STAR AND DELTA CONNECTIONS. 

STAR CONNECTE 
LINE I = PHASE I 
LINE E z PHASE E X 1.73 
PHASE E = LINE E X0.58 

DELTA CONNECTED 
LINE E 7: PHASE E 
LINE I = PHASE I X 1.73 
PHASE I: LINE I X 0.58 

THESE FORNULA5 ARE USED TO CHECK 
THE ACCURACY OF THE PIETER READINGS 

Some discrepancy between the meter readings ana the formulated values must be 
expected, since the formulae are based on ideal conditions rarely obtaiaed in 
practice. Moreover, there is always the possibility of meter error to be 
considered. However, considerable departure from the theoretically correct 
values indicated by the formulas should be investigated, as they point either 
to serious meter defects or to improper connections. 

When connecting the primary windings of single-phase transformers to the line, 
either end of any given primary winding may be regarded as a start, the other 
end then becoming a finish. After the primaries are connected, however, cer-
tain secondary ends are starts, the other ends being finishes, and Leese can-
not then be interchanged siace the secondary start and finish relationship is 
autematically established when the primary windings are connected. 
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A.C.DEPT. 234 

THREE PHASE WAVE WINDING. 

A B C 

PHASES CONNECTED STAR. AA ...4e 

VV F34 

THREE PHASE, WAVE WINDING. 

SLOTS = 24, POLES = 4. 

FULL PITCH COIL SPAN = 1:7. 

COILS PER POLE PHASE GROUP = 2. 

ELECTRICAL DEGREES PER SLOT = 30. 
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A. C. 21M 

SHADED POLE MOTORS. 

A SHADED POLE MOTOR is a single phase induction 
motor provided with an uninsulated and 
permanently short-circuited AUXILIARY 
WINDING displaced in magnetic position 
from the main winding. 

.1••••• 

ti2e,ÏZA 

\ 5hading 
-• Cod 
\ • 

• 
e/e • /Pr 

/ ma in 
Windins 

The AUXILIARY WINDING is known as the SHADING 
COIL and usually surrounds from one third to one 
half of the pole. The MAIN WINDING surrounds the 
entire pole and may consist of one or more coils per pole. 

OPERATION: In the unshaded section of the pole,the magnetic flux pro-
duced by the main winding is in phase with the main winding current, 
whereas the flux produced by the shading coil is out of phase with the 
main flux. Thus the shading coil acts as a phase splitting device to 
produce the rotating field that is essential to the self-starting of 
all straight induction motors. As the movement of the flux across the 
pole face is always from the unshaded to the shaded section of the 
pole,the direction of rotation can be determined on the normally non-
reversible motor by noting the position of the shading coil with 
respect to the pole itself. This type can be reversed by removing the 
stator from the frame,turning it through 180° and replacing it. 

Skàdin9 

CHARACTERISTICS: The starting torque will 
not exceed 80% of full load torque at the 
instant of starting,increases to 120% et \' 
90% of full speed,decreasing to normal 
at normal speed. This type motor oper-
ates at low efficiency and is con-
structed in sizes generally not 
exceeding one-twentieth H.P. 

APPLICATIONS: Fans ,timing devices, 
relays,radio dials,or in general any 
constant speed load not requiring 
high starting torque. 

SHADED POLE MOTOR-2 MAIN WINDINGS. 
This type is externally reversible by 
means of a S.P.D.T. switch as shown in 
the lower diagram. Note that only one 
set of shading coils is used. Trace the 
circuits and establish the position of 
poles for both rotations. 7? 

Ma in 
wind iyus. 

S),adin.,9 
Cot.L. 

120 E 

Coyne 
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4. at is the purposb of the shadling coil? 

SINGLE PHASE, SHADED POLE INDUCTION MOTOR 

. Name the windings used in the stator of this machine. 
1-1r1. Vt. 4 '71( Cer44,11/ , • • e 

2. What is tïté purpose of(-he auxiliary winding ,.(shading 

ift. - a.c• e I C ' ,,e, energY reach the éhading coil?. 

coil)? 

Xe 

c-56'  
6. In which section of the pole, the shaed or unshaded, does the 

maximum value first? /4C-›-e--1,-" em‘ 7—(A-45 

7. Is the movement of flux toward the shaded or unshaded section of the pole? 

• f 7*,,q 

of rotor rotation with respect to the shading coil? 
Lu  

used in this motor, and how. does energy reach it? 
_ 

5.- What is Lenz's law? 
le7;14(.4 

L---JK/e, /1.4em, 7-4 41..k 
8. What is the directlo 

-*a 
9. What type roar winding 

kit "err.« .• . 
)  outstand isaaVIInt es of the- h ded pole motor. 10,;012,ve w  

‘-)4/ 

11. How 2Ch torque does this motor deve p at t e instant of starting? 
full speed? At 100% full speed? 9/7,3 /127,1t.,c4,í / 1. 0 c; 

„... 

flux reach 

e 

, 
¿C 

At 90% 

12. How wou d you reverse the rotation of a normally non-reversible Motor of thi 

type? 2,;/1,1.1 "tre.77,-4-".Z"- 

4724:_ 
4 

13. Describe he winding arrangement pf an 4 1! ext2E49y reversible spaded pole, motor. 
•,/, ' Li, _c+k 1t.,, (.,(,----o erwir.re.- s. s, .....4.1„.4.1., . ....•••% • __.---t-t. .. 

- • , -->-'• 4•-s (.`.r-,t4a., c›...-a.a- ..t--, - .-.' .., f 1:11,-, I 4ene fià Is he oPeeatirk efficiency of this motor low compared to that of other 

es of single phase motors? ‘‘.,_.,e... 't( 
, 

15. Why is it necessary, te laminate the i 
..rzfrp ex„.1 • /4:# (Aefevf..47-

16. Give pqme common applic tions for th 
6.Z14.% ' ( 

17. What is the principle care of trouble in this motor? 
e340-i.d,„411, 

18. If a 2 pole : or operates on 60 cycle current, what is the 
volving magnetic field of the stator? 

cores of induction motors? 

4Y ,e,wik./44x?-
shaded ible motor? 

, t 

19. Glyp a definition for slip. . 
(4_1  

20. ,What is the alue of rotor "E" and "r! compared with stator 
yuy 1, , ‘,, ' if • 

) - 

21. If the stator is Wound for 2 poles, how many poles will be 

rotor? 

DüG 
c_ec t 24 tA 

speed of the re-

and "I"? 

established on the 

22. Is this motor constructed in large or small sizes? What are the approximate 
H.P. ratings? 

X24A-4.4.-il Ann-1 ,11; C 4/Jefr: 
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ASSUME CURRENT 
FLOWING CLOCK -

WISE TO SET UP 
A SOUTH POLE, ANO 
CURRENT FLOWING 
COUNTER -CLOCKWISE 
TO SET UP A NORTH 
POLE 
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PRINCIPLES OF CONSEQUENT POLE WINDINGS FOR 3 PHASE INDUCTION MOTORS. 

• 
• 

\\ \\ \'• )II )II -)(( )II [r )-)([ I. .1 II 

)(( ) 
11 

) j/ ,) ) 11 j 1 ) 

Slots 24, Poles 4, Fractional Pitch Coil Span g 1 to 5. 
"A" Phase only of a 3 phase winding illustrating common method of short 
jumpers.(Top to Top,Bottom to Bottom) Trace the circuit and mark the 
polarities in the proper position. This type of jumper connection is 
not suitable for consequent pole windings. 

_ _  I ' 
I 

I 1 

I i 
o o 
! ! 

o I 
o I  
o 1. 1 I 1 - i 

S 

"A" Phase only of 3 phase winding illustrating long jumper method of 
connection.(Top to Bottom,Bottom to Top)Trace the circuit for 4 poles 
disregarding the center tap,and mark the polarities in the proper 
position. Note that the poles are established in the same position 
as for the common method of connection. 

. 
s o Iit I 1 , 1 1 

I g 
I g 

1 I 1 i I I 
L i à i I 1 I o à i 

1,/ 1//• 
( \ \ \e edi/e. / 1 / 

/  / 

s 
IT F  

Same connection as shown above. Trace the circuit from the center tap. 
This places the 2 sections of the phase winding in parallal,reversing 
the current in i of the coil groups,producing 4 regular & 4 consequent 
poles.Note that phase rotation is reversed and it will be necessary to 
reverse 2 leads on this connection to obtain the same rotor rotation. 
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SIMPLE DIAGRAM 4-8 POLE ,3 PHASE CONSEQUENT POLE STATOR WINDING. 

• 

• 

ABC 

A 

VARIABLE TORQUE, CONSTANT HORSEPOWER. 
3 PHASE, LAP WINDING, SLOTS= 24.. 
POLES = 4-8, COILS PER GROUP = 2. 
FRACTIONAL PITCH COIL SPAN = 1 TO 5. 
COIL PITCH = 66.6% OF FULL PITCH. 
ELECTRICAL DEGREES PER SLOT = 30-60. 

A B A BAC B 

/  1/4 Ili ile;'?(1\1)')(‘'1/4/1v\  
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Fe e 

\ 

r ,-, - ,i - ,. ,, - , 
L 
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FA 
Ts To 

INDICATE DIRECTION OF I FLOW AND POLARITIES FOR 4 POLES IN SPACE BELOW. 

II 1 
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COMPARISON OF LAP AND WAVE WINDINGS. 

) 

/ / 
/ / 
/ / 

/ 

A LAP WINDING is one in which the coils of each pole phase group 
are connected directly in series with each other or forward and back 
on itself. Lap windings are generally used on A.C. machines because 
they are more readily adaptable to stators with various numbers of 

slots. 
8 

A WAVE WINDING is one in which correspondingly placed coils under 
adjacent poles are connected in series so that the circuit proceeds 
from pole to pole one or more times around the stator core, and not 

forward and back upon itself as on a lap winding. On a wave winding, 
the circuit re-enters the first coil group after it has passed thru 
at least one other coil group of the winding. The total number of 
these circuits must be a multiple of the number of phases and is or-
dinarily two times the number of phases. Wave windings in large 
machines are always of strap or bar copper coils with two layers. 
Principal use is fr .' wound rotors of large slip ring motors because 
such windings have greater mechanical strength at end connections 
when made of bar or strap copper. WAVE WINDINGS in stators of induc-
tion motors must be electrically balanced, ie., each phase must con-
tain the same number of coils or turns. The number of active slots 
in each phase and section must be a multiple of poles times phases. 
For 4 pole, 3-phase, slots would have to be 12-24-36-48-60-72, etc. 
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ALTERNATING CURRENT 

Alternating current electricity provides one of the 
greatest fields of opportunity and one of the most 
fascinating branches of work and study in the entire 
electrical industry today. 

In the last few years, alternating current and A.C. 
machines have come into such extensive use in 
nearly all industries that no electrical man can 
afford to be without a knowledge of this very inter-
esting form of energy and equipment. 
One of the greatest advantages of alternating 

current is that it can be much more economically 
transmitted over long distances than direct current 
can. This is due to the fact that the voltage of 
alternating current energy can easily be stepped up 
to very high values by means of transformers. 
The economical high-voltage transmission of al-

ternating current makes it possible to generate this 
form of energy more cheaply in large and efficient 
central generating stations or power plants, and 
then transmit it to towns and factories at consid-
erable distances. 
High tension transmission lines also make pos-

sible the use of water power produced in large 
hydro-electric plants which are often a long distance 
from the towns and places where the electrical 
energy is used. 
Thousands of miles of high-voltage transmission 

lines, operating at voltages from 66,000 to 290,000, 
tie together the great steam and hydro generating 
stations in vast super-power networks throughout 
this country. These lines carry hundreds of thou-
sands of horse-power of clean, silent, and efficient 
electric energy to turn the wheels in our great 
factories, to light our homes and city streets, and 
to operate electric railroads, etc. 

Interconnection of the greatest power generating 
plants and centers by high voltage A. C. lines makes 
possible greater economies of operation and de-
pendability of electric supply than can be obtained 
in any other way. It tends to balance or equalize 
the varying loads of the different towns, communi-
ties, and factories, into a more uniform average 
load on all of the interconnected generating plants; 
and thereby reduces the number of spare generators 
that must he carried in any of the plants for peak 
loads. Connecting a great number of power plants 
together also makes it possible for one generator, 
plant, or line to be shut down for repairs without 
interrupting the electric supply to the users, as the 
full load can be carried temporarily by the other 
plants on the system. 

For these reasons, alternating current transmis-
sion lines have been developed with tremendous 
rapidity so that at present their voltages run as 
high as 290,000, and new power lines are constantly 

being installed in a great network throughout the 
entire country. Engineering tests and experiments 
are now being carried on toward the development 
of 330,000-volt transmission lines. 
Even with our present super-power lines it is 

possible to economically transmit many thousands 
of horse power over distances of several hundred 
miles. 

Great generating plants in Chicago have supplied 
power to the city of Pittsburg, and have for a short 
test period supplied power to light the streets of 
Boston. Chicago has some of the largest gener-
ating plants in the world, and these plants are 
connected with others in a vast system with trans-
mission lines reaching to the eastern and southern 
coasts of the U. S., and long distances north and 
west. 

Huge electric generating plants producing from 
100,000 kw. to 1,000,000 kw. each feed the alternating 
current to the transmission lines; and new power 
plants are constantly being built to supply the ever-
increasing demand for electric power. 

It is almost impossible to comprehend the trill 
mendous rate at which alternating-current electricW 
equipment has been developed, and the present rate 
of expansion of this great industry. 

Fig. 1. This photo shows a high voltage power line of the type which 
carry thousands of h. p. of electrical energy throughout the country. 
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F.g. 2. The above view shows a high voltage arc created by passing 
current at a potential of several hundred thousand volts through air. 

In 1889 an A. C. generating unit of 400 kw. 
capacity was put into operation, and was thought 
to be a very large unit at that time. The size of 
A. C. generators kept increasing until, in 1917, units 
of 45,000 kw. were in use, and a unit recently 
installed in one of Chicago's new power plants is 
of 208,000 kw. capacity. This is equivalent to 
about 275,000 h. p. Fig. 3 shows a mammoth 

steam-turbine-driven A. C. generator of 165,000 
kw. capacity. 

Hydro-electric plants have also developed rapidly. 
In 1890 only a few thousand h. p. were produced 
at Niagara Falls, but now its electrical output has 
been increased to over one million h. p. 
A new hydro plant of the Philadelphia Electric 

Company, at Conowingo, Maryland, produces nearly 
one-half million h. p. of electric energy; and there 
are hundreds of other water-power plants which 
generate from 10,000 to 100,000 h. p. and more each. 
Fig. 4 shows a photo of the great dam and power 
house at Conowingo. 

The operating of all these steam and hydro-elec-
tric power plants provides steady jobs at good pay 
and clean, fascinating work, for many thousands of 
trained electrical men. The construction of new 
plants and power lines, and the inspection and 
maintenance of existing lines, employs thousands 
more. 

Then there is the manufacture, installation, and 
maintenance of the vast number of A. C. electrical 
machines and devices that use the millions of h. p. 
generated by all these power plants. 

Electrical manufacturers produce approximately 

Fig. 3. Modern steam generators of the above type produce many mill ions of h. p. of electrical energy, for use in lighting and the operation of 
power machinery. The generator shown in this photo is of 165, 000 kw. capacity and is driven by steam turbines. (Photo courtesy of 
American Brown Bovery Co.) 
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Fig. 4. Enormous hydro-electric generating stations also produce many millions of h. p. to supply the extensive needs for electrical energy. 
This hydro plant is at Conowingo, Md., and is one of the largest in this country. It produces several hundred thousand h. p. (Photo 
courtesy Philadelphia Electric Co.) 

2Y2 billion dollars worth of electrical equipment 
yearly. Try to imagine, if you can, the additional 
number of men required each year to produce, in-
stall, operate, and maintain that equipment. 
Approximately 80% of all the money invested 

in the electrical industry in the U. S. is invested 
in sixty-cycle, A. C. equipment; and about 90% 
of all the electric power generated is A. C. So 
you can readily see the value of a good knowledge 
of this branch of electricity. 
Manufacturing and industrial plants in this coun-

try are over 80% electrified at present. The ma-
chines in these plants are largely driven by A. C. 
motors, because of their practically constant speed, 
rugged construction, and low maintenance costs. 
Fig. 5 shows a typical example of A. C. motors 
used for individual drive of machines in a textile 
mill. 
The most common type of A. C. motors have no 

commutators or brushes, which greatly reduces 
their wearing parts and the amount of care they 
require. 

Special types of A. C. motors with high starting 
torque have been developed for certain uses for 
which D. C. motors were formerly considered nec-
essary, and now there are A. C. motors available 
for practically every need. 

Alternating-current synchronous motors are ideal 
for operating equipment where absolutely constant 
speed is required. 

In addition to the hundreds of thousands of h. p. 
used in A. C. motors, factories also use alternating 

zurrent very extensively for spot welding and b 
welding machines, enameling ovens, heat-treat: 
furnaces, and other processes, as well as for light-
ing. 

Sixty-cycle alternating current is very suitable for 
lighting with incandescent lamps, as the periods of 
zero voltage between the alternations are so very 
short that they do not allow time for any noticeable 
dimming of the light from the lamp filaments. So 
wherever alternating current is used for power pur-
poses it is also used for lighting; and in homes, 
offices, and stores alternating current is by far the 
most generally used for lighting. 
Some very important branches of the electrical 

industry actually depend upon alternating current 
for their existence. Radio is one of these, and as 
the energy used in radio transmission is high-fre-
quency A.C., the study of alternating current prin-
ziples is very essential to anyone who plans to 
ollow radio work. 
The increase in the use of alternating current 

in the last few years and the thousands of uses 
which have been developed for it so far, make it 
almost impossible to over-estimate the extent to 
which A. C. will undoubtedly be used in the near 
future. 
The high rate of development and expansion 

in this field requires thousands of additional train 
men yearly. There are many of electricians in 
field today who have followed D. C. work almost 
exclusively and know very little about the prin-
ciples of alternating current and A. C. machines. 
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Therefore, this branch offers the finest of oppor-
tunities to trained practical men who have a good 

wledge of alternating current. 
And let us emphasize again that, in addition to 

being a very valuable subject to know, alternating 
current electricity is one of the most fascinating 
and interesting subjects any ambitious student can 
ever hope to find. 

Alternating current differs from direct current in 
many ways, but practically all the principles of 
electricity which you have learned so far can, with 
a few modifications, be easily applied to A.C. 

Alternating current is often thought to be a dif-
ficult subject to master. It does not need to be at 
all, when properly explained in a practical manner. 

In the following pages the principles of alter-
nating current and the operation and care of A. C. 
machines will be covered in a simple non-technical 
manner, for the needs of the practical man. 
Study these pages carefully for the sake of your 

future earning capacity, and to qualify yourself for 
some of the splendid opportunities in this field. 

Fig. 5. This view shows a number of A. C. motors being used for in-
dividual drive on machines in a textile mill. Thousands of factories 
and industrial plants use electric motors in this manner for driving 
ther various machines and equipment. (Photo courtesy G. E. 
Company) 

1. NATURE OF ALTERNATING CURRENT 

In previous sections of this Reference Set we 
have already explained to some extent the differ-
ence between alternating current and direct current. 
We shall, however, review some of these points 
and also take up others in detail, as it is very 
important to have a thorough understanding of the 
nature and principles of alternating current, in order 
to properly understand the operation of A. C. ma-
chines. 

Alternating current is current that constantly 
changes in value and periodically reverses in direc-

Whis reversal of the current is caused by the 
armature conductors passing first a north and then 
a south pole in the generator. 
You have learned that A. C. is induced in the 

conductors of any ordinary generator armature, and 
that to obtain D. C. we must rectify the current 
from a generator armature by means of a commu-
tator. 
Alternating current can be made to produce heat, 

light, and magnetic effects just as D. C. can. The 
principal difference in the magnetic fields of A. C. 
and D. C. circuits is that alternating current pro-
duces a constantly varying flux, the lines of which 
are always in motion or expanding and contracting 
around the conductor. This alternating or moving 
magnetic field of alternating current is what makes 
possible the operation of transformers, to step the 
voltage up or down as desired. 

2. INDUCTANCE AND CAPACITY IN A. C. 
CIRCUITS 

The moving A. C. flux also sets up in any A. C. 
circuit, self-induction due to inductance. .1 his in-
ductance and also a condenser effect, or capacity, 
which is caused by the constantly varying voltage 
of A. C. circuits, are the two principal differences 
between A. C. and D. C. circuits. 
We have learned that the important factors in 

any direct-current circuit are pressure, current, and 
resistance. We have the same three factors to 
consider in any A. C. circuit and also the two 
additional factors—inductance and capacity. 
Ohms law applies also to A. C. circuits, with a 

slight modification to include the • inductive and 
capacity effects on the current, as well as the effects 
of resistance. 
Many of the most important advantages of A. C. 

and many of the greatest achievements in the elec-
trical industry are based on these two additional 
factors in A. C. circuits—namely, inductance and 
capacity. They will both be thoroughly explained 
a little later. 

3. GENERATION OF ALTERNATING 
VOLTAGE 
The development or generation of alternating-

current voltage is shown in Fie. 7. At the left 

Fig. 6. This large A. C. induction motor is in use in a steel mill and 
is rated at 6500 h. p. (Photo courtesy G. E. Company 
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of this figure is a sketch of a simple two-pole 
generator in which the progress of the conductor 
throughout one revolution is shown in eight steps 
of 45° each. The successive values of voltage which 
will be induced in this conductor are plotted or 
projected along a horizontal base-line at the right 
side of the figure. 
The values above the line are positive voltage 

values and those below the line are negative. Elec-
trical degrees and time are also plotted along this 
axis line. The electrical degrees are represented 
by spaces of uniform length and drawn to scale, 
for example 5/4-inch for each 45 degrees, or 72-inch 
for each 90 degrees, etc. 
Other spacing values can be used to suit the size 

of the drawing desired. 
Time "later" is indicated in a right-hand direc-

tion and time "earlier" in a left-hand direction. To 
illustrate this, a vertical line "X Y" is drawn 
through the axis; and all values on the right-hand 
side of this vertical line are later in time, while 
all values on the left are considered to be earlier 
in time. 
While the conductor shown at No. 1 is moving 

in the neutral plane of the magnetic field it will 
have no voltage induced in it. Therefore, the 
voltage value at this point will be as shown at "a" 
on the axis line. The axis line always represents 
zero voltage value. 

Cycle 

- 1 Alter nat. son I Alter melon — . 
(IBC) (18e) 

. 45. .-. 45. — 45* .1- 45...45. 

led 

L 270. 
CIENCRAt on, or Act 4 NAT 'NC, C..407(1.41' 

Fig. 7. The ab..we diagram illustrates the manner in which alternating 
voltage is produced in a simple two-pole generator. The sine curve 
shows the vatiationb and reversal of voltage for one revolution of 
the armature. Study this diagram very carefully with the accom-
panying e :planation. 

As the conductor moves around the armature 45 
degrees in a clockwise direction it comes to position 
2, where it is beginning to cut into the field flux 
of the N pole, and at a more and more abrupt 
angle. At this point the voltage value will be as 
shown at "b", or the point where the dotted line 
running to the right from conductor 2 intersects 
the vertical time line which is just 45 degrees later 
than the one at "a". 
When the conductor moves another step, or 45 

degrees, farther to position 3, it will then be cutting 
at right angles to the dense flux of the N pole, 
and will produce a voltage value as shown at "c", 
where the dotted line from the conductor intersects 

the time line, which is now 90 degrees later than 
the one at "a". 
\Vhen the conductor moves to position 4 i 

beginning to leave the flux from the N pole 0 
its induced voltage will be somewhat lower, as 
shown at "d". As the conductor moves on to posi-
tion 5 it is again passing through the neutral plane 
or at a point where it doesn't cut any appreciable 
amount of flux, and its voltage will again be at 
zero value, as shown at "e". 
The voltage values which this conductor will pro-

duce in passing from position 5 back to 1 will be 
the sanie as those from 1 to 5, except that the 
voltage will be in the reverse direction, as the con-
ductor is now cutting in the opposite direction 
through the flux of the S pole. These negative 
values are represented at the points, f, g, h, and i, 
or below the axis line. 
The armature conductor has now passed through 

a complete set of positive and negative values and 
through one complete revolution or 360 electrical 
degrees. 

4. SINE CURVES; ALTERNATION, CYCLE, 
FREQUENCY 

If we connect the points a, b, c, d, e, f, g, h, 
and i all together with a curved line, that line will 
form what is known as a sine curve. This curve 
gives us a clear mental picture of the manner in 
which the voltage varies in amount or value and re-
verses in direction in an alternating-current cir 
The values front "a" to "e" are all positive 

constitute Iffl E°, or one alternation. The values 
from "e" to "i" form the negative alternation. These 
two successive alternations, one positive and one 
negative, complete one cycle. 

If we were to go on revolving the conductor 
rapidly it would produce one cycle after another 
of alternating current, provided the coil were con-
nected to a closed circuit. The number of these 
cycles which occur in each second of time is called 
the frequency of an alternating current circuit, and 
is expressed in cycles per second. Nearly all A. C. 
systems in this country today use 60-cycle fre-
quency. 
Examine the diagram in Fig. 7 very carefully, 

until you are sure you know the number of elec-
trical degrees in one alternation and in one cycle. 
A conductor in a generator must always pass one 

pair of poles, or one north and one south pole, to 
complete a cycle. Therefore, the greater the num-
ber of poles in a generator the greater will be the 
number of cycles it will produce per revolution. 
The frequency of any A. C. generator can always 
be determined by the following simple formula: 

RPM  
f — 60 X N 

In which: 
f = frequency in cycles per second 

RPM = revolutions per minute of generator 
60 = no. of seconds per min. 
N = no. of pairs of poles in generator 

• 
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5. FLOW OF ALTERNATING CURRENT •f an alternating voltage such as shown in Fig. 7 
pplied to a closed circuit, alternating current 

will flow. The current will, of course, vary in 
amount and reverse in direction, just as the voltage 
does. These alternations or impulses of current can 
be shown by a curve similar to the one for voltage 
in Fig. 7. Current first starts to flow around the 
circuit in one direction, and continues in this direc-
tion during one alternation, or 180°. In a 60-cycle 
circuit this would be for 1/1 20 part of a second. 
During this period the current value or intensity 

keeps gradually increasing up to maximum during 
the first 90°, or one-half alternation. Then it starts 
to decrease in amount, but continues in the same 
direction for another 90°, or the last half of the 
alternation. 
When the current in this direction has fallen to 

zero value, it then reverses and flows in the other 
direction for one alternation or Yi 20 part of a 
second, again rising and falling in value or amount. 

Maxornurrt Value 1. 

Effect,ve Value 701 
Averale Value .636 

Nosdive 

Net ive 

Voltacje Sine Curve 

Mazorturn. Value 1. 

EftectIve Value 707  
Avera e Value .63(, 

Ne9at ive 

Current Sine Curve 

"4 
Fig. 8. These sketches show the maximum, effective, and average 

values of alternating voltage and current. 

6. MAXIMUM AND EFFECTIVE VALUES 
OF ALTERNATING CURRENT 

Fig. 8-A shows a curve lux. one complete cycle 
of single-phase alternating voltage, and Fig. 8-B 
shows a curve for the current that we will assume 
is caused to flow by that same voltage cycle. 
These curves show maximum values of one volt 

and one ampere for this circuit. You will note 
that these maximum values last for only a very 
short period during each alternation. So, if we 
were going to determine the heating effect or power 
that would be continuously produced by such an 
A. C. circuit with one volt maximum pressure and 

ge ampere maximum current, we could not expect 
great a result as from a D. C. circuit with one 

volt continuous pressure and one ampere continu-
ous current. 
By actual test we find the heat produced by the 

A. C. circuit is about 70%, or to be more exact 
.707 of that produced by the D. C. circuit. 
We therefore say that the effective voltage and 

current values of an A. C. circuit are .707 of the 
maximum values. It is this effective value that 
we consider in ordinary work and calculations with 
A. C. circuits. Ordinary A. C. voltmeters and 
ammeters are calibrated to read the effective values 
and not the maximum values. 
Therefore, if an A. C. circuit has meter readings 

of 100 volts and 100 amperes, we know these to 
be the effective values; and this circuit would pro-
duce just as much heating effect as a D. C. circuit 
of 100 volts and 100 amperes. 
Compare carefully the effective and maximum 

values shown in Fig. 8. You will note that the 
effective value is nearly three-quarters of maximum 
value. 

If an A. C. circuit has a maximum voltage value 
of 100 volts, the effective value would be .707 >< 
100, or 70.7 volts. 

7. CALCULATION OF EFFECTIVE AND 
MAXIMUM VALUES 

The effective values of an A. C. voltage or current 
curve for any alternation, can be calculated by what 
is called the root mean square (R.M.S.) method. 
This calculation is made by getting the instan-

taneous values of the curve at points one degree 
apart and squaring all these values. Next all these 
squares are added together and averaged, by divid-
ing the sum by the number of squares. Then, 
taking the square root of this average, we would 
llave the root mean square; or, in other words, the 
square root of the average square of the separate 
values. 
This method of squaring the curve values and 

then getting the square root to obtain the effective 
value, is used because the heating effect of any 
A. C. circuit is proportional to the square of current 
at any instant. 
The process just described may seem somewhat 

technical, but with a little reviewing you will find 
that the principle is quite simple. 
You may not have occasion or need to use the 

R.M.S. method in any calculation in your ordinary 
electrical work for some time; but it may be very 
handy for some future reference, so it is given here 
for your convenience at any later time. It is also 
given as a matter of interest, so you may know 
how the effective value is obtained and where the 
figure .707 comes from. 
Remember that an A. C. circuit will perform just 

as much work per volt and per ampere as a D. C. 
circuit, because ordinary A. C. meters read the 
effective values only, and these are the values com-
monly considered in A. C. work. 
One of the most important points to be consid-

ered, however, is that to produce a given effective 
voltage in an A. C. circuit, the maximum voltage 
for its short periods during each alternation will 
be considerably higher than the effective voltage 
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registered by the meter. This places a higher 
voltage strain on the insulation of an A. C. circuit 
of a given effective voltage value, than on a D. C. 
circuit of the same voltage. 
When either the maximum or effective value of 

an A. C. circuit is known, the other can be found 
by one of the following formulas: 

Effective value = Max. value X .707 
Maximum value = Eff. value ÷ .707 

It is often easier to multiply by the reciprocal 
of a number than to divide by the number itself, 
and the same result can be obtained by either 
method. You will recall that the reciprocal of a 
number is equal to 1 divided by the number. So, 
in the case of the effective value .707, its reciprocal 

1 
is equal to 707 or 1.414. 

., 
Accordingly, the above formula for finding maxi-

mum value can be changed to read: 
Max. value = eff. value X 1.414 

The use of this formula is illustrated by the fol-
lowing example. 

If we have a motor which is being rewound to 
operate on a 2200-volt circuit, what would be the 
maximum voltage stress on its insulation? 

If the effective value is 2200 volts, then: 
Max. value = 2200 x 1.414, or 3110.8 volts 

This would be the maximum voltage impressed 
on the insulation of the motor winding and, al-
lowing enough extra for safety factor to prevent 
possibility of puncture of the insulation, it would 
probably he insulated for 5000 volts or over. 
8. AVERAGE VALUE OF ALTERNATING 

CURRENT 
By referring again to Fig. 8, you will note that 

an average value of the curves is also shown. The 
average value is .636 of the maximum value. This 
figure is used in a few electrical calculations and in 
the design of electrical machines, but not a great 
deal in ordinary electrical work. 

Because of the shape of the sine curves for alter-
nating current and the fact that the heating effect 
is proportional to the square of the current values, 
the effective value is actually a little higher than 
the average value, as shown in Fig. 8. 
The voltage alternations produced by an actual 

power generator would not be quite as smooth or 
perfect in shape as the curves shown in these figures. 
Instead they would have little irregularities or ripples 
in them; but as they follow the same general shape, 
all ordinary circuit calculations for A. C. are based on 
the true sine curves as shown. 
9. SINGLE-PHASE AND POLYPHASE 

CURRENTS 
You have already learned that A. C. circuits are 

of single-phase, two-phase, and three-phase types; 
and in the section on A. C. armature winding the 
method of generating single-phase and polyphase 
currents was explained. If you find it necessary to 
refresh your memory on these points, review pages 
1 to 5 of Section Two of Armature winding. 

Three Phase Voltage Curves 

Fig. 9. The above diagram shows the sine curves for single-phase 
two-phase, and three-phase alternating voltages. 

You will recall that the term "phase" refers to the 
number of parts of an A. C. circuit or the number of 
separate sets of alternations in the circuit. 

Fig. 9 shows three sets of curves for single-phase, 
two-phase, and three-phase circuits. The si 
phase curve at "A" has successive alternatiolif 
180° each. The two-phase circuits have two sets of 
alternations occurring 90° apart; that is, they start, 
reach their maximum values, and finish always 
90° apart. Three-phase circuits have three sets of 
alternations, 120° apart, as shown at "C" in the 
figure. 
You will recall that these alternations are gen-

erated with the various spacings in degrees, by spac-
ing the armature conductors the same number of 
electrical degrees in the generators. 
Each alternation of any single-phase or polyphase 

circuit consists of 180°, and each cycle consists of 
360°. Keep in mind also that the poles in an alter-
nator are always spaced 180 electrical degrees apart, 
and that a pair of poles constitutes 360 electrical 
degress. 

Six-phase energy is also used in some cases, for 
converters and rectifiers. Fig. 10 shows a set of 
curves for six-phase energy. Two-phase circuits 
are still used to some extent in older installations. 
Single-phase and three-phase systems are by far the 
most commonly used. Single-phase systems are 
used extensively for incandescent lighting and small 
power motors, and three-phase systems are used 
almost exclusively for large motors, general power 
work, and transmission lines. 

10. PHASE RELATIONS OF VOLTAGE ilk 
CURRENT 

The voltage and current of an A. C. circuit can 
both be shown in the same diagram by separate sets 
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of curves drawn along the same zero or axis line, 
as shown in Fig. 11. This figure shows the curves 
or a three-phase circuit. The solid lines represent 
the voltage impulses and the dotted lines represent 
the current impulses. 

In this diagram the current value is shown to be 
slightly less than the voltage value by the lower 
height of the curves; but the current alternations 
are in phase or in step with the voltage alternations. 
In other words, the current and voltage alternations 
of each phase start together, reach their maximum 
values together, and finish together. 
This seems to be the proper or natural condition, 

as you know that the current variations are caused 
by the variations in pressure or voltage; so it would 
seem quite natural that the two should be in step, 
or "in phase", as we say. 

It is possible, however, to have the current im-
pulses occur out of phase with the voltage impulses 
in A. C. circuits, due to the effects of inductance or 
capacity in these circuits. 
The current may either lag or lead the voltage, 

according to whether the inductance or capacity is 
greatest in the circuit. These conditions will be 
fully explained a little later. 

GO .-•• 
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Fig. 10. This sketch shows the sine curves for the voltage of a 
six-phase A. C. circuit. Compare these sketches carefully with the 
ones in Fig. 9, and note the number of degrees spacing between 
each phase and the next. 

11. EFFECT OF LAGGING OR LEADING 
CURRENT ON POWER 

When the current and voltage impulses are in 
phase with each other, or working together in the 
same direction, they will, of course, produce more 
useful power in watts than when they are out of 
phase or working in opposite directions part of the 
time. 
When current and voltage are in phase as shown 

in Fig. 12, the product of the voltage and current 
values at any instant will give the watts power at 
that instant. 
The power curve in this diagram is shown by the 

heavy line, and is all above the axis line, represent-
ing useful power. 

In Fig. 13 the voltage and current are slightly out 
of phase, and the current is lagging a few degrees 

Aikbehind the voltage. This causes short periods dur-
Wing each alternation when the voltage and current 

are in opposite directions, as shown between the 
lines "a" and "b". During this period there is no 
useful power in watts produced and the power curve 

is shown below the axis line, representing what is 
known as wattless power. 

This wattless power does not produce any useful 
power on the system, but merely produces addi-
tional heating of the conductors, and thereby limits 
the capacity of generators, motors, and lines in 
which this condition exists. 
When multiplying the values of voltage and cur-

rent curves to obtain the power in watts at any 
instant, the polarity of the curves must be carefully 
observed. When voltage and current curves are 
of the same direction or polarity, their product will 
all be positive or useful watts, and is shown by the 
power curve above the axis line. At points where 
the voltage and current curves are of opposite po-
larity, their product will give negative or wattless 
power, shown by the power curve below the axis 
line. 

Fig. 11. Voltage and current curves of a three-phase circuit. The 
voltage is shown by the solid lines and the current by the dotted lines. 

-Three Phase Volta9e and Cu.rrent Curves 

12. A. C. CIRCUITS 
The practical man will often have occasion to 

make simple measurements and calculations with 
the voltage, current, and power of A. C. circuits, in 
his work in the field as an electrical construction 
man, power plant operator, or maintenance man. 
These calculations can be made with A. C. circuits 

in very much the same manner that you have al-
ready learned for D. C. circuits; and just as easily, 
once you have a thorough knowledge of A. C. prin-
ciples and the important factors which control the 
current and power in A. C. circuits. 

It is sometimes difficult for a student to see how 
these calculations can be made with A. C., because 
of the manner in which the voltage and current are 
continuously and rapidly varying in value and re-

Fig. 12. This diagram shows the curves for the voltage, current, and 
power of single-phase A. C. circuit, in which the voltage and current 
are in phase with each other. 
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versing in direction. It is our purpose to simplify 
these points and avoid the unnecessary misunder-
standing and difficulties which so frequently worry 
students and electricians who do not have a proper 
understanding of the simple fundamentals of alter-
nating current. 
An excellent fact to keep in mind at all times is 

that an alternating current circuit can at any partic-
ular instant be compared to a D. C. circuit. 
As we usually work with the effective values of 

current and voltage in A. C. circuits and can always 
consider the circuit during a certain period of one 
alternation. et- as the current is flowing in only one 
direction for the moment, this greatly simplifies 
tracing the flow of current in the circuit and making 
any calculations with the current or voltage. 

b 

Power Curve 

Powe 

Fig. 13. Voltage, current, and power curves of a single-phase circui 
in which the voltage and current are out of phase. The current, 
represented by the dotted curves, is shown lagging behind the voltage 
in this case. 

13. INDUCTIVE REACTANCE, CAPACITY 
REACTANCE, and IMPEDANCE 

We have already mentioned that in A. C. circuits 
there are always two other factors besides resistance 
which control the current flow, and these are induc-
tance and capacity. 
The effects or opposition offered by inductance 

and capacity to the current and voltage of an A. C. 
circuit, are known as inductive reactance and capa-
city reactance. 

1f resistance, inductive reactance, and capacity re-
actance all tend to control the current flow in A. C. 
circuits, we should be able to sum these all up 
together to get the total controlling effect on the 
current and thus simplify our calculations and prob-
lems. That is exactly what we can do. 
The total opposition offered to the flow of cur-

rent in an A. C. circuit, is called impedance. The 
impedance of an A. C. circuit therefore, compares 
with the resistance of a D. C. circuit. 
The factors that make up the impedance can be 

illustrated in another way as shown in Fig. 14. 
Impedance is here shown as being composed of 

the resistance and total reactance. The total react-
ance is then subdivided into its two classes, Induc-
tive reactance and Capacity reactance. 
The impedance and reactance of A. C. circuits are 

both measured in the unit ohm, to be comparable to 
the resistance in ohms. 

The symbols used to indicate these very import-
ant factors of A. C. circuits are as follows: 

Z = Total impedance in ohms 
X = Total reactance in ohms 
XL =. Inductive reactance in ohms 
Xc = Capacity reactance in ohms 
R = Resistance in ohms. 

14. OHMS LAW FOR A. C. CIRCUITS 
Now that we know the factors that control the 

flow of current in A. C. circuits and also that they 
can all be grouped into impedance in ohms, it is easy 
to see how Ohms law can be applied to an A. C. cir-
cuit by simply substituting the ohms of total im-
pedance for the ohms resistance used in D. C. Ohms 
law. 
From Ohms law for D. C. circuits we learned that 

the current flow could be determined by dividing 
the voltage by the resistance in ohms. Then for 
A. C. circuits, the current can be determined by 
dividing the effective voltage by the impedance in 
ohms. Or, 

E 
I = 

And from this we can obtain by transposition the 
other two very convenient formulas: 

E 
Z=- andE=IX 

I 
As inductance and capacity are such important 

factors in A. C. circuits, and are the cause of indu 
tive reactance and capacity reactance, it will be wel 
to learn more about them. In addition to offering 
opposition to the current and voltage, inductance 
and capacity also cause the current to be out of 
phase with the voltage in most A. C. circuits. For 
these reasons we will explain them in detail in the 
following paragraphs. 

IMPEDANCE 

RE.BISTANCE 
s. 

f INDUCTIVE REACTANCE 

,- R EACTANCE 

CAPACITY REACTANCE 

Fig. 14. This figure shows the several different factors which make up 
the impedance in an A. C. circuit. 

15. INDUCTANCE 
Inductance is that property or ability which an 

electric circuit possesses for developing a counter 
electro-motive force within the circuit itself, by 
electro-magnetic induction. 
The counter-E. M. F. due to inductance is caused 

by the variations or changes of current strength in 
the circuit, and the corresponding changes or N'ari-

ations in the magnetic flux around it. 
All A. C. circuits will have a certain amount of 

inductance. In some cases this inductance is so stnalilli 
that it can be disregarded entirely in ordinary probW 
lems ; while in other cases the inductive effect is so 
great that the whole operation of the circuit or de-
vice may depend upon it. 
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Inductance tends to oppose every change of cur-
rent that occurs in any circuit, by generating or in-eucing a counter-voltage of self-induction as the 
changing flux cuts across the conductors of the cir-
cuit itself. 
For this reason, A. C. circuits which have coils or 

machine windings connected in them, have a much 
greater inductance than straight wires or lines, or 
incandescent lighting circuits. This is because coils 
and windings set up very strong fields of concen-
trated magnetic flux, and as these lines of force cut 
across the turns of the coil they generate consider-
able counter-voltage of self-induction. 

A. C. circuits to which are connected induction 
motors and transformers are very highly inductive, 
because of the windings of these machines and their 
location on the iron cores of the device, in a manner 
which is ideal for establishing very strong magnetic 
fields. 
Ordinary incandescent lighting circuits are con-

sidered as practically non-inductive because their 
inductance is so small that it is usually not consid-
ered in ordinary calculations. 

Fig. 15. The alternating flux around coils or wires of A. C. circuits 
produces voltage of self-induction and inductive reactance in the 
circuits. 

l'hi. ci in -vidtage and ind ,Ictit e reactance %% hich 
rett!t from inductance in the winding uf A. C. 
machines, regulates or limits the current flow a 
great deal more than the ohmic resistance does. 
This is the reason why many A. C. machines and 
devices will be burned out almost immediately if 
they are connected to a D. C. circuit of the same 
voltage. 
The direct current, being constant in value, does 

not have a continually varying or moving flux to set 
up the counter-voltage of self-induction. 
The unit with which we measure inductance in a 

circuit is called the henry. A circuit has an induct-
ance of one henry when a current change of one 
ampere per second will induce one volt counter-
voltage of self-induction in that circuit. 
The unit "henry" is sometimes known as the co-efficient of self-induction, and the symbol for this 
nit, "henry", is the capital letter L. Therefore, the 

expression 10 L means 10 "henrys" of inductance in 
the circuit. 

Sometimes the inductance of a circuit is much 

less than one henry, and is expressed in milli-henrys 
(M. H.), or 1/1000 part of a henry. 

16. COUNTER-VOLTAGE OF SELF-
INDUCTION 

Fig. 15 illustrates the manner in which the count-
er-voltage is build up by induction in a coil in an 
A. C. circuit. The current flowing through the coil 
sets up a strong magnetic field around all its turns. 
We know that with alternating current these lines 

of force will be constantly expanding and contract-
ing, and reversing in direction, as the current varies 
in amount and reverses in direction. 
As the lines of force expand and contract, and cut 

across the turns of the coil in first one direction and 
then another, they will induce a voltage which op-
poses the applied voltage. 

It will be well to keep this fact always in mind— 
that the electro-magnetically induced currents are 
always in such a direction that the field set up by 
them tends to oppose or stop the force which pro-
duces them. This is known as Lenz's Law, as it 
was disovered by an early experimenter named 
Lenz. 
The manner in which the counter-voltage is set 

up by induction is illustrated more in detail in Fig. 
16. In this figure we have shown a sectional view 
of a coil of wire as though the turns were all cut in 
half, lengthwise through the coil. The current set 
up by the applied line voltage at the particular in-
stant, is shown flowing in at the lower conductor 
ends and out at the top ends. 
The flux which will be set up by this current is 

shown around the lower end of the right-hand turn 
of the coil. Flux would, of course, be set up around 
all the turns but, for convenience in illustrating the 
principle of induction, is shown only around this 
one turn. 
When the current of one alternation in the circuit 

builds up in the turns of the coil, the flux shown 
around the conductor or single turn will expand 

Fig. 16. The above diagram illustrates the manner in which the 
counter-voltage of self-induction is built up in an inductance coil. 
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more and more until the current reaches maximum 
value. During this building up of the current and 
flux, the lines will be cutting across adjacent turns 
of the coil in the direction shown, and will be induc-
ing a voltage in them. 
By applying the right-hand rule for induced vol-

tages, we find that the direction of the voltage in-
duced in the second turn of the coil, will be opposite 
to the applied voltage. This also checks with Lenz's 
law which says that the direction of the induced 
current will be such that its field will oppose the 
force that produces it. 
When we consider that the flux of a coil in an 

A. C. circuit will be continually cutting across all 
turns of that coil, and that the counter-voltage it 
will induce in all these turns will add together as 
the turns are all in series, we can then see that the 
counter-voltage of self-induction in such a coil may 
greatly limit the flow of curent through it. 

If we place an iron core in such a coil, and allow 
it to build up a much stronger field, this will greatly 
increase the inductance of the coil. Such coils are 
often called choke coils because of the "choking" or 
limiting effect which their counter-voltage has on 
the flow of alternating current through them. 
A coil of several hundred turns wound on a large 

iron core and connected across a 110 or 220-volt, 60-
cycle circuit, may produce nearly as much counter-
voltage as the applied line voltage, and allow only 
a very small current to flow through the coil. 
This explains why coils of A. C. devices or ma-

chines are usually wound with a much smaller num-
ber of turns than are D. C. devices for circuits of 
the same voltage; because on A. C. circuits the in-
ductive reactance or counter-voltage controls the 
current even more than the ohmic resistance does. 

This self-induced voltage caused by the induct-
ance of a coil as shown in Fig. 16-A, being in a direc-
tion which opposes the applied line voltage, actually 

Fig. 17. This view shows the flux around one turn of a coil during the 
period when the current is at maximum value. The flux is neither 
contracting nor expanding at this period, and therefore produces no 
voltage of self-induction. 

tends to make the current in the coil lag behind its 
voltage. That is, the current alternation does not 
reach its maximum value until a few degrees late 
than the voltage does, as shown by the curves in 
Fig. 16-B. 
When the voltage of the alternation reaches max-

imum value, the current tends to stop increasing, 
but this causes the flux around the conductor to 
stop expanding and also to stop generating the 
counter-voltage in the turns of the coil. This allows 
the current to rise to its full maximum a little later 
than the voltage reaches its peak. 
This is illustrated in Fig. 17-A, where the flux has 

stopped expanding and producing counter-voltage; 
and on the curves at "B" the current and voltage 
peaks are marked by the round dots. 

Current flow out 

A 

Current flow in. 

Fig. 18. This sketch shows the same coil as in Figs. 16 and 17 during 
a period when the current through the coils is decreasing from maxi-
mum to zero value. Note how the flux contracts and cuts across the 
turns of the coil. 

As the voltage starts to reduce and causes the 
current to decrease, the lines of force around the 
turns of the coil will start to contract or die down 
as shown in Fig. 18-A. They are now cutting across 
the turns of the coil in the opposite direction to 
what they formerly were, and so they induce a vol-
tage in the same direction as the applied voltage 
This self-induced voltage now adds to, or aids, the 
applied voltage, which still further explains why the 
current flow reaches its maximum value after tilt 
voltage does. 
As the voltage dies on down to zero and the cur-

rent also tends to decrease to zero, the contracting 
lines of force keep on inducing voltage that tends to 
make the current continue in the same direction, 
even for a short instant after the applied voltage 
has reached zero. 
Thus the current of the alternation reaches it 

zero value slightly later than the voltage does. 
17. LAGGING CURRENT CAUSED BY 

INDUCTANCE 
From these illustrations we can see that induct-
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ance causes the current to reach its maximum and 
zero values a few degrees later than the voltage, or 

eag behind the voltage. Inductance, therefore, 
ses the current to be out of phase with the vol-

tage. The greater the inductance of an A. C. circuit, 
the farther its current will lag behind the voltage. 

In circuit diagrams inductance is usually repre-
sented by turns of a coil, as shown in Fig. 15. 

In a circuit that has practically all inductance and 
very little resistance, the current would lag almost 
90 degrees behind the applied voltage. If it were pos-
sible to have a circuit with all inductance and no re-
sistance, the current lag in that circuit would then 
be 90°. This condition is, of course, not possible, 
because all circuits have some resistance. 

Fig. 19 shows the curves for the applied voltage E, 
counter-voltage of self-induction Ec, current I, and 
flux F, for a circuit that we shall assume has induct-
ance only and no resistance. 
The change in current value and the correspond-

ing flux change are much more rapid as the current 
passes its zero point. This can be seen by noting 
the various amounts of current change along the 
curve I, between the vertical time lines which divide 
the alternation into even time periods of S alterna-
tion each. You will note that the current change 
from "1" to "m" is much greater than in the next 
equal time period from "m" to "n". 
This very rapid change of current and flux will Sse the maximum counter-voltage to be induced 
he time the current passes through its zero value. 

The curve Ec shows the counter-voltage at maxi-
mum during this period. 
The current changes at the lowest rate when near 

its maximum value, or from "o" to "p", and "p" 
to "q". The correspondingly slower flux change at 
this point causes the induced counter-voltage to be 
at or near zero value during this period. 
So we find that the counter-voltage of self-induc-

tion in this case lags behind the current by 90 de-
grees. The applied line voltage to overcome the 
counter-voltage is 180° out of phase with it, or in 
direct opposition to the counter-E. M. F. 
The applied voltage therefore "leads" the current 

by 90°, or as we more commonly say, the current 
"lags" the voltage by 90°. 

In actual circuits, the current would never lag 
this far but would be somewhere between this point 
and the "in phase" position, according to the amount 
of inductance in the circuit. 
The curve E, which represents the applied voltage 

to overcome the voltage of self-induction, is shown 
180° out of phase with the voltage of self-induction 
and 90° ahead of the current. 

In any actual circuit the energy voltage would be 
a few degrees later than the voltage curve E in this 

re, because there would be a little resistance to 
lecome. 

The applied voltage in Fig. 19 is shown at zero 
value when the current is at maximum, while in an 
actual circuit having some resistance, the energy 
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Fig. 19. Curves for a single-phase circuit in which the current and 
voltage are approximately 90* out of phase with each other, due Is 
inductance in the circuit. 

voltage would still be a little above the zero value, 
as shown by the short dotted section of the curve 
at "X". 
18. SELF-INDUCTION IN D. C. CIRCUITS 
While there is practically no inductive effect or 

counter-voltage of self-induction in a D. C. circuit 
as long as the current does not vary, there is often 
considerable voltage of self-induction set up in 
windings of large D. C. machines or magnets when 
the circuit is first closed or opened. This effect is 
encountered with the rotors or fields of large alter-
nators, as their coils are excited by D. C. 
When D. C. voltage is first applied to the field 

winding of large machines, it may actually require 
several seconds or more for the current to build up 
to its full value and overcome the effects of self-
induced counter-voltage set up by the expanding 
flux. 
When such circuits are opened, the sudden col-

lapse of flux around the coils may induce very high 
voltage, which tends to oppose the decrease of cur-
rent or keep the current flowing in the same direc-
tion. This accounts for the very severe arcs drawn 
when some highly-inductive D. C. circuits are 
opened. 
The choking effect or counter-voltage of self-in-

duction in an A. C. circuit will vary directly with 
the frequency of the current, or the rapidity with 
which the flux changes and reversals are made. 
This fact is taken advantage of in constructing 

certain devices, such as choke coils for lightning 
arresters, load-limiting reactors, etc. These devices 

will be explained later. 
19. CALCULATING INDUCTANCE AND 

INDUCTIVE REACTANCE 
The amount of inductance which any coil or de-

vice may have in henrys can be calculated by the 
following formula: 

L = Maximum flux >< no. of turns 
Maximum current X 108 

ad 

In which: 
108 = 100,000,000, or the no. of lines of force 

necessary to be cut in one 
second to produce one 
volt. 

When the inductance of a certain device or circuit 
is stated or known in henrys, the inductive reactance 
in ohms can be found by the following formula: 
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XL= 2/(xfxl, 

In which: 
XL = 

J1 = 
inductive reactance in ohms 
3.1416, or ratio of circumference to 

diameter of a circle 
231 = 6.2832 
f = frequency in cycles per second 
L = inductance in henrys 

This formula is very important, as the inductive 
reactance is one of the factors we need to know in 
order to apply the A. C. ohms law for making any 
A. C. circuit calculations. 

As most A. C. power circuits are highly inductive 
due to the machine windings, as previously ex-
plained, inductive reactance is the factor most com-
monly encountered in ordinary A. C. work in power 
plants and industrial plants. 

Induction motors and transformers are highly in-
ductive devices. 

20. CAPACITY 
In alternating current circuits there is always a 

certain amount of condenser effect, or tendency to 
store an electro-static charge as the varying voltage 
of each alternation is applied. This condenser effect 
is known as the capacity of a circuit. 
You will recall, from an explanation of condensers 

in the Elementary Section of this set, that a con-
denser consists of two or more surfaces or areas of 
conducting material, separated by an insulator or 
dielectric. This condition exists in an electric cir-
cuit, as the wires form the conducting areas, and 
their insulation, or in some cases air only, forms the 
dielectric between them. 
You have also learned in the earlier discussion of 

condensers that the amount of charge in coulombs 
which a condenser will absorb depends on the vol-
tage applied. 
On ordinary low-voltage A. C. circuits of short 

length, the condenser or capacity effect is so small 
that it need not be considered in every day prob-
lems. On high-voltage transmission lines of great 
lengths, the capacity effect is often very great and 
must be carefully considered in several ways. 
For example, such lines may store such a charge 

that even after they are disconnected from the 
power plant they may hold a charge of thousands 
of volts and many kilowatts. In fact, they often 
hold so much of a charge for a short period after the 
voltage source has been disconnected from them, 
that the wires would be very dangerous to handle 
until after they have been shorted together or 
grounded by placing a ground wire across them. 
This discharges the capacity charge stored in the 
line and makes the wires safe to handle. 

21. UNIT OF CAPACITY 
Capacity of electric circuits or condensers is meas-

ured and expressed by the unit, farad. A condenser 
has one farad capacity when a charge of one cou-
lomb will raise the condenser potential one volt. 
The coulomb, you will recall, is a flow of one am-

pere for one second. A condenser of one farad capa-
city will take a charge of one coulomb when one volt 
is applied to its terminals. 
Most condensers have capacities of only a 411 

millionths of a farad; so the unit micro-farad, mean-

ing 1 0 of a farad, is much more commonly 
,000,00 

used than the larger unit. 
Capacity is, however, always expressed in farads 

or fractions of a farad when used in calculations. 
For example, 50 microfarads would be expressed as 
.000,050 farad. The symbol for farads or capacity 
is the large letter "C". 

22. CONDENSER CHARGING CURRENT 
When voltage is first applied to the terminals of 

a condenser, as shown in Fig. 20, a current will at 
once start to flow into the condenser to store up its 
electro-static charge. If the direction of the applied 
voltage and current for the instant are as shown by 
the arrows in Fig. 20-A, the top plate of the con-
denser will become positively charged and the lower 
plate negatively charged, as shown. 

\V hen the voltage is first applied to a condenser 
and before its plates have had time to build up their 
charge of voltage, the current flow into the con-
denser will be very rapid and at maximum value, 
even though the applied voltage is still very low. 
This is illustrated by the curves in Fig. 20-B. The 
curve E represents the applied voltage; the curve I, 
the current flow to the condenser; and the dot 
curve Ec, the counter-voltage of the condens . 
These curves are shown for a circuit that has prac-
tically ail capacity and very little resistance. 

Fig. 20. This diagram shows the current leading the voltage by nearly 
90°, due to capacity or condenser effect in the circuit. 

You will note at the first curve on the left that 
the current reaches maximum value just a little la 
than the applied voltage starts from zero val 
Then, as the applied voltage keeps on increasing, 
the counter-voltage, Ec, of the condenser is building 
up and reduces the flow of current, until it reaches 
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zero value just after the applied voltage reaches 

.
cimum. 

this circuit, therefore, the current leads the 
/Wage by nearly 90 degrees. If it were possible to 
have a circuit with all capacity and no resistance, 
the current would lead the voltage by 90°. 
When the applied voltage passes its maximum 

value and starts to die down, the condenser starts 
to discharge, causing the current to start to flow in 
the reverse direction just after the applied voltage 
reaches maximum. 
As the condenser discharges, its counter-voltage 

dies down as shown by the dotted curve Ec, until it 
reaches zero value just a few degrees later than the 
applied voltage does. 
When the alternating voltage reverses, the cur-

rent flows into the condenser in the opposite direc-
tion and charges its plates with opposite polarity. 

In this manner a condenser receives its heaviest 
or maximum current just as the applied voltage re-
verses and starts to build up in a new alternation, 
and then the condenser discharges its current ahead 
of the next voltage reversal, causing the current in 
such a circuit to lead the voltage. 

Current does not actually flow through a con-
denser as long as its insulation is not punctured by 
too high voltage, but the rapid flow of alternating 
current in and out of a condenser as it charges and 
discharges, provides a flow of current that can be esured by an ammeter or used to operate devices, 

as though it actually flowed clear through the 
circuit. 
The amount of the charging current is propor-

tional to the size or capacity of the condenser, and 
is also proportional to the amount and frequency of 
the applied voltage. 
When a condenser is connected in a high fre-

quency circuit it will allow a much greater flow of 
current than when in a low frequency circuit. 
Condensers in a D. C. circuit do not allow any 

current flow except during the first instant that the 
voltage is applied, and while the condenser is tak-
ing its charge. If a condenser which has been 
charged in this manner is short-circuited, it will dis-
charge its energy in one violent rush of current. 

23. CAPACITY REACTANCE 
Capacity of an A. C. circuit causes capacity re-

actance, or condensive reactance, as it is often 
called. This condensive reactance tends to oppose 
the flow of current similarly to resistance and in-
ductive reactance. 

Capacity reactance tends to oppose any change in 
the voltage of a circuit, and causes the voltage to 
lag behind the current, as previously explained. 
We learned that inductive reactance causes the 

current to lag behind the voltage; so we find that 
dahis respect capacity reactance is opposite to in-
Wrtive reactance. 
Lagging voltage can also be expressed as "lead-

ing current", as both terms express the same condi-
tion in the circuit. In describing the phase relations 

of the voltage and current, we usually say "lagging 
current" or "leading current"; and seldom refer to 
lagging voltage. 
When the capacity of any circuit is known in 

farads, the capacity reactance in ohms can be de-
termined by the following formula: 

Xc = 271 c 

In which: 
Xc = capacity reactance in ohms 
f = frequency in cycles per sec. 
C = capacity in farads 

27( = 6.2832 
This formula is very important, as we want to 

able to convert the apparent resistance effect 
capacity into ohms capacity reactance, in order 
apply Ohms law to any A. C. circuit problems. 

be 
of 
to 

Fig. 21. A condenser connected in parallel with a motor will cause 
lagging voltage or leading current, and will neutralize effects of 
induction produced by the motor. 

Capacity effect or condensers are usually shown 
in circuit diagrams by a symbol such as is used in 
Fig. 21. This symbol represents the plates of a con-
denser, the two groups of which are connected to 
the two wires of the circuit. In an actual condenser 
the insulation between the plates may be any con-
venient form of dielectric, such as fibre, glass, rub-
ber, paper, or oil. In the case of A. C. circuits and 
lines, this insulation which forms the dielectric for 
the condenser effect may be the insulation on the 
wires or, as in the case of transmission lines, merely 
the air between the wires. 
As capacity reactance is opposite in effect to in-

ductive reactance, special condensers are often con-
nected in A. C. circuits in industrial plants, to 
neutralize the effects of inductance and lagging cur-
rent. The advantages of this will be explained later. 
In Fig. 21 the condenser is connected in parallel 

with a motor. When the voltage of any alternation 
starts to build up on this circuit, the condenser takes 
a charge and its voltage opposes the building up of 
the applied energy voltage, thus causing it to lag. 
When the energy voltage reaches maximum, the 

condenser will be fully charged and, as the energy 
voltage starts to decrease, the condenser voltage 
will then be applied to the circuit and will tend to 
oppose the dying down of the energy voltage, or 
will maintain it longer. This retards the dying down 
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of the energy voltage and causes it to reach its zero 
value an instant later. After the energy voltage 
reaches zero the condenser will still be discharging 
or applying a little voltage to the circuit. 
Thus we have another illustration of the manner 

in which a condenser causes the lagging voltage, or 
leading current as it is more frequently expressed. 
The effects of capacity are very useful and valu-

able in many circuits. 
Static condensers are often used on highly-induc-

tive power circuits to improve the power factor by 
neutralizing the effect of excessive inductance. 
Condensers are also used extensively in radio and 

telephone work to pass currents of certain frequen-
cies and stop those of lower frequency or D. C. in 
various circuits. 

24. SUMMARY OF INDUCTANCE AND 
CAPACITY 

Some of the most important points to remember 
about inductance and are summed up briefly in the 
following: 

Inductive equipment in A. C. circuits consists of 
:oils, windings of transformers, motors, generators, 
choke coils of lightning arresters, current-limiting 
reactors, etc. 
Capacity effects in A. C. circuits are produced by 

static condensers, over-excited synchronous motors, 
long transmission lines or underground cables, etc. 

{ 
Inductance opposes current changes 

(a) Capacity opposes voltage 
changes 

{Inductance causes lagging current 
(b) Capacity causes leading 

current 
1The effect of inductance is opposite to that 

(c) of capacity, or their effects are 180' apart 
and tend to neutralize each other 

Excessive inductance is detrimental to the 
(d) power-carrying capacity of a circuit 

Excessive capacity is detrimental to the 
power-carrying capacity of a circuit 

{ Inductance may be used to neutralize the 
te) effect of excessive capacity 
" Capacity may be used to neutralize the ef-

fect of excessive inductance 
Inductance causes low power-factor, "lag-

«) ging" 
Capacity causes low power-factor, "lead-

I. 
{Lagging power-factor may be compensated 

(g) for by static condensers or over-excited 
synchronous motors. 

25. SERIES A. C. CIRCUITS 
There are four classes of series circuits commonly 

encountered in alternating current work. These are 
as follows: 

(a) Circuits with resistance only 
(b) Circuits with resistance and inductive re-

actance 
(c) Circuits with resistance and capacity reac-

We 

(d) Circuits with resistance, inductive reactance, 
and capacity reactance. 

Incandescent lighting circuits and those sure 
ing similar non-inductive equipment are considered 
to have resistance only. Actually these circuits have 
a slight amount of inductance and capacity, but it is 
so small that it is negligible. 

Circuits of this type can be treated similarly to 
D. C. circuits, because the resistance is the only 
opposing force to the current and therefore the re-
sistance equals the total impedance. To determine 
the current flow in such circuits it is only necessary 
to divide the applied voltage by the resistance or 
impedance in ohms. 

The most common types of circuits encountered 
in alternating current power work are those which 
have resistance and inductive reactance. The 
method of determining the impedance and currents 
of such circuits will be covered in the following 
paragraphs. 

26. CALCULATION OF IMPEDANCE IN 
SERIES A. C. CIRCUITS 

Fig. 22-A shows a resistance and an inductance 
connected in series. The resistance of 8 ohms is 
represented by the usual symbol, with which you 
are already familiar, and the inductive reactance of 
6 ohms is represented by the coil symbol which is 
commonly used for showing inductance in circ • 
At first thought, it might seem that we can m 

add the ohms resistance and ohms inductive react-
ance to get the total impedance in the circuit; be-
cause this was a method used in D. C. circuits with 
two or more resistances in series. This method can-
not be used with resistance and inductive reactance, 
however, because their effects on the current are 
out of phase with each other. 

If this circuit had only resistance, the current 
which would flow when alternating voltage is ap-

Fig. 22. "A". A resistance coil connected in series with an inductance 
coil in an A. C. circuit. "B". This sketh shows the method of 
determining the amount of hnpedence of the circuit shows at "A". 
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plied would be in phase with the voltage. If the ecuit had only inductance, the current which 
uld then flow would be 90° out of phase with the 

voltage, or lagging 90° behind it. 

27. GRAPHIC SOLUTION FOR RESISTANCE 
AND INDUCTIVE REACTANCE IN 
SERIES 

As the inductive reactance and resistance both 
tend to affect the flow of current and its phase 
position with respect to the voltage, we can deter-
mine these effects by the use of a diagram such as 
shown in Fig. 22-B. A current of 5 amperes is 
assumed to be flowing through circuit "A". In Fig. 
"B" we have a horizontal line used to represent 
the voltage drop Ed cross the 8 ohms resistance 
which is in phase with "I" and a vertical line at an 
angle of 90° with the horizontal line, to represent 
the voltage drop Ed across the 6 ohms inductive 
reactance. 
These two lines can be drawn to scale, so that 

the length of each will represent the proper value 
in ohms. In diagrams of this type the lines are 
all considered to be revolving, like the spokes of a 
wheel, in a counter-clockwise direction around the 
point where they join at "a". 
Keep this fact well in mind whenever examining 

or working with such diagrams. 
If these lines are revolving counter-clockwise, 

Mien the shorter line representing the voltage drop 
Iltross the inductive reactance XL will be 90* ahead 
of the long line, which represents the Ed across 
(. R.,,. 

As the current which flows through the resistance 
"R" would be in phase with the voltage drop 
across "R", the horizontal line can also be allowed 
to represent the current in phase with the voltage 
drop across "R". 

If we now draw dotted lines as shown to complete 
the rectangle we will have what is known as a 
parallelogram of forces, and the length of the 
diagonal line "IZ" will indicate the total voltage 
drop across the circuit and its position with respect 
to the line "IR", will indicate the angle of phase 
difference between the current and the applied volt-
age. 

If the lines representing the voltage drop across 
the resistance and inductive reactance are carefully 
drawn to scale (in this case %0* per volt) and at 
the proper angle, then by measuring the length of 
the line "IZ" we will get the total applied voltage. 
The line "IZ" will also represent the total im-
pedance with the scale drawn to allow y4' per ohm. 
This graphic method provides an exceedingly 

simple way of solving such problems. It would 
not, of course, be very accurate on large values or Sures, because it would be difficult to make the 

es long enough or to measure them with suffi-
cient accuracy. This diagram will, however, show 
the manner in which the amount of current lag in 
degrees is determined by the proportion of resist-
ance and inductive reactance in the circuit. 

By examining the diagram in Fig. 22-B, or by 
drawing another like it with a longer line to repre-
sent a greater amount of inductive reactance, you 
can readily see that this would swing the diagonal 
line "IZ" farther upward, or would cause a greater 
angle of phase difference between the current and 
voltage. 
On the other hand, if we were to increase the 

amount of resistance and lengthen the horizontal 
line, this would swing the diagonal line down and 
nearer to the resistance line, and bring the result-
ing current nearer in phase with the voltage. 

28. FORMULA FOR IMPEDANCE OF 
RESISTANCE AND INDUCTIVE 
REACTANCE IN SERIES 

The impedance of such a circuit, with resistance 
and inductive reactance in series, can be calculated 
accurately by the following formula: 

Z V122 XL2 
We can obtain the impedance in ohms by squar-

ing the resistance and inductive reactance in ohms, 
adding these squares together, and then extracting 
the square root of the sum, as shown by this 
formula. 

In the case of the circuit shown in Fig. 22, where 
we have 8 ohms resistance and 6 ohms inductive 
reactance, our problem would be: 

Z N/ "i --1- 62,  or 
Z N/64 + 36, or 
Z %AC-7), or 10 ohms impedance 

This illustrates the various steps in solving such 
a problem with the exception of the details of find-
ing the square root. If you require it you can 
obtain assistance on this process from your in-
structor. 

It will be a very good plan to practice a few 
square root problems until you can handle these 
problems easily, because there are numerous oppor-
tunities in alternating current electric problems to 
use square root to excellent advantage. 
On the great majority of ordinary electrical jobs 

it will not be necessary to use such problems; but, 
if you desire to work up to higher positions, you 
will want to be able to work out the problems 
pertaining to the various circuits and machines you 
may be operating. 
29. RESISTANCE AND CAPACITY IN 

SERIES 
Fig. 23-A shows a circuit in which a resistance 

and capacity are connected in series. The resist-
ance of 4 ohms is represented by the usual symbol 
and the capacity reactance of 3 ohms is represented 
by the symbol for a condenser. 
For the graphic solution of this problem we will 

again draw a horizontal line of proper length to 
represent the 4 ohms resistance, and a vertical line 
to represent the 3 ohms capacity reactance. This 
time, however, we will draw the vertical line 90° 
behind of the horizontal line which represents the 
resistance. The lines drawn in this position be-
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cause we know that capacity reactance tends to 
make the current lead the voltage. 

If the circuit were all capacity and no resistance, 
this lead would be 90° ; but, as there are both re-
sistance and capacity, we make the lines of proper 
length and space them 90° from each other, to de-
termine what the angle of lead of the circuit will be. 

4 OHMS 

Sc 

 1  

3 OHMS 

R= 4 

Fig. 23. "A". This circuit has a resistance connected in series with a 
condenser. "13". The vector diagram shows the method of deterrnin-
ing the impedance and angle of lead between the current and voltage 
for a circuit such as shown at "A". 

By again completing the parallelogram with dot-
ted lines and drawing the diagonal line through it 
cornerwise, this line "Z" will represent the total 
impedance and will also show the phase position 
or angle of lead of the current. The lines in this 
figure are drawn to scale, using Y2-inch per ohm, 
and you will find by measuring the line "Z" that 
it shows the total impedance to be 5 ohms. 

This, of course, is not the sum of the two values 
4 and 3, which would be obtained if they were 
added by arithmetic, but it is the correct vectorial 
sum of the two values when they are out of phase 
90° as shown. 
The impedance of the circuit shown in Fig. 23 

can be calculated by the use of a formula very 
similar to that used for the circuit in Fig. 22. The 
formula is as follows: 

Z VR2 + Xc2, or, in this case 
Z = -V42 + 32, or 

Z N/16 + 9, or 

Z = V5-5-, which gives 5 ohms impedance 
30. RESISTANCE, CAPACITY, AND 

INDUCTANCE IN SERIES 
Fig. 24-A shows a circuit in which we have re-

sistance, inductance, and capacity all in series. 
In Fig. 24-B, all three of these values are repre-

sented by the solid lines, R, Xc, and XL. In this 
case we have again drawn a horizontal line to 
represent the resistance. The line XL, representing 
inductive reactance, is drawn 90° ahead of the re-
sistance line ; and the line Xc, representing capacity 
reactance is drawn 90° behind the resistance line. 
We know that inductive reactance and capacity 

reactance have opposite effects in the circuit and 
will therefore tend to neutralize each other. 
the inductive reactance is the greater in this ca 
our first step will be to subtract the 10 ohms 
capacity reactance from the 22 ohms of inductive 
reactance. 
This neutralizes or eliminates the 10 ohms capac-

ity reactance and 10 ohms of the inductive react-
ance. The remaining 12 ohms of inductive react-
ance which are not neutralized by the capacity ef-
fect, and the resistance, will be the factors which 
determine the total impedance and the phase angle 
of the current. 
Once more drawing our parallelogram with the 

remaining factors or values, we find that the current 
still lags behind the applied voltage and that the 
total impedance is 20 ohms. The scale to which 
the lines are drawn in this case is %6 of an inch 
per ohm. 
The total impedance of a circuit such as shown 

in Fig. 24-A can be more accurately calculated by 
means of the formula: 

Z = N/R2 + (XL — Xc)2 
In this case XL — Xc is 22 — 10, or 12. 
Then, 122 = 144. 

The next step indicated by the formula is to 
square the resistance. This will be 16 X 16, or 256. 

Then, 256 + 144 = 400. 
And the final solution of the problem will I. 

Z = N/400, or 20 ohms. 

A 
16 OHMS zz ome.ss 

6c 

o 

R616 

Fig. 24. "A". Resistance, inductance, and capacity connected in series 
in an A. C. circuit. -B". Note how the capacity reactance is sub-
tracted from the inductive reactance, as the two neutralize each other 
in the circuit. 

31. PARALLEL A. C. CIRCUITS 

Parallel alternating current circuits are of the 
same four general types as series circuits. T 
is, they may contain resistance only, resistance 
inductance in parallel, resistance and capacity in 
parallel, or resistance, inductance, and capacity in 
parallel. 
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To determine the impedance of parallel A. C. 
circuits we must use the reciprocal method, some-eat similar to that which was explained for paral-

resistances in D. C. circuits. 
You will recall that with D. C. circuits when the 

resistances were in series we added the resistance 
in ohms of all the circuits to obtain the total re-
sistance. But when resistances were in parallel we 
first added the conductances or reciprocals of the 
resistance to obtain the total conductance, and then 
inverted this or obtained its reciprocal, which is 
the total resistance. 
This is the same general method used in deter-

mining the total impedance of parallel A. C. cir-
cuits. 
The opposite of impedance in A. C. circuits is 

the admittance. Admittance in this case means the 
same as conductance in D. C. circuits. Admittance 
is, therefore, always the reciprocal of the impedance 
and is expressed in mhos, the same as conductance 
for D. C. circuits. 

R 2/3 Ohm 

-- - 
Fig. 25. Resistance and inductance in parallel. The impedance for this 

circuit can be determined by the formulas given on this page. 

32. RESISTANCE AND INDUCTANCE IN 
PARALLEL 

Fig. 25 shows a resistance of % ohm connected 
in parallel with an inductive reactance of Y2 ohm. 
The total impedance of this circuit can be deter-
mined by the following formula: 

Z — 
1 

‘161)24-601 
According to this formula we must first obtain 

the separate reciprocals of the resistance and induc-
tance by dividing the number 1 by each of these 
values in ohms. These reciprocals are then squared 
and added together and the square root of their 
sum next obtained. The final step is to obtain 
the reciprocal of this square root by dividing the 
number 1 by it, as shown by the formula. 
Using with the formula the values given in Fig. 
the problem becomes: 

1 z _ 
Ni(i)2+ (i)2 

2 
Here we have substituted the ohm resistance 

3 
1 

for the "R" shown in the formula, and the ohm 
2 

inductive reactance for the XL shown in the for-
mula. 

We next divide the number one by each of these 
values, to obtain their reciprocals, and our problem 
then becomes: 

1 

NJ CY -F 22 
Then by squaring these reciprocals as indicated 

by the formula, the problem becomes: 

1 

9 
-4- + 4 

9 
Before we can add and 4, they must both be 

4 
converted to like fractions, or: 

1 1 
Z" = .\/ 9 16 25 

or 

Then obtaining the square root of 25, our problem 
4 

is reduced to 1 , 
5 

5 
We then divide 1 by — to get the reciprocal, 

2 

which equals -2 ohms, total impedance. 
5 

18. RESISTANCE AND CAPACITY IN 
PARALLEL 

1 
Fig. 26 shows a circuit with a resistance of 4 

ohm and a capacity reactance of 1 ohm, connected 
3 

in parallel. The total impedance of this circuit can 
he determined by a formula similar to the one just 
used, or as follows: 

1 

NI()2+ (.c)2 
Substituting the values given for the circuit, the 

problem becomes: 
1 

z= N1(1)2+ (1)2 
When we divide the figure 1, in each case, by 

the resistance and reactance to get their reciprocals, 
we then have: 

1  
Z = y 42 + 32 or, 

1 

V16 --
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IR 1/4 011m 

AMMe 

Xc Ohm 

L cut e 

Fig. 26. Resistance and capacity in parallel in an A. C. circuit. Practice 
using the formulas given on these pages for determining the im 

pedance of such circuits. 

As 16 + 9 = 25, the problem now remains: 

z 1 

The square root of 25 = 5, so this reduces the 
problem to: 

Z }, or ohm impedance 

19. RESISTANCE, INDUCTANCE, and 
CAPACITY IN PARALLEL 

Fig. 27 shows a circuit with inductance, resist-
ance, and capacity in parallel. 
The total impedance of this circuit can be found 

by the formula: 
1 

- 
Note the similarity between this formula and the 

one which was used for impedance of series circuits 
having inductance, resistance, and capacity. The 
principal difference is merely that with parallel 
circuits we use the reciprocals of the values, instead 
of the values in ohms themselves. 
You will also note that with parallel circuit prob-

lems we subtract the reciprocal of the inductive 
reactance from the reciprocal of the capacity reac-
tance, as one of these effects tends to neutralize 
the other, as they did in series circuits. 

In the circuit shown in Fig. 27 the inductive 
reactance in ohms is larger than the capacity reac-
tance, but when the reciprocals of these values are 
obtained their relative sizes will be reversed, as 
shown by their subtraction in the formula. 

In a circuit where the capacity reactance might 
be the greatest, we would reverse the order of 
subtraction, in order to subtract whichever recip-
rocal is smallest from the one that is largest. 

Substituting the values from the circuit in Fig. 
27, for the symbols given in the formula, the prob-
lem of determining the total impedance becomes: 

Z = 
1 

- T1-5Y 

Our first step will be to convert the whole num-
bers and fractions, to fractions, as follows; 

1 4 3 
1 = and = 
3 3 ' 2 

Then Z - 

(! 2 (' 1 4 4-
Then by dividing 1 by each of the fractions to 

obtain their reciprocals we have: 

Z-
1 

+ ,202 

5 
Next subtracting from as 

3 3 • 
er part of the formula, we have: 

1  1 
Z —   or Z — 

("1)2 + 0)2 

I ben squared equab• 9-

1  1 
1, So, Z -   or Z 

+ 1, 

shown in the 

_I 25 
N '5 

25 . 
Obtaining the square root of - gives 

1 4 
So, Z - or -,- ohm impedance 

(3)2 
+1 2 

and 1 squared equals 

• 
Once more let us remind you that on your first 

electrical jobs you may not have much use for 
problems or formulas such as the foregoing. But 
as you may wish to be able to calculate the impe-
dance of A. C. circuits at some future date, these 
problems have been worked out step by step in 
these pages to provide a guide or reference for 
you, in case you need them in the future. 
Working them out carefully and also applying 

these formulas to other similar circuit problems 
will be very good practice, and will also help you 
to more clearly understand certain points about 
impedance, admittance, and reactance in A. C. 
circuits. 

Fig. 27. This sketch shows inductance, resistance, and capacity con-
nected in parallel. The method of determining the impedance of such 
a circuit is thoroughly explained on this page. 
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35. CURRENT IN PARALLEL CIRCUITS 
The total line current or resultant current as it It called, and also the amount of lag or lead of 
e current in parallel A. C. circuits, can be worked 

out by the use of vector diagrams such as those 
shown in Figs. 22, 23 and 24 for series circuits. 
When using vector diagrams for parallel circuits, 

the lines can be allowed to represent the currents 
through the resistance, inductance, and capacity 
branches of the circuit. 
The current through the separate branches of the 

circuit, or the devices which contain the resistance, 
inductance, and capacity, can be determined by the 
use of an A. C. ammeter, or by the use of Ohms 
law formulas for each branch, as follows: 

E E E 
I=—t' ' Xc =-- =—'ec. R XL  

For example, in Fig. 28 is shown a circuit with 
resistance, inductance, and capacity in parallel. We 
can assume that these are a heater resistance, a 
transformer winding, and a condenser all operated 
from the same 40-volt line. Separate tests made 
with an ammeter in the circuit of each device show 
8 amperes flowing through the resistance or heater, 
4 amperes through the inductance or transformer 
coil, and 2 amperes in the condenser circuit. 

Fig. 28. Note the amount of current in each of the branches of the 
above circuit and compare this sketch with Fig. 29, while determining 
the total current in the circuit. 

By use of Ohms law formulas, we can determine 
the resistance and reactance in ohms of each of 
these devices as follows: 

E 40 
R = T or R = 7 , or 5 ohms 

E 40 
XL = T or XL = 7 , or 10 ohms 

E 40 
Xc = — or Xc = 7, or 20 ohms 

We can represent the currents of this circuit by 
the vector diagram shown in Fig. 29. 
The solid horizontal line represents the current 

through the resistance; and as this current will be éphase with the line voltage, this same line can 
resent the phase position of the voltage. 
The vertical line, which is 90° behind the hori-

zontal current and voltage line, represents the cur-
rent through the inductance. 

I. 1( or 8 

Fig. 29. This diagram illustrates the method of determining the current 
in parallel A. C. circuits which have all three factors; resistance, 
inductance, and capacity. 

The shortest vertical line, which is 90° ahead of 
the horizontal line, represents the current through 
the condenser. 

Now if we subtract the leading current from the 
lagging current, and draw dotted lines to form the 
parallelogram with the remaining lagging current 
and the current which is in phase with the voltage, 

the diagonal line, I = through this parallelo-

gram will represent the total line current. 
It may seem peculiar that the total line current 

or vectorial sum of the three currents is only slight-
ly more than the current through the resistance. 
This is due to the fact that the leading and lagging 
currents, which are balanced, tend to neutralize 
each other, or actually circulate between the con-
denser and inductance in Fig. 28, and do not flow 
on the line wires from the generator. This inter-
esting fact will be further discussed later in a sec-
tion on power factor. 

36. POWER FACTOR 

We have learned so far in our study of alter-
nating current and A. C. circuits, that inductive 
reactance and capacity reactance often cause the 
current in these circuits to be out of phase with 
the voltage. 

We have also found that this reduces the amount 
of effective or true power in watts and causes a 
certain amount of wattless energy. This was illus-
trated by the voltage, current, and power curves 
shown in Fig. 13. 

In a D. C. circuit the power in watts can always 
be obtained by multiplying the volts by the am-
peres. It can also be obtained with a wattmeter. 
When the current and voltage of an A. C. circuit 
are in phase with each other the power can be 
determined by the same method as used for D. C. 
circuits. That is, by obtaining the product of the 
volts and amperes. 
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37. TRUE POWER AND APPARENT POWER 

When the voltage and current of an A. C. circuit 
are out of phase their product will not give the 
true power in the circuit, but instead gives us what 
we call apparent power. The apparent power of 
A. C. circuits is commonly expressed in kilovolt 
amperes, abbreviated kv-a. 

Alternators, transformers, and certain other A. C. 
machines are commonly rated in kv-a. When an 
A. C. wattmeter is connected in a circuit which has 
lagging or leading current it will read the true 
power and not the apparent power. This is due 
to the fact that the coils which operate the pointer 
in the meter depend upon true or effective power 
for their torque which moves the pointer against 
the action of the spring. 

It is very important to remember that you can 
always obtain the true power of an A. C. circuit 
by means of a wattmeter. The product of volt-
meter and ammeter readings in the circuit will give 
the apparent power, and this figure will usually be 
more than the true power, because the current in 
most A. C. circuits lags somewhat behind the volt-
age. 

Keep in mind that true power is expressed in 
watts and kilowatts and apparent power in volt-
amperes or kilovolt-amperes. 

38. POWER FACTOR DEFINITION AND 
FORMULA 

The ratio between the true power and apparent 
power in any circuit is known as the power factor 
of that circuit. This power factor is expressed in 
percentage and can always be found by dividing 
the true power by the apparent power, or this can 
be expressed as a formula in the following manner: 

True power  
Power Factor — 

Apparent power 

The practical man, doing electrical maintenance 
work or power plant operating in the field, is likely 
to have many occasions to use this formula and 
method of determining the power factor of various 
machines or circuits with which he is dealing. 
Therefore, it is well to keep in mind that you can 
always determine the apparent power of a circuit 
or machine by means of a voltmeter and ammeter 
and obtaining the product of their readings; then 
obtain the true power by means of a wattmeter, 
and finally determine the power factor by means 
of the formula just stated. 

If the apparent power in kv-a. is known for any 
circuit or machine, and the power factor of that 
circuit or machine is also known, then the true 
power can be determined by the following formula: 

True Power = App. power X P. F. 

As many A. C. machines are rated in kv-a. and 
have their power factor stated on the name-plate, 
this formula will often be very handy for deter-
mining the amount of true power the machine will 
supply. 

In case the true power and the power factor of 
a circuit are known, the apparent power can be 
determined without the aid of meters by the fe 
lowing formula: 

Apparent Power = 
true power  

P. F. 

The greater the angle of phase difference between 
the current and voltage in an A. C. circuit, the 
less true power will be obtained and the lower will 
be the power factor. Therefore we find that power 
factor will always depend upon the amount of lag 
or lead of the current. 

39. LAGGING OR LEADING CURRENT 
Tests show that the power factor is mathemati-

cally equal to what is called the cosine of the angle 
of lag or lead between the voltage and current. 
When the voltage and current are exactly in phase 
this angle is zero, and its cosine and the power 
factor will then be 100%. 
This condition is often called unity power factor. 

As the voltage and current get out of step or out 
of phase, the power factor starts to drop below 
100%, and the greater the angle of phase difference 
becomes the lower the power factor will drop. 
When the angle of phase difference is 90° either 

lagging or leading, the power factor will be zero, 
and, regardless of the amount of voltage or the 
amount of current flowing, there will be no true 
power developed. 
A lag or lead of 90° is not encountered in el. 

trical circuits, because there is always a certain 
amount of resistance, and no circuit is entirely 
made up of inductance or capacity. 
The term "angle of phase difference" which will 

be used considerably from now on is represented 
by the symbol e or O. 
40. CAUSES OF LOW POWER FACTOR 
As previously mentioned, the majority of A. C. 

circuits possess considerable inductance. There-
fore, we usually find lagging current on most power 
circuits in the field. 

Lightly loaded A. C. power equipment, such as 
motors, alternators, and transformers have much 
lower power factor than fully loaded machines. For 
this reason idle or lightly loaded A. C. machines 
should be avoided as much as possible, and all such 
equipment kept operating as nearly at full load as 
possible. 
A great number of factories and industrial plants, 

using large amounts of A. C. equipment, fail to 
realize the importance of power factor and of hav-
ing machines of the proper size and type so that 
they can be kept operating fully loaded. This re-
sults in low power factor on their circuits, and in 
the overheating of conductors and machines by the 
excessive currents set up by wattless power. T 
condition provides a splendid field of opportun 
for the trained electrical maintenance man who has 
a knowledge of power factor, and the ability to 
measure the power required for various loads and 
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select suitable motors and other equipment to han-
dle these loads in the most efficient manner. 

een many cases hundreds of dollars per month can saved on power bills, machines and circuits re-
lieved of current overloads, and frequent damage 
to windings prevented, by simply correcting the 
power factor in the plant. A great many untrained 
electrical men have little or no real conception of 
this subject and its importance. So you will find 
it very well worthwhile to carefully study and ob-
tain a good understanding of these principles, and 
of the methods for correcting power factor, which 
will be covered later. 

41. EXAMPLES OF LOW POWER FACTOR 

The following problems. which are very typical 
of conditions often encountered in the field, should 
help you to more fully understand and appreciate 
this material given on power factor. 

Let us suppose that on a certain job you have 
measured a circuit with a voltmeter and ammeter, 
and found 30 amperes flowing at 220 volts. Multi-
plying these two figures gives us 6600 watts of 
apparent power. Á wattmeter connected in this 
same circuit shows a reading of only 3960 watts 
true power, which indicates that the power factor 
is rather low. 
By the use of the formula: 

true power 
app. power • = power factor 

3960 
which, in this case would be = .60 P.F., 

6600 
it is easy to see that a great deal of the current 
which is flowing in this circuit is not producing 
effective power. 

If the company in whose plant this condition 
exists is generating its own power, the generators 
may be overloaded and overheated by wattless cur-
rent, which doesn't produce power at the motors 
or equipment. 

In case the power is being purchased from some 
generating company, we should keep in mind that 
these concerns very often give lower power rates 
if the consumer's power factor is kept up to a 
certain value. In other cases the customer may be 
charged a penalty rate for having low power factor. 

Therefore it is often good economy to change the 
motors which are causing the low power factor, or 
to install power factor corrective equipment, such 
as synchronous motors or static condensers. 
These devices provide condenser or capacity effects 

which neutralize the effects of induction motors 
and transformers, and thereby prevent excessive 
lagging current on the line and generators. 

A. C. machines are commonly rated in kv-a., or 
kilovolt amperes, because the heating effect in their 

Ol dings is proportional to the square of the cur-
t in amperes which these windings are caused 

to carry. 
If these machines were rated in kw. and the 

power factor was exceedingly low, they might be 

forced to carry more current than their windings 
could stand, in an attempt to produce the proper 
amount of true power in kw. 
This is exactly what happens in a number of 

cases in various plants, where there are no trained 
electricians who understand or appreciate the im-
portance of power factor, and the necessity for 
measuring the current in amperes as well as the 
watts or kw. shown by the wattmeters. 
Suppose that in another case there is a trans-

former in the plant where you are employed, and 
this transformer is rated at 10 kv-a. and connected 
to a 500-volt line. A wattmeter in the circuit of 
the transformer shows the load to be only 9 kw., 
but the transformer continually operates at a rather 
high temperature, as though its windings might be 
overloaded. 

An ammeter could be used to determine the cur-
rent flow, but in this case let us assume that the 
test is made by a portable power factor indicator, 
and that it shows the power factor to be 75%. 

If we check up on these figures with the formula 
previously given for apparent power, it will soon 
show why the transformer is operating above nor-
mal temperature. 

In the first place a 10 kv-a. transformer designed 
to operate on 440 volts would have a current capac-
ity of about 22.7 amperes. This could be proven in 
the following manner. 

10 kv-a. is equal to 10,000 volt-amperes or ap-
parent watts. 

Then, according to the formula E = I, from 

Watts law, we find that in this case there would be: 
10,000 

— or 22.7 + amperes, 
440 

full load current for the transformer. 
The actual load on the transformer we have found 

is 9 kw. at 75% P.F. 9 kw. .75 = 12 kv-a. 
apparent power. 
Then, as 12 kv-a. is equal to 12,000 apparent 

watts, the current for this load can be determined 
as follows: 

12,000 
= I, or = 27.3 amperes. 

E 440 
This shows that the transformer is carrying 5.6 

amperes more than its full rated load, or is about 
20% overloaded. This is not an excessive overload 
and would probably not cause any damage if the 
transformer is well ventilated and the load not left 
on too long. 
This 10 kv-a. transformer would be fully loaded 

under each of the several following conditions. 
10 kw. output at 100% P.F. 
9 kw. output at 90% P.F. 
8 kw. output at 80% P.F. 
7 kw. output at 70% P.F., etc. 

42. POWER IN SINGLE-PHASE CIRCUITS 
Thus far we have only mentioned power in single-

phase circuits. 
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With balanced polyphase circuits the power of 
the system will be the product of the power in one 
phase multiplied by the number of phases. 

If the power is considerably unbalanced in the 
several phases, it should be calculated separately 
for each phase, and the power of the separate phases 
is then added together to get the total power on 
the system. 
The apparent power in a single-phase circuit is 

determined by the usual Watts Law formula: 
App.W=E X I 

The true power in kw. for a single-phase circuit 
is found by the formula: 

TrueW=EXIXP.F. 
When the apparent power, or kv-a., and the vol-

tage of a single-phase circuit are known, the current 
can be determined as follows: 

App. W 1 
E 

43. POWER IN TWO-PHASE CIRCUITS 
In balanced two-phase circuits, the power is cal-

culated the sanie as for two single-phase circuits, 
that is, by the formulas: 

App. W= 2 xEXI 
TrueW=2XEXIXP.F. 

To determine the current in either phase of a bal-
anced two-phase circuit when the voltage and total 
kv-a. are known, use the formula: 

App. W 
2 x E 

Two-phase power is used very little at present, 
but you may occasionally encounter some older in-
stallations of this type which are still in use. 
44. POWER IN THREE-PHASE CIRCUITS 
The power of balanced three-phase circuits can be 

determined by the formulas: 
App.W=EXIx 1.732 
TrueW=EXIX 1.732 X P. F. 

These formulas will apply to any balanced three-
phase circuit, whether it is connected star or delta 
The constant 1.732 is used in three-phase form-

ulas because the power of one phase of a three-
phase circuit is always: 

EX! 
App. W. = 

1.732 
This is due to the fact that in delta-connected 

systems the line current is always 1.732 times the 
phase-winding current of any device on the system; 
and in star-connected systems the line voltage is 
always 1.732 times the phase-winding voltage. 

Therefore, part of the current in any line wire 
of a three-phase, delta circuit is not effective in pro-
ducing power in that phase, but is used in the other 
phases; and part of the voltage between any two 
line wires of a three-phase, star system is effective 
in producing power in more than one phase. 
So the apparent power in any one phase will al-

ways be: 
EXI 

1.732 

To obtain the power for all these phases we would 
then use the formula: 

3 xExI 

1.732 

However, as 1.732 is also the square root of 3, it 
is not necessary to multiply the single-phase power 
by 3 and then divide by 1.732, as the same result is 
obtained if we simply multiply the single-phase 
power by 1.732, as shown in the first two formulas 
given for three-phase power. 
These two formulas are well worth memorizing, 

as you will have frequent use for them in any work 
with three-phase power circuits or machines, and 
you can always depend upon them to quickly and 
easily determine the apparent power or true power. 
To get the true power always use the formula 

which includes the power factor. 

45. CURRENT IN THREE-PHASE CIRCUITS 
To determine the current of any phase of a bal-

anced three-phase circuit, when the apparent power 
in kv-a. and the voltage are known, the following 
formula can be used: 

Total 3-ph. app. W = 

I = App. W 
1.732 x E 

When the voltage, true power in watts and power 
factor are known, the current can be determined as 
follows: 

True W 
I = 

1.732 x E x P. F. 
To determine the voltage when 

and amperes are known: 

E= 
App. W 
1.732 x 1 

To determine the voltage when true power and 
amperes are known: 

E 
True W 

=  1.732 x 1 x P. F. 
The voltage and current can also be determined 

with voltmeter and ammeter, when they are avail-
able. Check these formulas by actual meter tests 
while you are in the A. C. Department of your shop 
course. 

• 
apparent power 

46. PRACTICAL FIELD PROBLEMS 
What will be the true power of a balanced three-

phase circuit which has 20 amperes flowing at 440 
volts, and at 80 per cent P. F.? 
Using the formula: 

True power = 1.732 x E 
our problem becomes: 

440 x 20 x 1.732 x .80 
440 X 20 = 8800 
8800 x 1.732 =15241.6 apparent power 
15241.6 X .80 = 12193.28 true watts 

The apparent power in kv-a. will then be: 

15241.6 

1000 
The true power in kw. will be: 

12193.28 

, or 15.24 kv-a. 

or 12.2 — kw. 
1000 

X J x 

• 
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Suppose that in another case you have made a «ter test on the circuit to a 65 h. p., three-phase 
uction motor. The voltmeter shows 230 volts 

across any one of the three phases, and an ammeter 
connected first in one phase and then the others, 
shows that the load is properly balanced and that 
85 amperes is flowing in each wire. What is the 
apparent power of this circuit in kv-a? 
Using the formula: 

3 Ph. App. W. =EXIX 1.732 

We find that E x I = 230 x 85, or 19,550 

Then 19,550 X 1.732 = 33,860.6 watts, and 33,860.6 

1000 = 33.86+ kv-a. 
Testing this same circuit with a wattmeter, we 

find only 20,320 watts or 20.32 kw. of true power in 
the circuit. 
Assuming that both the voltmeter and ammeter 

test and the wattmeter tests were made at the same 
time, and while the motor was operating under the 
normal mechanical load which it drives, what is 
the power factor of the circuit? 

true power 

apparent power 
P. F. = 

or, in this case, 
20.32 

P. F. — or .60 + P.F. 
33.86 

This is a very low and undesirable power factor, 
m id if we check the motor input in h. p., we will find 
We probable cause of the low power factor. 

The motor is rated at 65 h. p., but is consuming 
only 20.32 kw. of true power when running with its 

normal connected load. As 1 kw. is equal to 1.34 
h. p., then 20.32 x 1.34 = 27.2+ h. p., and this is 
less than half of the motor's full rating. 

Lightly-loaded induction motors operate at a 
much lower P. F. than fully loaded ones, and are 
common causes of low power factor. 

In cases such as the one in this problem, if the 
mechanical load on the motor is never more than 
27.2 h. p. and not particularly difficult to start, the 
65 h. p. motor should be changed to one of about 27 
or 30 h. p., to obtain better P. F. and higher 
efficiency. 

If the total true power in a balanced, 440-volt, 
three-phase system is 125 kw., and this system is 
operating at 90 per cent. power factor, what will be 
the current in each phase? 

Referring back to the formula given for finding 
current in a 3 Ph. circuit, when the true power, 
power factor, and voltage are known, we find that: 

True watts 

= 
I  . 

1.732 x E x P. F. Or 

in this case, 125 kw. = 125,000 true watts; therefore 

125,000 
I = 1.732 X 4.40 x .90 , or 182.2+ amperes. 

Work out this problem and prove the figures 
Practice working problems with the formulas given 
in this section until you are quite familiar with their 
use and the manner in which the power factor af-
fects such calculations on actual circuits and ma-
chines which you will encounter in your work. 

POWER MEASUREMENT 
In the preceding articles we have mentioned sev-

eral times the use of meters to measure the voltage, 
current, or power of A. C. circuits. 

It is very important that you appreciate the great 
value of meters in such work, and also that you 
know how to properly connect and use them. This 
fact was emphasized in the section on Direct Cur-
rent and it is equally as important, or even more so, 
in connection with A. C. circuits and machines. 
The intelligent use of the proper meters often 

helps to improve the efficiency of operation of vari-
ous power machines, and also prevents damage to 
equipment by making sure that the voltage and cur-
rent are right for the design and rating of that 
equipment. 

In many cases very great savings can be effected 
by permanently connecting the proper meters to 
certain heavy power circuits or the circuits of indi-
vidual machines, to allow frequent observation of 
voltage, load, and power factor conditions. 

It Frequently the saving effected in this manner will 
ore than pay for the cost of the meters, in the 

first few months of their use. 
On circuits where no meters are permanently in-

stalled, it is well to make periodic tests with port. 

able meters, to see that the machines or circuits are 
operating at proper voltage, and that they are not 
overloaded. These tests will also show if certain 
machines are operating lightly loaded and causing 
low power factor and poor efficiency. 
Many of the values for A. C. circuits can be easily 

calculated when certain others are known, by the 
use of the formulas which have been given in the 
preceding articles. In other cases, it may be much 
quicker and easier to use meters to determine these 
values. By using meters where necessary or most 
convenient, and the simple formulas where meter 
readings are not obtainable, practically any problem 
can easily be solved. 

47. CONNECTING INSTRUMENTS 

When making any tests with portable meters or 
when installing permanent meters, it is very im-
portant to get all connections properly made. Other-
wise, incorrect readings will be obtained, and wrong 
connections may result in damage to the instru-
ments, or danger to the person making the con-
nections. 
With A. C. voltmeters, ammeters, and wattmeters 

also, the same general rule applies as was given for 
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D. C. meters: always connect voltmeters and poten-
tial elements of wattmeters across the line, and al-
ways connect ammeters and current elements of 
wattmeters in series with the line — never in 
parallel. 
The coils or shunts of ammeters and of the cur-

rent elements of wattmeters are of so low resistance 
that if they were connected across the line, a short 
circuit would result and probably burn out the in-
strument. In such cases there is also danger of the 
operator being burned by flying drops of molten 
copper, or of his getting "flashed eyes" from the 
blinding flash of the arc which may be caused by the 
short circuit, when wrong connections are made to 
live circuits. 
The following connection diagram and instruc-

tions for the use of meters on various tests are given 
to enable you to make such tests correctly and 
safely. 

48. POWER MEASUREMENT ON SINGLE-
PHASE CIRCUITS 

Fig. 31 shows the proper connections for a volt-
meter, an ammeter, and a wattmeter in a single-
phase circuit. Note that the voltmeter and potential 
coil of the wattmeter are both connected across the 
line; and that the ammeter and the current coil of 
the wattmeter are both connected in series with 
the line. 

It does not matter which side of the line the am-
meter and wattmeter are connected in, as all the 
current to the motor must flow through each line 
wire, and correct total readings can be obtained 
from either wire. 
The voltmeter in this case will indicate whether 

or not the line voltage is proper for the voltage rat-
ing of the motor as given on the name-plate of the 
machine. 

Fig. 31. This sketch shows the method of connecting the meters to 
measure voltage, current, and power of a single-phase motor. 

Too low a voltage will cause reduced toroue and 
poor efficiency of motors, and possibly also cause 
them to overheat. 
The ammeter when connected as in Fig. 31 will 

indicate the current load on the motor and show 
whether the machine is overloaded, or possibly too 
lightly loaded. The full-load current rating of 
A. C. motors is usually stamped on their name-
plates. 
The wattmeter may be used instead of the am-

meter to determine the load on the machine; but 

if the power factor is low, the wattmeter reading 
divided by the voltage is not a reliable indication o 
the current load on the machine; because with 1 
power factor there may be considerable wattles 
current flowing. 
The wattmeter can be used with the voltmeter 

and ammeter to determine the power factor of the 
machine. The wattmeter will read the true power, 
and the product of the voltmeter and ammeter read-
ings will give the apparent power. Then, dividing 
the true power by apparent power will give the 
power factor, as previously explained. 
The wattmeter reading gives the true power input 

to the motor, and enables one to calculate the h. p. 
the motor should deliver if it is operating properly. 

Fig. 32. When meters are used to measure the energy of high voltage 
lines instrument transformers are used to reduce the voltage and 
current to the meters. 

49. METER CONNECTIONS FOR HIGH 
VOLTAGE CIRCUITS 

Fig. 32 shows the meters and connections for 
measuring the voltage, current, and power of a high-
voltage circuit, where instrument transformers are 
used. 

On circuits over 600 volts, meters are very seldom 
connected directly to the line, because of the danger 
to operators and the difficulty and expense of in-
sulating the meter elements for the higher voltages. 

Special transformers are used to reduce the vol-
tage and current at the meters to a definite fraction 
of the voltage and current on the line. These trans-
formers are called current transformers and poten-
tial transformers, and are designed to maintain on 
their secondaries a fixed ratio of the voltage or cur-
rent on their primaries. The meters used with such 
transformers can, therefore, be calibrated to read 
the full voltage, current, or power on the line. 
The potential transformer on the left in Fig. 32, 

has its primary winding connected across the line, 
and its secondary supplies both the voltmeter and 
the potential coil of the wattmeter, which are col) 
nected in parallel. 
The current transformer on the right has its prim-

ary coil connected in series with the line, and its 
secondary supplies both the ammeter and the cur-
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rent coil of the wattmeter, which are connected 
in series. *You will note that the secondaries of both trans-

mers are grounded, to prevent damage to instru-
ments and danger to operators in case the insulation 
between the high-voltage primary and the low-vol-
tage secondary coils should fail. 
The potential transformer is equipped with fuses 

in its primary leads. 
Never disconnect an ammeter from a current 

transformer without first short - circuiting the 
secondary coil of the transformer. 

If the secondary of a current transformer is left 
open while its primary is connected to the line, 
dangerously high voltages may be built up in the 
secondary. This will be more fully explained in a 
later section on transformers. 

50. DETERMINING RESISTANCE OF A. C. 
CIRCUITS 

Resistance measurements on A. C. circuits can be 
made by use of a Wheatstone bridge or a megger, 
both of which were explained in the section on D. C. 
meters. The Wheatstone bridge is most frequently 
used for making accurate tests on lines or devices 
of various resistances, although the megger is very 
convenient for making tests where extreme accur-
acy is not required. 
The resistance of an A. C. circuit or device can 

also be calculated from voltmeter and ammeter read-

1Ps, by passing low-voltage direct current through 
e circuit under test. Inductance does not oppoàe 

the flow of D. C., so the current flow will be pro-
portional to the voltage and resistance only. 
When the voltage and current readings are ob-

tained with D. C. meters and with D. C. voltage 
applied to the circuit, the resistance can then be 
determined by the formula E -÷- I = R, with which 
you are already familiar. 

It is well to remember that the resistance of wires 
and metallic circuits of copper, aluminum, iron, etc., 
will increase with any increase in the temperature 
of the conductors. This is particularly true of iron 
or resistance alloys in rheostats, and of the filaments 
in incandescent lamps. 
The resistance of lamp filaments when heated to 

incandescence may be from 4 to 10 times as high as 
it is at 70° F., or ordinary room temperature. 
51. CURRENT MEASUREMENTS ON 

THREE-PHASE CIRCUITS 
Fig. 33 shows a three-phase motor with an am-

meter connected in one of its phase wires to measure 
the current. If the motor is operating properly, the 
current should be very nearly the same, or balanced 
in all three phases. Prove this by actual tests on 
some of the motors in the A. C. Department of your 
shop course. 

he current rating on the name-plate of any three-
ase motor is the amount of current that should 

flow in each of the three wires leading to the motor. 
Therefore, if the motor shown in Fig. 33 has a 
name-plate rating of 50 amperes, an ammeter should 

Fig. 33. Ammeter connected to measure the current in one phase of a 
three-phase motor. 

show 50 amperes in any of the three phases when 
the motor is operating fully loaded. 

If the current is unbalanced to any great extent, 
it indicates that there is probably a fault in one or 
more of the phases in the motor winding. 
Where the current of a three-phase system is 

known to be balanced at all times, one ammeter 
permanently connected in any .phase is all that is 
required to determine the current. 

It is well, however, to occasionally test all three 
phases with a portable ammeter, to locate any pos-
sible unbalance which may occur due to faulty ma-
chine windings; or to locate unbalance which may 
occur on main wires by connecting more single-
phase equipment on some one phase than on an-
other. 

All single-phase load connected to a three-phase 
system should be kept balanced as much as possible, 
by connecting an equal number of devices or equal 
loads in kv-a. to each phase. 

Fig. 34. This diagram shows three different connections for a voltmeter 
used to measure the voltage of each phase of the three-phase Une 
to this motor. 

Where the load is likely to be unbalanced and the 
amount of load on the different phases is varying, 
it is often well to have three ammeters, one con-
nected in each phase. 

52. VOLTAGE MEASUREMENTS ON 
THREE-PHASE CIRCUITS 

Fig. 34 shows the method of connecting a volt-
meter to indicate the voltage of a three-phase sys-
tem or motor. The voltmeter can be connected be-
tween any two of the three wires, and should show 
approximately the same reading on all phases. 

Slight variations of voltage between the various 
phases generally do no harm, but if the voltmeter 
shows widely varying readings when connected first 
at X, then at Y, and then at Z, it indicates that 
the circuit is probably unbalanced. 
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This unbalance and reduced voltage on certain 
phases will decrease the torque and efficiency of 
three-phase motors operating on the line. 
53. POWER MEASUREMENTS ON THREE-

PHASE CIRCUITS e 
For measuring the power of three-phase circuits, 

either single-phase or polyphase wattmeters can be 
used. The readings of single-phase wattmeters can 
be totalled up to obtain the three-phase power, while 
a three-phase wattmeter will read directly the true 
power of all three phases. 
Where single-phase wattmeters are used, the two 

wattmeter method shown in Fig. 36 is very com-
monly applied. 

In order to obtain correct results with the two 
meters, it is necessary to test them to make sure 
that corresponding coil leads are brought out to 
the same meter terminals; or, if they are not, to get 
them correctly marked so that the meters can be 
connected properly to the three-phase wires to get 
the right polarity of the meter coils. 
To test the meters, connect them both to a single-

phase circuit, or to the same phase of a three-phase 
circuit, as shown in Fig. 35-A. Make sure that there 
is some load on the circuit to enable the meters to 
show a reading. 

Fig. 35-A. Above is shown the method of connecting wattmeters to a 
single-phase circuit to locate the proper terminals of the potential 
and current coils. 

Fig. 35-B. This sketch illustrates the method of reversing the leads to 
the potential coil if necessary, to make the meter read properly. 

If both meters give the same indication with their 
pointers moving across the scale in the right direc-
tion, then carefully mark or tag the terminal of the 
potential coil and the terminal of the current coil 
which are connected together and to the line. In 
this figure these leads are each shown marked with 
an "X". 

If one of the meters reads 'backwards" when con-
nected as shown in Fig. 35-A. the potential coil 
leads should he reversed as show n in Fig. 35-B. 
The meter should then read "forts ard"; that is, its 
pointer should swing to the right across the scale. 
The terminals or leads should then be marked as 
shown. 
With the two meters now connected to the three-

phase circuit as shown in Fig. 36 and with the 
proper terminals connected together and to the lines, 
the meter readings will be called "positive" re 
ings. The sum of the two meter readings will be 111 
total three-phase power of the circuit. If the meters 
are properly connected as shown in Fig. 36 and the 
pointer of one meter attempts to swing backwards, 
or below zero, the potential leads of that meter 
should be reversed, as shown on meter No. 2 in Fig. 
37. Its reading is then called "negative," and should 
be subtracted from that of the positive meter to get 
the three-phase power. 

Fig. 36. This sketch shows the connections for using two single-phase 
wattmeters to measure the power in a three-phase circuit. 

54. CORRECT CONNECTIONS NECESSARY 
FOR ACCURATE RESULTS 

Fig. 38 also shows the connections for the 10 
wattmeter method" but shows the current coil of 
one of the meters connected in a different phase 
from what it was in Fig. 36. The current coils of 
the two wattmeters can be connected in any two of 
the three phases, and if the potential coil leads are 
properly connected the results should be the same. 
However, one of the potential coil leads of meter 

2 is connected wrong in Fig. 38, as this con-
nection will give correct readings only when the 
power factor is unity, or 100%. 
As unity power factor is seldom found on any 

A C. circuit, this connection should usually be 
avoided, and the potential coil lead should be con-
nected as shown by the dotted line. 

Fig. 37. This diagram shows the connections to the lower wattmeter 
reversed to obtain proper readings on circuits with low power factor. 
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When the "two wattmeter method" is used, the 
ends of the potential coils which are not attached -Orctly to the same wire with their current coils 

uld connect to the phase wire in which no cur-
rent coil is connected; as shown in Fig. 36, or in 
Fig. 38 after the one lead is corrected as shown by 
the dotted line. 

It may at first seem peculiar that two wattmeters 
used in this manner will give the total three-phase 
power of the circuit. This is true, however, because 
the current which flows to the lead through the un-
metered wire at any instant must be flowing back to 
the alternator through one or both of the other 
wires, thus allowing the two meters to read full 
3 0 power. 
The phase relations between the currents and vol-

tages of a balanced three-phase system are such that 
the "two wattmeter method" will accurately give 
the total three-phase power, if the connections are 
properly made and the readings are added if they 
are both "positive", or subtracted if one is "nega-
tive" and the other "positive". 

If wattmeter No. 1 in Fig. 36 reads 8000 watts and 
meter No. 2 reads 6000 watts, the total power will 
be 8000 + 6000, or 14,000 watts. 

L.-

Load 

Fig. 38. This sketch shows the correct and incorrect methods of con-
necting one of the wattmeters when measuring three-phase power by 
the "two wattmeter method". 

If the meters must be connected as shown in Fig. 
37 to obtain readings above zero, then the negative 
reading must be subtracted from the positive read-
ing to get the total power. 

For example, if meter No. 1 in Fig. 37 reads 
20,000 watts and Meter No. 2 reads 6,000 watts, 
then the total power will be: 

20,000 — 6,000, or 14,000 watts. 
In all circuits where the power factor is less than 

50 per cent., one of the two wattmeters will give a 
negative reading. 
On circuits where the load is quite constant, one 

wattmeter can be used to determine the three-phase 
power, by connecting it first in one phase and then 

ianother, as shown at positions 1 and 2 in Fig. 39. 
he reading of the meter in position 1 is noted, 

and the meter is then shifted to position 2, and the 
reading is again noted. If both readings are "posi-
tive", their sum will give the total true power. If 

LINE LOAD 

Fig. 39. The above diagram shows the manner of connecting one watt-
meter in two different phases of a three-phase system in order to 
measure the total power. 

one reading is "positive" and one negative, their 
difference will give the total true power. 
One wattmeter should not be used to determine 

total three-phase power on circuits where the load 
varies much, as the load may change while the 
meter connections are being changed, and thus give 
an incorrect total. 

55. POWER MEASUREMENT ON HIGH 
VOLTAGE CIRCUITS 

Fig. 40 shows the connections for the "two watt-
meter method" of measuring three-phase power on 
high-voltage circuits where instrument transformers 
are used. 

Separate potential transformers supply the vol-
tage from the two phases to the potential elements 
of the wattmeters. Separate current transformers 
supply the proportional current from the two phases 
to the current elements of the two wattmeters. 
The same procedure of marking the potential and 

current coil leads and checking the positive or nega-
tive readings is followed in this case as when no 
instrument transformers are used. 

Fig. 40. Connections for two wattmeters on a three-phase circuit, using 
instrument transformers to reduce the voltage and current to the 
meters. 

56. THREE METER METHOD OF POWER 
MEASUREMENT 

Fig. 41 shows three wattmeters used to measure 
the total power of a three-phase system. 
With this connection we use a "Y box" which 

consists of three separate resistances, connected to-
gether at one end to form a star connection and pro-
vide a neutral point to which one end of each watt-
meter potential coil is connected. 
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When connected in this way, each wattmeter 
measures only the power of the phase in which it is 
connected, and the total power will be the sum of 
the three meter readings. 

For example, if meter No. 1 reads 14,000 watts, 
meter No. 2 reads 16,000 watts, and meter No. 3 
reads 17,000 watts; the total power will be 47,000 
watts. 
Wattmeters connected in this manner will always 

read "positive" regardless of the power factor. 
This makes the method very simple and reliable 

and one which is very commonly used on large 
power circuits, where very accurate readings are 
important and all chance of error should be avoided. 
For measuring the total power of a three-phase, 

four-wire system, the connections shown in Fig. 42 
are used. In these systems the neutral wire is al-
ready provided by the fourth wire which is con-
nected to the star point of the windings of the alter-
nator or at the transformer connections, and there-
for no Y box is needed. 
The total power of the three-phase, four-wire 

system thus measured will be the sum of the three 
meter readings. 

Fig. 41. Meter connections for a "three wattmeter method" for measur-
ing the total power in a three-phase circuit. The Y Box shown in 
this diagram is explained in the accompanying paragraphs. 

57. METERING THE OUTPUT OF AN 
ALTERNATOR 

Fig. 43 shows the meters and connections for 
measuring the power output of an alternator, both 
in true power and apparent power, and also for 
determining the voltage, current, and power factor. 
We will assume that the meter readings are as 

follows: 
Voltmeter r= 440 E 
Ammeter -= 60 I 

Wattmeter No. 1 = 18,250 W 
Wattmeter No. 2 =-. 21,750 W 

The total three-phase true power will then be 
18,250 ± 21,750 = 40,000 W, or 40 kw. 

The total three-phase apparent power will be 
EXI X 1.732, or 440 X 60 X 1.732 = 45,724.8 
watts or approximately 45.725 kv-a 

true power 
The power factor will then be 

app. power 
or, 40 +. 45.725 — .874, or 87.4% P.F. 

Fig. 42. This diagram shows the connections for three wattmeters to 
measure the power of a three-phase, four-wire system. 

58. PRACTICAL METER TEST AND 
POWER PROBLEMS 

The following practical examples are given for 
your practice, to make you thoroughly familiar 
with the use of the formulas and methods com-
monly used on actual circuits in the field. 

In a great many cases the men who can make 
these calculations as well as operate and maintain 
the machines intelligently are the men who become 
foremen or chief operators. 

Assume that we have made a meter test 041) 
single-phase circuit and have obtained the following 
readings: 

Voltmeter = 220 E 
Ammeter = 80 I 

Wattmeter = 14,000 W 

What will be the kw., kv-a., and P.F. of this 
circuit? 

Use the proper formulas in each case, looking 
them up in the preceding articles if necessary, and 
work out each part of the problem step by step, 
and carefully. 

The answers are given here to enable you to 
check your results. 

kw. = 14, kv-a. = 17.6, and P.F. 79.5% 

In another case, you are called upon to make a 
test of an alternator and you obtain the following 
meter readings: 

Voltmeter = 2200 E 
Ammeter = 50 I 

Wattmeter = 160,000 W 

What will be the kw., kv-a., and P.F.? 

Answers: kw. = 160, kv-a. = 190.5+, and 
P.F. -= .839 or 84-70. 

On a two-phase system we find a voltage of 200 
on each phase, current of 60 I on each phase, a 
a wattmeter reading shows 9,000 watts on eac 
phase. What will be the kw., kv-a., and P.F.? 

Answers: kw. 18, kv-a. = 24, and P.F. .75 
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Fig. 43. Voltmeter, ammeter, and wattmeter connected to measure the 
voltage, current, and power output of a three-phase alternator. 

If a coil or winding of an A. C. machine has a 
flow of 5 amperes through it when connected to 
200 E, A.C., and has 20 amperes through it when 
connected to 100 E, D.C., what will be the impe-
dance, the resistance, and the P.F. of the winding? 

On A. C. circuits: 
E 200 
Z. =---I- therefore - 40 ohms impedance 

5 

• 

• 

On D. C. circuits: 

E 100 
R I ' therefore — 5 ohms resistance 

20 

When both the resistance and impedance are 
known, 

5 1 
P.F. — therefore - - = —, or .125, 

Z 40 8  
or 12%70 P.F. 

If a circuit with a condenser or capacity effect, 
causing a capacity reactance of 20 ohms, is con-
nected in series with a resistance of 12 ohms, what 
is the total impedance and the P.F ? 

Z = .‘,/ R2 + Xc2, or Z = V 122 + 202 

122 = 12 X 12 or 144 

202 = 20 X 20 or 400 

144 + 400 = 544 

V544 = 23.3 +, ohms impedance 

12 
P ••• or 23.3 = .515, or 51.5% P. F. 
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OPPOSITION TO CURRENT IN THE A.C. CIRCUIT. #1. 

D.C. 

I - E _   • I. 
- - 

In D.C. circuits resistance is the only opposition encountered by 
I flow,therefore,the I is proportional to the E applied,or inversely 
proportional to the resistance of the circuit. OHMS LAW for D.C. also 
applies to A.C. circuits containing resistance only,and is 
approximately correct. 

• • •••••• 

Inductance effects exist in D.C. circuits only during I changes.The 
I is opposed by a self induced E generated by the expanding magnetic 
field. This E does not exist when the flux becomes stationary. 

INDUCTIVE REACTANCE is a C.E.M.F. generated in the A.C. circuit of 
inductive nature by the expanding and contracting magnetic field set 
up by the varying A.C. Its symbol is XL and its value is measured in 
ohms. XL has 2 effects in the A.C. circuit: 1.It opposes I flow. 
2.It causes the I to lag the applied E by almost 90°. XL varies as the 
frequency. The E applied to apparatus designed for one frequency must 
be changed in the same proportion when operated on another frequency. 

mom emm. eumm ••••• loom. momm ••• «um» •••• «•••m, «Nub e.M.I 

fro... 0 '•••••• 

CAPACITY REACTANCE is the opposition offered to the flow of an A.C. 
by a condenser. Its symbol is Xe,and its value is measured in ohms. 
Xe has 2 effects in the A.C. circuit: 1.It opposes I flow. 2.It causes 
the I to lead the applied E by almost 90°. Xe varies inversely as the 
frequency. When a condenser is to be operated on a higher frequency, 
the E applied should be reduced in the same proportion as the 
frequency is increased. 
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OPPOSITION TO CURRENT IN THE A.C. CIRCUIT. #2. 

E 
In a circuit of resistance 

I only the I will be in phase 
fi.C. R with the E,since there is no 

reactance present to cause the 
I to lag or lead the E applied. 

IMPEDANCE is the total opposition offered to the flow 
symbol is Z,and its value is measured in OHMS. Z may consist 
XL only,Xc only,or any combination of these effects. 

OHMS LAW for A.C. - The I is proportional to the E applied,and 
inversely proportional to the IMPEDANCE of the circuit. 

Z =E, I=E, E=Ix7.— 
Y  2. 

XL is 900 out of phase with R. 9 ° 
Xc is 90° out of phase with R. Te/ 
XL is 1800 -*.X 

of an A.G. Its 
of R only, 

Xt. 

out of phase with > 

A.C. quantities must be added geometric- \o° 
ally when out of phase with each other. .....), 
They may be added by simple arithmetic 
only when they are in phase with each Xc 
other. 

1800 

EXAMPLES FOR IMPEDANCE IN A SERIES CIRCUIT. 

R and XL in series. R and Xc in series. R,XL,and Xe in series. , 

A 
R XL Xe R Xe R X 

T 1-

z = \J a I=? a + XC z = \I R 2 + x,2 

\I a  \I a+ a 
a 

q 2 4- 2 \I -4- 
\I + 

q + \I = Z 

z 

\I 
- 
- Z 

q 

4 
. 

Scaie 

= 

z 

4(..; 
R. 

z 

=/0 Units Per-k" 

Z 

z 

- _ 
E.. 

Xr: 

, 

E.- -R. 

z 

E, . Line E 
ED- 

5co-Le .1 Unzt Per --4-" 

ED. 
Xt" 

.Sco.Le = 1 Una Per*" 



• 

0 

le 



A.C.DEPT. 
236 A 

IMPEDANCE TEST - JOB # 3. 

READ THE FOLLOWING INSTRUCTIONS CAREFULLY. FAILURE TO DO SO MAY 
RUIN THE AMMETER.  
CONNECT THE RESISTANCE, INDUCTIVE REACTANCE,AND CAPACITY REACTANCE IN 
SERIFS AS SHOWN IN THE DIAGRAM. ADJUST THE RESISTANCE(WATER RHEOSTAT) 
UNTIL AMMETER REGISTERS EXACTLY 20 AMPERES. WITH VOLTMETER,MEASURE THE 
VOLTAGE DROP ACROSS EACH UNIT IN THE SERIES CIRCUIT. 

77'  

Xe = Voltage drop across Xe  
Amperes 

R Voltage drop across R  
Amperes 

XL Voltage drop across XL 

Amperes 

7.9S  
›-z) 

c7.2ç  

After obtaining the above values 
total IMPEDANCE may be determined 

Xe 

XL 

of Xc,R and XL,the 
as follows: 

(1) Z le+ (XL - Xe) e. (4) Z î 

(2) z ( - (5) z 

F. C. 

7? 

(3) Z 1 (6) Z 

The value of Z obtained above may be chocked by dividing the 
line voltage by the ammeter reading.Errors in the instruments 

and in meter readings will probably cause some variation be-
tween the two values. Test by using the following formula: 

Z = Line voltage   
Amperes 

Z. 

XL 

5".9si 

xe 

Coyne. 
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ANlit.if 

0,.... SIN. SEC TAN. COT CSC'. COS 
Awitsà.4 
0111111z 

0 .000 1.000 .000 41KD 00 1.000 90 

/ •01 7 I. 000 .017 57.290 37.299 1.000 89 
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7 .I22 i008 .183 8.144 P.706 .993 83 
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_93-C 

.931 72 
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21 .33'8 1.071 •3454• 12.4o5 2.790 .934 69 

' 22 .375 1.079 .404 2.47$ 2.6 6 9 -9 27 48 

23 .391 1.086 .424 1.356 2.55.9 -92/ 67 
24 .407 _1.09$ 445 2.244 2.439 .914 44 
25 .423 /./03 .466 2.14$ 2.344 .996 6.3 

26 .4343 1.113 .48E3 a.050 2.281 .899 44 

27 .434 1.122 .510 i.963 2.203 .2111/ 63 
28 469 1•133 .532 1.881 a.I.30 .883 ca 

29 .483" 1 • 143 ..3.54 1.804 2.063 .815 Ci 

JO .500 1.135 .57? /733 2.000 .866 60 
ji .513 1./67 .601 4664. 1.942 .857 .59 

32 .5.30 1.179 .625 1.600 /.887 .848 58 

33 .545 /./.92 .643 1.540 1.836 .839 57 

-34 .359 1.206 .67.5 1.483 i•788 .829 36 

33 • 574 1. 2 21 .700 1.428 1•743 • 919 SS 
36 .588 1.236 .727 i.376 1.701 .809 54 

37 .6oa /.252 .75'4 1.327 1.C62 .799 .53 

38 .616 1.269 .781 1.280 1.624 .788 52. 
39 .62.9 1.2.97 .8/0 1.233 1•589 .777 .5 1 
40 .643 /.305 .8j9 1.192 t.set, .74.6 50 
g/ .G3-6 A325 .869 i.iso e.5-27 .745 49 
41 •669 /.346 .60o /./// 1.494 .743 48 
43 •682 i3457 -933 1.072 1.466 .73, 47 
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4s • to, 1.414 1.000 1.000 1.414 .707 44" 
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POWER IN THE A.C. CIRCUIT #1. 

• a». 

INDUCTIVE CIRCUIT 

V.A. r. E x I 

W = W.M. reading 

Energy I = W = 

P.F. W = 
V.1L. 

••• 
• 

••• 

«MO 

••• 

CAPACITIVE CIRCUIT 

••••••• 

V.A.   V.A. 
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POWER IN THE A.C. CIRCUIT #2. 

FULLY LOADED INDUCTION MOTOR WITHOUT P.P. CORRECTION 
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Condensers ere connected in parallel with inductive apparatus to 
absorb magnetizing current rather than permit it to return period-
ically to the generator;and thus improve the P.F. of the circuit. 

Disadvantages of low power factor. 
1.Greater cost of power due to P.F. penalties imposed on power bill. 
P.Larger generators,transformers,transmission lines and apparatus 
will be required to carry a given K.W. load. 

3.Increased line wattage loss and line voltage drop. 
4.Voltage regulation is poor on circuits of low power factor. 

Causes of low power factor. 
1.Under loaded induction motors. 2.Induction furnaces. 3.Electric 
welders,or in general any inductive apparatus requiring magnetiz-
ing current for its operation. 

Methods of correcting low power factor. 
1.Fully load,or slightly overload induction motors. 
P.Static condensers. 3.Synchronous motors. 
Condensers used for P.F. correction are rated in K.V.A. 
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ALTERNATING CURRENT MOTORS 

By far the greatest part of all the electrical energy 
generated is used for power purposes, and most of 
this mechanical power is developed by alternating 
current motors. 

A. C. motors are made in sizes from 1/1000 h. p. 
and less, up to 60,000 h. p. and over, and they can be 
built even larger if any need for more powerful 
motors arises. 

A. C. motors are made to meet almost every con-
ceivable need and condition in the driving of ma-
chinery and equipment of all kinds. Some of the 
latest type A. C. motors are designed to produce 
excellent starting torque and give a wide range of 
speed control, and many other desirable character-
istics which it was formerly thought possible to 
obtain only with D. C. motors. 
Alternating current motors have the advantage 

of practically constant speed; and the A. C. squir-
rel-cage induction motor, which is the most com-
monly used type, has no commutator or brushes 
and therefore eliminates all sparking and fire hazard 
and reduces the number of wearing parts. 

A. C. motors are quiet, safe, and efficient in opera-
tion, and very convenient to control, and are there-
fore an ideal type of power device. An operator 
can start or stop a unit of several thousand h. p. by 
merely pressing a button of an automatic remote 
controller such as is used with many large A. C. 
motors. 

A. C. electric motors are rapidly replacing steam 
and gas engines and other forms of power in older 
factories; and practically all new factories, mills, 
and industrial plants are completely operated by 
electric motors. Millions of A. C. motors are in use 
in machine shops, wood working shops, saw mills, 
automobile factories, and industrial plants of all 
kinds. 

Fig. 154 shows a group of A. C. motors driving 
machines in a textile mill, and Fig. 155 shows two 
large motor-driven planers in a wood working 
plant. 

Motor installation and maintenance provides one 
of the greatest fields of opportunity in the entire 
electrical industry, for trained men to cash in on 
their knowledge in interesting and good paying 
‘vork. 

164. TYPES OF A. C. MOTORS 
Alternating current motors are made in a number 

of styles or types, depending upon the class of ser-
vice and type of power supply they are intended 
for. The most common of these are the repulsion, 
induction, and synchronous types. 
Repulsion motors are used on single-phase cir-

cuits only, but induction and synchronous motors 
are made in single-phase, two-phase, and three-
phase types. 

Single-phase motors are most commonly made in 

sizes from 1/2  to 10 h. p., although in a few cases 
larger ones are used. They are usually wound for 
circuits of 110, 220 or 440 volts. 
Two-phase motors are still in use to some extent 

in a few older plants and factories, but the great 
majority of A. C. motors are three-phase. Three-
phase motors are commonly made in sizes from 
1/2 b. p. to several thousand h. p. each, and can be 
made as large as any present requirements demand. 

Fig. 156 shows a 3000-h. p., A. C. induction motor 
in use in a modern steel mill. The control panel is 
shown at the left of the motor. 

165. VOLTAGE RATINGS AND SPEEDS 

The majority of three-phase motors are operated 
at 220, 440 and 550 volts, but many of the larger 
ones of several hundred h. p. and up, are designed 
for voltages of 1100, 2300, and up to 12,000 volts. 
Medium-sized A. C. motors are commonly made 

to operate at speeds ranging from 900 to 3600 
R.P.M. and very large motors operate at lower 
speeds, from 200 to 600 R.P.M. Very small single-
phase motors of the repulsion or series universal 
type are made to operate at speeds from 4000 to 
12,000 R.P.M. 

Power motors of the higher speed types develte 
more h. p. for a given size than the low sp 
motors. 

166. CONSTRUCTION FEATURES AND 
GENERAL PRINCIPLES 

A. C. motors are also made with various types 
of open and enclosed frames, to adapt them to uses 
in different locations and under various conditions. 

Fig. 154. This photo shows a group of machines in a textile mill, each 
of which is driven by an individual A. C. motor. 
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Fig. 157 shows a 5-h. p., three-phase, 220-volt, in-
ite uction motor of a common type, such as is used 

the tens of thousands in this country for turning 
e wheels of industry. 
Fig. 158 shows an A. C. motor with an enclosed-

type frame, which keeps all dust and dirt from its 
windings. 
The constructional features and general operating 

principles of A. C. motors have been covered in this 
Reference Set in Section Two of Armature \Vind-
ing, and so they need not be repeated in detail here. 
It will be a very good plan for you to carefully re-
view Articles 66 to 75 inclusive and to re-examine 
Figs. 45 to 57 in Section Two of Armature Winding, 
and get these points well in mind again before pro-
ceeding further with this section. 

Fig. 15$. An A. C. induction motor in use for driving a woodworking 
machine. The motor is connected to the machine by means of a 
special rope drive. (Photo courtesy Allis-Chalme:s Mfg. Co.) 

You have already learned that the principal parts 
of ordinary A. C. induction motors are the stator 
and rotor. 
You will recall that the stator is commonly con-

nected to the line and receives alternating current 
which sets up a revolving magnetic field around the 
inside of the stator winding. This revolving flux 
cuts across the bars or windings of the rotor, in-
ducing a secondary current in them, and the re-
action between the flux of the rotor currents and 
that of the revolving stator field produces the turn-
ing force or motor torque. 

Fig. 159 shows the stator of an A. C. induction 
motor, and Fig. 160 shows a squirrel-cage rotor for 
the sanie type motor. Fig. 161 shows a sectional 
view of an induction motor, with the rotor in place 
inside the stator core. 
Some A. C. induction motors have wire windings 

on their rotors, instead of bars such as are used on 
squirrel-cage rotors. These wire-wound rotors are 
called phase-wound rotors and will be explained 
e later paragraphs. 

167. MOTOR CHARACTERISTICS 

Each of the different types of A. C. motors has 
certain different characteristics with respect to their 

starting torque, load "pull out" torque, speed regu-
lation, power factor, efficiency, etc. It is very im-
portant for you to know these different character-
istics and to be able to compare them for various 
motors, so you will be able to select the proper 
motors for the various power drives and applica-
tions you may encounter on the job. 
Some of these motor characteristics you are al-

ready familiar with from your study of D. C. 
motors; while others apply only to A. C. motors 
and are covered for the first time in this section. 
Motor characteristics depend largely on their de-

sign, and therefore the characteristics of any certain 
type of motor can be varied considerably by the 
manufacturers. Motors are available in common 
types with the required characteristics for most 
any power need, and for special requirements the 
designers and manufacturers can build motors of 
just the proper type to fit the needs of most any 
job. 

In the following pages we shall take up each com-
mon type of A. C. motor separately, and thoroughly 
explain its principles, characteristics, and applica-
tions. 

Before doing this, however, there are a few gen-
eral terms and expressions which apply to all A. C. 
motors and with which you should be familiar. 
These terms will be frequently used in explaining 
the various motors, and if you will carefully 
familiarize yourself with them now, it will make the 
following material much easier to understand. 

168. SYNCHRONOUS SPEED 
The term synchronous speed as used in connec-

tion with A. C. motors refers to the speed in R.P.M. 
of the rotating magnetic field which is set up around 
the stator by the current supplied from the line. 
Synchronous motors revolve at the same speed as 

the rotating magnetic field in their stators, and thus 
maintain constant speed as long as the frequency 
of the line current remains unchanged. 

The speed of the rotating magnetic field of any 
A. C. motor and the operating speed of synchron-
ous motors depend upon the frequency of the cur-
rent on which they operate and the number of poles 
in their stator winding. 

This synchronous speed can always be found by 
the simple formula: 

S = 
120 X f 

In which: 
S = synchronous speed in R.P.M. 
f = frequency in cycles per sec. 
p = number of poles in the motor. 

120 =. twice the number of seconds in one 
minute. 

The constant 120 is used instead of 60 seconds 
per minute, because a pole of the rotor must pass 
one pair of poles during each cycle. 
For example, if a four-pole motor is operated on 
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Fig. 156. This photo shows a 3000-h. p., 375 RPM, A. C. induction motor in use in a steel mill. Note the control panel and resistors for starting 
and speed regulation shown in the left of this view. (Photo Courtesy General Electric :lc/4 

a 60-cycle circuit, its synchronous speed will be: 

120 X 60  
S — , or 1800 R.P.M. 

4 

169. SLIP 

A. C. induction motors never operate at exactly 
synchronous speed, as their rotors must always 
turn at slightly lower speed than the rotating mag-
netic field, in order that the lines of force will cut 
across the rotor conductors and induce the neces-
sary current in them. 

This difference between the actual operating 
speed of induction motors and the speed of their 
rotating magnetic fields is called the slip of the 
motor. The slip is generally expressed in per cent. 
of synchronous speed. 

For example, if a six-pole induction motor is 
operated on a 60-cycle circuit, it will have a syn-
chronous speed of 1200 R.P.M., but its actual speed 
when fully loaded is only 1140 R.P.M. 

To find the per cent. slip, we can divide the 
amount of slip by the synchronous speed, or in the 
case of the motor just mentioned, 1200 — 1140 = 60 

60 
R.P.M. of slip, and 1200 —.05, or 5%, slip. 

The slip of a motor will vary with the amount 
of load. Increasing the load causes the rotor to slow 
down a little and allows the magnetic field to cut 
across the rotor conductors more rapidly, and there-
by develop in the rotor the increased amount of in-

duced current needed to maintain the added tor. 
for the heavier load. 
The slip of various induction motors usually 

ranges from 2 to 8 per cent., according to the size 
and type of motor and the amount of load con-
nected to it. The larger motors have less slip than 
small ones do. 

170. TORQUE: STARTING, FULL LOAD 
and PULL-OUT 

You have already learned that the term torque 
applies to the twisting or turning effort developed 
by a motor. Torque is expressed and measured in 

Fig. 157. Common type of 5-h. p. A. C. induction motor. Motors of 
this type are used by the thousands in factories and industrial plants 
throughout the country. (Photo courtesy General Electric Co.) 
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pounds-feet; a torque of twenty pounds-feet being 
e rial to a pull of 20 lbs. at a radius of one foot, or a 
1 of 10 lbs.. at a radius of 2 feet, etc. 
ou have also learned that the important torque 

values to consider in selecting motors of proper 
characteristics, are: the starting torque, full load 
torque, and pull-out or stalling torque. 
The full load torque of a motor is taken as a bas, 

and the starting and stalling torque are compared 
with it. and expressed as a certain percentage of 
the full load torque. For example, if a motor has a 
full load torque of 15 pounds-feet, and a starting 
torque of 30 pounds-feet, the starting torque is two 
times the full load torque, or 200%. 
As the full load torque is used as a base for com-

parison, it is important to have some means of de-
termining this torque. The full load torque of a 
motor can be found by the following formula. 

5252 X H. P. 
T = 

R.P.M. 
In which : 

T = full load torque in pounds-feet. 
5252 = constant. 
H.P. = horse power rating of motor. 

R.P.M. = motor speed in rev, per min. 

As an illustration, if a 10 h. p. motor has a speed 
of 1800 R.P.M., its full load torque would be: 

• 
5252 X 10 , or 29.2 — pounds-feet 

1800 

The starting torque or turning effort exerted by 
a motor during starting is very important and 
should always be considered when selecting motors 

Fig. 158. A. C. induction motor with totally enclosed frame to keep out 
dust and dirt from the windings and also prevent fire and explosion 
hazard. (Photo courtesy General Electric Co.) 

that are to start up under heavy loads. The start-
ing torque of common induction motors will vary 
from 2 to 5 times the full load torque, according to 
the design of the motor and the amount of line 
voltage applied during starting. érhe starting torque of an induction motor varies 

ctly with the square of the applied voltage dur-
ing starting. 
The pull-out torque of a motor is the torque re-

quired to cause the motor to pull out of step with 

Fig. 159. This view shows a stator of an induction motor with the end 
shields and rotor removed. When A. C. is applied to the winding 
a revolving magnetic field is set up around the inside of the 
stator core. 

the line frequency, slow down, and come to a com-
plete stop if the overload which exceeds the pull-out 
torque is left on the machine. In other words, the 
pull-out torque expresses the ability of a motor to 
carry overloads without stalling. 
The pull-out torque of common A. C. motors 

ranges from 11/2  to 3 times full load torque. 
The starting torque, full load torque, and pull-out 

torque of an A. C. motor can be found by means 
of the brake horse-power test which was explained 
in Articles 142 and 143 in Section Three of Direct 
Current Motors. 

171. EFFICIENCY AND POWER FACTOR 

As you have already learned, the efficiency of any 
motor is the ratio of its output to input, or 

Mech. h. p. output 
eff. = Elec. h. p. input 

The mechanical h. p. output of any motor can be 
determined by means of the brake h. p. test, and the 
electrical h. p. input can be found by using a watt-
meter or voltmeter, ammeter, and power factor in-
dicator, and then dividing the watts by 746. 
The efficiency of A. C. motors varies with their 

design and also with their size. The efficiency of 
common induction motors generally ranges from 
about 78% to 82% on motors of 1 to 5 h. p., and up 
to 90% or better on motors from 25 h. p. to several 
hundred h. p. 
The efficiency of any A. C. motor is always higher 

when the motor is operated at or near full load, 
and becomes much lower when the motor is oper-
ated lightly loaded. 

This is also true of the power factor of A. C. 
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Fig. 160. Squirrel-cage rotor from an A. C. induction motor. Note the 
manner in which the bars are imbedded in the core slots and also 
note the ventilating fans at the ends of the rotor. 

motors. The power factor of large motors is usually 
higher, ranging from 78% to 85% for motors of 1 
to 5 h. p. to 93% for motors of 200 h. p. and up. 
The power factor of an induction motor is much 
better when the motor is fully loaded, and is very 
poor when motors are operated lightly loaded or 
without any load. 
The method of determining the power factor of 

any A. C. machine or device was explained in Arti-
cles 36 to 41 of Section One on Alternating Current. 
Very often in ordinary field problems, where ap-

proximate figures are all that are required, if the 
power factor and efficiency of certain motors are 
not known, they are both assumed to be about 80% 
for induction motors of 1 h. p. to 10 h. p., and about 
S8% for motors of 10 to 50 h. p. 
Synchronous A. C. motors can be made to operate 

at 100% or unity power factor, or even at a leading 
power factor if desired, by properly exciting their 
D. C. fields. This will be explained in the section 
on synchronous motors. 

Fig. 161. Sectional view of a squirrel-cage induction motor showing the 
position of the rotor and bars with respect to the stator core and 
winding. 

172. HORSEPOWER, VOLTAGE and FRE-
QUENCY RATINGS 

Motors as well as other electrical machinery have 
their load ratings or maximum output capacity de-
termined by the heat developed in them. A. C. 
motors heat up due to copper losses and core losses, 

as explained in the section on transformers. The 
horse power rating of any A. C. motor is the lo 
it can carry continuously without overheating. 
Unless otherwise specified, motors are usual y 

rated at full load with a 40° C. rise in temperature. 
Most A. C. motors are designed to carry overloads 
of not over 25% for periods of 2 hrs. with a temper-
ature rise not exceeding 55° C. 

Nearly all modern motors have their h. p. ratings 
and temperature rise limits stated on their name-
plates. 
The voltage given on the name-plate of a motor 

is the proper voltage at which the motor should be 
operated. Practically all ordinary A. C. motors are 
designed to give full-load rating as long as the volt-
age does not vary more than 10% above or below 
normal, provided other conditions are normal. 

A. C. motors will develop full rated h. p. on fre-
quencies not exceeding 5% variation above or be-
low the normal frequency for which they are de-
signed, provided the voltage and other conditions 
are normal. 

If the voltage and frequency of the line are both 
off normal, their combined variation should not ex-
ceed 10%. 

Fig. 161-A. This photo shows an excellent view of a squirrel-cage rotor 
using square bars which are riveted to heavy end rings. 

173. CURRENT RATINGS 

The name-plate current rating of an A. C. motor 
refers to the current required by the motor at full 
load. This current can also be found by placing an 
ammeter in any one of the line leads to the motor 
when it is operating at full load. 

For example, a three-phase motor having a name-
plate rating of 25 amperes should give an ammeter 
reading of 25 amperes in each of the three line leads 
to the motor, when operating at full load. 
The approximate current of a three-phase motor 

can easily be determined by the following formula: 

h. p. X 431 
I = 

etf. X P. F. X E 

This is a simplified formula used to shorten t 
working of such problems. The current can a 
be found by first converting the h. p. into watts and 
dividing this by the product of efficiency and power 
factor to get the apparent power; and then using 
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the three-phase current formula given in Article 45 
dSection One on A. C. 

he table in Fig. 162 gives the approximate cur-
rents for standard A. C. squirrel-cage induction 
motors of different h. p. and voltage ratings, and of 
single, two, and three-phase types. 

Special squirrel-cage motors with high reactance 
rotors, and motors with phase-wound rotors may 
take from 1 to 5 amperes more than the current rat-
ings given in the table for the same h. p. and 
voltage. 

174. SINGLE-PHASE MOTORS 
Single-phase motors are quite extensively used 

in small sizes, ranging from Y4 h. p. or less to 10 
h. p. for general purposes. Special single-phase 
motors for railway service are sometimes made as 
large as several hundred h. p., but for general in-
dustrial power purposes they are seldom made 
larger than 10 h. p. 
Small single-phase motors from % to 1/2 h. p. 

find a very wide application in the operation of 
small power-driven machines in homes and small 
shops, where it is desirable to operate these devices 
from the ordinary single-phase lighting circuits. 
Washing machines, electric ironers, oil burners, 

refrigerators, fans, pumps, drill presses, etc., are 
commonly driven by motors of this type. 
Some idea of the great extent to which fractional la; single-phase motors are used can be obtained 

the fact that several millions of new motors 
of this type are manufactured each year. 

For operating machines or equipment requiring 
more than one h. p., it is seldom advisable to use 
single-phase motors if three-phase service is avail-
able, as the efficiency and power factor of single-
phase machines is considerably lower than with 

Approximate Currents taken by Standard Squirrel Cage Motor.. 
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Fig. 162. The above convenient table gives the approximate current per 
phase required by common squirrel-cage motors of different sizes 
and different voltages. 

three-phase motors. For a given horse power, a 
single-phase motor must be considerably larger 
than a three-phase motor of the same rating. 

Single-phase motors are made in several different 
types, the most common of which are: split-phase, 
repulsion, repulsion-induction, and series universal 
motors. 
Another t) pe sometimes used is known as the 

shaded-pole, single-phase, induction motor. 
Straight single-phase motors can be made with 

just one winding in the stator, and a few of the 
older type motors were made this way. A motor of 
this type will not start itself, but if it is started by 
hand or by some other method, it will develop 
torque due to the reaction between the stator flux 
and the flux of the current induced in the rotor once 
it is started to turn. 

Fig. 163. This sketch shows the connections of the starting and running 
windings of a single-phase, split-phase A. C. motor. 

175. SPLIT-PHASE, SINGLE-PHASE 
MOTORS 

The split-phase principle is used to make single-
phase motors self-starting and is in reality a simple 
method of obtaining a sort of polyphase winding 
and field. 
One of the most common ways of obtaining this 

split-phase effect is by winding the stator with two 
sets of coils, the poles of which are displaced from 
each other by 90 electrical degrees. The main wind-
ing is known as the "running" winding, and the 
starting winding, which consists of fewer turns of 
smaller wire, is used only during the starting of 
the motor. 
As soon as the motor is nearly up to speed, the 

starting winding is disconnected and cut out of serv-
ice by a centrifugal switch, as explained in Articles 
72 and 73 in Section Two of Armature Winding. 

Fig. 163 shows a simple schematic diagram of a 
single-phase, split-phase induction motor. The run-
ning winding is shown by the heavy lines and the 
starting winding by the lighter lines. The squirrel-
cage rotor is represented by the circular ends of the 
bars which are shown arranged in the circle in the 
center of the diagram and are all short-circuited 
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together by a ring. The dotted circle represents the 
air-gap or division between the stationary and 
rotating members of the machine. 
176. SPLIT-PHASE MOTOR PRINCIPLES 
You will recall from the explanation given in Sec-

tion Two of Armature Winding that the current 
which flows in the starting winding of a split-phase 
motor is considerably out of phase with that in the 
running winding, because of the different amounts 
of inductance and resistance in these two windings. 
This causes the maximum current and flux to 

occur in these poles a fraction of a second earlier 
than in the poles of the running winding and pro-
duces a sort of shifting or rotating magnetic field 
around the stator. This rotating flux cuts across the 
bars or windings in the rotor and induces in them 
a heavy secondary current at low voltage. 
The reaction between the stator flux and the flux 

of the rotor currents sets up the starting torque 
required to rotate the motor and bring it up to 
speed. After the rotor is turning at full speed the 
split-phase effect and starting winding are not 
necessary, as the normal reaction between the flux 
of the moving rotor conductors and the alternating 
flux of the stator will then maintain the running 
torque. 
The centrifugal switches of motors of this type 

are arranged with weighted contacts or segments 
which are thrown apart by centrifugal force when 
the motor reaches full speed. The contacts of these 
switches are connected in series with the starting 
winding, as shown in Fig. 163; so they keep this 
winding open-circuited as long as the motor con-
tinues to run at full speed. 
When the motor is stopped or slows down below 

a certain speed, the centrifugal force on the switch 
elements is reduced and a spring causes the con-
tacts to again close and bring the starting winding 
back into service. 
177. ROTOR CONSTRUCTION 

Fig. 164 shows the squirrel-cage rotor of a small 
single-phase motor, and also the centrifugal switch 
which is attached to the plate on the right-hand end 
of the rotor. The copper bars of the rotor shown in 
this view are imbedded in slots in the laminated 
rotor core. The narrow openings of these slots can 
he noted in the figure. 
The bars are, of course, too large to be inserted 

Fig. 164. Small squirrel-cage rotor such as used in single-phase induc-
tion motors. Note the centrifugal switch mechanism on the right end. 

through these openings and are therefore inserted 
endwise through the slots. The end rings whi 
short-circuit the bars to complete the closed circ 
under each pole of the stator winding are shown 
fitted tightly to the sides of the laminated core. 
These end rings are securely attached to the bars 
by riveting the bar ends tightly into the holes in 
the rings or by brazing or soldering them in. 

In some cases the squirrel-cage element complete, 
consisting of the bars and end rings, is cast from 
aluminum in one piece within the rotor core. On 
large squirrel-cage motors the bars are sometimes 
bolted or welded to the end rings. 

Fig. 165. Two small fractional h. p. A. C. motors of the single-phase, 
split-phase type. There are millions of A. C. motors of approximately 
this size in use today. 

The bars of squirrel-cage rotors are usually not 
insulated from the slots, as the copper or aluminum 
from which the bars are made is of so much lo 
resistance than the core iron that the low-volta 
induced currents practically all flow through the 
bars, because they afford the easier path. In some 
cases, however, the rotor bars are insulated with a 
layer of stiff paper around them. 

Fig. 165 shows two common types of single-phase 
split-phase motors of fractional h. p. size. Note the 
four leads which are brought out of each of these 
motors, two of which are the leads to the starting 
winding and two to the running winding. 
To reverse a split-phase motor of this type it is 

necessary to reverse either the starting winding or 
the running winding leads. Some single-phase 
motors have their windings arranged so the coils 
can be connected either in series or parallel for 
operation on either 110 or 220 volts, and motors of 
this type also have four leads brought out of the 
frame. 
The standard direction of rotation is clockwise 

when the motor is viewed from the end on which 
the pulley is placed or the end which has the shaft 
extension for the pulley. 

178. CONDENSER TYPE SPLIT-PHASE 
MOTORS 

The split-phase principle can be applied to single-
phase motors by the use of a condenser or an tip 
ductance placed in series with one section of 
stator winding. The leading or lagging current 
which is set up in the circuit by the condenser or 
inductance produces the separation or split-phase 
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effect of the magnetic fields which occur in the dif-tent sections of the motor winding. 
igs. 166-A and B show two different methods 

used with split-phase motors of this type. These 
motors use a three-phase winding and depend upon 
the third wire from the condenser or inductance to 
supply current which is displaced in phase from 
that on either of the other two leads to the winding. 
Another method which is quite often used with a 

later type of fractional h. p. single-phase motor is 
to use two windings displaced 90° from each other, 
one of which has a condenser connected in series 
with it. Both windings are left permanently con-
nected to the line and the motor operates similarly 
to a two-phase motor. 

0 
B 

Fig. 166. The above two diagrams show the connections for two differ-
ent types of single-phase, split-phase motors which use condensers 
and transformers to obtain the split phase currents for their stator 
windings. 

This method entirely eliminates the use of the 
centrifugal switch. This is a particularly desirable 
feature, because the operation of motors equipped 
with centrifugal switches often causes considerable 
interference with radio receiving sets, when the 

• 

motors of such devices as oil burners, refrigerators, 
and washing machines are started and stopped. 
By using the proper size of condenser the lagging 

current effects produced by the motor windings can 
be neutralized to quite an extent by the leading 
current produced by the condenser. In this manner 
it is possible to obtain with these new single-phase 
motors, much higher power factor than the older 
types have. 

Fig. 167 shows a condenser-type motor for single-
phase operation. This motor uses a polyphase wind-
ing and has a regular squirrel-cage rotor, both of 
which can be clearly seen in this disassembled view. 
The condenser is shown completely enclosed in the 
metal box on the right. 

179. SHADED-POLE MOTORS 
Another method of produeing torque in a single-

phase A. C. motor is by the use of shaded poles 
similar to those explained under A. C. induction 
meters in Article 68 of Section Two on Alternating 
Current. 

Fig. 168-A shows a diagram of a 6-pole, single-
phase motor of the shaded-pole type, and at B is 
illustrated the manner in which the shading coil 
distorts the magnetic flux of the main pole. 
The shading coil consists of a small coil of a few 

turns of wire wound into a slot and around one side 
of the main pole. This coil is short-circuited, so 
that it always forms a complete circuit and acts as 
a secondary winding, receiving induced current 
from the flux of the main pole winding. 
When the main winding is excited with A. C. it 

sets up a powerful alternating magnetic field which 
induces current in the rotor bars and also in the 
short-circuited shading coil. The induced current 
in the shading coil sets up a flux approximately 90° 
out of phase with that of the main winding. 
The flux set up by the shading coil will therefore 

distort the flux of the main pole as shown at B in 
Fig. 168. 
The reaction between these two magnetic fields 

which are out of phase with each other causes a 

Fig. 167. This photo shows an excellent disassembled view of a squirrel-cage induction motor for single-phase operation and also the condenser 
by which it obtains the split-phase currents for its stator winding. 
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Fig. 168. The above two sketches show the construction and illustrate 
the principles of the shaded-pole type induction motor. 

shifting flux across the face of the main poles, which 
produces a sort of rotating field effect. 
This shifting or rotating field from the shaded 

stator poles reacts with the flux of the induced cur-
rent in the rotor and sets up the torque required to 
operate the motor. 
Motors of this type are self-starting and do not 

require any centrifugal switches or other circuit-
breaking devices. They can be reversed by chang-
ing ends with the stator, that is by removing the 
stator, changing it end for end, and replacing it 
in the frame. 

Shaded-pole motors are used in some electrical 
fans and for certain other devices requiring frac-
tional horse power motors, but they are not used 
very often in larger sizes because of their rather 
low power factor and efficiency. 

180. REPULSION MOTORS 
Another type of single-phase motor very com-

monly used is the repulsion motor. This motor 
doesn't operate on the split-phase principle but ob-
tains its torque by repulsion between definite poles 
induced in the rotor and the poles set up in the 
stator by the current supplied from the line. 

Fig. 169 shows a simple diagram of a single-phase 
repulsion motor. The stator of this machine has 
only one winding, which is excited by alternating 
current from the line and sets up an alternating 
field or reversing magnetic poles in the stator. 
The rotor, which is represented by the symbol 

for the commutator in Fig. 169, has a wire winding 
of the wave type similar to that used in D. C. 
motors. The brushes which rest on the commutator 
are short-circuited together so they form complete 
circuits through various sections of the armature 
winding. 
The alternating flux set up by the stator winding 

induces secondary currents in the rotor or armature 
winding, and these currents flowing through the 
paths created by the commutator bars and shorted 
brushes set up definite alternating poles at certain 
points on the rotor. 

Only two brushes are required with ordinary 
wave windings but four brushes are quite co 
monly used on motors of four poles. The two s 
sketches at the right in Fig. 169 show different 
methods of connecting the brushes for short-
circuiting them together. In some cases the 
brushes are simply grounded to the frames or to 
a metal ring, as illustrated in the lower small sketch 
at the right in this figure. 
The great majority of repulsion motors are made 

in the four-pole type, but a few of the two-pole and 
six-pole type are also made. 

181. OPERATING PRINCIPLE 
The location of the poles set up by the induced 

current in the rotor will depend upon the position 
in which the brushes are set. These brushes are 
located so that the centers of the induced rotor 
poles will be built up at a point a few electrical 
degrees to one side or the other of the center of 
the stator poles; and so that the polarity of the 
induced poles in the rotor will be the same as the 
polarity of the nearby stator pole. 
The magnetic repulsion which takes place be-

tween these like poles which are only a few degrees 
apart from each other, will exert a strong turning 
force on the rotor and thus develop the torque re-
quired to operate the motor. 
By shifting the brushes a short distance, the in-

duced rotor pole can be set up on the opposite 
of the stator pole and thus cause the motor to 
verse its direction of rotation. 
The speed of repulsion motors can also be varied 

widely by shifting the brushes so that the rotor 
poles are induced at a point closer to or farther 
away from the stator poles. 
Repulsion motors produce very good starting 

torque and have fair efficiency and power factor. 

• 

Fig. 169. This diagram shows the connections of the stator winding 
and brushes of a single-phase A. C. repulsion motor. 

182. COMPENSATING WINDINGS 
In some cases they are equipped with an auxiliary 

winding which is connected to an extra set of 
brushes and is known as a compensating windi 
Fig. 170 shows the connections for the compensa e 
ing winding of a motor of this type. The compen-
sating winding is the one shown in lighter lines 
and is connected to brushes B and B-1. Brushes A 
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and A-1 are the main brushes which short-circuit 
the proper sections of the rotor winding to produce 

eregular motor torque. 
he purpose of this compensating winding is to 

improve the power factor and stabilize the speed 
of the repulsion motor. 

Repulsion motors are commonly made in sizes 
from fractional h. p. to 10 h. p. They, of course, have 
the disadvantage of requiring a commutator and 
brushes, which add extra wearing parts to the motor 
and at times cause a certain amount of sparking 
if they are not properly cared for. 

0.
 ' 170. Diagram of the connections for a repulsion motor with a 
ompensating winding which improves the power factor of this type 
f machine. 

Fig. 171 shows a disassembled view of a single-
phase repulsion motor. Note the single-phase wind-
ing in the stator core and the typical D. C. armature 
winding on the rotor. The other parts shown are 
the end shields, bearing sleeves, rings, brush hold-
ers and ring, end-bracket bolts, brushes, and the 
rails upon which the motor frame is mounted for 
belt tightening adjustment. 

183. REPULSION-INDUCTION MOTORS 

Single - phase repulsion - induction motors are 
simply a combination of the repulsion and induction 
motor principles. A motor of this type starts as a 
repulsion motor and runs as an induction motor; 
thus, the name, repulsion-induction motor. 
These motors have one winding in the stator and 

a wire-wound armature equipped with a commuta-
tor and brushes as shown in Fig. 172. During 
starting, the brushes rest on the commutator, thus 
short-circuiting only certain sections of the rotor 
winding, setting up like poles near the stator poles, 
and causing the repulsion torque, the same as the 
straight repulsion motor. 
When the motor reaches nearly full speed a cen-

trifugal device, shown at "A" in Fig. 172, short-
cuits all the bars of the commutator together, 
us shorting the entire rotor winding and making 

it act similarly to a squirrel-cage winding. 
In some cases the centrifugal device also lifts the 

starting brushes off the commutator to reduce the 
wear on the commutator and brushes while the ma-
chine is running normally. 

After the commutator is shorted, the machine 
runs as an ordinary single-phase induction motor. 
In this manner, good starting torque and moderate 
starting current of the repulsion motor are obtained 
during starting of the load, and the motor when 
running operates with the constant speed character-
istics of an induction motor. 
By equipping these motors with a compensating 

winding, their power factor can be kept very high 
when operating at full speeds. Repulsion-induction 
motors will develop from 22 to 5 times full load 
torque during starting and require only from about 
2 to 21/2  times full load current for starting. 

184. SERIES OR UNIVERSAL A. C. MOTORS 

If a motor has a wire-wound armature and a com-
mutator of the D. C. type connected in series with 
its stator winding as shown in Fig. 173, and is then 
connected to a single-phase A. C. line, the motor 
will operate very much the same as a series D. C. 
motor. This is due to the fact that when the arma-
ture and stator are connected in series, the alter-
nating current reverses in both of these windings 
at the same time, and causes the magnetic poles set 
up in the rotor and stator to also reverse at the 
same time, and thereby retain a fixed relation to 
each other at all times. 

Fig. 171. Disassembled view showing important parts of an A. C. 
single-phase repulsion motor. 
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As an illustration: We know that if we reverse 
both the armature and field leads of a shunt D. C. 
motor, the machine will continue to operate in the 
same direction; so we can see that if the polarity 
of both the armature and field are reversed con-
tinually but always at the same time, the motor 
will continue to develop torque in one direction. 
Small ordinary D. C. motors can be operated in 

this manner on single-phase alternating current, 
provided the field poles are of laminated construc-
tion so they don't overheat due to eddy currents 
when alternating current is applied. 

It is because of the fact that this type of motor 
can be operated either on direct current or alter-
nating current that it is very commonly called a 
universal motor. 
A great many small, fractional horse power, uni-

versal motors are made for use with electric fans, 
household appliances, dentists' tools, and other 
equipment which may have to be changed from 
D. C. circuits to A. C. circuits. 
The characteristics of series A. C. motors are 

very similar to those of D. C. series motors. The 
A. C. series motor will produce excellent starting 
torque but has very poor speed regulation. 

Fig. 172. This diagram shows the connections and arrangement of the 
short-circuiting device of a repulsion-induction motor. The short-
circuiting mechanism at "A" lays around the inside of the commutator 
bars and short-circuits them all together when the machine comes 
up to speed. 

The speed of these motors can be varied either by 
connecting a rheostat in series with them or by 
varying the applied voltage with an auto trans-
former. 

Series A. C. motors of large sizes are quite com-
monly used in traction service on electrically-oper-
ated railway cars and locomotives. 

Fig. 173. Stator and armature connections for a series A. C. motor of 
the universal type which can be operated on either D. C. or A. C. 

Besides having the necessary starting torque and 
speed variation range which are ideal for railway 
work, these motors possess the added advantage of 
being able to operate on either D. C. or A. C. 
trolleys. 

For example, the New York, New Haven & Hart-
ford Railroad have been using motors of this type 
for many years. Their trains are operated on alter-
nating current when outside of New York City, and 
when within the city they operate from direct cur-
rent. • 
185. STARTING SINGLE-PHASE MOTORS 

Single-phase motors of fractional h. p. and those 
up to 2 h. p. are commonly started by connecting 
them directly across the line. Snap switches are 
generally used for starting those under I/2 h. p., 
and small knife-switches of the enclosed safety type 
are used for starting those over 72 h. p. 

Single-phase motors of 2 h. p. to 10 h. p. are 
often started with a simple starting-box of the 
resistance or inductance type, to reduce the starting 
voltage and prevent too heavy surges of starting 
current. 

The use of starting boxes is particularly desirable 
where the motors are operated from circuits to 
which lights are connected, as otherwise the heavy 
starting currents may cause objectionable voltage 
drop and dimming of the lights. 

Where the motors are operated from power cir-
cuits, even the largest single-phase motors are 
sometimes started directly across the line. 

• 
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POLYPHASE A. C. MOTORS 

Polyphase A. C. motors are the most extensively 
used of any form of power device. They are made 
in a wide range of sizes from Y2  h. p. up to thou-
sands of h. p. each, and are designed to operate at 
speeds from less than 100 R.P.M. to 3600 R.P.M. on 
60 cycles. 

Polyphase motors are self-starting without the 
aid of auxiliary windings or centrifugal switches. 
The most commonly used type of polyphase motor 
has no commutator or brushes, and therefore has 
very few wearing parts and produces no sparking 
hazard. 

Polyphase motors can be obtained to fit practi-
cally any class of drive or power need, and these 
are by far the most common type motor used for 
large power equipment. Fig. 174 shows a modern 
polyphase induction motor. 
There are three general types of polyphase 

motors, known as: squirrel-cage induction motors, 
slip ring or phase-wound induction motors, and 
synchronous motors. 
Any of these types can be obtained for either two 

or three-phase operation, but two-phase motors are 
not very extensively used any more. 

.5. OPERATING PRINCIPLES 

The operating principles of both two and three-
phase motors were explained and illustrated, Ar-
ticles 74 and 75 of Section Two of Armature Wind-
ing, and before proceeding farther with this section 
you should carefully review these articles and Figs. 
56 and 57 of Section Two on Armature Winding. 
You will recall that the stator winding of a poly-

phase motor sets up a revolving magnetic field, 
which induces secondary currents in the rotor wind-
ing or bars. The reaction between the flux of the 
stator winding and the flux of this rotor current 
causes a smooth and powerful torque which turns 
the rotor. 
By reviewing Article 74 of Section Two of Arma-

ture Winding, you will find that two-phase motors 
have two windings which are displaced 90 electrical 
degrees from each other in the stator core. 
A simple method of representing the windings 

of a two-phase motor in electrical diagrams is 
shown in Fig. 175. The two small sketches in Fig. 
175-B show the two-phase "mesh" or delta connec-
tion above, and the two-phase star connection 
below. 
When two - phase motors are equipped with 

wound rotors, regular three-phase wound rotors are ignerally used. This eliminates the need for four 
llector rings, and the three-phase rotor winding 

works equally well on the induced current which 
it receives from the rotating magnetic field of the 
stator. 

When the stator windings shown in Fig. 175-A 
are supplied with two-phase current, a rotating field 
is set up, as explained in Article 74, Section Two of 
Armature Winding. This rotating magnetic field 
will induce secondary currents in the squirrel-cage, 
or in wound rotor, whichever is used; and the 
reaction between the flux of the rotor currents and 
that of the stator field produces the motor torque. 
The same squirrel-cage rotor can be used in either 

a two-phase or three-phase motor, provided they 
both have the same diameter of stator core opening. 
Two-phase motors can be reversed by reversing 

the leads of either phase. 

187. THREE-PHASE MOTORS 

As three-phase energy is so convenient and eco-
nomical for power transmission purposes and as it 
is also ideal for producing a uniform revolving field 
in polyphase motors, three-phase motors are by far 
the most commonly used of any type of electric 
motor for the heavier power needs. 

In Section Two on Armature Winding we learned 
that the stators of three-phase motors have a uni-
form and continuous winding, to which the line 
leads are connected 120 electrical degrees apart. 
Review carefully the manner in which these wind-

ings are arranged and connected for obtaining dif-
ferent numbers of poles, and also the manner in 

Fig. 174. This photo shows a modern polyphase induction motor. The 
three phase leads from the line are connected to the stator leads in 
the connector box shown on the side of the frame. 

which they set up the revolving magnetic field 
when the stator is supplied with three-phase energy. 

It is easy to see that this revolving field will cut 
across the bars of a squirrel-cage rotor, or across 
the conductors of a phase-wound rotor, and induce 
in them the secondary currents which, by the re-
action of their flux with the flux of the stator, pro-
duce the motor torque. 
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Fig. 175. A. This diagram shows the connections of the stator windings 
of a two-phase induction motor. At B are shown two schematic 
diagrams illustrating different methods of connecting two phase 
windings. 

Fig. 176 shows two excellent cut-away views of 
a modern three-phase squirrel-cage induction motor. 
Th:s figure shows clearly the important construc-
tional features and the location of all the parts in 
the assembled motor. Note carefully all details of 
the construction of the rotor, stator, windings, 
frame, bearings, ventilating openings, etc. 

The windings of a three-phase motor can be 

represented in simple schematic diagrams as shown 
in Fig. 177-A or B, according to whether they are 
connected delta or star. 

As three-phase motors are so extensively use , 
the following discussion of characteristics of the 
various types of motors will refer principally to 
three-phase machines. Many of the same character-
istics are, however, also found in two-phase motors. 

188. SQUIRREL-CAGE MOTOR 
CHARACTERISTICS 

Squirrel-cage motors are commonly referred to 
as constant speed motors; but their speed is not 
quite constant, as they do not operate at synchro-
nous speed and their "slip" varies with the amount 
of load applied to them. 

When a squirrel-cage motor is not loaded, its 
speed will be very near to that of the revolving 
magnetic field, or synchronous speed. As load is 
applied to the motor, its speed is gradually reduced 
until at full load the slip is usually from 3 to 5 
per cent. on large motors, and may be as much as 
8 or 10 per cent. on small single-phase machines. 
The full load torque of a squirrel-cage motor of 

any given size is the same as that of a slip-ring or 
synchronous motor of the same size: because the 
full load torque, you will recall, depends entirely 

EXTRA HEAVY SHOULDERED STUDS specral threaded 
ends, support Limitations securely add ngrelaty and ',skeins-no. 
self•aupporteng. CONE POINTED HEXAGON NUTS post-
uvely locked. prevent duffing or looseness of lanun.en.d corr. 

ROTOR FANS Neted through ee'd tines 
io end Oates reirevIng 

, wording ot Le. Slf • • 

r-••••,• • 

LARGE NUMBER OF 

EXTENDED ENDS OF ROTOR 
BARS and 411 surfac. serf end [011-
norsors sposrcl ja' ng  

FRAME OF ELECTRICAL 
STEEL CASTINGS 

TORSI WOUND COILSare 
by several 11.1,111111e111, 

an specaal baking varnish to 
',sure resiszan..-et a r!er.leras. 

TROMLKLEENK HEARINGS 

COMPLETE ›TATOR C1./RE 
:ft.-r 
lok,ng varnish g,Ing add,: n-
al tea:seance to corro.ave 
and adding meclurucal str.ngth 

to cod strucrur.. 

NOTCHED TOOTH SUP-
PORT made of bode, eat,. 
burn.. punclungs 

.10 the trp of tooth. 

ALL AIR OPENINGS. 
both inlet and 111111.1 T10 

located to mom., 
tearer- ni Meerut nedr.....' 

AIR 
OUTLET 

STEEL SADDLE 
BLOCKS bolted 
and dowened tr. 
steel end heads 
pe evrtit do.tort:on 

UNION OF ROTOR 
BARS and end connee. 
tots made ...lest r octiNe 
tr... sever tram, proses.. 

FEET ARE AN INTEGRAL 
PART OF CAST STEEL 
FRAME. Al: four I. er ground 
10 true plane ârter enre rs as. 
sr-nar:.,d thus anon, motor 

rrn tern lorre,d.rtron. , 

41110 SPIDER made of cast steel to ge 
strength and to reduce were,. 

rn.„ DEFLECTOR for gout-ig reo,ng or through motor, 
cast entr.gral sssels houteng 
add ,erg ger, steenglh t!,. roto. 

\ CONDUIT BOX of 1.b...ral 
I ohm. nsrons ad; Ist-ible to 

lour 11,11,, 

SMALL DIAMETER OF BEARING 
SECTION permes opentngs for arr 
rimer to he located roar shaft, thus 
al1oseing more effir,ent vennlation. 

Fig. 176. The above photo shows two cut-away views of a polyphase squirrel-cage induction motor. The important parts of the motor are 
clearly shown in these two views and you should carefully note the descriptions given for each part. A careful study of this figure will 
show a number of very important features of induction motor construction. (Photo courtesy Allis-Chalmers Mfg. Co.) 
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upon the speed and horse power rating for which 

, motor 

is designed. 
he load pull-out torque of the squirrel-cage 

motor should not be less than 150% of the full load 
torque, and with certain types of motors it will be 
as high as 250% of the full load torque. 
Having a pull-out torque considerably greater 

than the full load torque enables the motor to carry 
momentary overloads without stalling. 

Fig. 177. A shows a delta-connected stator winding for an induction 
motor. The sketch at B shows a star-connected winding. 

CIFSI— WRTD— ib--"T'ORQUE 

The starting torque of squirrel-cage motors de-
pends upon the design of the rotor and upon the 
value of the voltage applied to the stator winding 
during the starting period. 

A very important rule to keep in mind when 
working with induction motors is as follows: 
the starting torque of an induction motor varies 
with the square of the applied voltage. 

Good starting torque can be obtained with squir-
rel-cage motors by starting them on the full line-
voltage or the rated voltage of the machine. When 
started in this manner, the current taken by the 
motor will be several times the normal full load 
current; and if heavy loads are being started, the 
starting current may range from 4 to 9 times full 
load current. 

If the load should require considerable time to 
come up to speed, the heavy starting current re-
quired during this time may overheat and possibly 
damage the stator windings. For this reason the 
type of load to be started must be taken into con-
sideration when determining the starting voltage 
to be applied to the motor. 
The very heavy surge of starting current which eults when squirrel-cage motors are started at full 
e-voltage is often very objectionable, as it causes 

voltage drop in the line and this voltage drop may 
interfere with the operation of other power equip-
ment or cause considerable variation in the bril-

liancy of lights that may be attached to the same 
circuit. 

In some cases the supply lines may not be large 
enough to permit the starting of induction motors 
on full line-voltage. In many cases power compa-
nies object to or do not permit this method of start-
ing motors which are connected to their lines. So, 
for these reasons, many squirrel-cage motors of 5 
horse power and larger are started at reduced volt-
age by the use of some form of motor-starting 
devices. 
A. C. motor starters are explained in a later sec-

tion. Their principal function, however, is to reduce 
the voltage to the motor by means of resistance or 
inductance in the circuit of the stator winding dur-
ing the starting period. When the starting voltage 
is reduced, the heavy surge of starting current will 
also be greatly reduced and, of course, the starting 
torque developed by the motor will also be con-
siderably lower. 
The convenient table in Fig. 178 shows the effect 

which reduced starting voltage has on the starting 
current and starting torque of common induction 
motors. The various starting voltages shown in the 
table range from 33% to 100% of the rated motor 
voltage, and the starting current and starting torque 
for each different voltage are given in percentage 
of full-load current and full-load torque of the 
machine. Ati 
Some induction motors are designed with special 

squirrel-cage rotors to improve the starting torque. 
These machines will be explained in later para-
graphs. 

Fig. 178-A gives a set of curves which show the 
starting torque and starting current of a typical 
squirrel-cage motor. Curve A shows the starting 
torque on full line voltage, and curve A-1 shows the 
starting current for the same condition. Curves B 
and B-1 show the starting torque and current of a 
squirrel-cage motor with a high resistance rotor. 
Note how the added resistance increases the torque 
and decreases the current. 
Curves C and C-1 show the starting torque and 

current when a starting compensator is used with 
an ordinary squirrel-cage motor. Note how the 
torque at reduced stator voltage is lower than with 

Starting voltage 
In percent of 

rated motor voltage 

Starting current 
in percent of 

full load current 

Starting torque 
in percent of 

full load torque 

33% 75% 22 (16 

10 " 110" 33.3" 

50 - 175" 50 

GO " 250' 70 •• 

66 •• 300 " kf, '• 

80 ** 450 " 130 • 

lull •• 700 •• 2on • • 

Fig. 178. The above table shows the effect of reduced starting voltage 
on both the starting current and starting torque of induction motors. 
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Fig. 178-A. The above diagram shows voltage, current, and torque 
curves of an ordinary squirrel-cage motor. A careful study of these 
curves will help you gain an understanding of these very important 
characteristics of squirrel-cage motors. 

either of the other methods of starting, and also 
the interruption and sudden increase of torque when 
the compensator switches over to full voltage. 

190. POWER FACTOR AND EFFICIENCY 

The power factor of three-phase, squirrel-cage 
motors operated at full load may vary from 60 to 
70 per cent. in the case of small low speed motors, 
to 75 to 90 per cent. for medium-sized motors; and 
as high as 90 to 96 per cent. for large motors of 
several hundred horse power and up. 

Power factor is a very important characteristic 
to be considered when selecting large induction 
motors or a large number of small ones; because, as 
explained in an earlier section, a great deal of 
money can be saved on power bills by keeping the 
power factor of the system as high as possible. 

It is also very important to remember that any 
induction motor operates at a much lower power 
factor when it is lightly loaded, and for this reason 
motors should be properly chosen so that during 
normal operation they will be running at or near 
full load a greater part of the time. 

The efficiency of squirrel-cage motors varies 
similarly to the power factor. Small low-speed 
motors may have efficiencies ranging from 50 to 80 
per cent., while the larger machines will operate at 
efficiencies from 90 to 95 per cent. 
The efficiencies are usually best when the motors 

are operating above 75% of their full rated load. 
High-speed motors of the two and four-pole type 
generally have the highest efficiency and power 
factor. 

Fig. 178-8 shows the power factor and efficiency 
curves for a 100 h. p. squirrel-cage motor. Note 

that the P.F. and efficiency are both very low at 
light loads, under 20 h. p., and then rapidly rise to 
high values on loads between 60 and 100 h. p., 
fall off again when the motor becomes overloade . 
This figure also shows the current and speed curves 
of the motor at various loads. 

191. FACTORS CONTROLLING SPEED OF 
INDUCTION MOTORS 

As explained in the earlier part of this section, 
the speed of induction motors depends upon the 
number of poles in the stator winding and upon 
the frequency of the alternating current on which 
they are operated. 
As induction motors are designed to operate on 

practically constant frequency, their speed should 
not be varied to any appreciable extent by varying 
the frequency. 
The speed of squirrel-cage induction motors can 

be changed by changing the number of poles in the 
stator winding, as explained in Section Two of 
Armature Winding. If the speed change is to be 
permanent, the stator can be reconnected for a 
different number of poles; while, if it is desired to 
frequently make a certain change in the speed dur-
ing operation of the motor, the stator winding can 
have the pole leads brought out separately to termi-
nals of a switching device by means of which the 
number of poles can be quickly changed by regrou - 
ing them. The switching device and connecti 
for this method of varying the speed of squirrel-ca 
motors will be explained in a later section on A. C. 
Motor Controls. 
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Fig. 178-B. This diagram shows the efficiency power factor, speed, and 
current curves for a 100-h. p., squirrel-cage motor. Note carefully 
how the efficiency and power factor vary with different amounts of 
load up to full rated load, and also on various overloads. 

The direction of rotation of a three-phase induc-
tion motor can be reversed by reversing any two 
of the three-phase leads to the motor. 

192. GENERAL APPLICATION 
Because of their very rugged construction an 

small number of wearing parts, squirrel-cage ind 
tion motors find a very wide field of application. 
They require very little maintenance and repair, if 
they are operated under the proper conditions. 
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Having no commutator brushes or other sliding 
contacts they do not produce any sparking and can 

pes 
be used in many locations where other 

pes of motors cannot be used because of the 
danger of explosions. This applies to buildings or 
locations where explosive gases or dust may be in 
the air. 
When selecting and installing motors it is well 

to keep in mind that sawdust, coal dust, starch, 
flour, grain dust of any kind, sugar, etc., are very 
explosive when mixed with air in just the right 
proportions. This is also true of paint and varnish 
fumes, oil vapors, and vapors from certain chemi-
cals. 
To eliminate fire and explosion hazard, squirrel-

cage motors are invariably used in modern plants 
manufacturing or handling materials such as those 
just mentioned. Fig. 179 shows a number of squir-
rel-cage motors of various sizes, and Fig. 180 shows 
a 100-h. p. squirrel-cage motor installed in a cotton 
gin plant. 

III) 179. This photo shows a group of polyphase induction motors of 
arious sizes. Motors of this type are available in practically any 

size required. 

Some of the uses to which squirrel-cage induction 
motors are commonly put are as follows: 

Machine drives in industrial plants 
Machine drives in wood-working plants 
Operating machines in general manufacturing 

plants 
Textile mill drives 
Saw mills 
Paper mills 
Steel mills 
Grain elevators 
Flour mills 
Mining machinery 
Electric ship propulsion 
Passenger and freight elevators 
Motor-generator sets 
Small hoists 
Pumps and fans 

193. SLIP-RING MOTORS 
From the foregoing material on squirrel-cage 

motors, it is evident that they are not well adapted 
to variable speed service. Where variable speed 
duty is required, slip-ring induction motors are e lmonly used. 

These slip-ring or phase-wound motors have sta-
tors and stator windings of exactly the same type 
as those used in squirrel-cage motors, but their 

Fig. 180. This photo shows a 100-h. p. squirrel-cage motor driving 
machinery in a cotton mill. The motor operates the large pulley on 
the line shaft by means of the "texrope" drive, and belts convey the 
power from this shaft to the driving machinery. (Photo courtesy 
Allis-Chalmers Mfg. Co.) 

rotor windings are made of insulated copper wire 
or bars somewhat similar to those used on direct 
current machines. 
Generally these rotors are wave-wound and star-

connected, although in some cases they are lap-
wound and delta-connected. The star-connected 
wave-winding is somewhat easier to install and pro-
duces better mechanical strength and balance of 
the rotor. 
Three leads are connected to the rotor winding 

at points 120 electrical degrees apart and are 
brought out along the shaft and connected to three 
slip rings. 

Fig. 181 shows a wound rotor of a slip-ring motor 
and the slip rings can be clearly seen mounted on 
the shaft. These rings are usualiy made of brass 
and are well insulated from each other and from 
the shaft. This rotor in Fig. 181 has a winding of 
insulated copper wire. 

Fig. 181-A shows another phase-wound rotor 
which has a winding of insulated copper bars, which 
are properly connected to the slip rings on the shaft. 
During operation of slip-ring motors the brushes 

slide on the rings and provide a connection for the 

Fig. 181. Wound rotor of a variable speed slip-ring motor. This rotor 
has windings of insulated copper wire similar to those in D. C. 
armatures. 
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induced currents to flow from the rotor winding to 
a control resistance in the external circuit. By 
varying this resistance the secondary current flow 
in the rotor can be varied; and this will increase or 
decrease the amount of torque and slip, and thus 
vary the speed of the motor. 

L. on trullurs of the face-plate type or drum type 
are commonly used with variable speed, slip-ring 
motors. 

Fig. 182 shows a 440-volt induction motor of the 
slip-ring type. Note the brushes resting on the 
three slip rings and also note the three leads which 
are brought out from these brushes for connection 
to the controller by which the speed of the motor 
is varied. 
The connections of the stator winding are made 

at the hooded outlet shown on the side of the motor 
frame. The slots shown between the sections of 
the laminated stator core of this motor are pro-
vided for the circulation of cooling air. 

Fig. 181-A. Phase wound rotor of a large slip-ring induction motor. 
This rotor has heavy bar windings which are not shorted together 
like those of a squirrel-cage rotor, but instead have connections 
brought out from each phase to the slip rings. 

194. STARTING AND SPEED CONTROL 
WITH EXTERNAL RESISTANCE 

Fig. 183 shows a schematic diagram of the con-
nections for the stator, rotor, and starting or speed-
control resistance of a slip-ring motor. The resist-
ance is shown connected star, the same as the rotor 
windings, and if you trace the circuit from each 
section of the rotor winding you will find that the 
complete resistance of two sections of the controller 
is in series with it. 
The three sliding-contact arms which are indi-

cated by the arrows are connected together at the 
central point and are arranged to cut out this resist-
ance as they are rotated in a clockwise direction. 
This resistance is used for starting slip-ring 

motors as well as for controlling their speed, and 
if the amount of resistance is properly proportioned 
these motors have a very good starting torque with 
moderate starting currents. 

Before starting the motor by closing the line 
switch, the controller should be set so that the 
maximum amount of resistance is in the rotor cir-
cuit. Then this resistance is gradually cut out as 
the motor comes up to speed. 

Fig. 182. This photo shows a complete slip-ring motor to which variable 
resistance can be connected for starting and speed-regulating duty. 
Note the slip rings and rotor connections on the left-hand end of the 
machine. (Photo courtesy General Electric Co.) 

In many cases slip-ring motors with resistance 
starters are used just because of their good starting 
torque and lower starting currents, even though 
they may not be required to give variable speed 
service. 

If the resistance is only used for starting duty it 
can be much smaller and lighter than when used 
for speed-regulating duty. When used for regulat-
ing the speed of the motor the rheostat must have 
resistance elements large enough to carry the 
load current continuously without overheating. 

After the motor is up to speed, if resistance is 
again cut into the rotor circuit, the speed will be 
decreased in proportion to the amount of resistance 
inserted. 

Fig. 184 shows a diagram of a heavy-duty slip-
ring motor with the starting and speed regulating 
resistance arranged so it can be cut in or out of the 
rotor circuit by means of short-circuiting switches. 

The motor is started with all of the resistance 
switches open and the full resistance in the rotor 
circuit. When switch No. 1 is closed it shorts out 
the first section of resistance; switch 2 shorts the 
second section, and switch 3 shorts out the last of 

Fig. 183. The above diagram shows the connections of the stator and 
rotor of a slip-ring induction motor, and also the variable resistance 
used in the rotor circuit for starting and speed control. 
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the resistance, bringing the motor up to full speed. 
For starting and controlling the speed of large eoptors of this type magnetically operated contac-
rs or breakers are used in place of the knife 

switches shown in Fig. 184. 
The value of the induced voltage in the secondary 

or rotor winding of a slip-ring motor may vary be-
tween 25 and 60 per cent. of the stator voltage. 
according to the design of the motor. 

Fig. 184. Connection diagram of slip-ring induction motor with knife 
switches used to cut out the starting or speed control resistance 
step by step. 

195. INTERNAL RESISTANCE MOTORS 

On small motors with phase-wound rotors the 
AKcondary resistance is often mounted in the rotor 
w der so that it revolves with the rotor winding 
and can be connected directly to it, thus eliminating 
the necessity for collector rings and brushes. 

In such motors the resistance may be cut out or 
short-circuited by a centrifugal switch as the motor 
comes up to speed. In other cases motors of this 
type are equipped with a hollow shaft, through 
which a rod is run and connected to the mechanism 
which operates the contacts to cut the rotor resist-
ance in or out of the circuit. 
This rod is provided with a knob on the outer 

end and can be pushed back and forth by hand 
while the motor is operating. Motors of this type 
with the internal secondary resistance should not 
be used on loads which require too great a length 
of time to come up to speed, or the resistance units 
may be damaged by overheating. 
Motors with internal rotor resistance are usually 

not made in sizes over 20 h. p. Motors larger than 
this are practically always equipped with slip rings 
and external resistance and many of the smaller 
slip-ring motors also have external resistance. . 

196. CHARACTERISTICS OF SLIP-RING 
MOTORS 

Slip-ring motors can be designed to give a start-gig torque of 250% or more of the full load torque. 
starting torque of 125% may be obtained with a 

stator. current of 150% of full load current rating; 
and a starting torque of 200% can be obtained with 
250% of full load current, etc. 

This ability to produce good starting torque with 
moderate starting currents makes the slip-ring 
motor very desirable where loads must be fre-
quently started and stopped, and where it is neces-
sary to avoid heavy starting current surges of 4 to 
6 times the running current value. 

Figs. 185-A and B give a set of curves which 
show the starting torque and starting current of a 
slip-ring motor during the various steps of starting, 
and as the resistance is cut out of the rotor circuit 
step by step. 
These curves may appear a bit complicated at 

first glance, but study them carefully for a few 
minutes and you will find them very simple to 
understand. You will also find that they give a lot 
of valuable information on the characteristics and 
performance of slip-ring motors. 

197. EFFECT OF SECONDARY RESIST-
ANCE ON STARTING TORQUE 

The upper set of curves at A show the starting 
torque developed by the motor at various percent-
ages of its synchronous speed, and with different 
amounts of resistance in the rotor circuit. 

The heavy irregular line which jumps from curve 
T-1 to T-2, T-3, and T-4 shows the variations and 
amount of starting torque as the resistance is cut 
out and as the motor picks up speed during starting. 

To read the value of the torque at any point on 
any curve, just follow the horizontal chart lines to 
the left edge of the figure, where the torque can be 
read approximately, in per cent. of full load torque 
of the motor. By following the vertical lines down-
ward from any point on a curve, the per cent. of 
synchronous speed at that point can be found. 

For example: The motor is started with full re-
sistance in the rotor circuit, and curve T-1 shows 
the starting torque commencing at about 185% of 
full load torque and dropping off to about 160% 
as the motor reaches 35% speed. Here the first 
section of resistance is cut out, and the torque is 
increased to about 295%. Again it gradually re-
duces as shown by curve T-2, to about 220% when 
the motor has reached 70% speed. 

Cutting out another section of resistance brings 
the torque back up to about 325% from where it 
decreases as shown by curve T-3 to about 125% 
when the motor reaches 92% speed. 

Then cutting out the last step of resistance raises 
the torque once more to slightly over 200%, from 
which point it drops as shown by curve T-4 to 100% 
or full load torque as the motor reaches its actual 
running speed of about 97% synchronous speed. 

By cutting out the resistance in this manner, the 
starting torque is kept high during the entire start-
ing period. 
The dotted line at the left end of the heavy line 

in curve T-2 shows the value of the starting torque 
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Fig. 185. A shows the torque curves of a slip-ring induction motor as 
the resistance is cut out of the rotor circuit and the motor cornea 
up to speed. B shows the current curves of the same motor and 
corresponding to the various steps of the torque curves. Study these 
curves very carefully with the accompanying explanation. 
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that would be obtained if the motor were started 
with one section of resistance already out of the 
rotor circuit. The dotted line forming the left end 
of curve T-3 shows the starting torque when start-
ing the motor with two sections of resistance cut 
out. 

The dotted lines forming the right-hand ends of 
the curves T-1, T-2, and T-3 show how the torque 
will continue to fall off very rapidly, if the resist-
ance is not cut out as the motor picks up speed. 

The light continuous curve T-5 shows the grad-
ual variation in starting torque which would be 
obtained if the resistance was cut out very smoothly 
and gradually, instead of in sections or steps. 
The continuous dotted curve T-6 shows the start-

ing torque obtained by starting the motor without 
any resistance and allowing it to come up to full 
speed in this manner. This curve shows the very 
important fact that the torque obtained by starting 
without any starting resistance in the rotor circuit 
is at first actually lower than when starting with 
resistance in the circuit. 

This corresponds with what has previously been 
mentioned, that the starting torque of induction 
motors can be increased by using the proper amount 
of resistance in the rotor circuit. 

Note also from curve T-6 how the starting torque 
on constant voltage keeps increasing as the motor 

speed increases, becoming maximum at about 83% 
of synchronous speed, and then falling off as the 
motor approaches closer to synchronous speed.. 

This is due to the fact that when an induction 
motor is first started, the difference between the 
rotor speed and the speed of the revolving mag-
netic field is very high, and therefore the frequency 
of the induced rotor currents is high. At this high 
frequency the rotor currents lag considerably be-
hind the induced voltage, and the torque or power 
produced is very low. 

As the rotor speed increases, the difference be-
tween its speed and that of the revolving magnetic 
field of the stator is less, the frequency of the in-
duced rotor currents is lower, and the power factor 
is higher; which results in increased torque. 

Of course, when the rotor reaches nearly syn-
chronous speed, the lines of force of the rotating 
magnetic field do not cut across the rotor conduc-
tors as rapidly, and the induced voltage and cur-
rent in the rotor begin to decrease. This causes the 
torque to reduce somewhat as the motor approaches 
its rated speed and settles down to operate at its 
normal percentage of slip, which is always required 
to produce full load torque. 

The percentage of slip is also marked from right 
to left along the lower side of Figs. 185-A and B. 
This slip, of course, decreases as the percentage of 
synchronous speed of the rotor increases. • 
198. STARTING CURRENT OF SLIP-RING 

MOTORS 

In Fig. 185-B, or the lower set of curves, is shown 
the current during the various steps of starting a 
slip-ring motor. You will note that when the motor 
is started with full resistance in the rotor circuit 
the starting current as shown by curve I, is at first 
about 215% of normal full load running current. 
This current reduces gradually as the rotor in-
creases its speed and reduces the slip. 

When the motor reaches 35% speed and the first 
section of resistance is cut out, the current is in-
creased to about 285%, as shown by curve I,, and 
so on throughout the following steps of starting 
the motor. 

After the last section of resistance is cut out at 
about 92% speed, the current decreases as shown 
by curve 1., until at about 97% synchronous speed 
or actual operating speed of the motor, the current 
has reached 100% or normal full load current. 

Note the very heavy starting currents which will 
be drawn by the motor if it is started without any 
resistance or with only one or two sections of re-
sistance in the rotor circuit. This is shown by t 
dotted lines forming the left ends of curves I., 
and I,. If this particular motor were started with-
out any resistance the starting current at first would 
be about 750% or 71/2 times full load current, and 
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it would then gradually decrease as the motor speed 
increases and the slip decreases. 

Illso note from -cred I. the more uniform start-
ing current which would be obtained by cutting out 
the resistance gradually instead of in steps. 
The current shown by curve I. corresponds to 

the starting torque shown by curve Tis in Fig. 
185-A. 

Each of the other current curves corresponds to 
the torque curve of the same number in the upper 
figure. 

The efficiency and power factor of slip-ring 
motors are generally a little lower than those of 
squirrel-cage motors, but this small loss is fre-
quently more than offset by the other advantages 
of the slip-ring motors. 

When slip-ring motors are used for variable speed 
service and are being operated below normal speeds 
their power factor and efficiency will be correspond-
ingly lower than when running at their full rated 
speed. 

The horse power output of motors of this type 
varies in proportion to the speed at which they are 
operated. Slip-ring motors generally have approxi-
mately the same percentage of slip, or in some cases 
a little more than that of squirrel-cage motors. 

Fig. 186. This photo shows two large slip-ring motors driving a venti-
lating fan in a mine. The motors are connected to the fan by means 
of special multiple rope drives. 

199. APPLICATIONS OF SLIP-RING 
MOTORS 

Because of their very good starting torque with 
moderate starting currents and due to the fact that 
they can be used for variable speed duty, slip-ring 
induction motors have a large number of applica-
tions and types of service to which they are ideally 
suited. 

They are extensively used for driving machines 
which require frequent starting and stopping, and deitich are hard to start because of the nature of the 

d. They are also used for operating devices 
which require speed variation over a greater range 
than can be obtained by changing the number of 
poles of squirrel-cage motors. 

Some of the common uses for slip-ring motors are 
as follows: 

Pump and compressor drives 
Variable speed fans and blowers 
Hoists and cranes 
Rotary dryers and kilns 
Grinders and crushers 
Electric railways 
Electric ship drives. 

Fig. 186 shows two 450-h. p. slip-ring induction 
motors driving a large mine ventilating fan, and 
Fig. 187 shows a 300-h. p. slip-ring motor which is 
used to operate a large hoist. 

Fig. 187. Large slip-ring motor used to drive the drums of a hoisting 
machine. Note the manner in which the stator leads are brought 
up to the motor in conduit which is imbedded in the floor. (Photo 
courtesy Allis-Chalmers Mfg. Co.) 

200. SYNCHRONOUS MOTORS 

Synchronous motors operate at synchronous 
speed, or in exact step, with the applied frequency 
and the rotating magnetic field of the machine. 
When in normal operation, the synchronous 

motor has no slip, or "zero slip" as it is often called. 
The speed of these motors is inversely proportional 
to the number of poles in the stator and directly 
proportional to the frequency of the applied line 
voltage, and as long as the number of poles and 
frequency remain unchanged the speed will not 
vary. 

Therefore, a synchronous motor is a constant-
speed motor and can be used where a certain speed 
must be accurately maintained at all times. 
Another great advantage of synchronous motors 

is that their power factor is very high, and they can 
actually be operated at leading power factor in 
order to improve the power factor on a system 
which is loaded with inductive equipment. 

In many cases synchronous motors are used 
only for power factor correction and are operated 
without any mechanical load attached. In such 
cases the motors are connected to the system or 
lines and allowed to run idle or float on the lines, 
with their D. C. field poles strongly excited; so 
that they actually generate and feed leading cur-
rent into the line and thus help to neutralize the 
effects of the lagging current produced by induction 
motors or other inductive equipment on the line. 
When these machines are used for power factor 
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correction in this manner they are called synchro-
nous condensers; because their effect on the system 
is the same as that of a static condenser, which also 
produces leading current. 

Synchronous motors are made for power drives 
and power-factor-corection in sizes ranging from a 
few horse power to 50,000 kv-a. or more. 

Power companies have synchronous condensers 
as large as 50,000 kv-a. connected directly to lines of 
13,200 volts for correcting the power factor on their 
systems. 

Special synchronous motors are made in very 
small sizes for the operation of electrical clocks and 
such devices. Some of these small motors operate 
on a fraction of one watt of electrical energy. 

201. CONSTRUCTION AND EXCITATION 
Synchronous motors are constructed almost ex-

actly the same as alternators; in fact, an alternator 
may in many cases be operated as a synchronous 
motor. Synchronous motors have the A. C. arma-
ture winding or element and a D. C. field the same 
as alternators. 
Small synchronous motors are sometimes made 

with stationary field poles which are excited by 
direct current, and with a revolving A. C. arma-
ture to which the line current is fed through slip 
rings. 
Most medium and all large-sized synchronous 

motors, however, are made with revolving fields, 
the sanie as large A. C. generators. On these motors 
the alternating current line-energy is fed to a sta-
tionary armature or stator winding which sets up a 
revolving magnetic field, the same as in induction 
motors. The field poles on the revolving field or 
rotor receive their D. C. exciting current through 
slip rings. 
As synchronous motors are always operated from 

alternating current lines, it is necessary to have 
some source of direct current for exciting their 
fields. This field supply is usually obtained from 
small D. C. exciter-generators, which are either 
mounted directly on the end of the synchronous 
motor shaft or may be belt-driven from a pulley on 
the shaft. 

Fig. 188 shows a 75-h. p. synchronous motor of 
the revolving field type. This motor has its D. C. 
exciter-generator mounted on the end bracket and 
driven by the end of the main motor shaft. Note 
the slip rings and brushes, which are located just 
inside the end-plate of the synchronous motor and 
through which direct current from the exciter-gen-
erator is passed to the revolving field poles. This 
motor has six poles and is designed for 60-cycle 
operation, so its speed will be 1200 R.P.M. 

Fig. 189 shows the stator of a large slow-speed 
synchronous motor, and Fig. 190 shows a large 
diameter revolving field for a synchronous motor 
nf this type. 

Fig. 188. This photo shows a 75 h. p. synchronous motor of the revolv-
ing field type. Note the small exciter-generator which supplies 
D. C. to the field of the large motor. (Photo courtesy General 
Electric Co.) 

Large synchronous motors with a great number 
of poles can be made to operate at very low speeds 
and are, therefore, frequently used to drive slow-
speed pumps or machinery by direct connection. 

202. DAMPER WINDINGS 
In addition to the D. C. windings on the fields 

of synchronous motors, they are usually provided 
with a damper winding consisting of short-circut 
bars, similarly to the squirrel-cage windings 
on induction motors. This damper winding can be 
clearly seen on the outer ends of the poles of the 
field rotor in Fig. 190. 
Damper windings are provided on synchronous 

motors to obtain sufficient starting torque to enable 
the motors to start with some load attached, and 
also to prevent what is known as hunting. Hunting 
of synchronous motors will be explained a little 
later. 

203. OPERATING PRINCIPLES 
When synchronous motors are started, their D. 

C. fields are not excited until the rotor has reached 
practically full synchronous speed; so the starting 
torque to bring the rotor up to speed must be pro-
duced by induction. 
When the stator winding of a synchronous motor 

is excited by being connected to the A. C. line, it 
immediately sets up the rotating magnetic field 
with which we are already familiar. The rotating 
flux of this field cuts across the damper winding 
of the revolving member or rotor and induces 
secondary currents in the bars of this winding. 
The reaction between the flux of these secondary 

currents and that of the revolving stator field pro-
duces the torque necessary to start the rotor. 
motion and bring it up to speed. 

If no damper winding is provided a synchronous 
motor will have very poor starting torque, as it 
must then depend upon the induced currents in 
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the high-resistance field coils and the slight eddy 
currents in other parts of the rotor. This, however, lesufficient to start some of the older type syn-

ronous motors which were not provided with 
damper windings, or to start alternators when they 
are used as synchronous motors. 
When some of the older type synchronous motors 

were used to drive machinery which liad to be 
started under load, they were often started and 
brought up to speed by means of a separate induc-
tion motor just large enough for this purpose. 

In other cases, the synchronous motor was at-
tached to the load by means of a friction clutch or 
magnetic clutch, so that the rotor could be discon-
nected from the load during starting and then al-
lowed to pick up the load by means of the clutch 
after the rotor had reached synchronous speed and 
its D. C. field poles were excited. 
This is not necessary with most modern syn-

chronous motors which are properly adapted to 
their load; because it is possible, by properly pro-
portioning the squirrel-cage damper winding, to 
design synchronous motors with fair starting 
torque. 

Fig. 189. Above is shown the stator of a large synchronous motor. You 
will note that the stator, frame, core, and windings are the same u 
those used for alternators. 

When a synchronous motor has been brought up 
to nearly synchronous speed and is operating as an 
induction motor because of the damper winding. 
then the D. C. field poles are excited and the power-
ful flux of these poles causes them to be drawn into 
step or full synchronous speed with the poles of the 
rotating magnetic field of the stator. 
During normal operation the rotor continues to 

revolve at synchronous speed, as though the D. C. 
poles were locked to the poles of the revolving 

Aiegnetic field of the stator. 
WAs a synchronous motor has no slip after the 
rotor is up to full speed, no secondary current is 
induced in the bars of the damper winding during 
normal operation. 

204. PULL OUT TORQUE 

If a synchronous motor is overloaded to the ex-
tent where the D. C. rotor pules are made to lag 
or pull out of step with the poles of the rotating 
stator field, the slip which results will again cause 
current to be induced in the damper winding and 
to develop torque by induction, as during starting. 

I f the overload is not too great or doesn't last for 
more than an instant, this torque developed by in-
duction ill the damper winding may enable the 
rotor to pull back into step ; but if the overload is 
too great and lasts too long, the rotor will be pulled 
out of step with the revolving magnetic field, and 
the motor will lose its torque and will stall. 

If the D. C. current supplied to the revolving 
field of a synchronous motor is interrupted during 
operation, the motor will, of course, lose its syn-
chronous torque and will stop if there is a very 
heavy load connected to it. 

We have found that a synchronous motor de-
velops its torque by the attraction between the 
poles of the revolving magnetic field set up by the 
stator and the D. C. poles of the rotor, which are 
maintained at constant polarity by direct current 
through their coils. 

We know that magnetic lines of force are more 
or less elastic, so we can readily see that it is pos-
sible for the D. C. poles of the rotor to be pulled 
back a little or caused to lag slightly behind the 
center of the revolving poles of the stator, without 
actually being pulled out of step far enough to lose 
the attraction between the poles and thereby lose 
the torque. This might be caused by sudden surges 
of load of very short duration. 

With a moment's thought we can also see that 
if a north pole of the revolving field is pulled back 
and caused to lag a little behind the center of an 

Fig. 190. Revolving field or rotor of a large .slow-speed synchronous 
motor. Note the squirrel-cage damper winding attached to the pole 
faces and also the slip rings through which the D. C. Is passed to 
the revolving field poles. 
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unlike pole or south pole of the stator field, this 
north pole of the rotor will be drawn closer to the 
adjacent north pole of the stator, which will tend 
to repel it and add to the torque, thereby keeping 
the rotor in step if the load is not too great. 

205. HUNTING 
If a heavy load is suddenly removed from the syn-

chronous motor, the rotor will tend to surge ahead 
and, due to the elastic nature of the flux, the D. C. 
poles may for an instant actually surge a little ahead 
of the revolving poles of the stator. 
Sometimes fluctuations in the mechanical load or 

in the line voltage may in this manner cause the 
rotor of a synchronous motor to surge or oscillate 
back and forth more or less irregularly. This is 
known as hunting. 
The hunting of the synchronous motor can usu-

ally be noticed by a change in the normal operating 
sound or the smooth, steady hum which is given 
off by a motor when it is operating properly. The 
hunting causes a rise and fall, or sort of throbbing 
note, to come into this sound. This audible note 
may be of very low frequency, even as low as sev-
eral oscillations per minute, or it may be of much 
higher frequency. This will be according to the 
size and design of the machine and according to the 
nature of the disturbance which causes the hunting. 
Another indication of hunting may be had by 

watching the pointers of any ammeters connected 
in the line circuit to the motor. Hunting causes 
the stator current to increase and decrease, and 
this will cause the ammeter needle to swing back 
and forth at the same frequency as that at which 
the sound or hunting note occurs. During normal 
operation, the ammeter pointer should change only 
when the load is changed or when the field excita-
tion is varied. 
Hunting may be due to anyone of the following 

causes: (A) Fluctuations in mechanical load on the 
motor. (B) Surging of generators on the line. (C) 
Switching surges. (D) High or low frequency 
surges. (E) Irregular or pulsating electric loads on 
the line. (F) Hunting of other synchronous motors 
on the same line. 
Hunting should not be allowed to continue, be-

cause it may set up very dangerous mechanical 
stresses within the motor, and it will also produce 
objectionable surges of current on the A. C. line 
supplying the motor. 
Damper windings play a large part in the pre-

vention of hunting, because, as soon as the rotor 
attempts to fall behind or surge ahead of the poles 
of the rotating stator field, the slip at once causes 
secondary currents to be induced in the damper 
winding, and thereby develops inductive torque 
which tends to hold the rotor at constant speed. 

In some cases a synchronous motor may have a 
tendency to hunt, even though it is equipped with 
damper windings. Changing the voltage applied 

to the D. C. field may cause the motor to stop 
hunting, and if this doesn't stop it, it may be neces-
sary to shut the motor down and restart it. T. 
will often eliminate the hunting. 
Sometimes a slight increase or decrease of the 

mechanical load on the motor may help to stabilize 
its speed and prevent hunting. 

If none of these things will stop it, it will then 
be necessary to definitely locate and eliminate the 
cause; which may be in the A. C. supply line, in 
the exciter-generator, or in the mechanical load. 

Fig. 191 shows a large synchronous motor of 2000 
h. p., designed for operation on 2300 volts and at 
unity power factor. Note the exciter-generator, 
which in this case is mounted on a separate pedestal 
at the right of the motor. The armature of the ex-
citer is mounted on the motor shaft and is directly 
driven at the same speed as the synchronous motor. 

Fig. 192 shows a three-phase synchronous motor 
of 150 h. p. which has its exciter driven by means 
of a large pulley on the end of the motor shaft 
and a special rope belt. This makes possible the 
use of a small, high-speed, D. C. generator. 

Fig. 191. This photo shows a 2000-h. p., 2300-volt, synchronous motor 
which operates at 100% power factor. The D. C. exciter-generator Is 
shown on the right-hand end. (Photo courtesy General Elee, Co.) 

206. CONNECTIONS OF SYNCHRONOUS 
MOTORS 

Fig. 193 shows a diagram of the connections for a 
synchronous motor and its exciter-generator. You 
will note that the wiring and connections for this 
machine are practically identical with those for an 
alternator, with the exception that a rheostat is not 
always used in the field circuit of the synchronous 
motor. 
Regardless of the A. C. voltage at which the 

synchronous motor may be operated, the exciter 
voltage is seldom higher than 250 volts. The 
pacity of the exciter-generator in kw. usually rang 
from 1 to 3 per cent of the kv-a. rating of the syn-
chronous motor. 
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Fig. 192. 150-b. p., 2300-volt, low-speed, synchronous motor and exciter. 
The speed of the large motor Is 144 RPM. (Photo courtesy Allis-
Chalmers ?dig. Co.) 

By adjusting the exciter field rheostat (F), the 
voltage applied to the D. C. field of the synchronous 
motor can be varied. This varies the current flow 
through the field coils and changes the magnetic 
strength of the poles. By means of this rheostat 
the strength of the motor field can be properly ad-
justed for the mechanical load which it is to drive, 
and for the amount of power-factor correction it 
is to perform. 
The field discharge switch, D, and resistance, E, 

are for the same purpose as when used with alter-
nators; that is, to prevent high induced voltages in Sfield winding when the circuit is interrupted. 

he damper winding of the rotor is shown in this 
diagram by the short-circuited bars in the pole 
faces. 

207. STARTING SYNCHRONOUS MOTORS 

When starting the motor, the stator is supplied 
with alternating current by closing the knife switch 
or oil switch at "B". Some form of compensator is 
generally used with large synchronous motors to 
reduce the voltage applied to the stator when start-
ing., and in this manner keep down the heavy surges 
of starting current which would otherwise occur. 
When starting a synchronous motor, there are a 

certain number of steps or operations which should 
be performed in the proper order. This is particu-
larly important when starting large motors. The 
procedure is as follows: 

First, open all switches and see that the field 
switch is in the discharge position; then apply about 
50% of the rated voltage to the stator winding. It 
may be necessary to apply higher voltage if the 
motor is to start heavy loads. 
As soon as the rotor has reached nearly full speed, 

see that the exciter rheostat is properly adjusted 
so that the D. C. generator produces a low voltage *indicated by the voltmeter, V; and with this low 

tage excite the field of the synchronous motor 
very weakly. 
Then apply full line voltage to the stator and 

gradually increase the field excitation until the 

motor pulls into step, and then adjust the field 
strength to the proper value to enable the motor 
to carry the mechanical load, in case it is driving 
any load of this nature, and for the proper power 
factor at which the motor is supposed to operate. 

Large synchronous motors usually have A. C. 
ammeters connected in series with the line leads to 
the stator, and the current input to the motor should 
not exceed the name-plate current rating, except 
as per instructions furnished by the manufacturer 
in regard to the overload capacity of the motor. 
Even though a synchronous motor is not driving 

any mechanical load, it is possibe to overload the 
stator winding with A. C. by over-exciting the D. C. 
field and thus causing the motor to draw a large 
leading current. This, of course, tends to correct 
the power factor of the system to which the motor 
is attached, but the synchronous motor should not 
be overloaded for this purpose any more than it 
should for driving mechanical load. 

208. ADJUSTING POWER FACTOR BY 
CHANGING FIELD EXCITATION 

By adjusting the exciting current, the power 
factor of a synchronous motor may be varied in 
small steps from low lagging power factor to a 
low leading power factor. This makes it possible 
to vary the power factor of these machines over a 
wide range and places this characteristic of the 
motor under the control of the operator at all times. 

Fig. 193. The above diagram shows the connections for the stator and 
field of a synchronous motor and also the excitar-generator field 
discharge switch and instruments. 

If a synchronous motor which has normal field 
excitation were driven as a generator, it would de-
velop the same armature voltage as that which 
is applied by the A. C. line when the machine is 
operating as a motor. If the field current is increased 
above this normal value, the motor will have a lead-
ing power factor; and if the field current is below 
normal value, the motor will have a lagging power 
factor. 
When a synchronous motor is used to drive 
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mechanical load and also to correct power factor, 
the field will require a small additional amount of 
exciting current. 

209. STARTING COMPENSATORS AND 
PROTECTIVE DEVICES 

Fig. 194 shows a diagram of the connections for a 
large synchronous motor, including the starting 
compensator, A. C. ammeter, circuit-breaker, and 
protective devices. 
When starting, the contacts B are opened and 

contacts C and D are closed, thus supplying reduced 
voltage to the motor armature J by means of the 
auto transformer E. 

After the motor comes up to speed, the contacts 
C and D are opened and B is closed, thus supplying 
the armature or stator winding with full line-volt-
age. 

If at any time during operation the motor is over-
loaded and the current flow to the stator winding 
becomes too great, the current in the secondaries 
of the current transformers H will be increased and 
will energize the overload trip coils G and G strong-
ly enough so that they will open the circuit-breaker 
contacts B. 

Fig. 194. Diagram of connections for a large synchronous motor with a 
compensator for starting at reduced voltage. Also note the pro-
tecuve device connected with a circuit-breaker in the line leads. 

If the A. C. line-voltage should fail or become too 
low during operation of the motor, this would also 
reduce the voltage of the potential transformer 
secondary and weaken the under-voltage trip-coil 
F, allowing it to release its armature and open the 
circuit-breaker B. The D. C. field of the synchro-
nous motor is shown at K. 
To stop a synchronous motor or condenser, first 

decrease the field excitation to normal and then 
open the line switch. Next open the field-discharge 
switch and leave it in the discharge position. This 
switch can be left closed until the machine stops 
if desired, but should always be opened then. 

210. CHARTERISTICS AND ADVANTAGES 
OF SYNCHRONOUS MOTORS 

The efficiency of medium and large-sized se 
chronous motors ranges from 88% to 96%, depend-
ing upon the size, speed, design, etc. Some very 
large synchronous motors have been built with 
efficiencies of nearly 98%. 

The starting torque of synchronous motors is 
usually slightly lower than that of induction motors, 
but many of the later type synchronous motors are 
designed with starting torques approximately equal 
to those of squirrel-cage motors. 

These starting torques vary from 50% to 150%, 
according to the design of the machine. 

The pull-out torque of synchronous motors varies 
from 150% to 200% or more of full-load torque. 

Several of the outstanding advantages of syn-
chronous motors are: (a) their constant speed; (b) 
ability to correct power factor, which in turn re-
sults in better voltage regulation; (c) higher effi-
ciency at low speeds than induction motors. 

The ability of synchronous motors to correct 
power factor is one of the most important of their 
advantages. 

Synchronous motors have several features which 
may be considered as disadvantages and these are: 
(a) they are somewhat more complicated than in-
duction motors; (b) lower starting torque of 
older types; (c) tendency to hunt and therefor, 
fall out of step and stall; (d) they require more 
skilled attention than induction motors do; (e) 
they require a supply of both A. C. and D. C.; (f) 
in case of shorts on the line, synchronous motors 
act as generators and supply current to the short 
as long as the inertia keeps the rotor moving at a 
fair speed. This latter disadvantage can, however, 
be eliminated with proper protective relays. 

211. APPLICATIONS OF SYNCHRONOUS 
MOTORS 

The advantages of synchronous motors for cer-
tain classes of service much more than make up for 
the disadvantages which have just been mentioned. 

Fig. 195 shows two 2600 h. p. synchronous motors 
used to drive low-pressure water pumps of the 
screw-propeller type. Fig. 196 shows a group of 
synchronous motors driving compressors in an ice 
plant. 

Synchronous motors have a very wide field of 
application and their use is being rapidly extended 
to other classes of power drives each year. A large 
number of power generating and public utility com-
panies insist that all motors of 50-h. p. and larger 
which are connected to the lines must be of 
synchronous type. This is done in order to impr 
the power factor of the system and thereby permit 
better utilizaticn of the generator line and trans-
former capacities. 
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Fig. 195. This photo shows 2600-h. p. synchronous motors driving low-
pressure, screw type water pumps. (Photo courtesy Allis-Chalmers 
Mfg. Co.) 

With low er por factors, a large portion of the 
generator, line and transformer capacities must be 
used for the circulation of lagging wattless currents. 
A number of the more common uses or applica-

tions for synchronous motors are as follows: 
Operation of compressors and pumps; operation 

of fans and blowers, motor-generators, and fre-
quency changers; steel mill drives; paper mill 
drives; crushers and grinders; line-shaft drives; 
and as synchronous condensors for power-factor 
correction only. 

hie. SUPER-SYNCHRONOUS MOTORS 

gipt has previously been mentioned that, in order 

to start with loads, synchronous motors are some-
times connected to the load by means of friction 
or magnetic clutches. A variation of this principle 
is used on a special synchronous motor which has 
been designed for starting heavy loads and is known 
as a super-synchronous motor. 

This type of motor has the stator Lame arranged 
so that during starting the entire frame and core 
can revolve on auxiliary bearings on the motor 
shaft. This allows the rotor, which is attached to 
the load, to remain stationary until the stator is re-
volving around it at full synchronous speed. 

The field is then excited with D. C. and a brake 
is gradually applied to the stator frame, causing 
it to reduce speed and finally bringing it to a com-
plete stop. This gradually exerts upon the rotor 
poles the full running torque of the synchronous 
motor, and as soon as the brake is applied the rotor 
begins to turn and drive the load, coming up to 
full synchronous speed by the time the stator frame 
is completely stopped. 

This method permits the use of the full running 
torque to start the load and allows the starting to 
be accomplished at much higher power factor. 

Fig. 197 shows a 300-h. p. super-synchronous 
motor of the type just described. In this figure you 
will note that the stator frame is not attached to 
the bearing pedestals but is instead mounted on its 
own bearings on the motor shaft. You will also note 

Fig. 196. Group of large synchronous motors used to drive compressors in an ice plant. Many large ice plants and refrigerating plants use 
motors of this type to operate their ice machines. 
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Fig. 197. Super-synchronous motor which is equipped with a revolvable 
stator end brake to obtain high starting torque. (Photo courtesy 
O. B. Company.) 

the brake-band around the outside of the stator 
frame and the brake-link and lever which are used 
to tighten the band and stop the rotation of the 
stator and thereby cause the rotor to start the load. 

The slip rings of this motor are mounted on the 
left end of the shaft inside of the protective screen, 
and the leads are taken through the hollow shaft 
to the D. C. rotor poles. 

Fig. 198 shows a group of large super-synchro-
nous motors in use in a cement mill. Two sets of 
slip rings must be used with motors of this type; 
one set for conveying the alternating current energy 
to the stator or armature when it is revolving dur-
ing starting period, and the other set for supplying 
the direct current to the rotor, which revolves all 
the time during the operation. 
The method of calculating the proper size of 

synchronous condenser to use for correcting the 
power factor of a system, will be covered in later 
paragraphs. 

213. SPECIAL A. C. MOTORS 

In addition to the common types of A. C. motors 
which have just been explained and which are in 
very general use throughout the entire electrical 
industry, there are also a number of special A. C. 
motors which are designed with certain character-
istics to meet unusual requirements. 

Several types of these which have been more re-
cently developed are proving very satisfactory and 
have excellent advantages for certain classes of 
work. Some of these motors, or the principles in-
volved in their design, will come into much more 
extensive use in the next few years, and for this 
reason they are worth a little special attention at 
this point 

The principles on which these motors operate are 
in general more or less similar to those of common 

types of machines with which you are already 
familiar. Therefore, it is not necessary to go into 
great detail in discussing them; so we shall me 
explain the application of these principles to sev-
eral of the most popular types of special motors 
and 3hall also explain the characteristics and appli-
cat ,ns of these machines. 

214. DOUBLE SQUIRREL-CAGE MOTORS 

We have already learned that it is possible to ob-
tain much better starting torque from induction 
motors by the use of a certain amount of resistance 
in the rotor circuit. It is not always desirable to 
use a slip-ring motor with the auxiliary controls 
required; and, if squirrel-cage motors are designed 
with rotors of very high resistance, this resistance 
while improving their starting torque, will also de-
crease their running efficiency. 
To obtain the very good starting torque of the 

high-resistance rotor and also the higher running 
efficiency of the low-resistance rotor, induction 
motors have been developed with what are called 
double squirrel-cage rotors. 

Fig. 198. This photo shows four large low-speed super-synchronous 
motors operating at 2200 volts and driving machines in a cement 
mill. (Photo courtesy G. E. Company.) 

These rotors consist of the usual core of lami-
nated iron equipped with specially-shdped slt.ts in 
which are imbedded the bars of two squirrel-cage 
windings. One squirrel-cage with large bars of low 
resistance is imbedded deeply in the iron core in 
the bottoms of the slots, and another squirrel-cage 
with smaller bars of higher resistance is located 
close to the outer surface of the rotor core with the 
bars placed just beneath the core surface. 

Fig. 199 shows on the left a sectional view of 
such a rotor which has been cut in two to show the 
position of the high-resistance squirrel-cage at ". 
and the low-resistance squirrel-cage at "B". 
the right in this figure is another view of a double 
squirrel-cage of this type from which the iron core 
has been removed by acid. This view shows very 
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clearly the construction of the inner or low-resist-
 element and the outer or high-resistance ele-

Fig. 200 shows a complete rotor of the double 
squirrel-cage type in which the bars and end rings 
of the squirrel-cages are cast of aluminum which 
has been poured directly into the openings in the 
iron core, thus making it one very solid unit when 
completed. 

Fig. 199. This figure shows two views of a double squirrel-cage rotor. 
On the left is a sectional view and on the right the core iron has 
been eaten out by acid, clearly showing the construction and shape 
of the double squirrel-cage. (Photo courtesy General Electric Co.) 

215. OPERATING PRINCIPLES 

These motors have an ordinary stator winding, 
the same as any polyphase induction motor. When tistator is supplied with A. C. from the line, the 

ving magnetic field induces secondary currents 
in both of the squirrel-cage windings and sets up 
the torque which starts the motor. 
During starting, however, the outer or high-

resistance squirrel-cage is the one which is most 
active, and very little current is carried by the inner 
cage during this period. This is due to the fact 
that the smaller high-resistance bars are located 
near the outer edge of the rotor core and have 
much less iron or magnetic material around them. 
This means that they provide a path of much lower 
reactance than the inner bars, which are completely 
surrounded with a heavy path of iron. 

Fig. 200.—Complete rotor of the double squirrel-cage type. Note that 
there are no open slots around the rotor core, the bars being cast 
into the rotor. 

This outer winding of low reactance provides a 
h easier path for the high-frequency secondary 
rents which are induced during starting when 

the slip of the motor is very great. After the motor 
is up to nearly full speed and the slip is very small, 
the frequency of the induced rotor currents is then 

much lower, and as low frequency A. C. can pass 
through an inductive circuit much easier than high 
frequency, the low-resistance bars of the inner 
squirrel-cage now offer an easy path for the flow of 
rotor current during normal running of the motor. 
We find, therefore, that the changeover of the 

current from the high-resistance, starting squirrel-
cage to the low-resistance, running cage is entirely 
automatic and requires no switches or moving con-
tacts; being due entirely to the change of frequency 
and magnetic characteristics of the rotor between 
the period of high slip during starting and reduced 
slip when running. 
Double squirrel-cage motors are very suitable 

for jobs which require heavy starting torque and 
where simple, rugged motors requiring a minimum 
of maintenance are desired. The double-squirrel-
cage principle is not altogether new, having been 
used in induction motors since their early develop-
ment; but it is only in recent years that this prin-
ciple has come into general use in commercial power 
motors. 

Fig. 201. This sketch shows the slot and bar construction of doubl • 
squirrel-cage rotors using iron "choker bars" to change the resistance 
of the field and outer circuits. 

216. DOUBLE-SQUIRREL-CAGE MOTORS 
WITH "CHOKER BARS" 

Several different styles of double-squirrel-cage 
motors are in use at present. Some of these use 
different variations of the principle, but in general 
their operation is very much the same. One motor 
of this type which is made by the Fairbanks Morse 
Company, uses a set of loose iron bars or rods which 
are placed in the slots between the inner and outer 
squirrel-cage bars. These bars change their position 
by centrifugal action when the motor comes up to 
speed, thus changing the magnetic path and thereby 
varying the reactance of the squirrel-cage circuits. 

Fig. 201 shows a cross-sectional view of two slots 
of a rotor of this type. The low-resistance squirrel-
cage bars are located in the inner slots, and the 
high-resistance squirrel-cage bars are the thin fiat 

ones shown near the outer edges of the slots. 
When the motor is first started, the round iron 
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STAR- DELTA STARTERS 
This job is used to demonstrate the difference between the ends of each phase 

on a 3 phase winding, and to show that this difference must be taken into account 
when the phases are connected together. 

Proper connection of the windings on any 3 phase motor, generator, or trans-
former, must be preceded by identification of the phase ends as starts and 
finishes, just as the proper connection of a battery to others must be preceded by 
the finding of the positive and negative terminals. 

The simplest method of finding the starts and finishes of the phases in a 
three phase motor is given below. Follow each step carefully. With the windings 
connected star, a test will show unequal voltage per phase with an incorrect con-
nection. This explains why the motor hums when the phases are improperly arranged. 

3PH. 

DELTA CONNECT1ON 
SYMBOL- A 

LINE E 

TESTING TO FIND THE 
ENDS OF THE PHASES. 

REPLACE "A" LEADS 
AND REVERSE. LEADS 
OF -B"PHASE. If t40 
1MPRoVE.tAENT SEE le 5. 

3PM. 

STAR CONMECT‘ON. S•Mbot-Y 
PHASE E = .58 Inn E. 
LINE E =i.13 11. PHASE E 

2 

ASSUME. 3 ENDS TO BE 
Fipins%4E5 Aso CONNECT 
To6ETHER . CONNEC-T 3 
STARTS TO LINE. 

REPLACE "B" LEADS 
AND REVERSE LEADS 
or PHASE. PC-. MOTOR 
SHOULD NOW OPERATE. 

COMPLETE 
STAR- DELTA 
5W ITCH; NG 
CONNECTIONS 

A 

SIMPLE DIAbRAM OF A 
STAR - DELTA STARTER 

O 

Y 
Li 

IF MOTOR IS NOISY 
REVERSE LEADS CONNECTED 
TO PHASE" A" IF NO 1 P ROVE - 
M E NT SEE 4 

SsFSIef 

WHEN MOTOR 

OPERATES MARK 

PHASES AS SHOWN 
AINOvE 
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VOLTAGE TESTS TO BE MADE WHEM WORKING JOB NUMBER SIX 

  lt  Volts 

Connect motor star for phasing out, assuming starts and finishes. If motor 
is properly phased, make the following tests: 

Voltage across "A" phase  /73 5  Volts 
Voltage across "B" phase 

Voltage across "C" phase  /-73Ye  Volts 
With the motor imrroperly phased and connected star, make the following 
tests: (NOTE: do not connect the motor delta with improper phasing.) 

Voltage across "A" phase    Volts 

Voltage across "B" phase    Volts 

Voltage across "C" phase  ‘1  Volts 
Indicate which phase is improperly connected. 

With motcr properly phased, and connected delta, make the following test: 

Voltage across "A" phase    Volts 

Voltage across "B" phase  9 i (5  Volts 

Voltage across "C" phase   (9 
 Volts 

I •  Volts 

With motor properly phased, connect delta and bring up to full speed. Open 
1 line from the 3 phase supply and make the following tests: 

Voltage across "A" phase      Volts 

Voltage across "B" phase     Volts 

Voltage across "C" phase  ef 3 s  Volts 

With motor properly phased, connect star and bring up to full speed. Open 
1 line from the 3 phase supply and make the following tests: 

Voltage across "A" phase    Volts 

/ Voltage across "B" phase    Volts 

Voltage across "C" phase   

A.C. voltmeter may be obtained from an instructor at the desk upon deposit 
of job card. Handle meter carefully and place it in meter "dolly" while 
making tests. Be careful to select proper voltage range before attempting 

any test. Please return meter to desk promptly when tests are completed. 

(NOTE: All phases will give a voltage reading even though the motor is in-
correctly phased or 1 line wire is disconnected. Zero readings will result 
from incorrect connections for the voltmeter.) 
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SLIP RING INDUCTION MOTOR Job *7 

• 
30 LINE 

rioLo1,46 MACsite.T 
AND No VOLTA« (LLCM( 

neurt cowl-Acts. j 
, ILK CONTAtTs., 

CUTLER Hfraime.‘ 
Actoss-THE- LINE 

STARTER. 
120E. 60-s, J.H.P. 

Diagrams A and B are used to show that an increase in rotor 
resistance causes the rotor poles to move into a more favor-
able position with respect to the stator poles thereby in-
creasing the starting torque. If the rotor resistance is in-
creased above a certain critical value, the torque will be 
reduced as indicated by the curves in the diagram below. 

The slip ring induction motor operates on the same princi-
ple as the squirrel cae type, the revolving magnetic field 
set up b; the stator winding reacting with the induced rotor 
poles to produce rot,tion. Insertion of resistance in the ro-
tor circuit produces the following advantages: 1.High start-
ing torque 2.Low starting current 3.Smooth starting action 
4.Adjustable speed. 

CHARACTERISTICS 
The average slip ring motor will produce 3 times nor-

mal full load torque with 2.5 times normal full load 
current. 
With all the external resistance cut out, the varia-

tion in speed from no load to full load will not exceed 
5% of the full load speed. As resistance is inserted, 
the speed regulation becomes rapidly poorer. 

APPLICATION 
Air compressors, large ventilating fans, conveyors, 

punch presses, printing presses, lathes, elevators, etc. 
may be used wherever a high strtin;,- torque, a smooth 
starting action, or adjustPble speed is desired. 

PRINCIPAL TROUBLES 

Sliprin,7s, brushes, brush holders, external rotor 
resistance, lnole connections, bearinp7s, insulation. 

Cu 

NOTE THAT THERE 
IS NO ELECTRICAL 
coNNs_c-rios BETWEEN 
THE RESISTANCE 60X 
AND THE LINE.. 

ROTOR RESISTORS. 

H I6H RES. TYPE 

LOW RES. TYPE 

RYE -1" ROTOR RES. ALL CUT OUT. 

-2. RES. FOR MAX. TORQUE. 
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"4 MORE RES. THAN ' 3" 
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DRUM CONTROLLER FOR SLIP RING INDUCTION MOTOR. 

NO' NI R 

R 

OFP POSITION. 

FIRST POSITION. 

FOURTH POSITION. 

SCCONO POSITION. 

 o 

4 3 2 I- FORWARO .---10.-

2 3 4 -- — - — 
I 

I I 

MR : 

• u \\ 

The drum controller designed fór use 
with a slipring induction motor usually 
has two functions s 1. To cut resistance 
in or out of the rotor circuit; 2. To 

interchange two of the line wires so that re-
d‘rersal of rotation may be obtained. 

In the unit shown above, The five upper rows of 
segments cut the resistance in and out of the 
rotor circuit; the three lower rows connect and 
disconnect the stator winding from the line and 
also make possible reversal of rotation. 

The connection diagrams on the left show the manner in 
rotor circuit resistors are taken out of the rotor cir-

cuit. Note that the various sections are eliminated by 
short circuiting them, and that on the last step three 
sections are cut out at the same time. Note also that 
there is no electrical connection whatever between 

the rotor circuit and the stator circuit. 
CONTACTOR SEQUENCE . 

CON- 

TACTS . 

---> .FORWARD. OFF. REVERSE . 

4 3 2 I I 2 3 4 

R3 0 '• 

R2 * 4, 

M 3 e  
RI2 i 

RI I 0 0 e 9 0 • • 

R22 s 4 ti é 0 0 e o 
R23 I 0 

LI 0 ‘t_ 4 O ‘0  e t 

TI II 0 4 f 1> 0 4 r 
12 % 0 f 4 %il t. 0 f 
1.2 i b tb OF 'ie ,e 4. s. 
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DRUM CONTROLLER FOR SLIP RING INDUCTION MOTOR. 

RZI 

RZI 

R21 

R21 

6 5 4 3 2 

2 3 4 5 6  

RZ2 

RZ2 

R22 

R22 

R23 

R23 

R23 

R23 

6 5 4 3 2 I— FORWARD. 

—I 2 3 4 5 6 REVERSE. 

R2 
RI3 RI3 1;› 
0 RII 

RI2 

cr OVERLOAD 
TRIP.  

The above diagram shows a slipring induction motor equip-
ped with an across-the-line starter for applying power to 

the stator circuit, and a controller for cutting resis-

tance in or out of the rotor circuit for starting and 
speed regulation purposes. 

Note that the order in which the rotor resistors are short 
circuited is different from that employed by the con-
troller shown on the reverse side of this sheet. 

For smooth starting, all resistance should be in the rotor 

circuit when power is applied to the stator. To insure 

this condition, the above drum controller is equipped with 
a switch connected inseries with the starting button onthe 

cross-the-line starter. This interlocking switch is closed 
only when the controller handle is in the OFF position. 

CONTACTOR SEQUENCE. 

CON- 
TACTS. 

FORWARD. OFF. REVERSE . 
6 5 4 3 2 I I 2 3 4 5 6 

R22 

RI2 

R2 

R3 

RI3 

R23 

LI 

TI 

T2 

L2 

ST 

C,2.Ey/717 
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VOLTAGE RELATIONS IN 3 AND 4 WIRE A.C. CIRCUITS. 
h.-- A -)44— B 

Proper analysis of electrical circuit 

troubles can be effected only if the 
electrician knows the particular type 

of system with which he is confronted, 

since a fault on a single-phase, three-
wire system, for example, may produce 

a different effect under identical op-

erating conditions than the same fault 

would produce on say a three-phase, 

three-wire system, or a two-phase, 

three-wire system. Moreover, any cirt-

cuit changes,whether they represent ad-

ditional lines, conversions, or connec-

tions of other apparatus, must be con-

sidered in terms of the particular type 
of circuit to which they apply. Quite 

often changes are made or apparatus is 
connected toa circuit on the basis that 
it is of a certain type and the discov-

ery that it is not as assumed sometimes 
proves inconvenient and expensive. 

From the above, it is evident that 

precise data on the particular circuit 

under consideration will make possible 

avoidance of the errors previously nô-

ted. Determination of the circuit ar-

rangement is comparatively simple, pro-
vided a voltmeter is used, as the read-

ings provided by this instrument will 

give all the information needed for an 

accurate analysis of the circuit. Inves-

tigation of the circuit consists merely 

of taking voltage readings between all 

possible pairs of wires, and between 

each wire and ground, and determining 

the connectimfromthe values obtained, 
according to the diagram shown here. 

On the basis of the highest voltage 

obtainable between wires being 100E, 
the readings between other line wires 

in per cent will be as shown in the 

diagrams. From the sketches and the 

relations found to exist among the dif-

ferent voltages, determination of the 

type of circuit is rapid and simple. 

Thus, if a three-wire circuit shows 

equal voltage between all pairs and no 

voltage from any one line to earth, it 

is an ungrounded, three-phase system. 

If the voltage across two of the three 

pairs is 70.7% of that across the other 

pair, it is a two-phase, three-wire 

system, whereas, if the voltage across 

two pairs is 50% of the voltage across 

the remaining pair, a single-phase, 
three-wire system is indicated. The 

same reasoning could be applied to any 

of the other circuits shown. 

A e 

50E1,50E,  

B 

70.7E ,0 i 2 B 3 / ,..:A 

70.7E 
70.7E 70.7E 

100E 

100E 100E 

100E 

B 

A 

1 2 
-86.6E 

100E 100E 

100E 

50E 

3 

8 

E) 

loo 

50E 

100E 

A 

58E 
58E  

eft.„,1 
- A +B 
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MAGNETIC REVERSING SWITCH. 
IN. 

OUT. 
 •  

•fL  
FORWARD. 

e  

REVERSE. 

• 

STOP   

•e-OVERLOAD 
CONTACTS. 

-OVERLOAD HEATERS. 
1 

e-, 

CONTACTORS A AND B ARE 
MECHANICALLY INTERLOCKED. 

Reversal of rotation of any three-phase induction motor is merely a matter of in-
terchanging any two of the three line leads connected to the stator. 

Although most motor driven machines are designed for one direction of rotation, 
there are many applications that demand periodic reversal; such motors are generally 

equipped with an automatic or push-button-operated control similar tothe unit shown 

above. 

Starters or switches that have more than one set of contactors are usually designed 
so that both sets cannot move in at the same time. Should this happen in the start-

er above, the line wires would be short circuited. To prevent this, the sets of 

contactors are mechanically connected together in such a way as to force one set 
out when the other moves in. When so arranged, the sets of contactors are said to 

be mechanically interlocked. 

When the start button is pressed, magnet coil 1 is energized and contactors A 

move in to connect the motor to the line. When the stop button is pressed, the 
coil becomes de-energized and contactors fall out, thereby disconnecting the 

motor from the line. Pressing the reverse button energizes magnet coil number 2 
pulling in contactors B and running the motor in the opposite direction. 
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1800 R.P.M 1200 R.P. M. 900 R. P. M. 720 R. P.M. 600 R.P. M. 

MOTOR 
CAPACITOR Kv -A. 
FOR DESIRED 

POWER FACTOR 

MOTOR 

CAPACITOR Kv-A. 

FOR DESI RED 
POWER FACTOR 

MOTOR 
CAPACITOR Kv-A. 
FOR DESIRED 
POWER FACTOR 

MOTOR 

CAPACITOR Kv-A 

FOR DESIRED 
POWER FACTOR 

MOTOR 
CAPACITOR Kv-A. 

FOR DESIRED 
POWER FACTOR 

H. P. VOLTS .95 .90 H. P. VOLTS .95 .90 M.P. VOLTS .95 .90 H. R VOLTS .95 .90 H. P. VOLTS .95 .90 

7: LOW ya Ya. II. LOW I Y U-1/4 LOW 1 1 5 LOW Z 2 5 LOW 4 3 

3/1 LOW Y: Y: 364 LOW 72- yi. 1 LOW 1 1 71/2  LOW 4 4 77z LOW $ 4-
i 

1 LOW Y: IA I LOW ya 'Ii. 11/2 . LOW I 7s. 1 10 LOW 4 3 10 LOW 5 5 

1 V2.  LOW Y4 72.. 11/2. LOW y4 Y, 2 LOW 17, 112. 45 LOW 5 4 15 LOW 77z 5 

2 LOW 14 IL 2 LOW 1 y4 3 LOW 2 1/1. 20 LOW 77z 5 20 LOW 10 71/2 . 

3 LOW 

S LOW 

1 3/4. 3 LOW 

, 

11 1 5 LOW 3 Z. 25 LOW 10 5 25 LOW 10 7 Va. 

17a. 1 5 LOW 2 Pia. 71/2  LOW 3 3 30 LW/ 40 5 25 2200 20 15 

ra. LOW 2 11/2  77: LOW 3 112. 10 LOW  

20 LOW 

4  3 

s 5 

30 2200 10 17: 30 LOW 40 7'/: 

10 LOW 2 1'/:. 10 LOW 3 2 40 LOW I 5 10 30 2200 20 15 

15 LOW  

20 LOW 

3 2. 15 LOW 4 3 20 2200 10 71/2  40 2200 45 10 40 LOW 15 10 

4 2 20 LOW s 4 25 LOW 10 'Ili SO LOW 15 10 40 2.200 20 15 

25 LOW 4 3 25 LOW /la 5 25 2200 10 1 1/2. 50 2200 15 10 50 LOW 20 15 

25 2.2.00 4 3 25 2.100 77a. 5 30 LOW 10 71/2. 60 LOW 20 15 50 2200 20 15 

30 LOW s 3 30 LOW 7Yt 5 30 2.200 10 7 It 60 2100 20 15 60 LOW 20 15 

30 2200 77s 4 30 2.200 7Y2. 5 40 LOW 10 7 72- 75 LOW 20 45 60 2200 25 20 

40 LOW 7h 4 40 LOW 10 I 7i. 40 2200 40 7'h.. '15 2200 25 20 75 LOW 25 20 

40 2200 77/. 4. 40 2200 10 7 7z. 50 LOW 15 10 100 LOW 25 2. 0 75 2200 40 30 

50 LOW 77, 5 50 LOW 10 7 va. 5 o 2200 15 10 400 2200 30 20 100 LOW 20 15 

50 2200 77: 5 50 1.200 10 II& 60 LOW 15 10 125 LOW 30 20 400 2200 25 20 

60 LOW 77a. 5 60 LOW 10 7 1/2 . 60 2 200 15 10 125 2 200 30 2.0 12.5 LOW 30 20 

60 2E00 10 1'h 60 22.00 10 Iii. 75 LOW 15 40 150 LOW 35 25 125 2200 35 30 

75 LOW 10 771. 75 LOW 10 7'/. '15 2200 15 40 150 2200 40 35 150 LOW 50 40 

73 2200 10 7 y2, 75 2200 10 7 72. 100 LOW 20 10 200 LOW 35 20 200 LOW 50 35 

100 2200 20 10 200 2200 40 25 ZOO 2200 50 40 

425 LOW 25 20 150 2200 50 50 

125 2200 25 20 

150 LOW 25 20 

130 2200 30 20 

200 LOW 30 20 

200 2.200 35 20 

15 LOW 5 4 COYNE 

THE TABLE ABOVE. GIVES THE NEAREST STANDARD CAPACITOR Kv- A. RATiNGS To cORDEcT POWER FACTOR OF SQUIRREL - CAGE INDU CT I 0 N MOTORS TO .9 S OR .9 0 . 
ALTHowsH THE. MAGNETIZING CURRENT REQU I REMf-NT OF TH E. INDUCTION MOTO R VARIES some WHAT FROM NO LOAD ro FULL LOAD, IF THE 
MOTOR Is coRREcTLP To THE DESIRE!, POWER FACTOR AT 1:-. LOAD (VALUES IN THE TABLE A oovE) IT WILL BE CORRECTED APPROMMATELT TO TN % S 
POWER FACTOR AT Au. LOADS. AcTuALLT THE POWER FACTOR WILL et SOME WHAT HIGHER AT NO LOAD Ato•SLIGHTLy LOWER AT FULL LOAD. NOTE:- LOW VOLTS MEANS 220-440-sso. 



• 

• 

s 



A. C. 2146 
PHASING OUT, SYNCHRONIZING AND PARALLELING OF A.G. GENERATORS 

3 PLHASE. US DAR 

PRIME MOVER 
SPEED CONTROL 

I"' 

 '1_1\ 

//f 

eMAmG. OTO 

6tH ERATO', D.C. FIELD 
-1006000 rren1515-'-‘--1 

PRIME 

MOVER 
D.C. MOTOR 

11311E11 
A.C. 

GUERATOR 
GEN ER A TO R FIELD RHEOSTATS 

\\\ 

GENERATOR D.C. FIELD 

ID.C. I Job 8 

PRIME MOVER 
SPEED COPFTROL 

060 60-0   e Olfir01-0  

PRIME 
riov Eft 

D.C. MOTOR 

TO OPERATE SATISFACTORILY HEN SWITCHED IA PARALLEL, A.C. GENERATORS MUST FULFILL THE 
FOLLOWING REQUIREMENTS: 
1. The machines must be designed for the same voltage and frequency. They need not 

have the same speed or the same power rating. 
. The generators must have similar operating characteristics as far as voltage regula-
tion is concerned in order to assure proper division of load. 

. The machines must be correctly connected together, or "phased out." 

The paralleling switch must be closed at the instant when the generator freouencies are 
very nearly equal, and when the voltages are exactly equal and in direct opposition to 
each other. These conditions exist when the voltmeters read alike ana the synchroni-, 
zing lamps are out. Under such circumstances, the generators are said to be in synchr› 
hism - this is the instant at which the parallelling switch must be closed. 

"Phasing out" may be effected by strings of lamps, or a three-phase motor, connected as 
indicated. If the generators are properly connected, all lights will go out together, 
and the phasing motor will run in the same direction on either machine. Should the ac-
tion of the lamps or the operation of the motor indicate an improper connection, inter-
change any two leads of the new machine. It is important to note that the strings of 
lights or the phasing motor - whichever is used - must be symmetrically connected with 
respect to the generators if trustworthy indications are to be obtained. The above 
sketch shows how these devices should be connected. 

After the new machine is in parallel, it must be caused to assume its proper share of 
the load. This can be accomplished by increasing the power input to the prime mover. 
Varying the field excitation on an A.C. generator will not cause it to pick up or drop 
load as it does with a D.C. machine. Instead, it merely results in changing the power 
factor of the machine. Although the new machine has to be "phased out" but once, the 
synchronizing operation must be repeated each time a generator is paralleled with 
athers. 
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STATOR 
FRAME 

REVERSING 
DIRECTION OF 
ROTATION. 

SINGLE PHASE A. C. MOTORS. 

LINE 
CENTRIFUGAL SW. - STARTING WINDING 

RUNNING WINDING 

• STATOR 

SQUIRREL CAGE ROTOR 

SINGLE PHASE SPLIT PHASE MOTOR. 

LINE 

BRUSH 
G EAR . 

V V  

ROTO 

I-"  

SHORT CIRCUITING 

BRUSHES 

SHORT CIRCUITING 
RING 

• STATO R 

POLE POSITI ONS OF STATOR. 

POLE POSITIONS OF ROTOR. 

REPULSION START INDUCTION MOTOR. 

L IN E 

GROWING FLUX 

DflNG FLUX 

SHADING COIL 

SHADING COIL /  

STATOR 

SHADED POLE INDUCTION MOTOR. 
COYNE. 
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AC 
SINGLE-PHASE SPLIT - PHASE INDUCTION MOTOR 

202 

LINE 

SQUIRREL CAGE ROTOR 

OPERATION 

Job N0.1-A 

RUNNING WINDING 

STARTING WINDING 

To be self-starting, the stator winding of a squirrel-cage induction motor muet be ca-
pable of eetting up a rotating magnetic field. Since such a field cannot be produced 

by a single winding energized by a single-phase current, some method of splitting this 
current into two currents approximately 90 degrees out of phase with each other must 
be provided. rhi8 is accomplished by having the single-phase current flow through two 
parallel paths having different electrical characteristics. One path, being highly 
inductive, causes the current flowing through it to lag almost 90 degrees behind the 
current through the other path. By this method, a revolving magnetic field is produc-
ed with singlephase current. Starting as a two-phase machine, this motor accelerates 
to about 75% of normal full load speed when a centrifugally-operated switch discon-
nects the starting winding and converts the unit to a straight single-phase type. 

CHARACTERISTICS 

This motor will develop from 1 to 1.5 times normal 
high as 9 times normal full load current when full 
The speed variation from no load to full load will 
load speed. For complete data on current, torque, 

APPLICATION  

Washing machines, ventilating fans, sign 
flashers, bottling machinery, oil burners, 
dairy machinery, garage equipment, etokere, 
coffee mills, shoe machinery, exercisers, 
dish washers, oil pumps, etc. In general, 
this motor - which is usually built in 
fractional h.p. sizes only - may be used 
for any small load that does not require a 
high starting torque and can be operated 
at constant speed. 

TROUBLES  

Centrifugal switch, starting winding, bear-
ings, loose connections, oil-soaked insula-
tion, opens, shorts and grounds, improper 
connections. 

fall load torque, and will draw ae 
line voltage is applied at starting. 
not exceed 5% of the normal full 
etc., see curves given below. 
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SINGLE PHASE, SPLIT PHASE INDUCTION MOTOR 

1. Name the windings of this motor and state how they are connected with 

respect to each other. --1>< ï L, / • - _ ..4,,e1 

\r, r e• , (/,  ci 
2. What is , the differenCe in. the electrical characteristics of the winding!? 

...n.4.4„.-.... . ,--1...- 4.4"..--,--; I 7 / ' 111,4,1-4t ( --- . jii,-11.Z14-11410 
G eul 

3. .at is the displaee nt in electeleal degrees between the windings? 

4. W),..y is it necessary to use two windings during the starting period? — 

re... CI. /Nee «1/4 ..-1-1-£11"-̀" : iiel•••Imr-rst ' 5. What What is phase-splitting, and what is the effect obtain 4d from phase 

splitting? In which winding does the "I7,4reach.maximum yelps first? 
4 f • l . ..... /,, 

• 

6. Is this motDi, tarted as a two-phase or as a single-phase machine? 

7. For what period of time is the starting winding allowed to remain in 
the circuit? 4Atii/ ‘k•-e 

8. How would itle.ged II left in service for prolonged periods? 

9. Explain th  action of the centrifugal switch 4 tate how it is con-
nected in the circuit., Cf -(44;4 el-t-rriu 

, "Ar-5? 
10. Classify he rotor winding and describe its oonstruction. 144,04m,c e \ 

, Aff. • .; • -4-#T- - 

H. Are any electrice.l connections made 'at the rotor winding from either the 
line or stator winding? , ), 

12. How is energy transferred from the stator winding to the rotor.winding of 
-/  an induction motor? ' h- I 4 

13. How would you reverse the rotation of this type motor? 

'ett 
14. ffok much torque ell this motor develop when full line "E" is a plied at 

starting, and how much "I" tell be required, with regard to full load tor-
que and full load "I"? M 44,44,441e, 

15. What is the reason for using laminated iron cores in ft.t.c..Ç. machines? 

..41 A.127t,p c-et.ttéi ,c,6(,,,,,./-L,- /If 
16. Give the common Vroubles in the order they are most apt to occur in this 

i 1_4 , motor. \,: ,,,,,c _t- k.,_ : ( --.7•1. i , , ( ,....,_j, ) \., 
--. 1 Lt ,l ...‘"•*--a‘.44---ey-, --• oi-raim i 43i-et ' e ' ...._,.. 

17. Give some common applications pe this type motor. 
' 'L'" ' f - e.1 

18. Is it possible for th 6 'rmtdr of an induction motor to revolve at the same 
speed as the magnetic field of the stator? ,,pt,e0e 

19. In-:at is the difference be twee the rotor R.P.M. and the stator field R.P.M. 
called? - ....t.44777 JI te./I e 6/44 4 ert'ee61 ' (.--:thell.42-1 -.74#k* op .il. 

20. What is the V,ariation in speed from no load to full load? Is speed regula-
S-tion good, fair, or poor? 1 

21. From the motor name plate determine: 

H.P.= A d R.P.M. of rotor = elek( R.P.M. of stator 
Poles = 1,• Cycles per sec. = ck< I at full load = ,L 1 

E se i» V.A. at full load = ', / 
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REPUL510N-5TART-INDUCTION MOTOR 

e 

Job No. 1 B 

-2-

110 E. LINE 

220 E. LINE 

OPERATION  

In this motor are combined the high starting torque of the repulsion-type and the good 
speed regulation of the induction motor. The stator of this machine is provided with a re-
gular single-phase winding, while the rotor winding is similar to that used on a D.C. mo-
tor. When starting, the changing single-phase stator flux cuts across the rotor windinge 
inducing currents in them, that, when flowing through the commutator and brushes, set up 
poles on the rotor which remain stationary in space and maintain a continuous repulsive 
action upon the stator poles. This motor starts as a straight-repulsion-type and acceler-
ates to aoOut 75% of normal full speed when a centrifugally-operated device connects all 
the commutator bars together and converts the winding to an equivalent squirrel-cage type. 
The same mechanism usually raises the brushes to reduce noise and wear. Note that, when 
the machine is operating as a repulsion-type, the rotor and stator poles reverse at the 
same instant, and that the current in the commutator and brushes is A.C. 

CHARACTERISTICS  

This motor will develop 4 to 5 times normal full load torque and will draw about 3 times 
normal full load current when starting with full line voltage applied. The speed varia-

tion from no load to full load will not exceed 5% of normal full load speed. For CORI— 

plete data on current, torque, etc., see curves 

APPLICATION 

below. TYPICAL PERFORMANCE. CUR‘iES 
OF REPULSION — START-INDUCTION MOTOR 

600 

Air compressors, refrigeration compressors, plun-
ger-type pumps, meat-grinders, small lathes, 
small conveyors, etokers, etc. In general, this 
type of motor is suitable for any load that re-
quires a high starting torque and constant speed 
operation. Most motors of this type are less 

than 5 h.p. 
TROUBLES  

Commutator, brushes, centrifugal switch, short-

circuiting rig, bearings, oil-soaked insulation, 
solder thrown out of commutator, too much or too 
little tension on the throw-out spring; opens, 
shorts, or grounds in the rotor of stator wind-
ings. Rotation is reversed by shifting the 

brushes. 

w SOO 

cdS 
400 

O • 300 

O • 200 
-J 

100 
la-
it_ 
o 

o 20 

'4 OF 

STARTING 
REPULSION 

40 

SYNCHRONOUS SPEED 

COYNE 

RUNNING 
INDUCTION 

FULL LOAD 

60 60 100 
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AC 

REPULSION-INDUCTION MOTOR 

Job Nar 4-

1. 

OPERATIO  
This motor is different from the repulsion-start-induction type in that it has no cent-

rifugal switching mechanisn, no short-circuiting device, and no brush raising equipment 
Starting as a straight repulsion type, this motor combines both repulsion and induction 
operation when running. In addition to the regular winding, the rotor of this motor is 
equipped with a squirrel cage as shown in the diagram above. Both windings are located 

in the same slots and the squirrel cage, although inactive at the instant of starting, 
develops a gradually rising torque as the speed increases. When normal speed is reached 

both windings are carrying load. A further advantage of the squirrel cage lies in its 
speed regulating action, this effect tending to maintain constant speed with variable 
load. The advantages claimed for this type of motor are no centrifugal or short-circuit 
ing mechanism to give trouble, good commutation, simple construction, and a high power 

factor during operation at or near full load. 
CHARACTERISTICS  

This motor will develop 4 times normal full load torque with 3-1- times normal full load 
current. The variation in speed from no load to full load will not exceed 5% of the now 

mal full load speed. See curves below. 
APPLICATION vv_Rvcritrmeel c_x1RNM-5 

e„ Air compressors, pumps, stokers, hoists, con-
veyors, machine tools, dairy machinery, etc. 

e Jn general, this motor is suitable for &ny Soo 
type of load requiring a high starting torque 
and constant speed operation. 

PRINCIPAL TROUBLES r00 

Commutator, brushes, brush holder, bearings, 
insulation, and opens, grounds, shorts, and 30 

loose connections in either the rotor or sta-

tor windings. Zoo 
e 

The repulsion type motor is very sensitive to t.)  

brush setting, and for this reason the manu- -J 10o 
facturer marks the brush holder and housing 
to facilitate brash positioning. One commuta-

tor bar from the correct position may cause 0 
unsatisfactory operation. To reverse the dir- e 
of rotation, shift the brushes. 

e 
c.; 
›, 

--,..... ...... ... _. .... ., ., 

çk Cs, c, 
c ç0 

20 40 6 D 

crio O 51N{_WriOV$\)S 

80 IDO 

coirtE. 
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CAPACITOR MOTOR 

• 

O 

O 

-A-

-c 

The above motor is a split-phase type, the phase-splitting action being ootained by the 
insertion of a condenser in series with the starting winding. This motor starts and 
runs as a two-pht.se motor. The auto transformer connected across the condenser applies 
a comparatively high voltage to the condenser, thereby giving a higher capacity effect, 
and making possible the use of a smaller conueneer than *ould otherwise be necessary. 

Luring starting the centrifugally-operated switch is in the "start" position. This ap-
plies about 500 volts to the condenser, giving a high capacity effect and producing a 
comparatively high starting torque. When the motor has reached about 75% of normal 

full speed, the switch is thrown over to the "run" position, applying about 350 volts 
to the condenser, thereby reducing its capacity effect to a value which will maintain a 
high power factor during operation. 

This motor will develop approximately 4 times normal full load torque with 7 times nor-
mal full load current. Compared with the repulsion-start-induction motor, the capaci-

tor motor has a lower starting torque and a much higher starting current, about the 
same full load efficiency and a higher full load power factor. For equal rating, capa-
citor motors cannot stand as long a starting period as the repulsion type. Capacitor 

motors are widely used in household refrigeration and may be used where repulsion-
start-induction motors are applicable, except where very high starting torque and long 
starting periods are involved in which case the repulsion-start-induction motor is used. 

The small diagrams, A, B and C, on the right are schematic diagrams of capacitor motors. 
"A" is the circuit for the large diagram, (capacitor start, capacitor run motor) while 
"B" and "C" represent two other types which do not use an auto transformer. "s" uses a 
condenser on starting only, while "C" uses two condensers on starting, while only one 
remains in the circuit when running. 

The electrolytic type of condenser is used on condenser-start motors only. This type 
of condenser must not be left in the circuit for more than 0 or 4 seconds, if condenser 
breakdown is to be avoided. Condensers marked "X" may be electrolytic, but the others 
shown must be the metal foil and paper type. 

COYNE 
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FRACTIONAL HORSEPOWER MOTORS 

Satisfactory performance from a small general pur-

pose motor will be assured by use of a repulsion. 

induction motor or a "capacitor" motor as described 

in the following table. These types are slightly 

higher in price than a split-phase motor, but pro-

1. R EPU LS ION- START 
INDUCTION MOTORS 

Similar in performance to the 
larger 3, 5, 7)4 horsepower motors. 
Sizes from 34 to horsepower, 
high starting power, low starting 
current. For use on 110-220 volt, 
single plume, 60-cycle circuits. 

Machine 

Washing Machine 
Cream Separator 
Churn 
Concrete Mixer (small) 
Farm Shop Equipment 
Fanning Mill 
Corn Sheller (single hole) 
Fruit Grader 
Grindstone 
Shearing Tool 
Sausage Grinder 
Potato Grader 
Pump Jack 
Root Cutter 
Small Feed Grinder (Burr) 

vide higher starting power without imposing heavy 
current demands that may reduce voltage in the line 
and cause lights to flicker, or cause a fuse to blow 

because of starting overload. On the other hand, 

the split-phase motor will give satisfactory service 

for the lighter jobs such as running the washing 

machine, churn, small tool grinders, etc. 

2. CAPACITOR MOTORS 

For use on 110 or 220-volt single-
phase service. High starting power, 
low starting current, high efficiency. 
Highly. satisfactory for general 
purpose use. Sizes range from 34 to 

horsepower. 

Hp. Moat 
Used 

54 or X 
h or 

X or 54 

X 

X 
54 
34 

.14 and 1 
)4 and 1 

3. SPLIT-PHASE MOTORS 

Inexpensive type of small motor, 
but requires high starting current. 
Suitable for washing machine, 
ventilating fan, small tool grinder 
or other uses where starting load is 
not heavy. Sizes, % 0 to ).¡ horse-
power for 110 or 220-volt service. 

Racootusnoan 
MOTOR TYPR 

Repulsion Split Capac-
Induction Phase itor 

Recommended 
Control 

Sentinel Breaker 
Sentinel Breaker 
Sentinel Breaker 
Sentinel Breaker 
Sentinel Breaker 
Sentinel Breaker 
Sentinel Breaker 
Sentinel Breaker 
Sentinel Breaker 
Sentinel Breaker 
Sentinel Breaker 
Sentinel Breaker 
Sentinel Breaker 
Sentinel Breaker 
Sentinel Breaker 

MINIMUM RECOMMENDED SPEEDS OF CUTTER FANS TO ELEVATE ENSILAGE 

INTO SILOS 
Diameter of 
Cutter Fan 

Inches 
(Wing Tip to 
Wing Tap) 

30 
32 
34 
36 
38 
40 
42 
44 
46 
48 

OF DIFFERENT HEIGHTS USING 5-HP. MOTOR* 

Height of Silo in Feet 
25' 30' 35' 40' 45' 50' 55' 60' 75' 

Recommended Fan Speed, Revolutions per Minute 
500 530 575 610 650 690 720 
465 495 540 575 610 645 675 
440 465 510 540 570 610 635 
415 440 480 510 540 575 600 
390 415 450 480 510 545 570 
370 395 430 460 485 515 540 
355 380 410 435 465 490 515 
340 360 390 415 440 470 490 
325 345 375 400 425 450 470 
310 330 360 380 405 430 450 

750 
705 
660 
625 
595 
565 
535 
510 
490 
470 

For silos higher than 40 feet, the 73.. h.p. motor is recommended. 

From Wisconsin Rural Electrification Handbook. (Published by University of Wisconsin) 
COUNTeflf wisronsitousc ti.ccrec & MFG. co. 

835 
735 
780 
695 
660 
625 
595 
570 
545 
520 
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FUNDAMENTAL PRINCIPLES OF A. C. 

, 

I_ 

/>î 

bow ONE CYCLE 

°He ALTERNATI011 

2 CYCLES I. REV. 

NO. 

OF 
POLES 
, 

CYCLES 

PER 

REY. 

Rri. ?ER 

sec. rout 

60^, 

R .p. m. 

FOR 
60", 

INDUCTION MOTORS 

le"' " 
MASNEIK 
FIELD 

a • e" • 
Or 

ROToR 

Z I 60 3600 36 0 0 345 0 

4 2 30 1800 1600 1740 

6 3 20 1200 I 200 1160 

e 4 15 900 900 860 

10 5 12 720 720 690 

I Z 6 10 600 600 580 

POLE S =   

R P. m. 

FREquENEy = 

14 

120 X FREQUENCY 

R. P. m . 

120 X FREQUENCY 

POLES 

POLES X R.P.M. 

gorAyloei 
5 

420 

E ow I 
00 
7e7 
30 

S 

DEvn.opmENT or vOLTP1/46E 

CURVE FOR P. SINGLE 

PHASE GENERKTOR. 

s le° 

-f-- 
EFFECTIVE MAX.VALU E. 
YALU! 70.7/. 106% 

THIS SKETCH SNOWS 
THAT THE NUMBER 
Or LINES CUT PER 
SEC. DEPENDS UPON 

THE. FIELD STRENC7T1i, 
CONDUCTOR SPEED AND 
THE P.NEN_E WHICH THE 
CowoucToR MOVES WITH 
RESPECT TO THE UNES 
cHT FORCE. 

DEvELOPmENT OF VOLTAGE CURVES FOR P. 

A 

Née 
\ 

/`. 
• 

180' 4- 1 6 0 • 

3 PH GEN. 

COYNE 
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o 

HAND OPERATED 

AcR035 - THE-LINE 

SWITCH 

BY ADDITION or 

THE STICK CONTACTS 

AND THE DOTTED 

CONNECTIONS,THE 

STICK CIRCUIT IS 

COMPLETED AND THE 

MAGNET REMAINS 

ENERGIZED AFTER 
THE START BUTTON 

RELEAstu. 

CONTACTS PLACED 

ON MOVABLE ASSEMBLY. 

A MAGNET is REQUIRED 

TO OF'ERATE TNEM 

SHADING COIL 

ADDITION OF "THE 

OVERLOAD TRIP 

COILS COMPLETES 

THE UNIT. Iblis 

STARTER PROTECTS 

THE MOTOR FROM 

OVERLOAD AND LOW 

VOLTAGE AND IT 

CAN BE REMOTELY 
CONTROLLED 

NOTE THAT THE OVERLOAD 

TRIP CONTACTS ARE IN SERIES 

SMITH ONE A140THER AND THAT THEY 
BREAK THE MAGNET 

CIRCUIT. 

START 
r STOP 

,  

CONTACTS CLOSE 
VVIit11 MAGNET IS 

ENERGIZED. START 

BUTTON MUST BE 
HELD DOWN OR 

CONTACTS WILL 

DROP OUT. THIS 

DEMONSTRATES 

THE NEED FOR 

 _J A"STICK CIRCUIT". 

DEVELOPMENT OF AN 

ACROSS -THE- LINE STARTER 

0  
MAIN COIL _ 

o 

A = FLUX OF MAIN COIL 
B FLUX Of SHADING COIL 

THE. SHADING COIL IS USED TO PctIvInt VIBRATION 

Or THE MAGNET ARMATURE,DUE TO PULSATIONS IN THE 

PULL CAUSED BY THE MAGNETIC FLUX PALLING TO 

ZERO TwtCE PER CYCLE. AS SHOWN BY T-HE CuRVES, 

THE SHADING COIL SETS UP A FLUX IN THE POLE 

FACE 90 . OUT OF PHASE. WITH THE FLUX OF THE MAIN 

COIL,THERE8Y PRODUCING A PULL 014 THE ARMATURE 

AT ALL TIMES. 

COYNE. 
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Job No. 2 
ALLEN BRADLEY 

ACROSS THE LI NE AUTOMATIC MOTOR STARTING SWITCH. TYPE "K. 

SHADING COIL 

USEP TO PRE-

VENT VIDRATIoN 
OF THE ARMATURE. 

HOLDING 
MAGNEZ 

OVERLOAD 

TRIP CONTACTS 

THERMAL OVERL_ AD" o 
RELAY 

• 1" 

Li L2 

 o 

L3 

O  
THREE 

O PHASE 
  LINE 

o  

STICK OR 
HOLDING 
CONTACTS 

/OVERLOAD TRIP CONTACTS. 

0 M3 

MOTOR 

 d_O.Egggin_USU 

3 

COYNE ELECTRICA1_ SCHOOL. 

WHEN AN OVERLOAD OCCURS THE. HEATER 
MELTS THE SOLDER WHICH ALLOWS THE 

ARMA' TO MOVE UPWAIM) OPENING OVER-

LOAD TRIP CONTACTS-

SPRING 

OVERLOAD 
TRIP 

CONTACTS 

RATCHET-
vv 'ALF 

3 PHASE LINE 

9 SOLDER 

1-.A.WW\AAP 

-../vvvvvVvV' 
HEATER 

__J 

HCLDING 
• NIF‘GNET. 

DETAIL OF THERMAL OVERLO.AP RELAY .SOLDER TYPE ) . 
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WEST INGHOUSE ACROSS THE 

Job 442 
PHAs E 220 E 

T  ,D 

MAGNET 

LINE STARTER WITH PHOTO CELL CONTROL 
  - 1 

man 

190E 
-0 9 

RATIO 
I 5 

36 + 300 E 

iM 045 

5M OHMS 

-30E 

100M 
OHMS 

7 M 
OHMS 50M OHMS 

RECJIFIER 
TUBE 

CHOSE +85E 
QQQr — 

+34-5 E 

11 FUSE 

.25 WO 220E 
--1 

-flOTO-CELL CONTROL 

In the operation of electrical equipment there are many situations where direct 

electrical connections between the operating apparatus and the point of control is 
undesirable, it is under such circumstances that photo-cell controls are frequently 

used, and this job demonstrates such an application. dhen considering the operation 
of such controls, it will aid the understanding to think of the photo-cell merely as 
a light-operated switch - as a switch which completes a circuit whenever a suffici-

ent quantity of light falls upon it. 
The control shown above employs a Type 83 tube as a full-wave rectifier to sup-

ply the necessary D.C. voltages, a Type C.E.-10 Cetron photo-cell tuca as the light-o-
perated switch, a Type 56 tube to amplify the minute current carried by the photo-
cell, and an FG-17 Thyratron tuoe to complete or interrupt the circuit for the power 

relay "P". The Thyratron is a mercury-vapor, grid-controlled tube of relatively 
high current carrying capacity. The photo-cell is equipped with a centrally-located 
anode, and a caesium oxide-coated cathode which has the characteristic of emitting 

electrons whenever light falls upon it - these electrons constitute the photo-cell 
current. 

When a peam of light falls on the photo-cell cathode, the positively charged a-

node (85 volts L.C.) attracts the emitted electrons and the tube conducts a current 
of about 100 micro-amperes which, flowing through resistor "ii", raises the potential 

of grid of the 56 tube, causing its plate current to increase, and the increase in 

current inuuces a voltage in the secondary winding of coupling transformer "T" which 

drives the grid of the Thryatron more positive, with ths result that it conducts and 

allows current to flow through relay -P". The relay contacts close and complete the 

circuit for magnet "M" which operates the controller. 
Then the light beam is interrupted, current ceases to flow through the photo-

cell and resistance "R", with the result that the potential of point "i" falls, t'htlre 

by reducing the plate current of the 56 tube. This reduction in current induces a 

voltage in the secondary winding of the coupling transformer of a polarity opposite 

to that produced before, and by lowering the negative potential on the grid, enables 

the tube to regain control and de-energize "P". Contacts "C" open and the main con-
troller nntscts drop out to stop the motor. 
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A.C. DEPT. 2/3 

3 PHASE ACROSS THE LINE MOTOR STARTER. (WESTINGHOUSE) 

OVERLOAD 
TRIP SW., , 
STOP SW. 

RESET. 

NEATER ,--
ELEMENT. 

START SW. 
T3 

 •e•  

SJL 

THERMAL OVERLOAD 
RELAY DETAIL. 

L2 L3 Li e  • 

PHASE 
INDUCTION 
MO TOR 

"DE-ION" ARC QUENCHER. 
As the contacts separate,the 
specially shaped moving con-
tact gives a magnetic react-

ion that forces the arc 
Ei% into the "DE-ION" grids 

where it is sliced into 
a series of arcs.At the 
next zero point on the I 
cycle,the air adjacent to 
each crld is deionized, 
and the arc is put out.  

The bi-metal diaphragm consists of a soft metal disc such as brass 
(shaded with diagonal lines)placed between 2 steel discs of diaphragm 
steel.The adjusting screw,which is supported by a steel bridge,con-

durts the heat to the hi-metal diaphragm.The brass expands more 

rapidly than the steel with a rise in temperature.If the screw is 
properly adjusted,the diaphragm center will move toward the overload 
trip switch and open it,interrupting the magnet circuit,thus releasing 
the motor from the supply when an overload occurs. Thermal overload 
releases usually require resetting by hand.  
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PRINCIPLES OF AUTO -TRANSFORMER STARTERS 

• 
A-

Ui 

N 

E =- Z 0 VOLTS 
Z_ 2.2 01-11,45 

= 100 AMPS. 
r= 10 LI3.. FT. 

MOTOR STARTS AT FULL 

UNE VOLTAGE AND DRAWS 

A HEAVY CURRENT FROM 
THE LINE. 

-B-

Ui 

o 
••••• 

E = 110 VOLTS 
= e.2 OHMS 

T = SO AMPS. 

T = lb. LB. FT. 

MOTOR STARTS WITH 

REDUCED VOLTAGE .CURRENT 

AND TORQUE ARE REDUCED 
ALSO. 

-C-

CURRENT FROM LINE 

INDUCED CURRENT 

VOLTAGE AT STARTING IS 

REDUCED By AUTO -TRANS. 

NOTE THAT TNE LINE WATTS 

EquAL MOTOR WATTS, IsLIT 

THAT LINE CURRENT 15 ONLY 
'12._ MOTOR CURRENT. 

-D-

so 
65% 
501. 

AFTER A CERTAIN 
INTERVAL OF TIME. 
MOTOR 15 SWITCHED 

ACROSS THE LINE. 
AND TRANSFORMER 
IS CUT OUT. 

-E-

2
2
0
 E
 
P
H
A
S
E
 

MOTOR STARTING AT FULL 

LINE VOLTAGE. NOTE 

THAT ALL LIMES CARRY 
THE. SAME CURRENT. 
VOLTAGE BETWEEN ANY 
PAIR OF WU:U..5 IS THE 
SAME. 

-F-

Ui 
o 

110 E. 

110E 

STARTING AT HALF 

VOLTAGE.. NOTE. THAT 

CURRENT IS HALVED. 
TORQUE IS QUARTERED. 

-G-
NOTE THAT LINE 
CURRENT IS ONLY 
SO e'l. OF MOTOR 

CURRENT. 

110 E 
Pb-4. 

WHEN RUNNING 

MOTOR IS 

CONNECTED 

DIRECTLY 
ACROSS LINE. 

TRANS. ARE CONNECTED 

OPEN DELTA. 

-J-

Z
2
.
0
 
E
 
3
P
>
1
.
 

 -4 

BO% 
65%, 
50%, 

THE TWO TRANS. 

ARRANGEMENT MAY 

BE USED FOR EITHER 

2 PH. OR 3PH. STARTERS. 

 ( 'LS H.P. 

COYNE 
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Job No 4-
WESTERN ELECTRIC AUTO STARTER 

NO. K.971 
CR-I034 TYPE NR 1610 FORM 143-PI 

Vol.r.s PRS. 220 SEC. II0 -175 
TYPE I FORM K HP 10 
CYCLEs 60 3 PHASE 

if TRIP CONTACTS 

r 117 -a-- RELAY--
OVER-LOAD   

LINE 

HOLD/NC MAGNET 
& No VOLTAeE 

RELEME o 
1-- r  

MO VINE I  
CONTACT., , 

AUTO TRANSFORMERS 
CONNECTED STAR' - Ile 

MOTOR 

TERMINAL 
`'- soAfeD 

n 
HANDLE 
S i DE 

a 
JTATIONARY 
co NTA o 7-.5 

AUTO TRANS. 

COYNE ELECTRICAL SCHOOL 
 N. 
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AC 

vvE,STI NG HOUSE. 

ELECTRIC & MFG. CO. 

LI 18 AUTO STARTER 

5-5 H.P 220 VOLTS 60 CYCLES 

STYL E N9 1,85156 

•L3 

Lai 

•LI 

Ai 

5 

ci 

sc• 3131--

..Sal 

216 
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• 

J0.45"5-
GENERAL ELECTRIC AUTOMATIC COMPENSATOR 

BLOWOUT COIL 

I g- 0— 

9.11‘et ZÀ-eecoo 

RUNNIN‘ CONTACTS 

Ru ' nniny 

Moynet--/-

INTERLOCKIN6 
CONTACT 

Ho/ding 

STICK. CONTACTS 

Relay 
Motor 

Re/ay 
Magnet 

e-) 

STARTIN6 

CONTACTS 

AUTO 
TRANS. 

THREE P05/770/V5 OF TIMING 
/VORHAL- 37/Clf ORI/OLDING 

RELAY 
RUNNING 

TI-/ERIVOSTAT/C 
OVERLOAD RELEASE 

COYNE ELECTA/CAL 5twooz. 
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INTERLOCK 
CONTACT BAR. 

LINE 

OPEN DEL.TA 

MOTOR 

STICK 
CONTACTS 
POR R.M. 

HEATER 

T1 

LINE 

OVERLOAD 
TRIP 

CONTACT3 
1 

HEATER 

TE. 

T3 

FOR 2 PHASE 3W11tt 
L3 15 COMMON. LINE 
AND T3 IS COMMON 

MOTOR LEAD. 

THE CUTLER HAMMER Mr& CO. 

AUTOMATIC COMPEI4sMOR 
MAI. 10 H.F. 20 AMP. 

140. 962.1ttZBA TYPLK 
22.0 VOLTS 60 CYCLE. . 

PHOTO ELEtTleic CELL 

_ 

25,000 R. CONTROL 

 1p.  

, 
tul-OUT 

FIL.Apitan TRA145 

powER 
RELAY 

LIGHT SOURCE 

6E 

o 

_ _ 

OPERATION  

(1), Light causes photo-cell to conduct permitting cur-
rent to flow as shown by open arrows. 
(2) Voltage drop across 1 meg. resistor makes grid NG « 
more positive and increases plate current of the 37 
tube. This circuit is traced in closed arrows. 
(3) Increased plate current operates relay "R" whose 
contacts energize tne power relay. 
(4) Power relay contacts close and actuate the magnet 
on the motor starter. 

Variable resistor "V.R." is used to adjust the value 
of tne plate current so tnat the relay "R" will not 
operate when the photo-cell is dark. mine 
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2-SPEED CONSEQUENT POLE 

• 

• 

• 

SQUIRREL CAGE MOTOR AND STARTER 

HIGH SPEED 
CONT ACTS -A 

3 PRASE LINE. 

) 4'0] 

t LOW SPEED 
COM1  

0 1----

b. \I 

OVERLOAD OVERLOAD 
•RELAY TRW 

NE/iITERS  CONTACTS 

HIGH SPEED 
CONTACTS-Es 

\\, 

P° 
HIGH SPEED CONSEQUENT 
POLE CONNECT ION. 
CONNECT TO LINE T4-15-16 
CONNECT TOGETHER-Ti -12-13 
CONSEQUENT POLE CONN-
ECTION CAUSES 8 POLE 
WINDING TO OPERATE AS 
4- POLE PARALI.E\_ 51AR. 

Ti Ta 13 14 151 11 

i\2. 3 4- 5 

T4 

Ta T 

T6 

3 

40Vv SPEED ylIGH 
AK SPEED 

STOP 

LOW SPEED SERIES 

DE.1.1- B POLE 
STINTffl WINDING. 

CONNECT TO 

LINE -T Z. - T 3 
OPEN T4. -T5 --1-6 

With a given frequency, the speed of an induction motor cnn be changed only by altering the number of 

poles. This may be accomplished by: (a) using two distinct windings in the stator; (b) employing a 
special winding in whioh the number of poles can be varied by reconnecting the winding external to the 
motor. The winding in the motor shown above uses the latter method, one connection producing four 
poles and the other eight and giving speeds of about 1800 and 900 R.P.M. respectively. The required 

change in connections is easily and quickly made by the special type controller shown above. This 
starter has three sets of contactors that are so mechanically and electrically interlocked that press-
ing of the low speed button will close contactor C only, whereas pushing the high speed button will 
result in A and B being pulled in, and this action will cause C to drop out. A check on the wiring 
will show that it le impossible for both the high speed and the low speed contactore to be in at the 

same time. Inspect this equipment, note the action of the relays, and trace the circuits. 
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JOB 11-
ALLEN BRADLEY 

TYPE .7 3052 AUTOMATIC RESISTANCE 

STARTER 3 PHASE 
3N 374.1? TING NAcivE T RmRUNNING MAGNET 

5.Met R.M. ARE UNDERVOLTAGE RELAYS 

Z/NE 

CARBON PILE 
/9:5/S7-ORS 

  .5LOW-Our 

1:1-41Z1 

CO/L.5 

z2 L3 

-.1,-- START/NG CONTACTORS 

ST/CA" CONTACTS 
FOR 5 M 

RUNNING 

-t775-4 

OVER L OAD 16—t 

RELAY 

%4211-4e 5T/CX CONTACT RS CON TA cr5 
ffoRR.M. 

RN 

)RELAY 

TOP 

 o 
START 

'57-OP 

OV ER L OA D 
TRIP CONTACTS 

O YERLOAD 
RELAY 
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MOTORS AND CONTROL 
for 

FARM WORK 
INFORMATION SHOWING THE TYPE OF MOTOR AND CONTROL FOR 

VARIOUS TYPES OF MACHINERY USED ON THE FARM 

Name 

Milking Machinet 
(Pipe Line Type) 

Refrigerator (Dairy)t 

Hay Hoist 

Grain Elevator 
(Inside or outside) 

Bone Grinder 

Cider Mill (large) 

Feed Grinder 
Hammer Types 
Burr Type 

Feed Mixer 

Grain Blower Elevators 

Wood Saw 

Ensilage Cutter 

Hay Baler 

Spraying Plant 
(Stationary) 

Husking and Shredding 
Corn 

FARM 

Speed 
Recommended 

Rpm. 

800 

See mfrs. 
specification 

Rope speed 
100-200 
ft./min 

See mfrs. 
specification 

See mfrs. 
specification 

See mfrs. 
specification 

3500 
800 

See mfrs. 
specification 

3500 

1300 

SCE PRINT 
Mo. V.3 

600 

600 

See mfrs. 
specification 

JOB 

Pulley 
Recommended 
Dia. Inches 

6 

Determine by 
formula 

Determine by 
formula to 
give correct 
rope speed 

Determine by 
formula 

Determine by 
formula 

Determine by 
formula 

4 
12 

Determine by 
formula 

4 

6 

Determine by 
formula 

16 

13 

Determine by 
formula 

Hp. 
Most 
Used 

MOTOR 

PULLRY 
Racomusrinso 

!swifts 
Dia. Face 

1 3 23. 

or 1 3 2 

3 or 5 5ii 6% 

3 or 5 sq 6% 

5 4q 6% 

5 4¡¡ 

8 6% 
”4 6% 

2214. 

CONTROL 
ALTRRIXAT1 

Panama» Weating 
Westinghouse house 
Pushbutton Manual 
Clam No. Class No. 

Sentinel 
Breakertt 

Sentinel 
Breakertt 

WK-16tt or 
11-200 

WK-18 

WK-18 

10-030 

InK-16tt or 10-030 
11-200 

11-200 10-030 

n-no 1e-o3o 

11-200 le-o343 
11-200 10-030 

5 ”i 6% 11-200 10-030 

5 8 6% 11-200 10-030 

S 434 6% 11-200 10-030 

5 or 714 434 6% 11-200 10-030 

5or734 ”4 6% 11-200 10-030 

5 or 71.,¡ 41A 6% 11-poo 10-030 

5 or 714 6% 11-200 10-030 

Irrigation Depends on conditions and capacity of pump. See manufacturers requirements. 

• If an individual motor is justified for these machines, it may be desired to use a 3450-Rpm. motor direct connected to 

eliminate 

Pulley on 
Driven 
Machine SPEED OF 1750 RPM 

3 2040 2580 3140 4000 .... .... 
4' 1530 1930 2360 3000 3500 39541 
5' 1225 1540 1880 2400 2800 3150 
6' 1020 1290 1570 2000 2340 2620 
8" 765 965 1175 1500 1750 1970 

10' 612 770 940 1200 1400 1575 
12' 510 640 785 1000 1170 1310 
14' 437 550 670 860 1000 1120 
16' 383 480 580 750 880 990 
18' 340 430 520 670 780 88° 
20" 306 385 470 600 700 790 

22' 278 350 430 550 640 720 
24' 255 320 390 500 580 660 

pulleys and belts. t ould generally he permanent') installed. tt These are manual starters. 

MOTOR PULLEY DIAMETER 

Dia. of 3" 4" 5 le 7" 8, 9" 
APPROX. RPM. OF DRIVEN 

M ACHINE WITH FULL LOAD MOTOR 

FORMULA FOR FIGURING PULLEY SIZES AND SPEEDS 

For machine speeds and pulley sizes not covered in the tables, the 

following simple formula may be used. 

Motor Pulley diameter X Motor Rpm.  
Machine Pulley Diameter - Machine Rpm. 
(Pulley diameters should lie figured in inches) 

For example, the motor pulley is 8 inches in diameter. The motor 
speed is 1750 revolutions per minute. It is desired to operate a 
hammer mill at 3500 rpm. What size pulley should lie used on the 

mill? 

Using the formula, we get: 
8 x 1750 

Hammer Mill Pulley Diameter - 3500 - 4 inches 

couirrcsr vIESTIPISMOUSE ELECTRIC & MFII. co. 
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overloads or possible short circuits, the sparking is 
likely to cause flash-overs or arcs between positive 
111> negative sets of brushes, or between the com-
mutator or brush rigging and the frame of the ma-
chine. 

Barriers of fireproof insulating material, such as 
asbestos composition, can be provided around the 
brush groups and between positive and negative 
groups. This insulation considerably reduces the 
tendency to flash-over and helps to extinguish any 
arcs which may occur in this manner. 

Fig. 264 shows a section of a commutator and 
illustrates the manner in which the arc barriers, B, 
and arc chutes, C, are placed around and between 
the brushes. 
The lower edges of the barriers around the brush 

groups clear the commutator by only about 1/32 
of an inch, and tend to confine sparking or arcing 
to the neighborhood of the brush and prevent the 
arc from travelling around the commutator to the 
next set of brushes. 
The lower edges of the arc chutes are also very 

close to the surface of the commutator, and the 
strips of insulating material are set at an angle 
against the direction of rotation. In this manner 
they deflect outward the currents of air which tend 
to follow the surface of the commutator and this 
helps to prevent the arc from being carried or 

illevn from one set of brushes to the other. ig. 252 clearly shows the position of the flash 
barriers on the D. C. or commutator end of a syn-
chronous converter. 

280. FLASH OVER RELAYS AND 
TEMPERATURE RELAYS 

In some cases the frames of converters are in-
sulated by a leatheroid or fiber plate from the floor 
or base on which they are mounted so that any 
currents which may flow from the commutator to 
the frame during a flash-over must pass through 
the coil of a relay to get to ground. 
This causes the relay to operate and cut the ma-

chine out of service in case of severe flash-overs. 
If the flash-overs were allowed to continue they 
would seriously burn and pit the commutator bars, 
brush rigging, or parts of the frame from which the 
arc is drawn. 
Synchrenous converters are often equipped with 

temperature relays operated by small tubes of liquid 
which are placed at different points in or near the 
windings and are connected to an expansion bellows 
in the relay. 
When the liquid in these tubes is overheated it 

expands, forcing the bellows to close the relay con-
tacts and operate the circuit-breaker to remove the 

iiht ad from the machine or shut the machine down 
irely as desired. 

281. AUXILIARY BRUSH FOR BEARING 
CURRENTS 

Sometimes the bearings of converters are sen -

Fig. 264. This diagram shows the position of the flash barriers and arc 
chutes used to present flash-overs between positive and negative sets 
of brushes on the D. C. end of converters. 

ously damaged and rapidly worn by the flow of 
induced eddy currents from the armature core and 
shaft to the bearing metal and frame of the ma-
chine. 
The portion of the shaft which rests on the bear-

ings is, if properly lubricated, surrounded by a thin 
film of oil during operation. When the induced cur-
rents arc through this oil film they pit and burn 
the surface of the shaft and bearing metal. 
To prevent this a carbon brush is often mounted 

to rest on the end of the shaft and then this brush 
is securely grounded to the frame of the machine 
with a low-resistance connection. This provides an 
easier path for the circulation of induced eddy cur-
rents and prevents them from flowing through the 
oil film and pitting the bearings and shaft. 

282. CARE AND OPERATION 
A great many of the general rules which you 

have already learned for the care and operation of 
D. C. generators and A. C. synchronous motors can 
be applied to the operation and care of synchronous 
converters. Commutators, slip rings, and brushes 
should be kept clean and in good condition, and the 
insulation of windings should also be kept clean 
and should be occasionally tested for dielectric 
strength. 

Oil rings and oil in the bearings should be fre-
quently inspected, the oil should be changed when-
ever necessary, and the bearing temperature should 
be frequently observed during operation to make 
sure that the bearings are not overheating. 
The load on the machine should be frequently 

checked by means of an ammeter or wattmeter, and 
the temperature of the machine windings should be 
carefully watched to see that it doesn't rise above 
the maximum rated temperature for which the ma-
chine is designed. 
The care of the commutator and D. C. brushes on 

synchronous converters is of the greatest import-
ance, because these parts are usually required to 
carry very heavy currents during full-load opera-
tion of the machines. 

If the commutator is allowed to become dirty or 
covered with copper-dust in the grooves between 
segments or if the brushes are poorly fitted or set 
off neutral, the sparking which results is likely to 
cause serious flash-overs and troubles. 
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All dirt and dust, and particularly copper-dust 
which wears off the commutator, should be kept 
well cleaned from all parts of the converter by wip-
ing with a cloth and occasional blowing out with 
compressed air. 

All protecting devices, such as overload, over-
speed, temperature, and flash-over relays, circuit-
breakers, etc., should be kept in good operating cl 
dition and frequently tested to make sure that they 
will protect the machine in case of faults or troubles. 

A. C. MOTOR CONTROLLERS 
Large alternating current motors often require 

starters and controllers in order to protect the 
motors themselves from excessive currents and 
mechanical stresses during starting; to limit current 
surges on the lines to which they are connected; 
and to obtain the proper performance of the motors 
in connection with the machines or equipment they 
are used to drive. 

A. C. industrial controllers are, therefore, of great 
importance and every electrical man should have a - 
good understanding of their operation and care. 
You will also find the mechanical principles and 
electric circuits of many of these devices very in-
teresting. 

In general, the functions of controllers are as 
follows: 

(a) To conveniently start and stop motors, either 
by manual or automatic control 

(b) To limit the current flow in the line during 
starting 

(c) To provide overload protection for the motor 
(d) To provide uniform acceleration of the motor 

and driven machinery 
(e) To provide definite procedure and time delay 

during starting 
(f) To protect the motor against failure of volt-

age 
(g) To provide speed control and reversing of 

motors 
(h) To provide safety to operators. 

The simplest of controllers may provide only one 
or two of the above named functions, namely start-
ing and stopping. More complete controllers which 
provide the additional protective features are often 
used even with small and medium sized A. C. 
motors, and nearly always with larger A. C. motors. 
The speed regulating and reversing controllers 

are used only with motors which drive machines 
that require this performance. 

283. CONVENIENCE AND SAFETY 

All forms of motor controllers provide a much 
greater degree of convenience and safety for the 
operators than when the motors are started by 
ordinary knife switches. 
Most manually-operated controllers have their 

contacts enclosed within a metal box or, in some 
cases, in an oil tank. These contacts are operated 
from the outside by a handle or lever and the oper-
ator is thus protected from the danger of arra or 
flashes when the circuit is made or broken. 

Magnetically-operated controllers can be oper-
ated from push bottons either on the controller or 
located at a distance. This also adds a great .deal 
to the convenience and safety features of controllers 
—especially when they are used with large motors 
operatíng at high voltages. 
The use of controllers having resistance units or 

auto transformers to reduce the voltage to the 
motors during starting greatly reduces the heavy 
surges of starting current which would otherwise 
be drawn by the motor. These surges are very ob-
jectionable because of the voltage drop and vari-
ations which they cause in the line voltage. This 
voltage drop may interfere with the satisfactory 
operation of the other power equipment connected 
to the same lines and will usually cause very bad 
flickering or dimming of any incandescent lamps 
connected to the same lines with motors. 

284. OVERLOAD, TIME DELAY AND 
NO-VOLTAGE DEVICES 

Practically all controllers are equipped with soil 
form of overload-protective device to open the cir-
cuit to the motor in case it is overloaded. These 
devices prevent the motor winding from being 
burned out or damaged by overheating in case an 
overload is left on the machine too long. 

In this manner the overload devices on controll-
ers, if they are kept in proper condition and adjust-
ment, will often save very costly "shut-downs" and 
repairs. 

Controllers which reduce the voltage to the motor 
during starting by means of auto transformers or 
resistance allow the torque to be applied gradually 
to the rotor and driven machinery, thereby relieving 
the motors and other machines of unnecessary 
mechanical stresses. 

Certain types of machinery require very smooth 
and gradual starting, either because of the delicate 
nature of some of the machine parts or because of 
the material which the machines are handling. This 
is particularly true of textile machines, printing 
presses, paper-making machinery, etc. Special con« 
trollers using resistance which is very gradually cut 
out of the circuit are used to start motors which 
drive such equipment. 

il, Automatic controllers are generally equipped w i 
dash pots or some form of time-delay element w in 
regulates the time allowed for the motor to come 
up to speed. Such controllers can be adjusted and 
set to provide definite starting procedure or the 
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same rate of acceleration each time the motor is 
started. 

'any controllers are also equipped with no-volt-
release coils to protect the motor in case of 

failure of the line voltage. If the line voltage drops 
too low or fails entirely, these coils release a 
plunger or arm and trip the main contacts open, 
thus stopping the motor. 

If it were not for the no-voltage protection the 
line voltage might fail and allow the motor to come 
to a complete stop, and then when the line trouble 
is corrected and the voltage reapplied, the motor 
controller would still be in running position and the 
motor would receive full line-voltage which would 
result in a very heavy starting current and pos-
sibly severe mechanical stresses on the motor or 
driven machinery. 

No-voltage trip coils prevent this by returning 
the starter or controller to the off position at any 
time the voltage fails. 

285. FULL VOLTAGE OR ACROSS-THE-
LINE STARTING 

Small A. C. motors under 5 h. p. in size are often 
started at full line-voltage by connecting them di-
rectly across the line, but larger motors generally 
require some form of starter which reduces the volt-
age to avoid excessive starting current surges in 
the line and relieves the motor and driven equip-likt of heavy mechanical stresses during starting. 

owever, when motors are connected to circuits 
which supply current to power equipment only and 
have no lighting equipment on them, quite large 
motors are often started directly across the line. 
This is often done with squirrel-cage motors of 

Fig. 265. Contactor mechanism of a magnetically operated across-the-
line starter for A. C. motors. (Courtesy Allen Bradley Co.). 

several hundred horse-power where they are used 
to drive pumps and auxiliaries in power plants, etc. 
When motors are started directly across the line 

their circuits can be closed by means of a knife 
switch, generally enclosed in a safety switch box; 
or by means of a magnetically operated set of con-
tactors known as an across-the-line starter (some-
times called "line starters"). Fig. 265 shows a set 
of magnetically-operated contactors, such as are 
used in across-the-line starters. The strips of fire-
proof insulating material on each side of the con-
tacts are flash barriers, which are used to prevent 
flash-overs due to the arc formed when the contacts 
are opened. 

286. THERMAL AND MAGNETIC OVER-
LOAD RELAYS 

Across-the-line starters are usually equipped with 
fuses or some form of thermal or magnetic release 
to provide overload protection for the motor. The 
view on the left in Fig. 266 shows the mechanism 
of another across-the-line starter equipped with 
thermal relays or overload-trip devices, located be-
neath the contactors. On the right are shown two 
views of these thermal relays, the top one being 
closed and the bottom one open. 

Fig. 266. This view shows on the left another type of an across-the-lino 
starter, the mechanism being removed from the cabinet to show its 
construction. Also note the thermal overload-relays shown at the 
bottom of the panel on the left and in larger views on the right. 
(Courtesy Allen Bradley Co.). 

All or part of the motor current is passed through 
a strip or element which overheats when the motor 
current becomes excessive, and this heat causes the 
spring or strip to expand and warp so that it re-
leases or opens a set of contacts in the circuit of the 
magnet coil which holds the contactors in the motor 
circuit closed. When the circuit to this magnet is 
broken by the thermal relay contacts, the magnet 
releases the main contactors and opens the line cir-
cuit to the motor. 

After the overload has been removed from the 
motor, the thermal relay can be reset by means of 
a small lever or handle shown in the views on the 
right in Fig. 266. 
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Fig. 267. This view shows a complete across-the-line starter for a 
three-phase, A. C. motor. The mechanism is enclosed in a safety 
cabinet with push button control attached to the cabinet cover. 
Courtesy Allen Bradley Co.). 

There are many different types of thermal relays 
used on motor starters, but many of them work on 
the same general principle of expansion of a metal 
strip or element by the excessive heat when the 
motor current becomes too great. One type uses 
a small quantity of low melting point metal to re-
lease a trigger or spring and open the circuit when 
the soft metal becomes heated and melts. 

Magnetic overload relays or trip devices are also 
used with motor starters. These devices were ex-
plained in the section on D. C. controllers, and you 
will recall that their coils are connected in series 
with one or more of the leads to the motor, so that 
when the motor current becomes excessive the mag-
nets are strengthened and caused to raise a plunger 
which trips the line contactors. 
The overload devices on any motor controller are 

very important, as they protect the motor winding 
from being burned out when the machine is over-
loaded. Every motor starter should llave fuses or 
some form of thermal or magnetic overload pro-
tection. 

Fig. 267 shows a complete across-the-line starter 
in its metal box, and equipped with thermal over-
load (O. L.) releases. For convenient control the 
operating magnet is wired to push buttons in the 
cover of the starter box. 

Fig. 268 shows another line starter equipped 
with magnetic overload release coils. 

287. ACROSS-THE-LINE STARTER 
CONNECTIONS 

Fig. 269 shows a connection diagram of a simple 
across-the-line starter. The main line-circuit to the 
motor can be traced by the heavy lines, through the 
contactors, C, overload elements, R, to the motor 
terminals. 
When the start button is pressed current flows 

from line 3 through this button, through the dosed 

stop button, to the operating magnet; then back 
through the thermal trip contacts, T, to line 2. 
The magnet draws up the armature and 

shown by the dotted lines, and this bar closes t e 
contactors C, starting the motor. 
At the same time the magnet closes contacts C it 

also closes an auxiliary contact A, which maintains 
a circuit from line 3 through the magnet after the 
start button is released. 
To stop the motor the closed circuit stop button 

is pressed, de-energizing the 'magnet and allowing 
all the contacts to open. 

If the motor becomes overloaded during opera-
tion, the excess current flowing through the thermal 
elements R, causes heat enough to expand strips T 
and open the circuit of the magnet at this point, thus 
releasing main contactors C and stopping the motor. 

288. COUNTER-VOLTAGE OF A. C. MOTORS 

In our study of D. C. motor starters and con-
trollers we learned that resistance units were in-
serted in the armature circuit to cause a voltage 
drop and thereby reduce the applied voltage and 
amount of current during starting. 

After the armature of a D. C. motor comes up to 
speed it generates counter-voltage which opposes 
the line voltage and thereby limits the current to 
the proper full-load value. 
With A. C. induction motors of the common. 

the line voltage is applied to the stator win 
This winding has generated within it counter-
voltage of self-induction due to constant expand-
ing and contracting of the alternating current flux, 
and also by the magnetic lines of the rotor current 
flux, cutting across the stator conductors when the 
motor is running. 

Fig. 268. In this view are shown the overload-relays located beneath 
the magnetic contactors of an across-the-line starter. (Courtesy 
Allen Bradley Co.). 
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Before an induction motor is started and while 

is' rotor is stationary, the counter-voltage gener-
in the stator is much lower than when the rotor 

comes up to speed and is revolving at nearly syn-
chronous speed. 
When the motor is running the flux set up by the 

induced secondary currents in the rotor is being 
whipped rapidly across the stator conductors and 
helps to generate higher counter-voltage in the 
stator winding. 
This is the reason that the surge of starting cur-

rent to the stator winding of an induction motor is 
several times greater than the full-load running 
current after the motor comes up to speed. 

289. METHODS OF REDUCING VOLTAGE 
IN A. C. CONTROLLERS 

Resistance can be used in series with the line 
wires to the motor to reduce this starting current 
on A. C. motors, just as it is used with D. C. ma-
chines. 
Many simple A. C. motor starters use resistance 

units connected in series with one line wire, in the 
case of single-phase motors; or in series with two 
or all three of the line wires, on polyphase motors. 
Most A. C. motor starters, however, use auto 

transformers instead of resistance to reduce the 
starting voltage. With resistance starters the volt-

reduction is obtained entirely by voltage drop 
ateugh the resistance, and they cause considerable 
power loss by the energy which is converted into 
heat in their resistance units. 
Auto transformers are much more efficient and 

reduce the voltage by magnetic action through the 
step-down ratios of their windings. 
Another decided advantage of the auto trans-

former is that by stepping down the voltage on the 
secondary winding it is possible to obtain the re-
quired starting currents for the motors from the 
secondary winding with less current flowing from 

rig. 269. Circuit diagram showing the connections for a simple across 
the-line starter with the contactors operated by an electro-magne 
which in turn is controlled by the stop and start buttons. Also note 
the thermal overload contacts, T, which are operated by expansion 
from the heat of resistors, R. 

e 

Fig. 270. This view shows two different face plate starters of the 
resistance type for use with either tangle-phase or three-phase A. C. 
motors. (Courtesy Cutler Hammer Mfg. Co.). 

the line to the primary. When resistance e.tarters 
are used the full amount of starting current must 
be taken from the line. 
Auto transformers and their principles and con-

nections were described in detail in Article 147 of 
A. C. Section Four. It would be well to review this 
article before going farther in the study of this type 
of A. C. motor starter. 
Some types of starters for small A. C. motors use 

plain choke-coils to reduce the current during start-
ing or to obtain speed control. Even these are more 
economical in A. C. circuits than resistance units 
are, because the voltage drop in a choke coil is 
caused by the induced counter-voltage which op-
poses the line voltage, instead of being caused by 
resistance which produces the I2 R loss. 
So keep in mind that in general it is much more 

economical to use choke coils or auto transformers 
rather than resistance units to reduce the voltage 
in A. C. circuits. Resistance controllers are often 
used, however, where very gradual starting or a 
wide range of speed regulation in smooth, gradual 
steps is required. 

290. RESISTANCE TYPE STARTERS 

Resistance can be used in the line leads to the 
stator of an A. C. motor, or, as previously explained, 
in the secondary leads from the rotor in the case 
of slip-ring motors. 
As the torque of an induction motor varies with 

the square of the voltage applied to its stator, slip-
ring motors with secondary resistance are generally 
used where frequent starting or speed regulation 
and good torque are required. 
For the gradual starting of ordinary squirrel-cage 

motors, resistance-type starters are often used and 
connected in the primary or stator circuit. 

Fig. 270 shows two types of resistance starters 
which use sliding contacts to cut out resistance as 
the motor comes up to speed. These controllers 
have two sets of contacts to cut resistance out of 
two line-leads to a three-phase motor. 
The controller shown in Fig. 271 has three sets 

of contacts, one for each phase of a three-phase 
motor. 

Non-inductive resistance coils or grids can be 
used with these controllers, and they can be used 
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Fig. 271. Three-phase resistance starter of the face plate type. When 
the rheostat armature is rotated, resistance is cut out of all three 
phases at once. (Courtesy Cutler Hammer Mfg. Co.) 

either in the primary stator circuits or secondary 
rotor circuits of motors, by proper arrangement of 
contacts and selecting the proper sized resistance 
units. 

Fig. 271-A shows several styles of resistance units 
which are commonly used with resistance starters. 

Controllers of this type with small contacts and 
resistance can be used for starting duty only; or, 
with heavier contacts and resistors, for both start-
ing and speed-regulating duty. 

Fig. 272 shows the connections of a simple resist-
ance starter used in the primary circuit of a three-
phase squirrel-cage motor. The movable arm car-
ries two metal strips, which are placed one at 
each end and are insulated from the arm and from 
each other. 
As the arm is moved the sliding metal strips make 

contact between the long metal segments, B, and 
the small contacts which cut out the resistance step 

Fig. 271-A. This photo shows several types of resistance units used 
with A. C. motor starters. On the upper left are shown non-inductive, 
coil-wound resistors; on the lower left grid type resistors; and on 
the right edge-wound resistors made o strips of resistance metal 
wound edgewise around non-combustible cores. 

by step as the arm is moved in a clockwise direction. 
Fig. 273 shows the connections of a resistaark 

controller used in the secondary or rotor circular 
a slip-ring motor. The sliding arms in this case are 
all connected together so that they short out the 
resistance as they are rotated clockwise. 

Either a plain starting-switch or a starter with 
resistance or auto transformer coils can be used at 
A, according to whether it is desired to start the 
motor at full-line voltage or with reduced voltage 
on the primary. 

Fig. 274 shows a magnetic controller for remote 
push-button operation. This controller uses mag-
netically-operated contactors to cut out the resist-
ance in two steps only. 

291. CARBON PILE STARTERS 

Carbon-pile starters, such as were described in 
the section on D. C. Controllers, can also be used 
for A. C. motors by equipping them with the proper 
number of carbon resistor units, one for each phase. 
The view on the left in Fig. 275 shows a three-

phase carbon-pile motor-starter of the manually-
operated type and on the right in this same figure 
is shown a rear view of the starter mechanism. The 
columns or tubes containing the carbon disks can 
be clearly seen in this view. 
When the handle on the outside of the box is 

moved upward it first closes the circuit fromai 
line to the motor through the full resistance of 
carbon piles with the disks in their loose condition. 

Fig. 272. Diagram showing the connections and circuit through a 
three-phase resistance type starter. 

As the handle is gradually moved farther upward 
it applies more and more pressure to the disks in 
the tubes, thus gradually reducing the resistance in 
the motor circuit. The pressure is applied to these 
disks by means of the rod and top bar connect, 
to the starter handle, and arranged to apply e 
pressure to the springs shown on top of each resist-
ance element. 
When the handle has reached the running posi-



A. C. Section Si,. Carbon Pile A. C. Motor Starters 641 

tion it closes a circuit to the magnet which operates 
iiiio e main contactors shown on the front of the panel 

he left view in Fig. 275. These contactors then 
c ose and short-circuit the remaining resistance of 
the tubes completely out of the motor circuit. 
The magnetic overload coils and dash pots can be 

clearly seen on the front of the panel in this figure, 
and you will also note the connections running to 
the push button in the front of the starter cover. 
This push button can be used to trip or release the 
starter and stop the motor. 

292. CIRCUIT AND OPERATION 

Fig. 276 shows a diagram of the connections for 
a manna edy-operated carbon-pile starter. Trace this 
circuit through carefully until you thoroughly 
understand its operation. 
When the handle is pushed up it forces the set of 

three top contacts down on to the carbon disks, 
closing the line circuit through the carbon piles to 
the motor. When the motor is up to speed and the 
handle has been pushed clear up to running posi-
tion, the auxiliary contact at "A" closes a circuit 
from line 1, through the trip contacts of the left 
overload coil, through the closed circuit stop switch 
to the coil C of the holding magnet; then back 
through the trip contacts of the right overload coil 
to line 3. 

Fig. 273. Diagram showing the connections of a resistance starter in 
the secondary or rotor circuit of a slip-ring motor. The line switch 
at "A" is used to energize the stator circuit. 

When this holding magnet becomes energized it 
closes the running contactors and completes a cir-
cuit directly from the line through these contactors, 
through the overload coils, and to the motor. This 
shunts out the carbon piles entirely, thus removing 
all of their resistance from the circuit during run-
ning. 
As the main running contactors close they draw 

up an auxiliary contact, B, which closes the "stick" 
circuit through the holding coil ; so it is not neces-

e for "A" to remain closed any longer. 
n case of overload on the motor the increase of 

current strengthens the overload coils and causes 
them to lift their plungers, which strike the tripping 
contacts and open the circuit to the holding magnet. 

Fig. 274. Automatic controller which uses magnetically-operated con-
tactors to cut the resistance out of the motor circuit in two steps. 
(courtesy Cutler Hammer Mfg. Co.) 

This causes the magnet to de-energize and release 
the running contactors, thus breaking the line cir-
cuit and stopping the motor. 
The overload coils are equipped with dash pots to 

slow the action of their plungers, so that a momen-
tary overload which lasts only for a very short 
period will not cause the plungers to rise high 
enough to trip the holding magnet and stop the 
motor. But if the overload remains on the motor 
long enough to cause the machine to begin to over-
heat, this period is also long enough to allow the 
plungers to lift to the top of their stroke and trip 
open the contacts to stop the motor. 
When it is desired to stop the motor by hand it 

is only necessary to push the stop switch, as this 
switch is also connected in series with the holding 
magnet. 
The holding magnet in this case also acts as the 

no-voltage and under-voltage relay. This magnet is 
across the line from wire L-1 to L-3; so that if the 
line voltage drops or fails the magnet is weakened 
and allows the running contactors to fall open, thus 

Fig. 275. On the left is shown a complete three-phase resistance starter 
of the carbon pile type for A. C. motors. On the right is shown 
the starter mechanism and tubes of carbon disks rimoved from 

/ the cabinet for a rear view. (Photo courtesy of Allen Bradley Co.). 
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requiring the motor to be properly started through 
the resistance again when the line voltage returns. 
The blow-out coils which are marked in this dia-

gram consist of a few turns of heavy wire wrapped 
around a strip of iron, the ends of which project on 
either side of the running contacts. The strip can 
be seen on the outside of the arc barriers in the left 
view in Fig. 275. 
As these blow-out coils are connected in series 

with the line wires, they carry the full load current 
at all times and maintain strong alternating mag-
netic poles at the ends of the iron strips on which 
they are wound. 
When the running contactors open, the flux from 

these blow-out coils and strips quickly extinguishes 
the arcs, thereby eliminating unnecessary burning 
or damage to the contacts. 

Carbon-pile motor starters and controllers are 
quite often used on motors up to 50 or 75 h. p. where 
very gradual application of starting torque is re-
quired. These controllers are not so often used on 
motors larger than those mentioned because of their 
12 R losses and the reduction in starting torque 
which occurs when the voltage to the stator or 
primary of an induction motor is reduced. 
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Fig. 276. Diagram showing the wiring and connections of a manually 
operated, carbon pile resistance starter for three-phase A. C. motors 
Trace this circuit carefully with the accompanying explanation. 

293. AUTOMATIC CARBON PILE 
STARTERS 

Carbon-pile motor starters and controllers are also 
made in automatic types, as shown in Fig. 277. The 
view on the left in this figure shows a complete 
automatic starter of the carbon-pile type for a three-
phase A. C. motor. 
The panel of this controller has two sets of con-

tactors, two overload coils, and one timing relay 
coil which can be seen below. The timing relay is 
the one in the center. 

Fig. 277. Front and rear views of an automatic, three-phase, carbon 
pile starter. The magnetically operated contactors ctt the resist-
ance out of the motot circuit as it comes up to speed. (Courtesy 
Allen Bradley Co.). 

On the right is shown a rear view of the con-
troller mechanism and carbon-pile tubes. 

Controllers of this type cut out all the resistance 
in one step when the motor is nearly up to full 
speed. You will note at the top of the right-hand 
view in Fig. 277 an adjusting screw by means of 
which the pressure on the three carbon piles can be 
properly adjusted or set for the motor with will> 
the controller is being used. 
These controllers are operated entirely by push 

buttons. When the starting button is pressed the 
top set of contactors closes and completes a circuit 
through the carbon resistance elements to the 
motor. 
You will recall from the studies in an earlier sec-

tion on the resistance of various materials, that the 
resistance of carbon decreases with increase of tem-
perature. This causes the resistance in the motor 
circuit to be reduced a certain amount as the start-
ing current warms up the resistor elements. Then, 
when the motor is nearly up to full speed, a slow-
acting timing relay closes the operating magnet of 
the second set of contactors. When these running 
contactors close they short-circuit the carbon re-
sistance units out of the motor circuit and apply 
full line-voltage. 

294. CIRCUIT AND OPERATION 

Fig. 278 shows the connection diagram for an 
automatic carbon-pile controller of this type. Trace 
this diagram carefully and step by step, until you 
are sure you understand the operation of these con-
trollers. In this diagram are shown two push-but-
ton stations for controlling the motor from t 
different points. 
Note that the open-circuit start buttons are a - 

ways connected in parallel and the closed-circuit 
stop buttons are always connected in series. This 
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rule holds true regardless of the number of push-
button stations which may be used to control any 

e gle motor. 
When either of the start buttons is pressed, a cir-

cuit is closed as shown by the small open arrows, 
from line 1 through the closed contacts of the left 
overload relay; then dividing through both the 
timing relay and the starting magnet, S.M., and 
joining again at X; through the start button (the 
top one in this case), through both stop buttons, 
through the contact of the right-hand overload re-
lay; and back to line L-3. 

This energizes both the starting magnet and the 
timing relay. The starting magnet immediately 
closes the starting contactors and completes a cir-
cuit which is easily traced by the heavy lines 
through these contactors, and through the carbon-
pile resistors to the motor. All three lines can very 
easily be traced through this circuit at the same 
time. 
When the starting magnet closes the starting 

contactors it also closes the auxiliary bolding con-
tact "A". This provides a holding circuit for the 
starting magnet, so that the starting button can 
now be released and opened. The circuit for the 
starting magnet and timing relay can then be traced 
from point X by the dotted arrows, up through con-
tact "A", down through contact "B", which is still 

Ised; then back up through the stop button, and 
back to line 3 as before. 
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Fig. 278. Diagram showing wiring of an automatic, three-phase, carbon 
pile starter. Note the main power circuit traced in heavy lines from 
the line switch to the motor and also the auxiliary control circuits 
traced in light lines. 

The timing relay is slowed in its action by a dash 
pot, and therefore requires a longer period to close 
its contacts. This period of time can be regulated 
by adjusting the dash pot of the timing relay ac-
cording to the length of time which should be al-
lowed for the motor to come up to speed. 

When the timing relay reaches the top of its 
stroke and closes its contacts this completes a cir-
cuit as shown by the solid arrows, from line 1 
through the contacts of the left overload relay, 
through the running magnet, down through the 
timing-relay contacts, on through the stop buttons 
and contacts of the right overload-relay, back to 
the line 3. 

This energizes the running magnet and causes 
it to immediately close the running contactors. 
These contactors shunt out the carbon-pile resistors 
and close a circuit, as shown by the heavy lines, 
directly from the three-phase line through the run-
ning contactors, through the overload relay coils, 
to the motor. 

As the running contactors close they also close 
the auxiliary contact at C and open the one at B. 
When B is opened it breaks the circuit of the start-
ing magnet and allows these contactors to fall open. 
When C is closed this completes the holding or 
"stick" circuit for the running magnet, so that this 
current no longer needs to pass through the con-
tacts of the timing relay. 

You will find, however, that the circuit for the 
running magnet still continues through both of the 
stop buttons in series and also through both of the 
overload-relay contacts, so the motor can be stopped 
either by pressing one of the stop buttons or by an 
overload which causes the overload-relay plunger 
to rise and open its contact. Blow-out coils are 
shown above both sets of contacts in this diagram. 

295. CONSTRUCTION OF CONTACTORS 
AND O. L. RELAYS 

Fig. 279 shows an enlarged view of a set of con-
tactors for a heavy-duty automatic controller of this 
type. In this view you will note the operating mag-
net and armature which closes the contactors. The 
arc barrier on the right-hand contactor has been 
raised so the contact shoes are in plain view. You 
can also see the three large turns of the blow-out 
coils which are wound around an iron bar directly 
beneath each pair of contacts. The black iron strips 
which are attached to the ends of this bar or core 
and project up along the sides of the arc barrier, 
form the poles to direct the flux of the blow-out 
coils across the arc when the contacts are opened. 

Fig. 280 shows a sectional view of an overload-
trip coil and its dash pot and contacts. When the 
plunger is lifted by an overload of current through 
the coil, it strikes the small pin above it and this pin 
pushes open the copper strip or spring-like contact 
at the tou of the relay. The dash pot or oil cup can 
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Fig. 279. This photo shows a good view of the magnetically operated 
contactors used with an automatic, carbon pile resistance starter. 
Note the arc barriers and blow-out coils on each contactor. (Photo 
courtesy Allen Bradley Co.). 

be removed by pushing to one side the wire clip 
which is plainly shown in this view. 

Fig. 281 shows several other types of A. C. relays 
which are used with motor controllers. 

296. COMPENSATORS, or AUTO TRANS-
FORMER STARTERS 

Auto transformers are by far the most common 
device used in reducing the voltage to A. C. motors 
during starting. As previously mentioned, these de-
vices are much more economical and efficient than 
are resistance starters. 

Auto transformers reduce the voltage by trans-
former action and the loss caused by resistance and 
heat is not as great as that of resistance starters. 
An auto transformer which reduces the voltage 

to one-half of line voltage will deliver from its sec-
ondary to the motor twice as much current as is 
drawn from the line. 
Auto transformers used for A. C. motor starters 

almost always have on their coils a number of taps 
for varying the secondary or starting voltage. The 
number of these taps may vary from 1 to 5, or more, 
depending upon the number of starting voltages or 
steps with which it is desired to start the motor. 

The taps usually provided are for 50%, 65% and 
80% of line voltage. 
Auto transformer starters which have only one 

tap in use and start the motor with only one step 
of reduced voltage are commonly called compensa-
tors. 

These compensators are made in both manual 
and automatic types, and are very extensively used 
on motors from 5-h.p. to 100-h.p., and sometimes 
larger. 

Fig. 282 shows a compensator of the manually-
operated type, with the front cover removed to 

show the transformer coils, no-voltage release, and 
magnetic and overload relay. 

Fig. 283 shows another compensator with the 
tank removed to show the stationary and moving 
contacts which are operated by the handle or lever 
on the side of the box. During operation these con-
tacts are immersed in oil, so that the arcs which are 
drawn when the circuit to the motor is broken will 
be quickly extinguished by the oil, and unnecessary 
damage to the contacts will thereby be prevented. 

297. PROCEDURE FOR STARTING A 
MOTOR WITH A COMPENSATOR 

To start a motor with a compensator of this type, 
the starting handle or lever is first pushed in one 
direction as far as it will go, and is held in this posi-
tion by the operator until the motor comes up to 
nearly full speed. 
When the motor ceases to accelerate the handle is 

quickly pulled in the opposite direction as far as 
it will go, and locks in this position. 

In the first position the handle closes the starting 
contacts to the reduced voltage taps of the auto 
transformer, applying low voltage to the motor dur-
ing starting. 
When the lever is swung to the second position, 

the starting circuit is broken and the contacts to 
the full line-voltage are immediately closed, thereby 
completing the running circuit. 
These compensators are generally provided e 

a latch, so that the starting handle cannot be moved 
into the running position first, but must first be 
moved into the starting position and then drawn 
quickly over to the running position, after the motor 
is up to speed. 

Fig. 280. Sectional view of a magnetic overload-relay and dash pot 
When the core is lifted the rod above it forces open the spring 
contacts which break the circuit to the holding magnet (Counsel 
Allen Bradley Co.). 

This last operation should be performed quido 
because during the time the lever is being moved 
from starting to running position the motor circuit 
is momentarily broken, so if the lever is brought 
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*Or. 

back slowly the motor will lose considerable speed delefore the running contacts are closed. 
n some cases slow operation will also allow the 

latch to fall in place again, thereby requiring the 
starting operation to be repeated. 
During starting the lever should be firmly held 

in the starting position to keep the contacts tightly 
together; otherwise they may arc and seriously 
burn or pit the contact shoes. 

Fig. 281. Three different types of A. C. relays used with motor con-
trollers. (Courtesy Cutler Hammer Mfg. Co.) 

The lever and contacts of these compensators are 
held in the running position by a mechanical latch 
which is often provided with a hand trip on the out-
side of the controller. In other cases the controller 
may have a push button for breaking the circuit of 
the no-voltage release coil in order to stop the 

Fig. 282. This photo shows a front view of a three-phase, auto trans-
former starter or compensator used for starting squirrel-cage motors 
at reduced stator voltage. (Photo courtesy General Electric Co.). 

298. PROTECTIVE FEATURES 
The no-voltage release coil and the overload-trip 

coil on compensators of this type are usually so ar-
ranged that when they raise or drop their plungers 
the plungers strike the trigger or release on the 
latch, allowing the lever and contacts to be returned 
to normal or open-circuit position by means of a 
spring. 
The contacts in starters of this type are generally 

mounted in rows and fastened on bars of wood or a 
fibre-like composition of good insulating quality. 
The operating handle is also attached to the mov-
able contacts by an insulating bar, and this elimi-
nates the chances of shock hazard to the operator 
when starting high-voltage motors. 

::g. 283. This photo shows another view of a compensator with both 
the front cover and the oil tank removed. The contacts which operate 
under oil can be seen at the bottom of the controller. ,Courtesy 
General Electric Co.). 

Making and breaking circuits under oil and inside 
the metal case eliminates the danger of burns and 
flashed eyes which might occur to operators if large 
motors were started and stopped by means of or-
dinary knife-switches. 

299. CIRCUIT AND OPERATION 
Fig. 283-A shows a connection diagram for a sim-

ple Western Electric compensator or auto trans-
former starter for a three-phase motor. When the 
compensator handle is thrown to the starting posi-
tion all of the moving contacts on the center bar are 
caused to connect with the lower set of stationary 
contacts. 
This completes a circuit as shown by the open 

arrows, from the three line wires to the primary 
terminals, P, of the auto transformer; and also from 
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the secondary terminals, S, of the auto transformer 
to the motor terminals, M-1, M-2, and M-3, and to 
the motor winding. The motor is thus supplied with 
reduced voltage from the auto transformer second-
ary. 

In tracing this circuit you will note that the start-
ing current doesn't pass through the overload relay 
coils, because this starting current is much heavier 
than normal full-load running current and would be 
likely to cause the overload relays to trip out before 
the motor could reach full speed. 
When fuses are used in connection with compen-

sators of this type they are also placed so that they 
are only in the running circuit and not in the start-
ing circuit. 
When the handle is thrown to the reverse posi-

tion the moving contacts on the center bar are 
caused to connect with the upper set of stationary 
contacts. This completes a circuit from each line 
wire to the motor, supplying full line-voltage for 
running. 
The running circuit from line 1 can be traced by 

the solid arrows from line wire 1 to terminal L-1, 
then up through the left overload coil, and down to 
terminal, T-1, through the controller contacts, and 
up to M-1, and to the top lead of the motor. 
The circuit from line 2 can also be traced by the 

solid arrows to terminal L-2, through both bars of 
the center controller contacts, and back up to ter-
minal M-2, then to the center wire of the motor. 
The circuit from line 3 can be traced to terminal 

L-3, then up through the right-hand overload coil, 
down to T-3, through the controller contacts, and 
back up to M-3; then to the lower wire of the motor. 
While in this diagram all of the arrows have been 

shown leading toward the motor, we know, of 
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rig. 283-A. Wiring diagram of a manually-operated compensator used 
for starting three-phase, squirrel-cage motors. Carefully trace the 
starting and running circuits with the accompanying explanation and 
vlso note the overload protective circuit. 

course, that with A. C. applied, the current in these 
motors would be rapidly reversing in direction, fir t 
flowing in on one wire and out on the other t 
then in on a different wire and out on the remaining 
two; etc. 
We have found in tracing this running circuit 

that the currents of two of the phases pass through 
the overload relay coils, so we know that if the 
motor becomes overloaded the strength of these 
coils will increase and raise their plungers, tripping 
open the contacts which are in series with the 
no-voltage release coil. 
This de-energizes the no-voltage release, allowing 

its plunger to fall and trip the latch which releases 
the controller handle and contacts, and allows them 
to move to the off position. 
The no-voltage release coil will also trip the com-

pensator if the line voltage becomes too low or 
fails entirely. 
The circuit for this coil can be traced from line 1 

to M-2, up through the left overload coil, down to 
L-1, through the N.V. release coil, and up through 
both of the overload relay contacts in series, down 
through the controller contacts, and back up to 
line 2. 

300. STARTING VOLTAGE ADJUSTMENT 

On compensators that are equipped with several 
taps on the coils of the auto transformer, if 
motor doesn't start as rapidly as it should (o 
narily 10 to 30 seconds) with the secondary leads on 
the low voltage tap, these leads can then be shifted 
to a tap of higher voltage. 
Compensators should not be operated with the 

secondary leads on different voltage taps, such as 
for instance one lead on a 40% tap, another on a 
60% tap, etc. The leads should all be carefully con-
nected to taps of equal voltage. 

Fig. 284 shows the diagram of another starting 
compensator such as is made by the Westinghouse 
Electric & Manufacturing Company. The auto 
transformer coils of this starter are connected open-
delta, instead of star as they are in Fig. 283-A. 
Trace this circuit in the same manner as the one 

in Fig. 283-A was traced, making sure that you can 
follow the circuit of the three line wires to the 
auto transformer connections when the compensa-
tor is in the starting position; also from the auto 
transformer secondary to two of the motor leads, 
and from one line wire direct to the center motor 
lead during starting. 
Then trace the circuit from the line through the 

overload trip coils to the motor when the compen-
sator is in running position. 

e 

301. AUTOMATIC REMOTE CONTROLLED • 
Compensators of the types just described can be 

arranged for remote operation by using such me-
chanical connections as rods, light-weight piping, 

STARTERS 



A. C. Section Six. A. C. Motor Controllers. Compensators 647 

Fig. 284. Wiring diagram of a three-phase Westinghouse compensator 
using open-delta-connected auto transformers, and a stop switch in 
series with the no voltage release. 

or steel cables; or they can be arranged for electrical 
remote operation by using electro-magnets to move 
a laminated armature which takes the place of the 
ordinary hand-operated starting lever. 

In other cases the leads from the line, motor, and 
auto transformer are connected to two sets of special signetically-operated contactors mounted on a 

el similar to those described for resistance 
starters. 
These contactors are then operated by their mag-

nets, which are in turn controlled by push buttons 
used to start and stop the motor. 

Fig. 285 shows a connection diagram for a Gen-
eral Electric automatic starter of this type. 
The starting mid running circuits from the line to 

the motor car, easily be traced through the con-
troller by the heavy lines, and the auxiliary con-
trol circuits are shown by the lighter lines. 

This controller has a motor-operated timing ele-
ment which regulates the period of time that the 
motor will be kept on reduced voltage during start-
ing. This timing element is operated by the small 
relay motor shown in the lower left section of the 
main diagram. 
The four small sketches beneath the main circuit 

diagram show the several positions of the contacts 
in the timing element. Examine these carefully and 
compare them with the timing element contacts in 
the main diagram while tracing out the circuit for 
normal, starting, and running positions. 

302. CIRCUIT AND OPERATION 
When either of the start buttons is pressed, a aiir)cuit can be traced as shown by the dotted arrows, 
m line 1, through the heater element of the 

thermal overload relay, through the start button 
to the terminal X. 
With the timing element contacts in the normal 

position as shown in the main diagram, the current 
divides at this point, part of it flowing to the left 
and through the relay magnet, back to the right 
through the thermal overload contacts to line 3; 
which completes this circuit. 
When the relay magnet is energized it attracts 

the armature "A", causing it to make contact with 
the holding circuit through the closed-circuit stop 
buttons. This position of the relay contact is shown 
in the lower diagram No. 2. 
Going back to point X, the other part of the cur-

rent which divided at this point flows up through 
the relay contacts C and divides again; part going 
through the relay motor starting it in operation, 
and the other part going up to the starting magnet 
and then back through the thermal overload con-
tacts, and to line 3. 
When this starting magnet is energized it closes 

the starting contactors. A circuit can then be traced 
as shown by the small open arrows, from line wires 
1 and 3, down through the heater elements of the 
thermal overload relay, back up through the blow-
out coils and contactors, and to the primary termi-
nals of the auto transformer. 
The circuit from line 2 is traced directly through 

the blow-out coil and contactor to the center pri-
mary lead of the auto transformer. 
The reduced-voltage circuit to the motor can be 

traced by the large open arrows from the taps on 
the auto transformer coils, up through the other 
starting contactors to the motor. The left-hand 
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rig. 285. This diagram shows the complete circuits of an automatic 
controller with magnetically-operated contactors in the starting and 
running circuit, and a motor-operated timing relay to regulate dura-
tion of the starting period. Trace all parts of this circuit carefully 
with the accompanying explanation. 
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wire from the transformer tap runs directly to the 
motor without passing through any contactor. 

The auxiliary contacts at B near the starting 
magnet are normally closed when the controller 
is in the off position and are opened at the same 
time the starting magnet closes the starting con-
tactors. This acts as an electrical interlock and 
prevents the running magnet from being energized 
until the starting magnet releases and opens the 
starting contactors and again closes these contacts. 

A mechanical interlock in the form of a bar is 
also very often provided between the operating 
mechanisms of the starting and running contacts, 
so that the running contacts can never close until 
the starting contacts are open. This precaution 
must be taken in order to prevent short-circuiting 
the auto transformer windings. 

After the relay motor is started it runs at a defi-
nite speed and operates a chain of small gears 
which very slowly turn the timing disk. When this 
disk makes a certain part of one revolution it brings 
around a trip pin that snaps the hook-shaped con-
tact assembly of the timing mechanism over into 
the position shown in the small diagram 3 at the 
bottom of Fig. 285. This opens the circuit at "C", 
de-energizing the relay motor and the starting 
magnet; allowing the starting contactors to fall 
open and at the same time closing the auxiliary 
contact at D to complete the circuit to the running 
magnet. 
The contacts which are moved over by the re-

lay motor also close a circuit at D which energizes 
the running magnet. 

This circuit can be traced by the round arrows 
from line 1, through the heater element of the ther-
mal relay, through the closed circuit, stop buttons, 
armature A, and contact, D, of the timing device, 
through the coil of the running magnet, auxiliary 
interlock contacts, thermal relay contacts and back 
to line 3. 

When the running magnet is thus energized it 
closes the upper set of running contactors and 
completes a circuit directly from the line to the 
motor. You will note, however, that the circuit 
from line wires 1 and 3 passes through the heater 
elements of the thermal overload-relay, so that any 
excessive overload on the motor will cause the 
contacts of this relay to open and break the circuit 
of the running magnet holding-coil. This will 
open the running contactors and stop the motor. 
The two closed-circuit stop buttons are also in 

series with this magnet, so pressing either of these 
will stop the motor. 

303. TIME ELEMENT DEVICE AND O. L. 
RELAY 

A motor-operated timing device such as used 
with this controller can be set to give the desired 
period of time during which the motor is operated 

Fig. 286. This photo shows a front view of the motor-operated timing 
relay for which the connections were shown in Fig. 285. Note the 
relay magnet and time-setting dial on this unit. (Photo courtesy 
General Electric Co.). 

at reduced voltage while it comes up to speed, and 
according to the amount of load connected to it. 

Fig. 286 shows a photograph of a motor-operated 
timing relay of this type. The cover is removed, 
showing the relay magnet on the left and the ad-
justing dial on the right. By moving the small arm 
on this dial in one direction or the other the length 
of the starting period can either be increased or 
decreased as desired. The operating motor is en-
closed within the case of the relay. 
The advantage of timing relays of this type 

that they are very accurate and will always start 
the motor in exactly the amount of time for which 
they are set. 
On certain other types of controllers small motors 

are sometimes used to drive a set of drum con-
tacts similar to those on a sign flasher. As the 
drum slowly revolves, the contacts close circuits 
in the proper order to the operating magnets, which 
close the main contactors, cutting out resistance 
and increasing the motor voltage step by step as 
the machine comes up to speed. 
The small diagram number 4 at the lower right in 

Fig. 285 shows the thermal overload relay in more 
detail. When excessive current flows through the 
curved heater elements the heat produced in them 
warms up the expansion strips, S, directly above 
them, causing these strips to warp upward until 
their ends slip off the tops of the vertical springs 
and allow the relay contacts to fly apart. 

Fig. 287 shows an excellent photograph of one 
of these thermal overload-relays. The expansion 
strips are partly covered by the two small metal 
hoods at the upper left and right. The relay con-
tacts are clearly shown in the center of this photo, 
and you can also see the adjusting pointers projelp 
ing out in either direction from the insulati 
members which carry the relay springs. 
This particular relay is equipped for resetting by 

pulling on the cord to draw the contacts back ta 
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wire from the transformer tap runs directly to the 
motor without passing through any contactor. 

The auxiliary contacts at B near the starting 
magnet are normally closed when the controller 
is in the off position and are opened at the same 
time the starting magnet closes the starting con-
tactors. This acts as an electrical interlock and 
prevents the running magnet from being energized 
until the starting magnet releases and opens the 
starting contactors and again closes these contacts. 
A mechanical interlock in the form of a bar is 

also very often provided between the operating 
mechanisms of the starting and running contacts, 
so that the running contacts can never close until 
the starting contacts are open. This precaution 
must be taken in order to prevent short-circuiting 
the auto transformer windings. 

After the relay motor is started it runs at a defi-
nite speed and operates a chain of small gears 
which very slowly turn the timing disk. When this 
disk makes a certain part of one revolution it brings 
around a trip pin that snaps the hook-shaped con-
tact assembly of the timing mechanism over into 
the position shown in the small diagram 3 at the 
bottom of Fig. 285. This opens the circuit at "C", 
de-energizing the relay motor and the starting 
magnet; allowing the starting contactors to fall 
open and at the same time closing the auxiliary 
contact at D to complete the circuit to the running 
magnet. 
The contacts which are moved over by the re-

lay motor also close a circuit at D which energizes 
the running magnet. 

This circuit can be traced by the round arrows 
from line 1, through the heater element of the ther-
mal relay, through the closed circuit, stop buttons, 
armature A, and contact, D, of the timing device, 
through the coil of the running magnet, auxiliary 
interlock contacts, thermal relay contacts and back 
to line 3. 

When the running magnet is thus energized it 
closes the upper set of running contactors and 
completes a circuit directly from the line to the 
motor. You will note, however, that the circuit 
from line wires 1 and 3 passes through the heater 
elements of the thermal overload-relay, so that any 
excessive overload on the motor will cause the 
contacts of this relay to open and break the circuit 
of the running magnet holding-coil. This will 
open the running contactors and stop the motor. 
The two closed-circuit stop buttons are also in 

series with this magnet, so pressing either of these 
will stop the motor. 

303. TIME ELEMENT DEVICE AND O. L. 
RELAY 

A motor-operated timing device such as used 
with this controller can be set to give the desired 
period of time during which the motor is operated 

Fig. 286. This photo shows a front view of the motor-operated timing 
relay for which the connections were shown in Fig. 285. Note the 
relay magnet and time-setting dial on this unit. (Photo courtesy 
General Electric Co.). 

at reduced voltage while it comes up to speed, and 
according to the amount of load connected to it. 

Fig. 286 shows a photograph of a motor-operated 
timing relay of this type. The cover is removed, 
showing the relay magnet on the left and the ad-
justing dial on the right. By moving the small arm 
on this dial in one direction or the other the length 
of the starting period can either be increased or 
decreased as desired. The operating motor is en-
closed within the case of the relay. 
The advantage of timing relays of this type* 

that they are very accurate and will always start 
the motor in exactly the amount of time for which 
they are set. 
On certain other types of controllers small motors 

are sometimes used to drive a set of drum con-
tacts similar to those on a sign flasher. As the 
drum slowly revolves, the contacts close circuits 
in the proper order to the operating magnets, which 
close the main contactors, cutting out resistance 
and increasing the motor voltage step by step as 
the machine comes up to speed. 
The small diagram number 4 at the lower right in 

Fig. 285 shows the thermal overload relay in more 
detail. When excessive current flows through the 
curved heater elements the heat produced in them 
warms up the expansion strips, S, directly above 
them, causing these strips to warp upward until 
their ends slip off the tops of the vertical springs 
and allow the relay contacts to fly apart. 

Fig. 287 shows an excellent photograph of one 
of these thermal overload-relays. The expansion 
strips are partly covered by the two small metal 
hoods at the upper left and right. The relay con-
tacts are clearly shown in the center of this photo, 
and you can also see the adjusting pointers projecnie 
ing out in either direction from the insulati 
members which carry the relay springs. 
This particular relay is equipped for resetting by 

pulling on the cord to draw the contacts back to-
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Fig. 284. Wiring diagram of a three-phase Westinghouse compensator 
using open-delta-connected auto transformers, and a stop switch in 
series with the no voltage release. 

or steel cables; or they can be arranged for electrical 
remote operation by using electro-magnets to move 
a laminated armature which takes the place of the 
ordinary hand-operated starting lever. 

In other cases the leads from the line, motor, and 
auto transformer are connected to two sets of special lignetically-operated contactors mounted on a 

el similar to those described for resistance 
starters. 
These contactors are then operated by their mag-

nets, which are in turn controlled by push buttons 
used to start and stop the motor. 

Fig. 285 shows a connection diagram for a Gen-
eral Electric automatic starter of this type. 
The starting -md running circuits from the line to 

the motor car, easily be traced through the con-
troller by the heavy lines, and the auxiliary con-
trol circuits are shown by the lighter lines. 

This controller has a motor-operated timing ele-
ment which regulates the period of time that the 
motor will be kept on reduced voltage during start-
ing. This timing element is operated by the small 
relay motor shown in the lower left section of the 
main diagram. 
The four small sketches beneath the main circuit 

diagram show the several positions of the contacts 
in the timing element. Examine these carefully and 
compare them with the timing element contacts in 
the main diagram while tracing out the circuit for 
normal, starting, and running positions. 

302. CIRCUIT AND OPERATION 
When either of the start buttons is pressed, a * cuit can be traced as shown by the dotted arrows, 
m line 1, through the heater element of the 

thermal overload relay, through the start button 
to the terminal X. 
With the timing element contacts in the normal 

position as shown in the main diagram, the current 
divides at this point, part of it flowing to the left 
and through the relay magnet, back to the right 
through the thermal overload contacts to line 3; 
which completes this circuit. 
When the relay magnet is energized it attracts 

the armature "A", causing it to make contact with 
the holding circuit through the closed-circuit stop 
buttons. This position of the relay contact is shown 
in the lower diagram No. 2. 
Going back to point X, the other part of the cur-

rent which divided at this point flows up through 
the relay contacts C and divides again; part going 
through the relay motor starting it in operation, 
and the other part going up to the starting magnet 
and then back through the thermal overload con-
tacts, and to line 3. 
When this starting magnet is energized it closes 

the starting contactors. A circuit can then be traced 
as shown by the small open arrows, from line wires 
1 and 3, down through the heater elements of the 
thermal overload relay, back up through the blow-
out coils and contactors, and to the primary termi-
nals of the auto transformer. 
The circuit from line 2 is traced directly through 

the blow-out coil and contactor to the center pri-
mary lead of the auto transformer. 
The reduced-voltage circuit to the motor can be 

traced by the large open arrows from the taps on 
the auto transformer coils, up through the other 
starting contactors to the motor. The left-hand 
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Fig. 285. This diagram shows the complete circuits of an automatic 
controller with magnetically-operated contactors in the starting and 
running circuit, and a motor-operated timing relay to regulate dura-
tion of the starting period. Trace all parts of this circuit carefully 
with the accompanying explanation. 
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gether. Other relays of this type can he reset by 
cans of a push button which raises a V-shaped 
dge, forcing the bottom ends of the contacts 

apart and closing them at the top. 
It is very important that the thermal overload re-

lays as well as the motor-operated timing device be 
properly adjusted according to the current rating 
of the motor and the nature of the load attached to 
it, in order to properly protect the motor from over-
heating during running or starting. 
Automatic controllers with properly adjusted 

time element devices have the decided advantage 
of accurately regulating the period of time allowed 
for starting the motor each time the operation is 
performed. 
The life of motors is generally much longer when 

they are started in this manner than when they are 
carelessly started with manual controllers. 
Unless the operators of manual controllers are 

very careful there is likely to be a considerable 
variation in the periods of time allowed between the 
steps of starting, and this may result in very heavy 
surges of starting current and heavy mechanical 
stresses on the motor and driven machines. 

Fig. 287. Excellent view of thermal overload-relay such as used on 
automatic controllers manufactured by the General Electric Co. Note 
the current setting pointers and also the resetting cord on this device. 
(Courtesy General Electric Co.). 

304. AUTO STARTERS AND PRINTING 
PRESS CONTROLLERS 

Automatic starters which apply the voltage more 
gradually in several steps during starting are com-
monly called auto starters. Starters of this type 
have auto transformers with several taps, each of 
which is connected to a separate set of contactors. 
These contactors operate in the proper order to 

apply the voltage to the motor in gradually increas-
ing amounts during starting. For example, the 
auto transformer may have taps providing starting 

altages of 50%, 65%, and 80%, and if these volt-
es are applied in order as the motor comes up 

to speed it will result in a fairly uniform rate of 
acceleration and will greatly reduce the starting 
current surges in the line and motor winding. 

Fig. 288 shows an automatic controller for use 
with printing press motors. This controller has a 
variable resistance which can be set by hand for 
any speed at which it is desired to operate the 
motor. The contacts and arm of this rheostat can 
be seen at the lower left corner of the controller 
panel. The rheostat can be set for the desired speed 
before the motor is started, or it can be adjusted 
during operation. 

On the face of the panel are shown the contactors 
which cut out the various steps of resistance, bring-
ing the motor up to speed. Controllers of this type 
are operated by push button stations located at a 
number of different points on the printing press. 

Fig. 289 shows the panels for two other types of 
printing press controllers. These controllers have 
the rheostat operated by a small motor which is 
remotely controlled by means of push buttons and 
relays. 
Automatic controllers using large contactors on 

panels are commonly used to control very large 
A. C. motors, even up to several thousand h.p. For 
such large motors as these the contactors used must 
be quite large air circuit breakers in order to handle 
the heavy currents. 

Fig. 156 in Section Five on A. C. Motors shows a 
large panel-type controller in use with a 3000-h.p. 
A. C. motor of the slip-ring type. The controllers 
on this panel cut in and out large banks of resist-
ance grids, which are shown behind the controller 
at the left. 
Automatic motor controllers can be arranged for 

operation by floats in tanks, by pressure or tempera-
ture relays and in many other ways, so that they 
start, stop, and vary the speed of pump motors and 
other equipment entirely automatically whenever 
the water level, pressure, or temperature requires it. 

Fig. 288. This photo shows a front view of an automatic, panel type 
controller with a hand-operated, speed-regulating rheostat (Photo 
courtesy General Electric Co.). 
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305. DEION ARC QUENCHERS 

Controller contacts are always subject to more 
or less damage by the arcs formed when the circuits 
are broken. On controllers which have the contacts • 
immersed in oil the arc is extinguished or quenched 
much more quickly by the oil, thus considerably 
prolonging the life of the contacts. 

Fig. 289. Two different types of motor-operated, automatic printing 
press controllers. Small electric motors are used to operate the 
rheostat for controlling the speed of the main motors. (Courtesy 
Cutler-Hammer Mfg. Co.). 

Controllers of the panel type with contacts which 
break the circuit in air, generally have the arcing 
greatly reduced by means of blow-out coils, as pre-
viously explained. 
Another form of device which has been devel-

oped for quickly extinguishing the arcs at con-
tacts of air breakers is known as the Deion arc-
quenching device. This device consists of a hood 
made of fireproof insulating material and containing 
a set of metal grids or slotted blades into which the 
arc is blown when it is formed. 
On the left in Fig. 290 are shown two views of 

one of these Deion hoods, and on the right in this 
same figure is a sectional view showing the manner 

Fig. 290. This photo shows several views of Deion arc quenchers. The 
sectional view on the right shows the manner in which these devices 
are placed over the contacts, to quickly extinguish the arc when it 
passes up into the metal blades. (Courtesy Westinghouse Elec. & 
Mfg. Co.). 

in which the hood is placed over the contacts of the 
breaker. The effect of these grids is to quick 
separate the arc into a number of small arcs 
series and thereby break it up. 
These devices are used not only on small" con-

tactors on motor controls, but also on large circuit-
breakers on high-voltage power lines. They are 
very effective in extinguishing arcs and actually 
break up the arc and interrupt the current flow 
within one-half cycle from the time the contacts are 
opened. 

Fig. 291 shows a double set of contactors equip-
ped with Deion hoods, which can easily be removed 
or lifted from the contactors to allow repairs to the 
faces or horns of the contacts themselves. 

306. DRUM CONTROLLERS 
Drum controllers are very extensively used for 

starting and speed control of A. C. motors of the 
slip-ring type. You are already familiar with the 
general construction and operation of drum con-
trollers from the material covered in the Section on 
D. C. Motor Controls. 
When used with A. C. motors, the drum con-

troller contacts can be used to cut out step by step 
the resistance of the secondary or rotor circuit, or 
to shift the connections from one tap to the next 
of the auto transformer in the stator circuit. 
On small motors up to 10-h.p. face-plate type re-

sistance-starters, such as described earlier in 
section, are commonly used, but with motors lar 
than this drum controllers are generally preferred 
because their contacts are much heavier and more 
capable of handling the heavy currents required. 

Fig. 291. Two sets of contactors on a controller equipped with Deion 
arc extinguishers. (Courtesy Westinghouse Elec. & Mfg. Co.). 

Fig. 292 shows an A. C. drum switch or controller 
with the cover removed. In this view the revolving 
segments, stationary contact fingers, arcing bar-
riers, and blow-out coils can all be clearly seen. 
The sliding motion with which the revolving se 

ments are brought into contact with the stationary 
fingers tends to keep the contact surfaces worn 
bright and smooth, thereby providing good low-
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resistance connections as long as the contacts are 
kept in proper condition and are not allowed to be-eme too badly burned or pitted by the arcs. 

Fig. 293 shows three different sizes and types of 
A. C. drum controllers. By observation of the con-
trollers shown in this figure you will see that it is 
possible to make drum controllers with almost any 
desired number or arrangement of contacts. For 
this reason drum controllers can be used with A. C. 
motors to perform a wide variety of switching 
operations for gradual starting or wide ranges of 
speed variation. 
Where very large A. C. motors, ranging from 

several hundred to several thousand horse power, 
are to be controlled by drum controllers, the drum 
will be used merely as a remote control for large 
magnetically-operated contactors located on a panel. 
When used in this manner, the drum and con-

tacts handle only small amounts of current at low 
voltage and these currents in turn operate the mag-
nets which close the heavy current circuits at high 
voltage. This provides a much greater degree of 
safety for the operators. 

Fig. 292. This view shows an A. C. drum controller with the cover 
removed. Note the rotating segments, stationary contact fingers, arc 
barriers, and blow-out coils. (Courtesy General Electric Co.). 

307. STARTING, REVERSING AND SPEED 
CONTROL 

In addition to starting and varying the speed of 
A. C. motors, drum controllers are commonly used 
for reversing the machines as well. You will recall diom previous articles that a three-phase A. C. 

tor can be reversed by reversing any two of the 
phase leads. 
This operation can be performed by one set of 

contacts on the drum, while another set is used to 

vary the resistance or voltage from the taps of the 
auto transformer. 

Fig. 294 shows a simple type of drum controller 
used for starting and reversing a three-phase A. C. 
motor. Two of the line leads running to the stator 
winding of the motor are taken through the con-
tacts and segments of the drum for reversing the 
connections to the stator and thereby reversing the 
direction in which the motor will start. 
The six upper sets of contacts and segments are 

used for gradually cutting out the resistance during 
starting, or if the resistance elements and contacts 
are made heavy enough they can also be used for 
varying speed during operation of the motor. 
When the drum is moved to the left the segments 

strike their contacts in the order 1, 2, 3, 4, 5, as 
shown by the numbers on the segments. Each addi-
tional step cuts out a little more resistance; until, 
on the fifth step, the resistance units are all short-
circuited and are cut entirely out of the secondary 
or rotor circuit of this slip-ring motor. 
During the process of cutting out this resistance 

it is not always evenly cut out of each phase, as at 
certain times there is a little more resistance left 
in one phase than in another. 
During starting, however, these periods are gen-

erally very short and the slight unbalance in the 
rotor currents does not seriously affect the opera-
tion of the motor. 
When the controller drum is moved to the right, 

or in the opposite direction, the segments pass clear 
around and approach the stationary contacts from 
the opposite side in the order shown by the num-
bers which are placed near the ends of these seg-
ments. 

In tracing the circuits through this controller and 
the resistance units, when the drum contacts are in 
the various positions, it will be easier to trace the 
secondary circuit by starting each time on the 
center wire from the motor and going through the 

Fig. 293. Three drum controllers of different types and sizes showing 
the variety of arrangements that can be made with their contacts 
and segments. (Courtesy Cutler Hammer Mfg. Co.). 
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Fig. 294. Circuit dir.gram of a simple drum controller for starting and 
reversing three-phase, slip-ring motor. Trace the circuit carefully 
with the accompanying explana ion. 

proper sections of resistance, first to the left wire 
and then to the right wire. 

It is not extremely important to trace out each 
circuit on the different steps of operation of 
controllers of this type because, when new drum 
controllers are being installed, the manufacturer 
generally supplies a connection diagram. 
The connection diagrams shown here are used 

to show general operating principles, but it is well 
to remember that changes are continually being 
made in machines and methods of connections, and 
that correct diagrams for latest types of equipment 
can generally be obtained from the manufacturers. 

308. DRUM CONTROLLER CONNECTIONS 

It is particularly important to make the connec-
tions of the resistance to the proper stationary con-
tacts on the drum controller so that the segments 
will cut out the resistance in the proper order. 
Most new controllers and resistors have their 

terminals marked with corresponding letters and 
numbers, as shown in Fig. 294, thus making it a 
comparatively simple matter to properly connect 
them if the markings are carefully followed. 
The resistance for three-phase drum controllers is 

generally divided into three equal sections, the ends 
of which are connected together in a star or Y con-
nection as shown in Fig. 295. 
One commonly used method of numbering the 

terminals of the resistance is to allow the numbers 
from 1 to 10 to represent one section of the resist-
ance from Y to A; the numbers from 11 to 20 to 
represent the next section from Y to B; and the 
numbers from 21 to 30 to represent the third section 
from Y to C. 
This plan can be followed even though each sec-

tion doesn't use the whole ten numbers. The lowest 
number of each group is placed at the star connec-
tion. In the resistance shown in Fig. 295 there are 
only three divisions or four taps to be numbered 
on each section; so the numbers 1 and 4 are used 

on the upper section, 11 to 14 on the center section, 
and 21 to 24 on the lower section. 
The resistance shown in this figure is for a c 

troller which provides ten different speeds of t e 
motor. The number of speeds which controllers are 
arranged to provide is usually a multiple of 3, plus 
1; as, for example, 4, 7, 10, 13, 16, etc. 
When motors are arranged for a number of 

speeds which is other than a multiple of 3, plus 1, 
they cut out two or more sections of resistance at 
once. 

In connecting up a resistance such as shown in 
Fig. 295, or any other resistance using this system 
of marking, the points marked 1, 11, and 21 are con-
nected together to form the star or Y connection. 
The opposite ends, or lines A, B, and C, are then 

connected to respective brushes on the slip rings of 
the motor and also to the proper corresponding 
contacts on the drum control. 

If you have to connect a resistance which is not 
marked, it is comparatively easy to place small tags 
on the terminals and then mark them in the manner 
shown in Fig. 295. 
The marked secondary resistances of this type for 

use with slip-ring A. C. motors can be properly con-
nected to a drum controller by the following pro-
cedure, even though no blue print is available. 

First, place the controller handle in the off posi-
tion and then move it to the first step or start 
position. Note which of the controller fingers nlir 
rest upon the segments of the drum. There will 
usually be two in contact in this first position on 
non-reversing drums, and more on drums of the 
reversing type. 
Ignoring the contacts which are used for revers-

ing, connect to one of the other two a wire from the 
Y connection of the resistance, and to the remaining 
contact connect a wire from terminal 2 of the re-
sistance. 

Next, place the handle of the controller in the 
second position, note the contact which is thus 
brought into connection with the segment, and con-
nect to it a wire from terminal 12 of the resistance. 
At each successive step or position of the controller 
handle another finger will be brought to rest upon 
a new contact, and to each of these successive 
fingers connect wires from the resistance terminals 
in the order-2, 12, 22; 3, 13, 23; 4, 14, 24; etc. 

—Y Connect Ions 3 4 

Fig. 295. The above sketch shows a common method of marking 
resistance units for use with drum controllers. 
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If the controller is of the reversing type there 
11 sometimes be only one finger resting upon a 
ment in the first position. In this case, attach the 
connection to this finger and for the remaining 

connections proceed as previously explained. 
Be careful to note that as the controller handle is 

moved, the contact for each new position may be 
found on either the right or left-hand finger-board 
of the controller. In other words, the contacts 
which are made in order-1, 2, 3, 4, etc., may not all 
be on the same finger-board. The finger-board is 
the strip on which the contact fingers are mounted. 
This general method or procedure of connecting 

resistance to drum controllers is often very handy 
and valuable for a man to know when out on the 
job, because in many cases the diagrams for certain 
controllers may have become lost or resistances 
may be used which are not marked when supplied. 

Fig. 296 shows a connection diagram for a three-
phase drum controller used with a hoist motor for 
providing five speeds and for reversing duty. This 
diagram shows, in addition to the drum controller, 
a line oil switch and magnetically-operated con-
tactor, thermal overload-relay, and the motor wind-
ings, which are equipped with separate leads so 
that the machine may be operated on either 440 or 
220 volts. 

Drum Controller  ----.................. 
5 Speeds 

1.23 Llne Lead' le 

tc,.9 for 440 
i Together t,"} 

'- 

1 7-1r,., L.ne 
4.8 Leads 

3'5-9 2.20E 

Fig, 296. Wiring diagram of a speed-regulating controller connected to 
a slip-ring motor. Carefully trace the circuits both to the stator and 
rotor of this machine. 

11>ig. 297 shows a connection diagram for another 
type of drum control. This diagram is of the type 
furnished with equipment manufactured by the 
General Electric Company and uses a different sys-

tern of numbering. However, if you follow the 
numbers on any diagram or blue print of this type, 
it is a very easy matter to make the proper con-
nections between the resistance and controller, and 
also to the motor and line. 

This particular diagram also shows the terminals 
of a line switch or contactor which is operated by 
remote push-button control. 
The wiring diagram for this switch is also fur-

nished by the manufacturers upon request from 
customers who may be installing such equipment. 

309. STAR-DELTA STARTERS 
Squirrel-cage induction motors which have their 

stator windings connected for delta operation some-
times have the start and finish leads of each phase 
brought out to a three-pole double-throw switch 
so that the windings can be changed to star for 
starting the motor at reduced voltage. 
This reduces the voltage applied to each phase 

of the winding to 57.7% of the normal line voltage. 
This provides a very simple and economical method 
of starting motors at reduced voltage. 

However, this method is not extensively used 
because it only provides one starting voltage and 
because it can only be used on motors that are to 
be operated with the stator windings delta-con-
nected. Nevertheless, it is often a very convenient 
method of starting squirrel-cage induction motors 
in an emergency when no compensator is available. 

Fig. 298 shows a method of connecting the start 
and finish leads of a stator winding to the three-pole 
switch for star-delta starting of an A. C. motor. The 
clips on one side of the switch are all shorted to-
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Fig. 297. Wiring diagram of a General Electric drum controller for 
starting, reversing, and speed regulation of a three-phase, slip-ring 
motor. Note how the numbers simplify the making of proper con-
nections, even though the wires from the resistance to the dram 
contacts may be bunched In a cable. 
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Fig. 298. This diagram shows the method of using a three-pole, double-
throw switch for star-delta starting of squirrel-cage induction motors. 

gether to form the Y or star connection for starting. 
The starts of all three phases are connected in 

rotation to clips on the opposite side of the switch, 
and the finish leads of the three phases are con-
nected to the blades in such a manner that when the 
switch is thrown down in the running position the 
start of one phase will connect to the finish of the 
next, etc. 
To start a motor in this manner the switch is first 

closed in the upper position which connects the 
phase windings in star and applies 57.7% voltage 
to them. When the motor speed has increased as 
much as it will with this connection and no further 
increase of speed can be noted, the switch is then 
quickly thrown to the lower position connecting 
the windings delta so that they receive their full 
rated voltage from the line. 

310. INSTALLATION OF CONTROLLERS 
When installing controllers it is general practice 

to locate them near the motor, in order to shorten 
the leads between the controller and motor as much 
as possible. 

In many cases, however, it may be much more 
convenient to have the controller located at some 
distance from the motor, where it is within easier 
reach of the operator of the machinery which is 
driven by the motor. 

Controllers are frequently mounted upon a post 
or pillar or on the wall of the building in which 
they are installed. In other cases they are mounted 
on frames of angle iron or steel piping. 

Regardless of whether the controller is located 
within a few feet of the motor or at some distance 
from it, the circuits between them should generally 
be run either in rigid conduit, flexible conduit, or 
B. X.; and good, secure connections should be made 
between the conduit and the frame of the motor 
and also between the conduit and the controller 
box. This insures a complete ground circuit be-
tween the devices and is a necessary safety pre-
caution. 

Flexible conduit is a very convenient material 
for running the wires between motors and controll-
ers because it is easily bent to fit the openings and 

attachment fittings on the machines, and to run 
along motor frames or bases or along the walls. 
machines to which it is attached. 

Fig. 299 shows a photo-diagram of a synchronous 
motor and its exciter-generator, starting compensa-
tor, overload-relays, and meters; and the various 
connections or wires between them. These wires 
are merely drawn in the photograph to show their 
position in this figure, but in an actual installation 
they would be enclosed in rigid or flexible conduit; 
or B.X. which has the right number of wires for 
the different runs can be used. 

Fig. 300 shows two views of induction motor in-
stallations, but doesn't show the supports for the 
controllers. On the left is a squirrel-cage induction 
motor equipped with a starting compensator; and 
the wires running between them are enclosed partly 
in rigid conduit and partly in flexible conduit. 
On the right is shown a slip-ring induction motor 

with an oil switch in the line circuit to the stator, 
and a drum controller and resistance in the rotor 
circuit for starting and speed variation. 
The wires between these units are run in rigid 

conduit which is attached to the motor and con-
troller by proper fittings. 

Three-hole porcelain covers are used in the fit-
tings on the ends of the conduit where the con-
nections are made to the slip rings and to the oil 
switch. 
The use of flexible conduit where the leads110-

tach to the motor is a decided advantage when the 
motor must occasionally be shifted to loosen or 
tighten the belt. The flexible conduit allows this to 
be done without changing any of the wiring or 
piping. 

Controllers should always be securely mounted 
so that they will not sway or vibrate when the 
handles are operated. 
311. CARE AND MAINTENANCE OF 

CONTROLLERS 
There are several parts and devices on motor con-

trollers that require frequent inspection, adjust-
ment, and maintenance to secure the best operation 
of the controllers. 

Controller contacts are always subject to a cer-
tain amount of burning or pitting from the arcs 
which are formed when the contacts make and 
break the circuit. This is true even though they 
may be operated in oil or with blow-out coils and 
other devices to quickly extinguish the arcs, and it 
is particularly true where the controller is used fre-
quently for starting and stopping or varying the 
speed of the motor. 
To provide efficient operation of the motor, the 

controller contacts must be kept clean and bri 
and of the proper tension and contact adjustm 
When these contacts become pitted or burned they 
should be smoothed off, first with a coarse file and 
then finished down with a fine file. 
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A - C 
SUPPLY 

SYNCHRONOUS MOTOR 
WI T 

D. C. EXCITER 

Fig. 299. This photo-diagram shows the arrangement of the connections between a synchronous motor and its exciter, and the controller and 
instruments used with it. On an actual installation these wires would, of course, be run in conduit or B.X. The three-phase line circuit 
through the compensator to the stator of the synchronous motor is shown by the heavy lines. The exciter and field circuits are shown by 

the lighter lines. (Courtesy General Electric Co.). 

This operation can be most easily performed by ". 
removing the contacts from the controller and hold-
ing them in a vise, and a better job can usually be 
done if a new contact is used as a pattern for re-
shaping the old ones. 

Sharp corners and edges on sliding contacts or 
segments of drum controllers should be carefully 
smoothed and rounded off, as shown at A in 

jai 301. 

9
 t B in the same figure is shown a set of con-
acts which are not properly rounded off on the 
corners; and the stationary contact finger in this 
view is not set in the proper position. When the 
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I FIELD % 

i‘ RHEOSTAT 
\ BuCK oLF 

r 

IVISCHAlIGE1 . 

,RESISTORI 

BACK OF 

PANEL 1 
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controller segment is moved in the direction indi-
cated by the arrows it will jam against the tip of 
the contact finger and probably bend this contact 
out of shape. 

When placing a new or repaired contact back into 
service its surface should be given a thin coating 
of vaseline. This will prevent excessive wear and 
scratching and cause the contacts to wear with a 
smooth surface. 

Contact faces or surfaces should always be par-
allel with the faces of the segments or other con-
tacts against which they fit or slide, as shown in 
Fig. 301-C. 
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Fig. 300. The above two views show methods of connecting compensators and drum controllers to induction motors by means of rigid and 
flexible conduif. While in some temporary installations open wires which are properly supported and protected may do very weU, in general 
a neat, permanent installation or the wires in conduit is a much safer and better arrangement. 

If these contacts are allowed to get out of align-
ment as shown in Fig. 301-D it will result in high-
resistance contacts and probably in serious over-
heating or burning of the contacts. 

The contacts should be carefully adjusted as to 
position and spring tension. When adjusting the 
tension on the contacts of drum controllers it is a 
good plan to move the controller handle occasion-
ally and determine by the feel whether or not the 
tension is too great. One should be able to move 
the handle freely with one hand and yet be able to 
feel a reasonable amount of pressure when the seg-
ments make contact. 

Sometimes controllers which operate hard or 
stiffly should have a few drops of oil placed on the 
controller shaft where it rubs on the bearings at 
each end, and a light application of vaseline to the 
contacts will often make them wear smoother and 
run more easily. If the controllers are allowed to 
operate hard or stiff it often results in their being 
abused or jammed by the operators. 

All terminals should be frequently inspected, 
cleaned and kept securely tightened, so that they 
make good contact with the wires at all times. 

If a thin coating of vaseline is applied to the 
terminals after they are cleaned it will prevent 
corrosion and keep them in much better condition. 
Arcing barriers that are badly burned or broken 

should always be promptly replaced to prevent 
the serious damage which might otherwise result 
from flash-overs between the different sets of con-
tacts. 

312. CARE OF OIL USED ON OIL-
IMMERSED CONTACTS 

On controllers in which the contacts are opere 
under oil the oil should be frequently inspected, and 
renewed whenever it becomes dirty or blackened by 
the burned materials from the contacts. 

Dirt and carbonized contact material, if allowed 
to remain in the oil, greatly reduces its insulating 
quality and also reduces the ability of the oil to 
extinguish or quench the arcs at the contacts. 

Dirty oil is also likely to cause flash-overs be-
tween phases and to the grounded metal case of 
the controller. One severe flash-over of this kind is 
likely to be much more expensive than the cost of 
several changes of oil. 

After removing dirty oil from a controller the 
tank should be thoroughly cleaned and again filled 
to the oil level marking before it is replaced on the 
controller. 
The oil used in controllers and oil switches is of 

a grade similar to that used in transformers and, in 
fact, transformer oil is very frequently used for this 
purpose. 

313. PROTECTIVE RELAYS AND 
AUXILIARY CIRCUITS 

All relays for overload and under-voltage pro-
tection should be kept properly adjusted and in 
good condition, in order to protect both the mote 
and controller from serious damage in case of o 
loading or failure of voltage. These protective de-
vices generally give very little trouble except for 
occasional breakage of the small wires connected 
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to them or the working loose of terminal nuts and 
irections. 

heir contacts should be inspected occasionally 
to see that they are not burned or stuck together 
but are working freely and making a good contact 
and have bright, clean surfaces. 

The auxiliary circuits of controllers do not carry 
power or load current, but are the ones which con-
nect to the start and stop buttons, starting and run-
ning contactor magnets, overload and under-voltage 
relays, etc. 

For these circuits No. 12 wire is generally used, 
although in some cases No. 14 or No. 16 is used. 
Asbestos-covered wire insures greater reliability and 
longer life on these circuits. These wires should 
reouire very little attention or care, provided they 
are located where they don't vibrate and where they 
are not rubbed by the moving parts of the controller. 

314. CARE OF DASH POTS AND TIMING 
DEVICES 

Dash pots and other forms of time elements on 
controllers should be carefully adjusted to allow 
the proper time for starting the machine. The oil 
in dash pots should be kept clean and occasionally 
renewed, and these devices should be filled only 
with oil intended for use in them, as other oils of le' erent thicknegs or consistency may cause them 

perate much slower or faster than intended. 
Dirty oil in dash pots will often close by-pass 

valves or cause the piston or plunger to stick and 
fail to rise. The oil should be kept at the proper 
level so that it completely covers the piston when 
it is in its highest position. 

If the piston stem becomes bent or the casing of 

• 

the oil pot becomes dented, it will often result in 
sticking and failure of the dash pot to operate. 

Careful study of this section on Controllers is 
very important because of the very great conven-
ience and time saving and the economies which can 
often be effected by the selection and use of proper 
motor control equipment, and because of the added 
safety which these devices provide for operators 
as well as the protection they give to the motors 
and driven machines. 
A great deal of your future success in electrical 

work may depend upon your ability to properly 
install and maintain A.C. motor-control equipment, 
as this is one of the most important duties of the 
electrical maintenance man in many large indus-
trial plants. 

Additional material on controller maintenance 
will he given in a later section on Installation and 
Maintenance of Electrical Machinery. 

Fig. 301. At —A" is shown the proper shape and position of the segment 
and contact finger of a drum controller. At "B" is shown the wrong 
position and unrounded corners of these contacts. At "C" and "D" 
are shown the right and wrong po.Mions of the stationary contact 
on the movable segment. 
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CONNECTIONS FOR TWO VOLTAGE MOTORS. 

Ti 
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MEASUREMENT OF THREE PHASE POWER 

E 

A 
W I 

5 W 

2 

SUPPUY 

CONNECTIONS USED TO DETERMME PROPER WATTMETER CONITECTIOIL 

IF PROPERLY CONNECTED 50TH METERS WILL READ ronvom 

3 

LINE 
OR 

SUPTNY 

,A1 1 2 WE 
PF 

1.73 • E • I 

HUM VOLTAGE CIRCUIT. 
141 NI 

LOW VOLTAGE CIRCUIT. 
D 

PCRUTtAL 
TRANSFM11.11.1i 

LOAD SUPPLY 

CONNECTIONS FOR A 3 PHASE 3 WIRE METER. 

NOTE THE METHOD OF TERMINAL MARNHH.S. 

let 

HZ 

POTENTIAL 
TRANSFORMER 

CORRECT CONNECTION FOR MEASURING 3 PRASE POWER 

HZ 

CONNECTIONS FOR A 3 PHASE 4 WIRE SYSTEM 

LOAD 

MEASUREMENT OF POWER IN THE 3-PHASE, 3-WIRE CIRCUIT USuALLY DEMANDS THE USE OF AT LEAST TWO SINGIE-PHASE WATTMETERS, AND THESE 
METERS MUST BE CORRECTLY CONNECTED TO THE CIRCUIT IF ACCURATE INDICATIONS ARE TO 3E OBTAINED. INASMUCH AS A 3-PHASE WATTMETER IS 
NOTHING MORE THAN TWO INDIVIDUAL SINGLE-PHASE WATTMETERS IN THE SAME CASE, THE SAME CONNECTION SCHEME WILL APPLY. 

TO CORRECTLY CONNECT TWO SINGLE-PHASE WATTMETERS TO A 3-PHASE, 3-WIRE CIRCUIT, PROCEED AS FOLLOWS: (1) ARRANGE METERS AS SHOWN 
IN SKETCH "A" WITH THE INDIVIDUAL CURRENT COILS IN SERIES IN THE SAME LINER. (2) NOW CHECK THE METERS AND SEE IF THEY ROTH READ 
ALIKE; IF THEY DO NOT, ONE OR BOTH OF THE METERS ARE INACCURATE, SINCE THEY ARE ROTH MEASURING THE SAME LOAD. IF ONE METER READS 
BACKWARD, REVERSE THE VOLTAGE COIL LEADS. (3) DISCONNECT WATTMETERS W2 AT X-X AND, WITHOUT DISTURBING THE VOLTAGE COIL CONNECTIONS, 
INSERT THE CURRENT COIL IN LINE 3, TAKING CARE NOT TO CHANGE THE POSITION OF THE TERMINAIS "S" AND "L" WITS RESPECT TO THE CIRCUIT. 
THE "S" TERMINAL SHOULD STILL BE ATTACHED TO THE SOURCE AND THE "L" TERMINAL TO THE LOAD END CE THE LINE. 

THE METERS ARE NOW CORRECTLY CONNECTED IN THE CIRCUIT, AND THE TOTAL POWER TAME BY THE LOAD IS EQUAL TO THE SUM OF THE WATTME-
TER READING. IN THIS REGARD, IT SHOULD BE OBSERVED THAT THE METERS WILL NOT READ ALIKE EVEN UPON A PERFECTLY BAIANCED LOAD UNLESS 
THE POWER FACTOR CF THE CIRCUIT IS EXACTE,' 100%. AS THE POWER FACTOR FALLS BELOW THIS VALUE, ONE METER WILL INDICATE A SMALLER AND 
THE OTHER A LARGER PERCENTAGE OF THE TOTAL LOAD. AT 50% P.F., ONE METER WILL INDICATE THE TOTAL LOAD AND THE OTHER WILL READ ZERO, 
AND AS THE P.F. FALLS BELOW THIS MARK, THE LOEN METER WILL START TO READ BACKWARDS. AS THIS READING INDICATES NEGATIVE POWER, IT 
MUST BE SUBTRACTED FROM THE READING OF THE OTHER METER IF THE TRUE POWER IS TO EE OBTAINED. SINCE THE BACK4ARD READING IS UNINTELL-
IGIBLE, REVERSE THE VOLTAGE COIL ON THE BACIGVARD READING METER TO OBTAIN A FORWARD READING, AND THEN SUBTRACT THIS FROM THE INDICA-
TION ON THE OTHER UNIT. 

WHEN A 3-PEASE, 4-WIRE CIRCUIT IS TO BE METERED, THREE WATTMETERS, CONNECTED AS SHOWN AT "B", ARE MOST FREQUENTLY USED. A CUR-
RENT COIL OF EACH INSTRUMENT IS INSERTED IN SERIES WITH ONE LINE WIRE AND THE VOLTAGE COILS ARE CONNECTED FROM THE SEPARATS LINE 
WIRES TO NEUTRAL AS SEMEN. THE TOTAL POWER IS THE SUN OF THE WATTMETER READINGS. A CHANGE IN POWER FACTOR WILL NOT EFFECT THE RE-
LATIVE VALUES HERE AS IT DOES IN THE TWO-METER ARRANGEMENT, THE METERS ADVAYS READING FORWARD REGARDIJesS OF THE POWER FACTOR VALUE. 

THE WATTMETERS SHOW, OF COURSE, THE TRUE PDWER IN WATTS ABSORBED BY THE CIRCUIT AND, DUE TO THE FACT THE CURRENT REWIRED TO 
CARRY A GIVEN WATTAGE MAY BE RELATIVELY HIGH WHEN THE POWER FACTOR OF THE CIRCUIT IS LOW, THERE IS DANGER OF BURNING OUT THE CURRENT 
COIL OF THE WATTMETER ON LOW POWER FACTOR LOADS. TO PEEVENT THIS, IT IS USUAL TO CONNECT AN AMMETER IN SERIES WITH THE CURRENT COIL 
OF THE METER TO MAKE SURE THAT ITS RATING IS NOT EXCEEDED. 

IF AN AKEETEM AND VOLTMETER ARE USED IN CONJUNCTION WITH THE WATTMETER, THE TOTAL VOLTAMPERES AND TOTAL WATTS MAY BE MEASURED, 
AND FROM THESE THE TOTAL POWER FACTOR OF TEE CIRCIIIT MAY RE COMPUTED BY THE FORMULA SHOWN. THIS IS TRUE FOR ANY CIRCUIT, A VOLTME-
TER, AMMETER, AND WATTMETER IEINC SUFFICIENT TO DETERMINE THE P.F. OF ANY A.C. CIRCUIT. 

ON CIRCUITS OF HIGH VOLTAGE OR GREAT POWER, =RENT ArD VOLTAGE TRANSFORMERS ARE USED TO: (1) STEP DOWN THE QUANTITIES TO BE 
MEASURED AND (2) ISOLATE THE METERS FROM THE LINE. SEE FIG. D. SUCH TRANSFORMERS ALLOW THE USE OF SMALLER AND CHEAPER INSTRUMENTS 
AND AT THE SAME TIME ELIMINATE THE HAZARD ASSOCIATED WITH THE READING AND POSSIBLE HANDLING OF METERS ATTACHED TO HIGH VOLTAGE CIR-
CUITS. AS SHUNTS CANNOT RE USED WITH A.C. AMMETERS, EXTENSION OF THE METER RANGE IS ACCOMPLISHED BY A CURRENT TRANSFORMER WHICH 
SENDS A SMALL FRACTION OF THE LINE CURRENT THROUGH THE METE. THE ACTUAL CURRENT FLOWING THROUGH SUCH METEES NEVER EXCEEDS 5 AM-
PERES; HOWEVER, THE METER IS CALIBRATED TO INDICATE THE ACTUAL LINE CURRENT. DUE TO THE PECULIAR ACTION OF THE CURRENT TRANSFORMER, 
ITS SECONDARY CIRCUIT MAY NEVER BE OPENED WHILE THE NIT IS ENERGIZED, AS VOLTAGES QP A DANGEROUSLY HIGH VALUE APPEAR ACROSS THE SE-
CONDARY WHEN THIS CIRCuIT IS BROKEN. THE SPECIAL SHORT-CIRCUITINC SWITCH IS PROVIDED ON THESE UNITS TO MAKE POSSIBLE THE INSERTION 
AND REMOVAL OF METERS WITHOUT DISCONNECTING THE SECONDARY CIRCUIT. NOTE THAT THE CASES OF ALL METERS ARE GROUNDED. 
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JOB No. 9 - TESTING THE FULL LOAD EFFICIENCY AND 251 

POWER FACTOR OF A 3PH. INDUCTION MOTOR 

In this test a D.C. generator is used to impose full-load on the motor. The output 
of motor in watts is determined by measuring the output of a D.C.generator and add-
ing to this the IleR losses of the generator and also its frictionandwindage losses. 

The resistance of the different circuits must be known. These values are given on 
the job. In the following outline, the armature resistance will be designated as 
RI; the shunt field resistance Rs; and the series field resistance as RS. 

PART A -- Take meter readings and mark in proper places. 

‘/5 

DIRECT CURRENT  
E 126 E   

-__. 
W = EXI =  / 7 4( j I /g7 0  Watts W = WI ± Ws = 

LOSSES  
Watts lost in armature I2R1 
Watts lost in shunt field I*R2 
Watts lost in series field Ints=   
Watts lost in friction & windage 

ALTERNATING CURRENT 

// 

Total Watts lost = 

m 73:5G0  watts 

23 
4 5t,  

Total Watts output of motor = Watts output of generator + Generator losses 
/"-)0 + (/ 9 3Ó »1  

Eff. of motor 

Power Factor 
of 3 ph.motor 

Total W 

_ W Output 
W Input 

_ Output 
_ WI ± we _ 

True W. Input _ 
- App. W. Input - 

••«, 

Total V.A. 
?  

PARTS-Connect  if  K .V.A condenser to motor: Take meter readings and mark as above. 

ap,i1 
0 

± p 1--cro 
Bali 1.73 - '7r2. 

Ws 
Ex 

Watts 
Watts 
Watts 
Watts 

Watts 

41 

Ws 
I x 1.73 

It 

DIRECT CURRENT 
E =  
I = li 
W=EXI= 

Watts lost in 
Watts lost in 
Watts lost in 
Watts lost in 

/ey/  -112É_ 
posszs 

armature 
shunt field 
series field 
friction & windage 

Total Watts output of motor 

Eff. of motor _ W. Output _ Output 
W. Input Ws ± WS 

Power Factor _ True W Input _ WI 
of 3 Ph. Motor - App. W Input - E x 

ALTERNATING CURRENT 

E =   
I = 

ga Watts W = WI j WS  5f/JWatts 

I3Ri Jj.7 X Watts 
I2Rs = Watts 
I2R3 Watts 

9- r  l'ç  Watts 

2./.735/1 Total Watts lost in 
= Watts-odykput o.erf yl.!3toj + G.enerefijoy?e, 

 Watts 

± W2 _ gefriw 4. 
I x 1.73 - I x 1.73 

Total W 
- Total V.A. 

<35 o  (1,3 
`39L/ 
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ALTERNATING CURRENT GENERATORS 

As most of the electrical power generated is alter-
nating current, the operation and care of A. C. gen-
erators, or alternators as they are commonly called, 
is a very important subject. This section will deal 
principally with the common types of alternators; 
their construction, operation, and care. 
The windings used in alternators and the prin-

ciples by which they generate alternating voltage 
have been covered in the sections on Armature 
Winding and in Alternating Current, Section One. 

Alternators are made in sizes ranging from the 
small belt-driven or engine-driven types of from 
1 to 50 kv-a. up to the mammoth turbine-driven 
units of over 200,000 kv-a. 

Alternators can be divided into the following 
classes: (A) Revolving armature or revolving field 
types: (B) Vertical or horizontal types; (C) Tur-
bine or engine types. 

85. REVOLVING FIELD ALTERNATORS 

Practically all A. C. generators of over 50 kv-a. 
capacity are of the revolving-field type, because this 
type of construction permits the generation of much 
higher voltages in the stationary armature wind-
ings, and also because it eliminates the necessity of 
taking high-voltage energy from a revolving mem-
ber through sliding contacts. This greatly simpli-
fies the construction of the machine and reduces 
insulation difficulties. 

Revolving-field alternators are commonly made 
to generate voltages as high as 13,200, and some 
are in operation producing voltages of 22,000 di-
rectly from their stator windings. Alternators can 
now be constructed to produce voltages as high as 
36,000. The generation of such high voltages makes 
possible very economical transmission of this en-
ergy, and also reduces the necessary winding ratio 
of transformers when the voltage is to be stepped 
up still higher for long distance transmission. 
At the left in Fig. 79 is shown the stator, or sta-

tionary armature, of an alternator. The rotor, or 
revolving field, which has been removed from the 
stator, is shown at the right. Note the stator coils 
or windings which are practically the same for 
alternators as for A. C. induction motors. 
These windings were thoroughly described, both 

as to construction and connections, under Three-
Phase Stator Windings in the Armature Winding 
Section. 
Note also the construction of the revolving field 

element and the manner in which the poles are 
mounted on the spider. The collector rings, through 
which the low-voltage direct current is passed to 
the field coils, can be seen at the end of the rotor. 

• 

Some of the smaller A. C. generators have revolv-
ing armatures which are wound very similarly to 
those for D. C. generators, and have connections 
brought out to slip rings so the generated energy 
can be transferred from the revolving armature to 
the line by means of these slip rings and brushes. 

However, many of the smaller alternators are 
also built with revolving fields. Fig. 80 shows a 
belt-driven alternator of 125 kv-a. capacity, with a 
revolving field and stationary armature. This gen-
erator is driven at 900 R.P.M. and produces three-
phase, sixty-cycle energy at 2300 volts. Note the 
three leads which are brought out from the stator 
for permanent connection to the switchboard or 
line when the machine is installed. In this man-
ner the load current flows directly from the station-
ary armature to the line without any slip rings or 
sliding connections in the circuit. Note the D. C. 
exciter-generator which is attached directly to the 
end of the shaft of this alternator. 

Fig. 81 shows the revolving field for a small alter-
nator of the type shown in Fig. 80. Note carefully 
the construction of the field poles on this rotor, a 
also the slip rings and D. C. exciter-armature le 
the end of the shaft. 
The direct current energy required to excite the 

field of an A. C. generator is very small in com-
parison with the A. C. output of the machine. This 
energy for excitation varies from three-fourths of 
one per cent, to two and a half per cent, of the total 
capacity of the alternator. 

It is easy to see, therefore, that the revolving field 
will require much smaller and lighter conductors 
than a revolving armature would : and also that the 
handling of this smaller amount of energy through 

Fig. 79. Above are shown the complete stator of an A. C. generator on 
the left and the revolving field or rotor on the right. The field coils 
on the rotor are excited with direct current and revolved within the 
stator to generate alternating current in its windings, 
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brushes and slip rings at low voltage, is a much 
miimpler proposition than to handle the total load 
Wurrent of the machine at the high voltages used 

on modern alternators. 
Keep in mind that it makes no difference in the 

nature or amount of voltage generated by the ma-
chine whether the field poles revolve past the sta-
tionary armature conductors or the armature con-
ductors revolve past the stationary field poles. As 
long as the same field strength and speed of motion 
are maintained, the cutting of the lines of force 
across the conductors will in either case produce 
the same voltage and the same frequency. 

Fig. 80. This photo shows a 125 kv-a. alternator of the horizontal 
belt-driven type. Note the D. C. exciter-generator which is direct 
connected to the left end of the shaft. (Photo courtesy Allis 
Chalmers Mfg. Co.) 

86. VERTICAL TYPE AND HORIZONTAL 
TYPE ALTERNATORS 

The terms vertical and horizontal as applied to 
A. C. generators refer to the position of the shaft. 
Belt-driven alternators, or generators that are con-
nected directly to steam engines, are usually of the 
horizontal-shaft type. The generator shown in Fig. 
80 is of the horizontal type. 

Large steam-turbine-driven generators are also 
more commonly made in the horizontal types, al-
though some of these are in operation which have 
vertical shafts. 
Water-wheel generators are more commonly 

made in the vertical type, as this construction al-
lows the generator to be placed on an upper floor, 
with the water-wheel on a lower level and attached 
to the generator by means of a vertical shaft. 
This reduces the danger of moisture coming in 

contact with the generator windings due to any 
possible leakage or dampness around the water-
wheel. 

Fig. 82 shows a large, vertical type, water-wheel-
riven generator. This machine has a capacity of 
8,750 kv-a. and produces 60-cycle alternating cur-

rent at 6600 volts. Machines of this type usually 
operate at quite low speeds, this particular one hav-
ing a normal speed of 1l22 R P.M. 

Fig. 81. This view shows the construction of the rotor or revolving 
field of an alternator similar to the one shown in Fig. 80. Examine 
its construction carefully and note the position of the collector rings 
and exciter-armature on the shaft. 

Note the D. C. exciter-generator mounted on top 
of the shaft above the thrust bearing and main 
support members of the generator frame. The 
water-wheel attaches to this generator at the cou-
pling which is shown on the lower end of the shaft. 

Horizontal-type generators usually present a 
much simpler bearing problem, as the horizontal 
shaft lies in simple sleeve-bearings which support 
the weight of the revolving field at each end of the 
shaft. 

Vertical-type generators require special thrust-
bearings to support the weight of the shaft and 
rotor, and also a set of guide bearings to keep the 
rotor in proper alignment within the stator core. 

Vertical-type machines require less floor space, 
which is one advantage in their favor where the 
power plant must be as small as possible. 

87. TURBINE TYPE AND ENGINE TYPE 
ALTERNATORS 

The terms "turbine" and "engine" type as applied 
to alternators refer to the type of prime mover by 
which the alternator is driven. As there is consider-
able difference between the speeds of ordinary re-
ciprocating steam engines and those of steam tur-

l'ig. 82. Large vertical type alternator for water-wheel drive. The 
stator core and windings of this machine lay in a horizontal position 
just inside the lower frame work, and the field poles revolve on the 
vertical shaft within the stator. (Photo courtesy Allis Chalmers 
Mfg. Co.) 



504 A. C., Section Three. Construction of Alternators. 

Fig. 83. This photo shows a view in a power plant equipped with horizontal type steam-engine-driven alternators. These alternators are made 
with large diameters because of the relatively low speed at whi ch they are driven. (Poto Courtesy Allis Chalmers Mfg. Co.) 

bines, the generators designed for engine drive are 
of considerably different shape and construction 
than those designed for high-speed turbine drive. 

Engine-driven alternators are usually of quite 
large diameter and narrow in width from one side 
to the other of the stator core. The rotors for these 
machines usually have a rather large number of 
field poles, in order to obtain the proper frequency 
at their low operating speeds. 

Fig. 83 shows a horizontal-type engine-driven 
alternator of 1000 kv-a. capacity, and gives a good 
general idea of the shape and construction of these 
machines. Note the large fly-wheel used in con-
nection with such alternators to maintain a more 
even speed in spite of the pulsations delivered by 
the piston of the engine. 

Steam-turbine-driven generators, or turbo-alter-
nators as they are commonly called, are usually 
made with much smaller diameters and greater in 
length than the engine-type generators are. The 
very high speeds at which steam turbines operate 
makes necessary the small diameter of the revolving 
field of the generator, in order to reduce centrifugal 
stresses. 
These higher operating speeds also make possible 

the generation of ordinary 60-cycle energy with a 
very small number of field poles. 
Turbine-driven generators a-e commonly made 

with two or four poles on the revolving field. Fig. 
84 shows a large steam-turbine-driven alternator of 
50,000 kw. or 62„500 kv-a. capacity. The generator 
is on the left in this view and the steam turbine on 
the right. The two are directly connected together 
on the same shaft. 
This alternator is completely enclosed in an air-

tight casing to keep out all dirt and moisture from 
its windings, and to allow cooling by forced air cir-
culation within this casing. 

88. CONSTRUCTION OF ALTERNATORS.", 
ARMATURES 

Regardless of the type or construction of the al-
ternator, the two principal parts to be considered 
are the armature and the field. The main A. C. wind-
ing, whether it is placed on the rotor or in the 
stator, is usually referred to as the armature; and, 
as previously mentioned, these armature windings 
for ordinary A. C. generators are practically the 
same as those for the stators of induction motors. 
In fact, the same winding can be used for either a 
motor or generator, if the squirrel cage is ex-
changed for a revolving field with the proper num-
ber of poles, or vice versa. 
On large machines there are enormous magnetic 

stresses set up between the conductors of the wind-
ing when the generators are heavily loaded or dur-
ing times of sudden surges due to overloads or 
short-circuits. For this reason, it is necessary to 
securely anchor or brace the coils, not only by slot 
wedges but also by using at the coil ends, special 
supports which are rigidly connected to the stator 
frame. 
The coils are securely tied or wrapped to these 

braces or supports and in some cases are mechani-
cally clamped down on the supports to prevent dis-
tortion or warping of the coils due to magnetic 
stresses set up by the flux around them. 
The view on the left in Fig. 85 shows the framille 

of a turbine-driven alternator with one of the first 
stator punchings or core laminations in place. This 
view shows the manner in which these core lamina. 
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tions are fitted in the stator frame and held in place 
the dovetail notches in the frame. 
hen the complete core is assembled, the lamina-

tions are also held more firmly together by the use 
of clamping rings and bolts which apply pressure 
at the ends of the stator core. 
The view at the right in Fig. 85 shows the same 

stator with the core completely assembled and the 
windings in place. Note the heavy connections 
which are made between the phases and coils of the 
winding and also the manner in which these con-
nections are rigidly secured to the end of the stator 
core. 

Fig. 84. Large steam-turbine-driven alternator. The turbine with its 
control mechanism is on the right. The alternator is enclosed in the 
air-tight casing at the left. This unit is typical of hundreds of great 
steam-driven generators in use in modern power plants throughout 
this country. (Photo Courtesy General glectric Co.) 

Fig. 86 shows an excellent view of the end of the 
winding in a large turbine-driven generator, and 
shows clearly the method of bracing and ty;ng the 
coils in place. Note the comparatively small dia-

meter and great length of the stator openings on 
the machine shown in Figs. 85 and 86. 
The armature coils on large alternators are us-

ually made of heavy copper bars and consist of only 
a few turns to each coil. These coils are heavily 
insulated according to the voltage of the machine, 
and are securely wedged into the slots. 
Spaces or air ducts are left at intervals through-

out the stator when the laminations are assembled, 
to allow free circulation of the cooling air through-
out the windings. 

89. FIELD CONSTRUCTION 
The field of an A. C. generator is constructed 

very much the same as the field of a D. C. gen-
erator, except that the field of an alternator is 
usually the revolving element. «Low-speed alterna-
tors of the large diameter engine-driven types 
usually have the field poles mounted on a spider 
or wheel-like construction of the rotor, as shown in 
Fig. 79. 

Fig. 81 also shows the mounting of the field 
poles on a smaller rotor of the solid type which is 
used for a small diameter, medium-speed alternator. 
The poles consist of a group of laminations tight-

ly clamped together and equipped with a pole-shoe, 
or face, of soft iron. They are attached to the rotor 
core or spider, either by means of dovetail ends and 
slots or by means of bolts. 

Fig. 87 shows several views of field poles of the 
dovetail type. These views also show the pole 
shoes and the rivets which hold the laminations to-
gether. The coils for field poles of this type may be 
wound with either round or square wire, or thin, 
flat, copper ribbon of the type shown in Fig. 88. 

Field poles and coils of this type are sometimes 
called "spool wound", because of the shape of the 
poles and the manner in which the coils are wound 
on them. 

Fig. 85. The above two views show very clearly the method of construction of the stator core and windings of high speed steam-turbine-
driven alternators. 
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• Fig. 86. This photo shows the end of a stator winding for a high speed 
turbo-alternator. Note the rigid bracing of the coil ends. 

The field coils are connected either in series or in 
series-parallel groups, according to the size of the 
machine and the exciter voltage which is applied. 
They are always connected to give alternate north 
and south poles around the entire field. Alternator 
fields always have an even number of poles. 
On high-speed turbine-driven alternators which 

have long rotors of narrow diameter it would be 
very difficult to construct field poles of the "spool 
wound" type, and also extremely difficult to hold 
the coils in place because of the great centrifugal 
force at these high speeds. For such machines the 
field coils are usually wound in the slots cut in the 
surface of a long, solid field rotor or core. 

Fig. 89 shows a two-pole rotor of this type, in 
which the field coils can be plainly seen at the left 
end of the slots. These coils are wound with 
strap or bar copper. When the rotor is completed, 
a metal casing or sleeve is placed over both ends 
of the coils as shown at the right end of this rotor. 
This sleeve protects the coils from damage or 
mechanical injury and also holds them securely in 
place and prevents them from being thrown or bent 

Fig. 87. Several views of laminated field poles such as commonly used 
in revolving field alternators. 

outward by the high centrifugal force exerted upon 
them during operation. 

Fig. 90 shows a closer view of the end of a re 
of this type, on which the slip rings and ventilating 
blades can be clearly seen. This type of rotor con-
struction provides a very rugged field element and 
very secure mounting of the coils and is, therefore, 
ideally suited to the very high speeds at which 
steam-turbine alternators are operated. 

90. COOLING OF GENERATORS 

All electrical equipment produces a certain 
amount of heat in proportion to the losses which 
take place within the windings. Large A. C. gen-
erators produce considerable heat, even though 
their efficiencies often approach 98%. In the enor-
mous sizes in which generators are built today the 
cooling of these machines becomes a serious 
problem. 

The heat must be removed or carried away from 
the windings as rapidly as it is created or the wind-
ings would soon overheat to a point where the in-
sulation would be damaged. As the resistance of 
copper conductors increases with any increase in 
temperature, the efficiency of the machine would 
also be reduced by allowing it to operate at tem-
peratures higher than normal. 

Natural air circulation is not sufficient for effec-
tive cooling of the windings of these large machines, 
as it is with smaller D. C. and A. C. genera. 
Therefore, it is necessary to use one of the se 
forms of artificial cooling or forced ventilation. 

Fig. 88. Field coil which is wound with thin copper strip, making a 
coil which is very compact and easily cooled. 

One very common method of cooling is to com-
pletely enclose the generator in a housing, such as 
shown on the machine in Fig. 84, and force a blast 
of air under .low pressure through this housing and 
the machine windings. The air used for this pur-
pose is first washed with a spray of water to cool 
it and clean it of all dust and dirt, and then th 
is dried before being passed through the genera Pr 
windings. 
This clean air is then kept dry and is recirculated 

through the generator over and over again, being 
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Fig. 89. This photo gives an excellent view of a high speed field rotor such as commonly used in turbine-driven alternators. 
Note how the field coils are placed in slots in the solid rotor so that when they are excited with D.C. they will create two 
field poles on opposite sides of the rotor. (Photo Courtesy Allis Chalmers Mfg. Co.) 

cooled each time it leaves the machine, by being 
passed over a set of cold water pipes. 

It is of the greatest importance that this venti-
lating air be kept circulating constantly through 
large alternators during every moment of their 
operation, and also that the air be kept clean and 
dry. 
Some other gases are more efficient than air for 

carrying off the heat from machine windings. Hy-
drogen gas is being successfully used for this pur-
pose. Because of its efficiency in absorbing heat 
from the windings and transferring it to the cooling 
pipes through which the gas is circulated outside of 
the generator, the use of hydrogen in this manner 
makes possible increased efficiencies and reduced 
sizes of alternating current machines. 
Hydrogen being an explosive gas, it is necessary 

to eliminate all possibility of its becoming ignited 
around the generator; otherwise an explosion and 
serious damage would result. 
dearge alternators are usually equipped with 
Mmometers or electrical temperature indicators to 
show the temperature of their armature windings 
at all times during operation. Many large high-
speed alternators have water-cooled bearings, with 
water circulating through passages in the metal 
around the bearings, to carry away the heat. 

91. ALTERNATOR FIELD EXCITATION 
The field of an alternating current generator is 

always excited or energized with direct current and 
in this manner constant polarity is maintained at 
each pole. As alternators do not produce any direct 
current themselves, they cannot be self-exciting, 
as many D. C. generators are. 
The direct current for excitation of alternator 

fields is produced by a separate D. C. generator, 
known as the exciter generator. The exciter ma-
chine may be belt-driven from a pulley placed on 
the shaft of the main alternator, or it may be di-
rectly connected and driven by the end of the alter-
nator shaft as on the machines in Figs. 80 and 82. 

In some cases in large power plants the exciters 
are driven by separate prime movers. Sometimes 
one large exciter-generator is used to furnish di-
rect-current field energy for several alternators, 
each of which obtains its field current from the 
exciter bus. 

lin other cases, there may be a number of exciter-
erators which are all operated in parallel to 

supply the exciter bus with direct current; and any 
or all of the alternators can obtain their field cur-
rent from this bus. 

Exciter-generators are usually of the compound 
type and of a voltage ranging from 110 to 250 volts. 
It is not necessary to use high voltage for field 
excitation, as this current is only used to produce 
magnetic flux, the strength of which is determined 
by the number of ampere turns on the field poles. 
The direct current from the exciter generator or 

busses is conducted to the revolving field poles of 
the alternator through brushes and slip rings, as 
previously explained. These slip rings can be 
plainly seen on the revolving field units shown in 
Figs. 81 and 89. 

92. CONNECTIONS OF EXCITER AND 
ALTERNATOR FIELD CIRCUIT 

Fig. 91 shows the connection diagram and circuit 
of an exciter-generator connected to a three-phase 
alternator. This alternator has four poles on its 
revolving field and in this case all of the poles are 
connected in series. 

Fg. 90. End-view of high speed field rotor showing shield ring over 
the coil ends and also showing ventilating blades and slip rings. 

The stator winding is of the ordinary type which 
has been previously described in the section on A. 
C. Armature Windings, and in this diagram it is 
simply shown as a continuous winding around the 
stator, having three line leads which are connected 
to points 120 degrees apart around the winding. 
When the field of this alternator is excited with 

direct current and the poles revolved so their flux 
cuts across the conductors of the stator winding, 
three-phase alternating current will be generated 
and supplied to the line or busses. 

If this four-pole machine has its field revolving 
at 1800 R.P.M.. the frequency of the generated A. C. 
will be 60 cycles per second, according to the 
formula given in Article 4 of A. C. Section One. 
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The exciter shown in this figure is a compound-
wound D. C. generator and has its voltage con-
trolled by means of a shunt-field rheostat, R. The 
exciter voltage can be controlled either by manual 
operation of the field rheostat or by an automatic 
voltage regulator in connection with the field rheo-
stat. This regulator will be explained in later para-
graphs and in this figure we shall consider the rheo-
stat to be manually operated. 
A voltmeter and ammeter are shown connected 

to the exciter circuit between the D. C. generator 
and the field discharge switch, S, of the alternator. 
They are connected at this point because it is desir-
able to know the exciter voltage before the field 
switch is closed, and also because of the high volt-
ages which may be induced in the alternator field 
if the field discharge switch should accidently be 
opened while the alternator is operating in parallel 
with others. 
The ammeter indicates the amount of field cur-

rent which is being supplied to the alternator at 
any time, and furnishes an indication of the field 
strength and normal or unusual operating condi-
tions in the alternator. 

Fig. 91. This diagram shows the connections of the stator and rotor 
of a three-phase alternator with the exciter-generator, rheostats, 
meters, and field discharge switch. 

93. FIELD DISCHARGE SWITCH 

The field discharge switch is a special type of 
switch which has a third or auxiliary blade attached 
to one of the main blades and is arranged to make 
contact with an extra clip just before the main 
blades of the switch are opened, and also during 
the time that this switch is left with the main 
blades open. 

This places the field discharge resistance, D. R., 
across the collector rings and field winding of the 
alternator when its circuit to the exciter is open. 
The purpose of this discharge resistance is to pre-
vent the induction of very high voltages in the field 
winding when its circuit is interrupted and the flux 
allowed to collapse across the large number of turns 
of the field winding. 

Placing this resistance across the field winding 
allows the induced voltage to maintain a current 

through this closed circuit for a short period after 
the switch is open. This uses up the self-induced 
voltage and magnetic energy of the field, and all. 
the current to die down somewhat gradually. 

If the flux of the alternator field were allowed to 
collapse suddenly by completely opening the cir-
cuit, the induced voltage might be sufficiently high 
to puncture the insulation of the field windings and 
cause short-circuits or grounds between the wind-
ing and the core. 

94. EXCITER AND ALTERNATOR 
RHEOSTATS 

Between the field discharge switch and the slip 
rings is an alternator field rheostat, "J". This rheo-
stat is used to obtain very fine and accurate adjust-
ment of the alternator voltage, and its resistance 
is usually so proportioned that its full range of vol-
tage operation is just equal to the change in voltage 
obtained by moving the arm of the exciter rheostat 
one point. 

It is easy to see that the voltage of the main 
alternator can also be conveniently controlled by 
adjusting the voltage of the exciter generator. As 
the exciter voltage is varied, more or less current 
will be forced through the field winding. By the 
proper use of both the exciter field rheostat, R, and 
the alternator field rheostat, J, a wide range of volt-
age adjustment in very small steps can be obtained 
on the alternator. 
For example, suppose that the exciter shunt 

rheostat has 10 points, which will make it posssi 
to obtain 10 voltage changes on both the exciter 
output and the alternator output. If the alternator 
field rheostat has 20 points, we can obtain 20 steps 
or variations in the alternator voltage between each 
two adjacent points of the ten-point exciter rheo-
stat. 
With this combination it is therefore possible to 

obtain 200 voltage variations, which will permit 
very accurate voltage adjustment of the alternator. 
95. FACTORS GOVERNING VOLTAGE AND 

FREQUENCY OF ALTERNATORS 
From the alternator field rheostat we follow the 

exciter circuit to the brushes which rest on the slip 
rings, K-K. The slip rings are mounted on the rotor 
shaft but are well insulated from the shaft and from 
each other. Leads are taken from these rings to the 
field coils. The slip rings and brushes form the 
sliding connection between the stationary part of 
the exciting circuit and the revolving alternator 
field. 

Regardless of whether the alternator field is con-
structed with spool type coils on projecting poles 
as shown in Fig. 91 or with coils imbedded in the 
slots of the solid rotor as used on high-speed turbine 
generators, as long as direct current is passed 
through these coils a powerful magnetic field iv. 
be set up at each pole of the electro-magnets for ! 
by the coils. 
When the alternator field is thus excited or ener-

gized and is then revolved within the armature or 
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stator core, it is evident that the lines of force from 0e.1 e field poles will be cut by the stationary armature 
ductors. In this manner a voltage is induced in 

t  armature conductors and, as we have already 
learned, this voltage will be proportional to the 
number of lines of force in the field, and to the 
speed with which the field poles are rotated, as well 
as the number of conductors in series in the arma-
ture winding. 
As the frequency of the alternator depends upon 

its speed and the number of field poles, we cannot 
vary the speed of the alternator to vary its voltage, 
as we can with direct current generators. 
The frequency must be kept constant in order to 

maintain constant speed of the motors attached to 
the system, and if the speed of the alternator were 
to be varied it would, of course, change the fre-
quency. For this reason, the voltage of an alterna-
tor must be adjusted by means of the alternator 
field rheostat or the exciter field rheostat. 
The voltmeter in Fig. 91 is across the armature 

leads of the exciter generator and will show any 
variations in the voltage produced by the exciter 
when its rheostat is adjusted. 

When once the setting of the alternator rheostat, 
J, has been established, the voltmeter will give 
somewhat of an indication of the variations brought 
about in the alternator field strength when varying 
di exciter voltage. 

W The ammeter provides a more accurate indication, 
because its readings will show the amount of cur-
rent flowing through the alternator field with any 
adjustment or change in either the exciter or alter-
nator rheostats. 

96. CONTROL AND ADJUSTMENT OF 

ALTERNATOR VOLTAGE 

It is often necessary to change the voltage pro-
duced by the armature of an A. C. generator while 
it is in operation, in order to compensate for voltage 
drop in the lines with increasing load on the system. 
In other words, when the load is increased, the 
added current flowing through the line will cause 
a greater voltage drop; and, in order to maintain 
constant voltage at the load, the alternator voltage 
should be increased. 

We have already mentioned that the alternator 
voltage can be controlled either by manual opera-
tion of the rheostats by the plant operator, or by 
an automatic regulating device. 

Manual or hand regulation is generally used only 
in small power plants which are not operating as a 
part of a large system. 

The accuracy and uniformity of hand regulation 
depend upon the faithfulness and skill of the opera-
tor. This method is not usually satisfactory in 
large plants or on systems where there are frequent 
variations of considerable amounts in the load, 
because it requires almost constant attention on the 
part of the operators and even then doesn't prevent 
some voltage variation at the load. 

It is very important to have constant voltage on 
most electrical machines and devices, in order to 
maintain their rated torque and speed. This is 
particularly true where any lighting equipment is 
connected to the system, because if the voltage is 
allowed to vary to any extent, it causes noticeable 
fluctuations in the brilliancy of incandescent lamps. 

Fig. 92. The above diagram shows the wiring and illustrates the principles of a Tirrill automatic voltage regulator, properly connected to 
the exciter and line leads of a three-phase alternator. 
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Pig. 92-A. This photo shows an automatic voltage regulator of a type 
similar to the one for which the wiring was shown in Fig. 92, and 
shows the arrangement of the solenoids and relays ois the panel. 
(Photo Courtesy General Electric Co.) 

97. AUTOMATIC VOLTAGE REGULATORS 

To obtain more accurate and immediate voltage 
adjustment for all variations in load, automatic vol-
tage-regulators are generally used in connection 
with the exciter field rheostat. One of the most 
common types of these devices is known as the 
Tirrill voltage regulator. This device automatically 
regulates the alternator voltage within very close 
limits by means of a set of relays which cut resist-
ance in or out of the field rheostat of the exciter-
generator. 
The relays are operated by variations in the vol-

tage and current load on the lines leading from the 
main alternator. 

Fig. 92 shows the connection diagram of a Tirrill 
automatic voltage-regulator. If you will trace out 
each part of this diagram very carefully, you will 
be able to easily understand the operating principle 
of this device. 

\Vhenever the load on the alternator is increased, 
this will increase the amount of current flowing in 
each wire of the three-phase line, and the current 
transformer, A, will have an increased current flow 
in its secondary winding. 

The secondary of this transformer is connected 
through a set of multiple point switches, B and C, 
to the solenoid coils, D and E. When these two 
coils have their current increased, they tend to plffl 
the plunger downward and operate the lever arm 
to close the contacts at F. 
When the contact F is closed it completes a cir-

cuit through coil G of the differential relay whicl-
is energized by direct current from the exciter-gen-
erator. Coil H of this relay is connected directly 

across the exciter-armature and is normally ener-
gized at all times. 

Coil G is so wound that when it becomes ene 
gized it neutralizes the magnetism set up in the 
core by coil H, and this allows the armature to 
release and be drawn upward by the spring, J, thus 
closing the contacts at I. 
These contacts are connected across the exciter 

field rheostat, K, and can be arranged to short-
circuit all or part of this resistance. When the re-
sistance of this rheostat is cut out of the shunt 
field of the exciter it allows the exciter voltage to 
increase, thereby increasing the field strength and 
the voltage of the main A. C. generator. 

If the A. C. generator voltage rises above normal, 
it will increase the voltage induced in the secondary 
coil of the potential transformer, P, thereby 
strengthening the solenoid coil, M, which will raise 
the plunger and open the contacts, F. 
\V hen the contact opens at F this de-energizes 

coil G of the differential relay, allowing the mag-
netism of coil H to draw the armature down and 
open contacts at I. 

This removes the short-circuit from the exciter 
rheostat and places the resistance back in series 
with the shunt field. The contacts at F can also be 
opened by the coil M if the exciter voltage rises 
too high. 
When using a regulator of this type, the exciter 

field rheostat K should be set at a point so tha 
it were used alone it would maintain a volt, 
slightly lower than that required by the system. 

The automatic regulator will then short out the 
resistance of the rheostat often enough to maintain 
the voltage at its proper value. The arm which 
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operates the lower contact at F continually vibrates 
oscillates, and opens and closes the contacts at 
quent intervals during the operation of this 

These contact arms are accurately balanced and 
adjusted by means of adjusting screws on the 
counter-weight, W, and the tension of the spring, R. 
A condenser, 0, is connected across the contacts 

I to reduce arcing and prevent burning and pitting 
of these contacts when they open and close the 
short-circuit on field rheostat K. 
The relay armatures which operate the various 

contacts are pivoted at the points marked S. The 
switches, B and C, are used to vary the strength 
of the solenoid coils, E and B, and thereby adjust 
the regulator to operate at the proper amount of 
increased load current. 

OPERATION AND PARALLELING OF 
ALTERNATORS 

It is only in very few cases, such as in small 
isolated power plants, that a single A. C. generator 
is operated alone. Usually several A. C. generators 
are operated in parallel in the same plant, and in a 
great many cases a number of power plants generat-
ing A. C. are all tied together in parallel. 

In our study of D. C. generators we found that it 
is absolutely necessary to have their voltages equal 
and polarities right if the machines are to be oper-did in parallel. 
n order to operate alternators in parallel we 

must have their voltages equal and in addition to 
this, the machines must be properly phased out and 
synchronized. 
These three conditions are the principal ones 

which must he observed before connecting any al-
ternator in parallel with another. 
You have already learned how to adjust the vol-

tage of A. C. generators. Voltage adjustment, of 
course, can only be used to vary the voltage within 
a limited range above and below that of the normal 
voltage of the machine. Therefore, alternators must 
all he designed for the same voltage in order to 
operate successfully in parallel. Then the final ad-
justments can be made with the rheostats to ex-
actly equalize the voltage. 

98. PHASING OUT ALTERNATORS 
"Phasing out" consists of identifying the phases 

of polyphase generators, in order to get the corre-
sponding phase leads of two or more machines con-
nected together. For example, the three-phase al-
ternator, which is by far the most common, usually 
has the phases marked or designated A, B, and C. 
When connecting an alternator to one or more 
others, or to the busses in a power plant in which 
other generators are operating, each phase must 
connect to the corresponding phase of the busses 
di other alternator: A to A, B to B, and C to C. 
'Ile Phasing out is usually necessary only when a 
machine is first installed or after some changes 
have been made in the connections of the windings 
of the machine. Once the generator has been prop-

erly phased out and the connections permanently 
made to the busses on the switchboard, it is not 
necessary to test the phases again unless changes 
are made in the generator or in the plant. 

If a generator is disconnected even temporarily, 
the phases should be plainly and accurately marked, 
so that they can be connected back in the same 
manner when the machine is again attached to the 
busses or leads to the other alternator. 

If an armature of an alternator has been rewound 
or if the connections have been changed in any way, 
the machine should always be phased out before 
reconnecting it to the busses or line. 

Synchronizing is an operation which must be 
performed every time an A. C. generator is par-
alleled with other running machines. This will be 
explained in later paragraphs. 
There are several methods that can be used for 

phasing out A. C. generators. Two of the most 
common are known as the lamp-bank method and 
the motor method. 

Equally good results can be obtained with either 
method, and the choice of one or the other will 
usually depend upon the convenience or the adapt-
ability of the available equipment. 

99. LAMP-BANK METHOD OF 
PHASING OUT 

Fig. 93 shows the connections and illustrates the 
principle of the lamp-bank method of phasing out 
alternators. In this diagram two alternators are 
shown properly connected and furnishing power to 
the busses and outgoing line. A third similar gen-
erator is shown suitably located and ready to be 
phased out and connected to the live busses. The 
lamps to be used in the phasing-out operation are 
shown connected around the oil switch. 
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Fig. 93. This diagram shows the method of connecting lamps for 

phasing out an alternator which is to be operated in parallel with 

two others. 

A sufficient number of lamps must be connected 
in series in each phase to withstand double the vol-
tage of the alternator. It can readily be seen, there-
fore, that if the voltage of the machine is higher 
than 440 volts, it would require a considerable num-
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ber of lamps in order to use this method, that is if 
the lamps only were used. 

So, with higher voltage machines step-down 
transformers are often used to reduce the voltage 
to the lamps. Small power transformers or instru-
ment transformers can be used. 

In phasing out a new generator by this method 
it is necessary to bring it up to its rated speed and 
voltage. The lamps connected as shown in Fig. 93 
will then alternately light up and go dark, due to 
the generator voltages being out of phase and in 
phase at different periods. 

If all three sets of lamps become bright and dark 
together or at the same time, it indicates that the 
proper phases of the new generator are connected 
to corresponding phases on the opposite side of the 
oil switch. If the lights do not burn bright and dim 
together it is then necessary to interchange or re-
verse any two leads of the generator which is being 
phased out. 
While this interchange can be made anywhere 

between the generator and the oil switch or be-
tween the oil switch and the busses, it is usually 
best to reverse the leads right at the generator 
terminals. We should never reverse the leads of 
any other machine to make the phases match with 
the new generator, as this would reverse the rota-
tion of all of the three-phase motors operating on 
the system. 
Extreme caution should be used never to connect 

even a small generator in parallel with another one 
or to live busses, without first carefully phasing it 
out; because if one A. C. generator is connected in 
parallel with others when out of phase, it results in 
practically a short-circuit on the running machines, 
the same as though one D. C. generator of the 
wrong polarity were connected in parallel with 
others. 

Care should also be used to see that the lamps 
are of sufficient number and resistance to stand 
double the voltage of the alternator, because at 
certain periods during the alternations they may 
be subiected to the voltage of the new machine plus 
that of the running machines, in series. 
When phasing out higher voltage machines and 

using lamps and transformers, the primary and 
secondary leads of the transformer should he care-
fully marked and tested if necessary, to determine 
whether they are of additive or subtractive polarity. 
These terms will be explained later, in the section 
on transformers. 

Care should also be taken not to reverse either 
the primary or secondary leads of the transformer, 
but to have them all connected with the same res-
pective leads both to the alternator and busses. 

100. MOTOR METHOD OF PHASING OUT 

Fig. 94 shows the connections for phasing out an 
alternator by means of a three-phase motor. To use 
this method conveniently and to avoid making mis-
takes in connections, it is usually best to connect 
the leads of the three-phase motor in uniform order 

Fig. 94. The above sketch shows the connections and illustrates the 
method for phasing out an alternator by means of a three-phase motor. 

to the blades of a double-throw, three-pole, knife 
switch. 
The outer contacts or clips of the switch on one 

side are connected to the busses or running gener-
ators, while the clips on the other side are con-
nected to the machine which is to be phased out. 
With this connection the motor can be operated 
either from the new generator or the running ma-
chines. When the connections are properly made, 
the generator which is to be phased out is brou 
up to rated speed and voltage. The knife switc 
then closed to operate the motor from this gener-
ator, and the direction of the motor rotation is care-
fully noted. 
To avoid mistakes, it is best to mark this clock-

wise or counter-clockwise direction of rotation with 
a chalked arrow, either on the pulley or the frame 
of the machine, on the side from which you are 
observing it. Then open the double-throw switch 
and allow the motor to come to a full stop. The 
switch is then closed in the opposite direction, to 
run the motor from the bus bars and running alter-
nators, and the direction of rotation is again noted. 

If the motor rotates in the same direction in both 
cases, the generators have like phases connected 
opposite to each other on the switch terminals. If 
these same leads are carefully connected to the oil 
switch in the same respective manner, the gener-
ators should operate satisfactorily in parallel after 
having been synchronized. 

If the motor rotates in the reverse direction when 
the switch is in the second position, it will be neces-
sary to interchange or reverse any two leads of the 
generator which is being phased out. The connec-
tions should then be tested again by running the 
motor from each side of the switch, and it should 
run in the same direction in both positions of th 
switch blades. 

If the voltage of the alternator is too high fo 
any available motor, small power transformers can 
be used to reduce the voltage for making this test 
of the phases. 
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101. SYNCHRONIZING OF ALTERNATORS 

4 . previously mentioned, any A. C. generator 
t be carefully and accurately synchronized be-

fore being connected in parallel with other running 
generators. 
Synchronizing is one of the most critical opera-

tions to be performed in a power plant, and should 
be given careful study in this section of the Refer-
ence Set as well as in your department lectures and 
practice. Be sure to practice this operation thor-
oughly with the alternators in the A. C. Department 
of your shop course. 
This is one operation which you want to be sure 

you can perform skillfully and confidently before 
applying for any position as a power plant operator. 
Synchronizing means to bring the generators into 

step or so that their positive and negative alterna-
tions occur at exactly the same time. On large 
machines this must be accurate to within a few de-
grees; that is, the same alternations of each ma-
chine must have their maximum and zero values 
occurring at the same instant in each phase. 
By referring back to the sine curves which were 

shown for the voltage alternations in the first A. C. 
Section of this set, and also by drawing a few curves 
for yourself, if necessary, you will soon see what is 
meant by having the alternations occur in phase or 
in step with each other. 

If alternators were connected together when out 
illihase more than a very few degrees, it would 
Wit in very heavy surges of current between the 
two machines, because of the difference in their 
voltages at any instant. If two machines were con-
nected together when they were 180' out of phase, 
this would mean that one generator would be pro-
ducing positive voltage while the other was produc-
ing negative voltage, and it would result in a double 
voltage short-circuit, the same as though two D. C. 
generators were connected together with wrong 
polarity. 
The nearer the two machines are to being in 

phase, the less will be the difference in their in-
stantaneous voltages at any point of the cycle. 
By careful adjustment of the speed of the "incom-

ing" alternator, we can by means of a synchronizing 
device get the two machines exactly in phase with 
each other. A skillful operator can then close the oil 
switch at ¡list the right instant and connect the 
machines in parallel with practically no resulting 
surge or current flow between the "incoming" and 
running generators. 

If large generators are connected together when 
they are very much out of phase, it is likely to 
wreck the machine windings and possibly cause 
serious damage to the generators and other plant 
equipment. 

e two most common methods for determining 
4en alternators are in synchronism are by the use 
of either a synchroseope or lamp-bank. A voltmeter 
Ts sometimes used for this purpose also. A svnchro-
mope is by far the more reliable and convenient. u 

it shows whether the incoming generator is running 
too slowly or too fast and indicates which way the 
governor or throttle of the prime mover should be 
adjusted in order to bring this machine to the same 
frequency as the running machines. 
The pointer of the synchroscope also indicates 

more accurately when the generators are exactly 
in phase with each other. 
The operation and connections of the synchro-

scope were explained in the section on A. C. Meters, 
and you should practice synchronizing A. C. gen-
erators with a synchroscope as well as the lamp 
banks in your shop department. 
When voltmeters are used, they are connected 

the same as the lamp bank, which will be explained 
in the following paragraphs. 
Voltmeters to be used for synchronizing should 

be of the "dead beat" type, or well damped so that 
their pointers do not oscillate or swing too far be-
yond the actual voltages. Voltmeters are seldom 
used for this purpose because of their cost and the 
fact that a synchroscope, costing very little more, 
is much more convenient and reliable. 

102. SYNCHRONIZING WITH LAMPS 
The lamp-bank method of synchronizing is used 

quite extensively in small plants, where the gener-
ators are not large and the cost of the synchroscope 
is considered prohibitive. 

Fig. 95 shows the connections for using lamps 
to synchronize two alternators. You will note that 
these connections are practically the same as when 
lamps are used to phase out an alternator, except 
that the lamps are arranged with a double-throw, 
three-pole switch, so they can be used to synchron-
ize either alternator with the busses, according to 
whichever machine may be running at the time. 
The incoming generator, which in this case is 

No. 1 in the figure, is started and brought up to 
speed and voltage. The synchronizing switch, S, 
is then closed to the right and the lamps will alter-
nately become bright and dark, the same as in phas-
ing out an alternator, except that in this case the 

Fig. 95. Connection diagram for synchronizing either of two alternators 
with the bue bars by means fo • lamp beak sad double-threw switch. 
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alternators are presumed to have been phased out 
and the three sets of lamps should all go bright and 
dark together. 
When the generators are 180° out of phase, or 

one machine positive and the other negative, their 
voltages will add together through the lamps and 
cause the two lamps in series in each phase to burn 
brightly. 
When the generators are exactly in phase—that 

is, phase A of generator No. 1 reaches its maximum 
voltage at the same time phase A of generator No. 
2 does—these voltages are then opposing each other 
on the busses and no current will flow through the 
lamps. 

If the frequency of the incoming machine is only 
slightly different from that of the running machine, 
the lamps will brighten and darken very slowly: 
but if the frequency of the incoming machine is 
considerably different from that of the running ma-
chine, the lamps will flicker on and off very rapidly. 

So, by adjusting the governor or throttle of the 
prime mover which drives the incoming generator 
and watching the operating of the synchronizing 
lamps, we can tell whether we are approaching the 
frequency of the running generator or if we are 
getting farther away from it. 
When the speed of the incoming generator is 

properly adjusted and the frequencies are almost 
exactly the same, the lamps should go on and off 
very slowly, actually remaining dark for a second, 
or two, and requiring several seconds to change 
from bright to dark each time. 
During the middle of this dark period, the switch 

which connects the incoming generator to the 
busses should be closed. By watching the speed 
with which the lamps brighten and go dark 
throughout several of these periods, one can ap-
proximately time the length of the dark period so 
that the switch can be closed about the middle of 
this period. 

This requires good judgment and skill, which can 
be obtained only by practice, and you should be 
sure to obtain this practice on the generators in the 
A. C. shop department. 

One of the disadvantages of using lamps for syn-
chronizing is the fact that an incandescent lamp 
requires a considerable proportion of its rated vol-
tage to cause the filament to light even enough to 
be noticeable. Therefore, there may be some small 
difference in voltage between the two alternators 
even when the lamps are dark. This is the reason 
for closing the switch at the middle of the dark 
period, when the voltage difference between the two 
machines should be zero. 

Alternators should never be paralleled as long 
as the lamps are burning at all; or, in case a syn-
chroscope is used. as long as it indicates any phase 
difference between the two machines. If the phase 
difference is small when the machines are par-
alleled, they may pull in step; and while there may 
not he any serious damage the first time this is 

done, if it is done a number of times the severe 
shock to the windings will sooner or later dam e 
their insulation or the coil bracing. 
The very heavy surges of current which resu t 

through the generator windings when they are 
paralleled slightly out of phase, set up enormous 
magnetic stresses which tend to distort the conduc-
tors at the end of the coils and also apply very 
heavy pressures against the insulation in the slots. 
This also results in severe mechanical shock to the 
entire machine. 

103. SYNCHRONIZING WITH 
SYNCHROSCOPES 

The lamp-bank method will probably be encoun-
tered in a number of small plants and may often be 
very handy to you in synchronizing small gener-
ators when no synchroscope is available. The syn-
chroscope is. however, by far the most commonly 
used in modern plants of any size, and because of 
its extreme accuracy this instrument should be used 
whenever possible. 
Another of the decided advantages of the syn-

chroscope over the lamp-bank is that its pointer 
indicates whether the incoming generator is run-
ning too fast or too slow. 
When the synchroscope is used, the governor or 

throttle of the prime mover is adjusted according 
to the indication ot the synchroscope pointer and 
whether it is revolving in the direction shole 
that the incoming generator is running too fa 
in the opposite direction showing that it is running 
too slow. 
When the speed of the incoming generator has 

been adjusted to a point where the synchroscope is 
revolving very slowly in the "fast" direction the 
knife switch or oil switch which connects the in-
coming machine to the busses can then be closed, 
just as the pointer reaches the mark on the center 
of the scale. 
By connecting the alternators together when the 

incoming machine is running slightly faster than 
the running machines, it enables the incoming gen-

Fig. 9S-A. This photo shows a group of alternators driven by Diesel 
oil engines. Many power plants located in the oil fields, or in places 
where water and coal are difficult to obtain, are equipped with 
engines and generators of this type. 
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erator to pick up its share of the load more readily 
and smoothly. 

hen paralleling alternators by means of remote 
trolled oil switches it is often necessary to allow 

a fraction of a second for the actual closing of the 
oil switch. This is done by closing the remote con-
trol switch just before the synchroscope pointer 
reaches the mark on the scale, so that the oil switch 
will close and parallel the alternators just at the 
time the pointer is on the mark and the machines 
are in exact synchronism. 

104. STARTING UP ALTERNATORS 
The procedure to be followed when starting an 

alternator and preparing to bring it on to the busses 
in parallel with others may vary in certain details 
with the operating policies of different plants, but 
there are certain general methods and precautions 
to be followed. 
The following material on this subject applies 

only to alternators which are already installed and 
in operating condition. The procedure for starting 
new alternators which are to be operated for the 
first time will be covered in a later section on the 
installation and operation of electrical machinery. 
When starting an alternator in a small plant, the 

electrician or switchboard operator may also have 
to start the prime mover. In large power plants 
the prime movers are usually started and controlled 
iill b the turbine engineers or men of the steam crew. 

either case, a certain amount of time must be 
a wed for the routine and preparations necessary 
in starting the prime movers. These points will be 
covered more fully in a later section on prime 
movers. 

Before starting an alternator we should make 
sure that the armature and field switches are open. 
The field switch should be set in the discharge posi-
tion. 

If the exciter is separately driven, it should be 
started and brought up to full rated speed before 
the alternator is started. If the exciter is driven 
from the alternator shaft it will, of course, come up 
to speed at the same time the main alternator does. 

In either case the exciter voltage should be kept 
low, usually at about 50% of its rated voltage, until 
after the field circuit to the alternator has been 
closed. This allows the voltage to be built up more 
gradually in the armature of the alternator. 
The alternator field switch can next be closed, to 

energize the field poles. Then adjust the exciter 
voltage until the alternator armature develops its 
full rated voltage. If the generator is to operate 
alone and supply power to a line, the armature 
switch may then be closed. If the generator is to 
operate in parallel with others, it must first be 
properly synchronized before closing the armature 
tech. 

some cases, when starting a single alternator 
that is to be operated alone, it is desirable to close 
its armature switch to the line with the alternator 
voltage at about one-half its full rated value. This 

allows the generator to pick up any load which may 
have been left connected to the system, without 
such heavy current surges through the machine. 
The voltage can then be brought up to normal by 
means of the field rheostats, after the armature 
switch is closed. 
Always remember that the three most important 

requirements before paralleling A. C. generators 
are: (A) They must be of equal voltage; (B) Gen-
erators must have been phased out and have like 
phases ready to connect together; (C) The gener-
ators must be in synchronism. 
When these conditions have been obtained the 

armature switch may be closed and the incoming 
generator connected in parallel with the bus bars 
and running machines. The alternators should then 
operate satisfactorily in parallel, if they are of the 
proper design and characteristics. 

105. ADJUSTING AND TRANSFERRING 
LOAD ON ALTERNATORS 

The next step is to make the alternator which 
has just been connected pick up its share of the load 
on the system. This cannot be done by increasing 
the armature voltage, as is done with direct current 
generators. 
Alternating current generators are caused to take 

more of the load by slightly increasing the power 
applied by the prime mover. This is done by ad-
justing the governor or throttle of the prime mover 
so it will deliver slightly more power to the alter-
nator. 

This, of course, tends to make that alternator on 
which the power is increased run slightly faster 
than the others, but the tendency of two or more 
alternators to hold together in synchronism after 
they are once paralleled prevents the machine from 
actually running any faster than the others. 

Instead, the additional power applied by the 
prime mover merely causes this generator armature 
to advance a few degrees in phase ahead of the 
others, and this will cause it to pick up its share 
of the load. 
The field rheostat can then be adjusted to reduce 

any cross currents or wattless currents between the 
armatures of the alternators in parallel. This is 
very important, and the field current should be ad-
justed until the armature current of each alterna-
tor is at the minimum for the load they are carrying 
at that time. 

In other words, by having wrong field adjustment 
on alternators, it is possible to have the sum of the 
currents from the separate machines equal consider-
ably more than the total load current being taken 
from the busses. These cross currents between the 
alternators may result in heating, if they are not 
kept at a minimum. 
When the proper load distribution has been ob-

tained between the generators operating in parallel, 
they should maintain this division of load, pro-
vided the governor of the prime movers is properly 
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adjusted so that all machines respond alike to vari-
ations in the load. 

106. SHUTTING DOWN AN ALTERNATOR 

When the load on a certain power plant or group 
of alternators is reduced to such an extent that it 
is not economical to keep all of the alternators 
operating, one of the machines can be disconnected 
from the bus and shut down until such time as in-
creased load may again require its operation. 

Shutting down an alternator is a simple opera-
tion, but there are several important steps to be 
followed in order to perform this operation properly. 

In some small plants A. C. generators are taken 
off the busses by merely opening their armature 
switches. This, however, results in a very sudden 
dropping of the load of the disconnected machine 
and may result in heavy current surges and fluc-
tuations in the voltage of the other machines. 
For this reason many power companies object to 

this practice, and require that the load be gradually 
dropped from the machine which is to be discon-
nected. This can be done in the following manner. 
The throttle valve on the prime mover of the 

generator to be shut down is first closed little by 
little until the generator drops practically all of its 
load and the ammeter or wattmeter in its circuit 
shows its current output to be at a very low value. 
f n up-to-date plants of medium or large size, watt-
meters or watthour meters give the most reliable 
indication when the load is reduced to zero, as an 
ammeter might still show some flow of wattless 
current. 
This load is, of course, automatically picked up 

by the other generators, or is in reality simply 
transferred by reducing the power applied to the 
alternator which is being shut down. 
When by adjustment of field excitation the load 

on the machine as shown by the ammeter, has been 
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Fig. 96. This diagram shows the wiring and arrangernent of a three 
phase alternator, and the meters and equipment commonly used on 
the switchboard panels. 

reduced to zero or a very low value, the armature 
switch is then opened, disconnecting the generator 
from the busses. The throttle valve of the p 
mover is then closed all the way and the genera r 
is allowed to drift to a stop. 

After the armature switch has been opened, the 
field switch may be opened if desired; or the field 
can be left energized temporarily, in order to bring 
the generator to a stop in a little shorter time. 
Brakes are used for this purpose on larger machines. 
The field switch should never be opened before the 
armature switch has been opened. 

Fig. 97. Interior view of a large power plant showing several e 
steam-turbine-driven alternators and also part of the switchbo 
the exciter-generators. 

When the generator comes to a complete stop 
and is standing idle, the field switch should always 
be open. It is also a very good precaution to open 
any disconnect switches which are between the 
generator, oil switch, and the bus bars. This will 
prevent any power flow from the busses to the 
generator armature if the oil switch should acci-
dentally be closed when the machine is standing 
idle. 

Different generating companies have various spe-
cial rules to meet the operating conditions in their 
various plants, and any operator should make a 
careful study of these rules as well as the general 
rules and principles which are covered in this 
section. All such rules are made to provide safety 
for operators and machines, as well as to provide 
satisfactory service to the customers to whom the 
power is supplied. 

107. ARRANGEMENT OF INSTRUMENTS 
AND CONNECTIONS FOR 
ALTERNATORS 

Fig. 96 shows a diagram of the connections for 
an alternator and its exciter. This diagram also 
shows the meters to measure the voltage and cur-
rent of each machine. The three A. C. amtlri 
are connected, by means of current transfo 
to measure the current in each line wire of the 
alternator. 
The A. C. voltmeter is connected by means of 
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a potential transformer to indicate the voltage of 
the alternator. This voltage, of course, should be 

le same on all three phases; so it is only necessary 
measure it on one phase. 
You will note that the voltmeter connections are 

made between the alternator and the oil switch, 0; 
so that the voltage of the alternator can be read 
before the oil switch is closed to parallel this 
machine with any others which may be connected 
to the busses. 
Two disconnecting switches, D, are provided, one 

on each side of the oil switch. After the oil switch 
is open and the alternator shut down, these dis-
connecting switches can be opened with a switch 
pole, or by hand in the case of low voltage circuits, 
and thus the oil switch and instrument transformers 
are separated from the live busses. 
This permits any necessary repair work to be 

done on these devices with safety. The alternator 
rheostat, A.R., and the field discharge switch, 
S, are mounted on the alternator panel of the switch-
board. The alternator panel is also very often 
provided with a wattmeter and a watthour meter. 
The wattmeter is to indicate the power output of 
the machine at any instant and the watthour meter 
shows the power in kw. hours which is produced 
by the machine during any certain time period. 
The alternator panels are often provided with 

switches or plugs for connecting the synchroscope 

d,
 synchronizing lamps to any machine that is 
*ng started. These auxiliary devices are not 

s own in the diagram in Fig. 96, but they will 
be covered more fully in a later section on switch-
boards. 

The exciter panel at the right in Fig. 96 contains 
the D. C. ammeter and voltmeter, for measuring 
the current to the field of the alternator and the 
voltage generated by the exciter. The exciter field 
rheostat, E.R., is also on this panel. 

In some power plants the exciter panel is located 
adjacent to the alternator panels in this manner. 
In other large plants the direct current from the 
exciters may be metered and controlled from an 
entirely separate switchboard. 

AMong the more important features to be 
checked and watched in the care of alternators are 
the following. The temperature of both the wind-
ings and bearings should be frequently checked, 
and the meters watched to see that the machines 
are not overloaded. The speed and frequency of 
alternators should be accurately maintained, and 
the fields properly adjusted to keel) cross currents 
at a minimum between parallel alternators. Tests 
should be made periodically on the insulation of 
alternator windings to note any weakness before 
it results in a complete failure of the machine. 

Always see that there is plenty of cool, clean, 
dry air available for cooling the machines. All 
parts of the generators should be kept clean, and 
the windings should be cleaned with compressed 
air to keep dust or dirt from blocking ventilating 
passages and causing excessive heating. Additional 
material will be given on the care of generators in 
a later section on maintenance of electrical ma-
chinery. 

Fig. 97 shows the generating room in a large 
power plant with four large steam-turbine-driven 

Fig. 98. Privately owned power plant producing alternating current 
engines which burn waste gases as a fuel. 

for use in steel mill operations. These alternators are driven by gas 
(Photo Courtesy Allis Chalmers Mfg. Co.) 
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alternators which are operated in parallel. Part 
of the switchboard and also the small exciter gen-
erators can be seen at the left of the photo. 

Fig. 98 shows a section of a large industrial 
power plant in a steel mill. Waste gases from 
blast furnaces are used to operate twin tandem 
gas engines, and these engines in turn drive the 
alternators, which are operated in parallel to supply 
electricity used in the mill. 
A great many of the larger factories and indus-

trial plants have their own private power plants 

to generate the vast amount of electrical energy 
which they use. 
Operation of electrical equipment in plants 

this type as well as in the mammoth generating st. 
tions which are owned and operated by public 
utility companies, provides fascinating and profita-
ble work for many thousands of trained men. 
To be able to qualify for a responsible position 

in a plant of this kind is well worth a thorough 
study of everything covered in this entire Refer-
ence Set. 

• 

• 
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Fig. 98-A. This photo shows a large water-wheel driven alternator and also an excellent sectional view of the hydraulic turbine which drives the alternator. Note the size of the 
generator compared with the man in the picture. Hundreds of machines of this type are in use in hydro-electric power plants throughout the zountry.-
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If a three-phase induction motor be operated from a single-phase 
line, three-phase voltages will be found to exist across its three 
terminals. The reason for this is as follows: The back FF in each 
phase of a polyphase induction motor is induced by the rotating field 
cutting across the stator conductors. If the stator is wound for 
three phase, the induced EMF's at the stator terminals are three phase. 

Ydlen a single-phase voltage is applied to one phase of a three-
phase motor, a rotating field is set up that is almost identical with 
that which exists when polyphase voltages are applied to the terminals. 
Consequently, if a single-phase voltage be applied across one phase of a 
three-phase stator, the voltages across the three terminas will be very 
nearly equal to one another and will be approximately 120 apart. 

Polyphase induction motors are often used in the above manner to 
produce polyphase voltages from a single-phase supply. That is, single-
phase voltage is supplied to one phase of the polyphase stator, and 
polyphase voltages are obtained from the stator terminals. When so used, 
the motor is called a "phase converter". 

The phase converter is used to some extent in railway electrifi-
cation. Although the three-phase induction motor is adapted to rail-
road work, there is considerable disadvantage in using two trolleys 
which would be required if three-phase power is to be supplied to the 
locomotive. By using a phase converter, the advantages of a three-
phase motor for driving may be secured, and at the same time all the 
advantages of a single trolley are retained. The phase converter 
receives single-phase power, which is pulsating, and delivers three-
phase power, which is substantially steady. The electric locomotives 
of the Norfolk and Western Railway are operated by the use of a 
phase converter. 

The phase-converting ability of the polyphase induction motor 
should be always kept in mind when shooting trouble on the motors, the 
motor supply lines or associated equipment, since, due to the phase-
converting action it is possible to obtain voltage indications at the 
motor terminals (that is, at all motor terminals) with one line complete-
ly disconnected. 
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SMALL SYNCHRONOUS MOTORS. 

120 E -RC 

-B 

120E- RC. 

C - 

120 E-R C. 

(A ) Due to their constant speed characteristics, small synchronous 
motors are widely used in stroboscopes, mechanical rectifiers, electric 
clocks, recording devices, timing relays, demand meters, etc. These 
small motors operate similarly to the large power types except that the 
small units are not separately excited, the poles on the rotor being 
produced by magnetic induction from the stator. Turning at synchronous 
speed, the rotor is polarized and is in the position shown when the 
stator current is maximum. As the current diminishes, momentum carries 
the rotor to the vertical position just as the main poles reverse and, 
as the hard steel rotor still retains its poles, it is again attracted 
to the horizontal position and rotation continues. Shading coils are 
employed to make the unit self starting. Speed is determined by 
frequency; if frequency is constant, speed will not vary. 
(B) SUBSYNCHRONOUS CLOCK MOTOR-Consists of a 2 pole stator and an iron 
rotor with 16 or more salient poles.The motor is not self starting,but 
when operating at synchronous speed,2 diametrically opposite poles are 
attracted to the field poles as the flux of the field is increasing. 
Because of the inertia of the rotor,it continues to rotate while the 
flux is decreasing and passing through zero. The next pair of poles is 
then attracted by the field flux as it increases in the opposite direc-
tion.Although the stator has only 2 poles,the speed of the motor is the 
same as that of n motor having the same number of stator and rotor 
poles. EXAMPLE-At 60 cycles the speed is 450 R.P.M.,corresponding to 
the 16 rotor poles.Because the rotor speed is much less than that 
corresponding to the 2 stator poles,the motor is said to operate at 
SUBSYNCHRONOUS speed. 
(C) SELF-STARTING INDUCTION-REACTION SUBSYNCHRONOUS MOTOR-This motor is 
a 2 pole,single phase,combination induction and synchronous motor with 
a shaded pole field and a squirrel cage rotor.In this particular motor 
there are 6 rotor slots,so proportioned that they produce 6 salient 
poles on the rotor which give the synchronous(or reaction)motor effect. 
AT STARTING,the induction motor torque must be sufficient to overcome 
the tendency of the salient poles of the rotor to lock in with the sta-
tor poles. The motor operates as any induction motor,the rotor tending 
to accelerate to nearly synchronous speed. EXAMPLE-At 60 cycles,the in-
duction motor torque tends to accelerate the rotor nearly to the 2 pole 
synchronous speed of 3600 R.P.M. The motor is so proportioned that at 
1200 R.P.M.,the 6 pole synchronous speed,the reaction torque due to the 
pulsating stator pole flux reacting with the 6 rotor poles,predominates 
over the induction motor torque developed at that speed. The rotor, 
therefore,locks in with the stator poles and runs synchronously at 
1200 R.P.M. At its operating subsynchronous speed,the motor develops 
simultaneously induction motor and synchronous motor torque. This type 
is used chiefly with timing devices. 
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:-

load, from 25 to 75 per cent. of the rated capacity 

tethe unit, and from this point on up. The power 
tor is practically constant at 95%. 
These rectifiers are not as seriously affected by 

short circuits on the D.C. leads as are rotary con-
vertors and motor-generators, which are used for 
the same purpose; that is, changing A.C. to D.C. 
The output-voltage of mercury arc rectifiers with 

common connections can be determined from the 
following ratios: 

single-phase — 2 anodes — .636 
three-phase — 3 anodes — .827 

quarter-phase —4 anodes — .900 
six-phase — 6 anodes — .955 

The figures given are the ratio of the average 
D.C. pulsating voltage output to the maximum A.C. 
voltage input. For example, if we apply 100 volts 
A.C. to a six-phase unit, the D.C. voltage will be 
100 X .955, or 95.5 volts. 
The greater the number of phases, the higher is 

the D.C. output voltage for a given A.C. voltage 
input. 

263. OPERATION AND CARE 

If the pressure of the mercury vapor in these 
rectifiers is allowed to become too high, the recti-
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Fig. 249. The above curves show the efficiencies of mercury arc power 
rectifier stations operating on different voltages and at different 
percentages of rated load. 
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Fig. 250. This curve shows the power factor of a mercury arc rectifier 
at various percentages of its full rated load. 

fier will have a tendency to arc back, or lose its 
valve action or rectifying property, allowing cur-
rent to flow in either direction. 

If the pressure becomes too low, the voltage 
drop through the arc becomes excessive. 
For these reasons it is very important in oper-

ating mercury arc power rectifiers to maintain the 
proper temperature for condensation of the vapor, 
by proper adjustment of the cooling water; and to 
maintain proper vacuum by means of the vacuum 
pump. 

The water and vacuum pumps are often con-
trolled automatically by means of temperature and 
pressure relays. 
When the units are manually operated the pres-

sure and temperature gauges should be carefully 
watched and the proper adjustments made, in order 
to secure satisfactory operation. 
Mercury arc rectifiers can be operated in parallel 

with each other or in parallel with synchronous 
converters by the use of the proper reactors and 
resistance units to obtain the proper voltage regula-
tion and division of load currents. 

• 
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SYNCHRONOUS CONVERTERS 
A synchronous converter is a rotating machine 

used for changing A. C. to D. C. In construction 
these machines are a sort of combination of a D. C. 
generator and an A. C. synchronous motor of the 
revolving-armature type. 
Synchronous converters always have stationary 

field poles, and their fields are constructed the same 
as those of D. C. generators. A few converters are 
made with shunt field-windings only, but the great 
majority of commercial machines have compound 
field-windings, the same as compound D. C. gen-
erators. 

Converter armatures have one ordinary winding 
the same as the winding used in a D. C. generator. 
These windings can be connected to the commuta-
tor bars either lap or wave, although most syn-
chronous converters use lap windings. 

In addition to the connections which are made 
to the commutator bars, converter armatures also 
have taps taken at equally spaced points around the 
winding and leading to the collector rings, which 
are generally placed on the end of the shaft 
opposite from the commutator. 

Fig. 251 shows a modern synchronous converter. 
In this photo the commutator and D. C. brushes are 
on the left and the slip rings and A. C. brushes are 
on the right. The end of the armature winding 

can be seen extending from the right side of til, 
opening between the field poles. 
You have already learned that the voltage gen-

erated in an ordinary winding when it is revolving 
in the flux of field poles can be taken off to the line 
in the form of D.C. by use of a commutator, or A.C. 
by means of slip rings. 

If the armature of a synchronous converter is 
driven by mechanical power, the machine can be 
used as either a D. C. or A. C. generator, or both. 

Direct current can be taken from the brushes on 
the commutator, and three-phase alternating cur-
rent from the brushes on the slip rings of a ma-
chine such as shown in Fig. 251; or both D. C. and 
A. C., up to the capacity of the armature winding, 
can be taken from these machines when driven by 
mechanical power. 
As a motor, this machine can be operated either 

by D. C. or A. C. If direct current of the proper 
voltage is applied to the brushes on the commuta-
tor, the machine will run as a D. C. motor; or if 
three-phase A. C. is applied to the slip rings, it will 
run as a synchronous motor with a stationary field 
and revolving armature. 

Most synchronous converters are operated from 
A. C. and produce D. C., although in some cases 
they are supplied with D. C. and change it to A.11, 

Fig. 251. The above photo shows an excellent view of a modern synchronous converter used for changing A. C. to D. C. The commutator and D. C. 
brushes are shown on the left and the slip rings and A. C. brushes on the right. Also note the armature, and the shunt and series windings on 
the field poles. The device on the right-hand end of the shaft is an overspeed safety switch. (Photo courtesy General Electric Co.). 
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When used in this manner they are called inverted 
otary converters. lie 
4. CONSTRUCTION 

Fig. 252 shows another synchronous converter 
and gives a better view of the D. C. end. The field 
poles with their shunt and series windings can be 
plainly seen in this view, and you will note that 
this machine is also provided with interpoles to im-
prove commutation on the D. C. end. The D. C. 
brushes are provided with arcing shields or flash 
barriers to prevent flash-overs between the positive 
and negative sets of brushes in case of short circuits 
or severe overloads on the machine. 

Fig. 252. D. C. end of a large synchronous converter showing brush-
lifting mechanism, and flash barriers around the brushes. (Courtesy 
General Electric Co.). 

Fig. 253 shows the field frame and poles of a 
synchronous converter with the armature removed. 
In this view you may note the damper winding 
which is built into the faces of the field poles. This 
winding is used both in starting the machine as an 
induction motor and to prevent hunting during 
operation. 

Fig. 254 shows the armature of a 500-kw, rotary 
converter which is equipped with six slip rings on 
the A. C. end for operation on six-phase A. C. The 
commutator of this machine, being rather long in 
order to accommodate the necessary brushes and 
carry the large amounts of direct current, is equip-
ped with a banding ring in the center, to hold the 
bars in place against the action of centrifugal force. 

265. OPERATING PRINCIPLES 

When alternating current of the proper frequency god voltage is applied to the slip rings of a syn-
ronous converter this excites the armature wind-

ing with A. C. and sets up a revolving magnetic 
field around the armature. This field induces 
secondary currents in the squirrel-cage damper 

Fig. 253. Side-view of the field of a synchronous converter. Note the 
squirrel-cage damper winding in the faces of the main poles. Also 
note the interpoles located between the main poles. (Courtesy Allis-
Chalmers Mfg. Co.). 

winding, and the reaction between the flux of these 
secondary currents and the flux around the arma-
ture conductors sets up torque and causes the ma-
chine to start as an induction motor. 
When the armature comes up to nearly synchro-

nous speed, the D. C. field poles are excited and the 
machine then pulls into step and operates at syn-
chronous speed, the same as any synchronous 
motor. Direct current can then be taken from the 
brushes at the D. C. end. 
From this description alone one might conclude 

that the machine operates purely as a motor-gen-
erator, using alternating current to drive the motor 
and thereby generating D. C. in the windings. This, 
however, is not the case, as when synchronous con-
verters have their armature windings supplied with 
A.C. of the proper voltage, this current merely 
passes through the windings to the D.C. end, where 
it is commutated or rectified into D.C. 
A small amount of the energy derived from the 

alternating current is used up in overcoming the 
friction and losses in the machine, but by far the 
greater part of the A. C. energy is simply passed 
through the armature winding from one end to the 
other and commutated into D. C. at the D. C. end. 
For this reason commutators on converters are 

much larger than those on D. C. generators of the 
same armature size. 

The voltage at the D. C. end of a synchronous 
converter is generally a little higher than the 
A. C. energy supplied, because the current in pass-
ing through the few turns which it does in the 
armature winding has a little generated voltage 
added to it as the armature conductors revolve 
through the flux of the D. C. field poles. But it is 
much better to think of a synchronous converter 
merely as a synchronously-driven commutator in-
stead of considering it as a motor-generator set. 
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Fig. 254. Photo of converter armature clearly showing the armature 
winding, slip rings and commutator. A. C. enters at the slip rings 
and D. C. is taken off from the commutator when this armature is 
revolved at synchronous speed in the flux of D. C. field poles. 
Courtesy Allis-Chalmers Mfg. Co.). 

Converter armatures do not require as many 
turns as would a D. C. generator to produce the 
same D. C. voltage. This is because the alternating 
current supplied to the A. C. end of the armature 
from the line or power plant generators is already 
at quite high voltage. 

For this reason converters do not have as great 
an armature resistance or copper loss as motor-
generators do and, therefore, converters operate at 
much higher efficiency. This is one of the reasons 
for their very extensive use in substations supply-
ing D. C. to electric railways or for industrial power 
purposes. 
A three-phase synchronous converter will de-

velop only 59% of the heat produced in a D. C. 
generator of the saine capacity, and a converter of 
a given size will have 131% of the capacity of a 
D. C. generator of the same size. A six-phase con-
verter develops only 27% of the heat and has 194% 
of the capacity of a D. C. generator of the same size. 

266. CHARACTERISTICS 
As converters of this type operate at synchronous 

speed, their A. C. characteristics are similar to those 
of a synchronous motor, and the power factor of 
synchronous motors under ordinary operating con-
ditions is very high. 
The efficiency of these machines is best when 

they are operated at unity power factor. If desired, 
they can be operated at leading power-factor by 
over-exciting the field poles, and in this manner 
they can be made to correct the power factor of 
the A. C. lines. 

Fig. 255. Diagram of the armature connections for a simple two-pole, 
single-phase, synchronous converter. Note that the slip ring connec-
tions are taken at points 180 electrical degrees apart on the winding. 

As the efficiency and desired characteristics of 
synchronous converters fall off very rapidly when 
they are operated at less than 90 or 95 per cell) 
power factor either leading or lagging, these ma-
chines are not generally used to perform much 
power factor correcting duty. 
As most motors, generators, and converters oper-

ate a greater part of the time at about 75% load, 
synchronous converters are usually designed and 
adjusted for 100% power factor at three-fourths of 
their rated load. This provides very good operating 
characteristics at loads from about half to full load. 

267. ARMATURE CONNECTIONS 
Some small converters are made for single-phase 

operation but most of them are designed for opera-
tion on either three or six-phase A. C. circuits. A 
greater number of the larger sizes and modern 
power converters are operated on six-phase A. C. 

Fig. 255 shows a diagram of the armature con-
nections to the commutator and slip rings of a two-
pole, single-phase, synchronous converter. Note 
that the connections from the A. C. rings to the 
armature winding? are made diametrically opposite, 
or at points 180 electrical degrees apart on this two-
pole machine. 

Fig. 256. Diagram of armature connections for a six-pole, three-phase, 
synchronous converter. The slip ring connections for each phase are 
taken at points 120 electrical degrees apart. 

Fig. 256 shows the connections for a six-pole, 
three-phase converter. This machine has three slip 
rings, one for each phase, and each ring has as 
many connections to the winding as there are pairs 
of field poles. These connections to the same ring 
are macle at points 360 electrical degrees apart, so 
that they come under the same positions under li 
poles throughout the entire machine. 
Examine this carefully on the connections shown 

to ring No. 1. Now checking around the winding 
clockwise we find that the connections to ring 2 are 
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taken at points 120 electrical degrees from those 
to ring 1. The same applies to the taps or connec-ilens for ring 3, which are taken at points 120 elec-
rical degrees from those of ring 2. 
A good rule to remember in connection with the 

A. C. taps to a synchronous converter armature 
winding is as follows: 
There are taken from the armature winding to 

each slip ring as many equally-spaced taps as there 
are pairs of poles. 
On single-phase machines the taps to each ring 

are always made 180 electrical degrees apart on the 
armature winding, or the distance between the 
center of a north pole and the center of the adjacent 
south pole. On three-phase machines the taps to 
each separate ring are taken at points 120 electrical 
degrees apart. On six-phase machines these taps 
are taken at points 60 E° apart. 

Fig. 257 shows the armature connections for a 
six-pole, six-phase converter. 

268. FIELD CONNECTIONS 

Converters with compound field-windings have 
the usual shunt winding, consisting of a large num-
ber of turns of comparatively small wire wound 
next to the core on each pole. 
The series winding generally consists of a very 

few turns of large cable or copper bars wound 

fie
nd the outside of the pole or over the shunt 
ding. The series coils are connected in series 

with the D. C. brushes and load, so that the com-
pounding effect will be proportional to the load at 
all times. 
On machines which have interpoles or commuta-

ting poles these are also connected in series with 
the D. C. brushes and load. The shunt field coils 
can be connected either in series or parallel, or 
grouped into series-parallel combinations according 

Fig. 257. Diagram showing the armature connections for a six-pole, 
six-phase, synchronous converter. The connections of the different 
phases of this winding are made 60 electrical degrees apart. 

to the voltage applied and the resistance of their 
windings. 
The shunt field coils are often connected to a 

field break-up switch which when opened separates 
the connections between the shunt field coils to 
prevent the induction of very high voltages during 
starting of the converter as an induction motor. 
See Figs. 260 and 261. 

If these shunt field coils were left connected in 
series, dangerously high voltages would be induced 
in this circuit by transformer action when the alter-
nating current is first applied to the armature and 
during the starting period when the slip is greatest 
and the frequency of the alternating flux is highest. 

This flux from the armature cuts across the field 
windings at full line frequency during the first 
period of starting, but when the armature comes 
up to synchronous speed there is no longer any 
slip and therefore very little voltage is induced in 
the field windings from the armature flux during 
normal operation. 

269. FIELD EXCITATION 

The field poles usually receive their excitation 
from the D. C. brushes of the converter, although 
in some cases small separate exciter-generators are 
used. These separate exciters, when used, serve as 
a protection against the converter building up with 
wrong polarity when started, and also as a protec-
tion against dangerous overspeeding which might 
otherwise occur in case of a D. C. feed-back during 
failure of the A. C. supply to the slip rings. 
When a number of converters are operated in 

parallel, if the A. C. supply to one machine is inter-
rupted this causes the D. C. voltage of that ma-
chine to drop, and the other converters will then 
feed direct current in the reverse direction through 
the armature and the series field and cause this one 
machine to operate as a differential D. C. motor. 

Reversing the current through the series field 
weakens the field flux by this differential action 
and will tend to cause the converter to overspeed 
and act as an A.C. generator if it is left connected 
to the A.C. supply from the transformer. The flux 
of the A.C. further weakens the field poles and may 
cause the machine to overspeed dangerously and 
possibly wreck the armature and commutator by 
centrifugal force, if the machine is not immediately 
disconnected from the D.C. circuit. 
When the converters are equipped with separate 

exciters driven by the main armature shaft, the ex-
citer also speeds up with any increase in armature 
speed and thereby strengthens the shunt field, which 
helps to keep the speed of the converter down. 
Synchronous converters are usually equipped 

with an overspeed contact device which is attached 
to the end of the armature shaft. In case the ma-
chine overspeeds, centrifugal force causes a small 
weighted arm to fly outward and close a circuit to 
a relay, which trips the main D. C. breaker, thus 
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stopping the back feed of direct current to the 
armature. The box or casing which contains this 
overspeed device can be clearly seen in Figs. 251 
and 252. 

270. EFFECT OF FIELD STRENGTH ON 
VOLTAGE AND POWER FACTOR 

The strength of the shunt field of synchronous 
converters is generally controlled by means of a 
rheostat placed in series with one of the D. C. 
supply leads to the field coils. 
By adjusting the strength of the field with the 

shunt-field rheostat the D. C. output voltage of the 
converter can be varied within a very limited range. 
The shunt-field rheostat is more commonly used, 
however, for adjusting the power factor of the ma-
chines. The effect on the power factor is the same 
as that obtained by the field rheostat on synchro-
nous motors. 
When the field strength is increased the power 

factor is advanced from lagging toward unity, and 
if the field is over-excited the machine can be made 
to develop leading power factor. 

271. CONTROL OF D. C. OUTPUT VOLT-
AGE. VOLTAGE RATIOS 

The adjustment of the D. C. output voltage of 
synchronous converters over any considerable 
range is generally accomplished by means of volt-
age regulators or tapped transformers on the A. C. 
side, or by means of a D. C. booster generator at-
tached to the same shaft and connected in the D. C. 
circuit. A. C. booster converters or generators are 
also often used in series with the A. C. supply. 
The D. C. output voltage of synchronous con-

verters depends almost entirely on the applied A. C. 
voltage and upon the type of armature connections 
used. 

In a single-phase converter the D. C. voltage is 
equal to the maximum value of the applied A. C. 
voltage. 
For example, if 100 volts A. C. is applied to the 

slip rings, the D. C. voltage at the brushes will be 

equal to .-710°°7 , or 141.4 volts. 

The ratios of A. C. to D. C. voltages which are 
obtained with different converter connections are 
as follows: 

Connections 
One-phase 
Two-phase diametrical 
Two-phase adjacent taps 
Three-phase 
Six-phase diametrical 
Six-phase adjacent taps 

Ratio of A. C. 
to D. C. voltage 

.707 

.707 

.5 

.612 

.707 

.354 
The three-phase and six-phase diametrical con-

nections are the ones most commonly used in power 
converters. To determine the D. C. voltage output 
of a three-phase machine we simply divide the A. C. 
voltage applied to the slip rings by the figure .612. 

For example, if 370 volts A. C. is used to operate 

370 
the converter, we will obtain —.612' or approximate. 

604 volts D. C. 
If we apply 440 volts A. C. to a six-phase dia-

. 440 
metrical converter, we will obtain or approxi-

mately 622 volts D. C. 

272. TRANSFORMER CONNECTIONS TO 
CONVERTERS 

Synchronous converters are designed and insu-
lated for the voltages at which they are intended to 
operate, and the proper A. C. voltages for applica-
tion to their slip rings are usually obtained by means 
of step-down transformers. The A. C. power is 
usually sent from the power plants over transmis-
sion lines at rather high voltage. 

Fig. 258-A shows the transformer connections for 
a simple two-pole, single-phase converter. The taps 
are connected to the armature 180 electrical degrees 
apart, as previously explained. 

Fig. 258. A. Transformer connections for a single-phase converter 
B. Transformer connections for a two-phase, diametric converter 
C. Transformer connections for a two-phase, adjacent tap converter 
D. Transformer connections for a three-phase converter. The arma-
ture connections in all of the above diagrams are for two-pole 
machines. 

Fig. 258-B shows the transformer and the arma-
ture tap connections for a two-pole, two-phase dia-
metrical connection. The opposite leads of each 
phase of the transformer secondaries are connected 
diametrically opposite, or 180 electrical degrees 
apart, on the armature winding. 

In these simple diagrams the connections are 
shown made directly to the armature winding, while 
on the actual machines the transformer leads 
course go to the brushes on the slip rings, and t 
rings connect to the armature winding. 

Fig. 258-C shows a diagram of the transformer 
and armature connections for two-phase adjacent 
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taps. In this connection the opposite ends of each ire of the transformer secondaries are attached 
the winding at points 90 E° apart. 
Fig. 258-D shows the connections for a two-pole, 

three-phase converter armature, with the leads of 
the delta-connected transformer secondaries tapped 
on the winding at points 120 E° apart. 

Fig. 259-A shows the connections for a two-pole, 
six-phase converter with the transformer second-
aries connected to the armature winding six-phase 
diametrically. Note that the starts, or left-hand 
leads of the transformer secondaries, connect to the 
converter winding at points 120 E° apart; and the 
finishes, or right-hand leads of these same sec-
ondaries, connect 180 electrical degrees from their 
starting leads, or diametrically opposite on the 
armature winding from the point where the starts 
connect. 
On machines with more than two poles this series 

of connections would be repeated for each 360 E° 
or the space covered by each pair of poles. So there 
would be as many A connections to each slip ring 
as there are pairs of poles; also as many B and C 
connections. 

Fig. 259-B shows the connections for a two-pole, 
six-phase converter using the six-phase adjacent 
tap system of connecting the transformer leads to 
the winding. 
e hFig. 259-C shows the connections for a six-phase, 
uruble-star-connected converter. 

Fig. 260 is a diagram of a four-pole synchronous 

Fig. 259. A. Transformer connections for a six-phase, diametric con 
verter. B. Transformer connections for a six-phase adjacent tap 
converter. C. Transformer connections for a six-phase, double star-
connected converter. Each of these diagrams shows the connections 
for a two-pole machine. 

Fig. 260 Wiring diagram showing armature and field connections, and 
also the field break-up switch and rheostat for a four-pole, three-
phase converter. Trace out the field circuit both with the switch in 
the upper and lower positions and note that the polarity reverses 
when the switch is changed. 

converter and shows the D. C. connections to the 
brushes on the commutator, the A. C. connections 
to the brushes on the slip rings, and also the field 
"break-up" switch which is used to break-up the 
shunt field circuit during starting of the machine. 
The connections for a shunt-field rheostat are 

also shown in this diagram. The series field and 
commutating field are not shown in this figure; but 
when they are used they are connected in series 
with one of the D. C. leads. 

273. STARTING SYNCHRONOUS 
CONVERTERS 

Synchronous converters may be started in several 
different ways, three of which are as follows: 1. By 
applying reduced A. C. voltage to the armature and 
starting the machine as a synchronous motor. 2. By 
applying reduced D. C. voltage to the armature and 
starting the machine as a D. C. motor. 3. By using 
a starting motor to bring the armature up to the 
proper speed before synchronizing with the A. C. 
line. 
The first method mentioned is by far the most 

commonly used and is so similar to the method 
previously explained for starting synchronous 
motors that it doesn't require much additional ex-
planation here. 
Reduced A. C. voltage, generally about 50% of 

the normal operating voltage, is applied to the 
armature at the slip rings. This causes alternating 
current to flow through the armature winding and 
sets up a revolving magnetic field which induces 
secondary currents in the damper winding which 
is mounted in the faces of the field poles. 
The reaction between the flux of these' secondary 

currents and that of the armature conductors causes 
the machine to start as an induction motor. The 
reduced voltage for starting can be obtained from 
an auto transformer but it is more often obtained 
from an extra set of leads which are brought out 
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from the center taps in the middle of each phase of 
the transformer secondary windings, as shown in 
Fig. 261. 
When the three-pole, double-throw starting 

switch is thrown to the upper position, the left-hand 
leads and center taps of each transformer secondary 
are connected to the slip rings and supply only 
half voltage to the converter-armature. When the 
machine has reached approximately full speed the 
switch is thrown quickly to the lower position to 
apply full voltage to the armature. Carefully trace 
the circuits from the transformers and starting 
switch to the converter rings in Fig. 261. 

In modern substations magnetically-operated re-
mote control circuit-breakers or contactors are used 
instead of the hand-operated knife switch. One set 
of these contacts opens the circuit to the starting 
taps just a fraction of a second before the other 
set closes the circuit to the full voltage taps, thus 
performing the switching operation very quickly. 

274. BUILDING UP D. C. VOLTAGE 
If the D. C. voltmeter indicates that the polar, 

on the D. C. end of the converter has built up 
the right direction when the machine comes up to 
speed, the D. C. circuit-breaker can be closed to 
the D. C. busses and load, as soon as the converter 
is running at full speed and full voltage. 

In case the converter is operating in parallel with 
others it is necessary to see that its voltage is prop-
erly adjusted for paralleling before closing the D. C. 
breaker. It is also necessary to close the equalizer 
switch before paralleling a compound converter. 
A synchronous converter when started from the 

A. C. side in the manner just described will often 
build up voltage with the wrong polarity at the 
D. C. brushes. This polarity which will be built 
up depends upon whether the converter-armature 
pulls into step on a positive or negative alternation. 

So, with some machines the polarity is just as 
likely to be built up wrong as to build up right. 

Fig. 261. This diagram shows the connections of the transformer secondaries to the A. C. slip rings of a six-phase, synchronous converter, and also 
shows the starting switch used for obtaining half voltage to start the machine from the A. C. end. Note the connections of the shunt field wind;ngs 
to the field break-up switch and rheostat, and also the connections of the commutating and series field windings to the equalizer bus and negative 
D. C. bus. The equalizer bus will be used only in case the machine is operating in parallel with other converters. Note the low-voltage trip coil. 
L.V., which will open the circuit breaker in case of voltage failure, and the overload trip coil, 0.L., which will open the breaker in case of D. C. 
overload. The reverse current relay, R.C., will short-circuit the low-voltage trip coil and open the breaker in case of a D. C. feed-back to the converter. 
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Some machines, because of certain characteristics 
in their design, will nearly always build up with art polarity while others will almost always build 

the wrong polarity. This polarity must, of 
course, be corrected before the converter can be 
connected to the busses or trolley in parallel with 
any other machines. 

275. CORRECTING POLARITY 

Several of the more common methods of correct-
ing this polarity are as follows: 

(a) "flashing" the field 
(b) separate excitation 
(c) field-reversing switch 
(d) strengthening field at the instant of 

correct polarity. 
"Flashing" the field consists of sending D. C. in 

the correct direction through the shunt-field wind-
ing when the converter is nearly up to full speed. 
This causes the armature to pull into step at the 
right field poles. 

If the polarity has been built up wrong flashing 
the field will cause the armature to slip back one 
pole thus causing the converter to reverse polarity. 
The converter will then properly excite its own field 
from the commutator and brushes. 
The direct current for flashing the field is gen-

erally obtained from a small constant - polarity 
liKtor-generator which is usually not over 1 to 5 
lip. in size. 

Converters which are separately excited from a 
small D. C. generator on the shaft of the main unit 
or from a small motor-generator will practically al-
ways build up the right polarity because of the 
residual magnetism of the poles of these small D. C. 
generators. 
The field break-up switches that are used with 

synchronous converters are often made double-
throw as in Fig. 260, for the purpose of reversing 
the polarity of the shunt-field poles. Trace the shunt 
field circuits in Figs. 260 and 261 with the switches 
in both positions, and note that the current through 
the field coils reverses when the switches are re-
versed. 

Converters normally operate with this switch in 
the upward position, but if they build up with 
wrong polarity the switch can be thrown down-
ward for a short period to reverse the polarity. 
When this is done the polarity of the field poles 
becomes the same as that of the magnetic poles set 
up in the armature directly under them. 
This causes a strong repelling action which tends 

to retard the movement of the armature. This re-
pelling action, windage, and the friction of the 
brushes on the commutator soon cause the arma-

ere to drop back one pole. or 180 electrical degrees. 
This reverses the polarity of the D. C. voltage 

at the brushes and would also reverse the polarity 
of the field which is connected to these brushes if 
nothing more were done. 

By watching the voltmeter at the time the field-
reversing switch is thrown to the lower position 
you will note that the voltage decreases to zero and 
then reverses. 
At the instant the voltmeter needle passes over 

the zero point, the field-reversing switch should be 
closed into the upward or running position. This 
again reverses the field poles, bringing them back 
to their original polarity and with the polarity at 
the D. C. brushes now in the right direction to ex-
cite the field poles properly. 
The whole operation simply causes the armature 

to slip back one pole and thereby causes the re-
versal of polarity of the D. C. circuit. 
When a converter is approaching synchronous 

speed the D. C. voltmeter will often oscillate to the 
right and left of zero, showing a sort of faltering or 
reversing action of the D. C. voltage just as it 
starts to build up. 
A polarized relay can be connected in the D. C. 

circuit so that it will close a circuit to the shunt 
field at the instant the voltage is in the right di-
rection. This will cause the converter to retain the 
correct polarity. 

276. CONVERTER AUXILIARIES 
Modern synchronous converters generally have a 

number of auxiliary devices to aid in securing 
proper operation and to protect the machine against 
damage from various causes. Some of the most 
common of these auxiliary devices are as follows: 

I. Field-reversing or break-up switch, which 
has already been described. 

2. Brush lifting mechanism. 
3. Armature oscillator. 
4. Armature overspeed centrifugal switch. 
5. Arc chutes and barriers. 
6. Separate exciter or field "flashing" genera-

tors, when used. 
7. Flash-over relays. 
8. Temperature relays. 

277. BRUSH LIFTING MECHANISM 
When a converter is first started from the A. C. 

end, the current flows directly through the low-
resistance conductors of the armature and through 
the circuits which are completed at the commutator 
by alternate sets of D. C. brushes being connected 
together. 

If these brushes are left on the commutator dur-
ing starting it results in heavy cross-currents flow-
ing in certain sections of the armature and through 
the brushes, and this tends to cause severe sparking 
during the starting of the machine. 
For this reason many of the larger machines 

which have interpoles are equipped with brush-
lifting devices, which lift all of the brushes, except 
one brush of the positive group and one of the 
adjacent negative group from the commutator dur-
ing starting. 
These two brushes are known as pilot brushes 

and they are used to give the D. C. voltmeter polar-
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ity readings and to supply the direct current to 
excite the field for obtaining the correct polarity. 
The brush groups are all mechanically connected 

together by means of a steel cable and operating 
gear so they can be raised and lowered by means 
of an operating lever which, in turn, may be either 
manually or motor operated. See Fig. 252. 

All brushes except the pilot brushes should be 
raised before starting the converter and they should 
be lowered as soon as the machine is up to speed 
and the correct polarity has been established. 

278. ARMATURE OSCILLATOR 
If the armature and commutator were allowed to 

run with the brushes at exactly the same position 
at all times, the brushes would tend to wear grooves 
and ridges in the surface of the bars. Such wearing 
increases commutation troubles and makes more 
difficult the proper care of the commutator and the 
proper fitting of the brushes. 
To avoid the grooving or "tracking" of the 

brushes on the commutator converters are often 
equipped with an armature oscillator which keeps 
the entire armature unit oscillating slightly back 
and forth endwise so that the brushes will wear 
evenly over the entire surface of the commutator. 
To accomplish this oscillation the converter is 

set with one end slightly higher than the other so 
that the armature and shaft tend to slide to the 
lower end as they rotate. 
One type of oscillator uses a steel ball placed be-

tween the end of the shaft and a plate which is set 
at a slight angle as shown in Fig. 262. As the shaft 
drifts to the lower end it pinches the ball between 
the shaft end and the plate and causes the ball to 
rotate or roll around in the direction the shaft turns. 

Fig. 262. Diagram showing ball and sprirg oEcillatcr to cause con-
verter armature to move endwise and promote even wear on the 
commutator. 

This wedges the ball up into the narrower open-
ing between the tilted top of the plate and the shaft 
end, compressing the heavy spring behind the plate 
and pushing the shaft and armature back toward 
the high end of the machine. The ball then drops 
down and repeats the operation again and again as 
long as the armature rotates. 
Other machines are equipped with a powerful 

electro-magnet placed near the high end of the 
shaft, to draw the armature back each time it slips 
to the low end of the machine. 
A set of contacts can be arranged at the low end 

of the shaft so that they close the circuit to the 
electro-magnet each time the shaft reaches the e 
of its oscillation in the low direction. 
278. OVERSPEED DEVICE 
As previously explained, any synchronous con-

verter will tend to overspeed dangerously if the 
A. C. supply is interrupted and D. C. is fed into 
the armature from the trolley or other converters 
with which it is operating in parallel. 
Converter armatures are generally designed and 

tested to stand only about 50% overspeed. When 
operated as a differential motor by D. C. feed-back, 
and if allowed to generate and feed A. C. to the 
transformers they will quickly exceed the speed 
limit if some means is not provided to interrupt the 
D. C. circuit to the armature. 

Fig. 263 shows two views of a centrifugal speed-
limit device which can be used to either make or 
break a circuit to trip the main D. C. circuit-breaker, 
thus stopping the converter when it is operating 
from the D. C. end. 
The revolving element is attached to the end of 

the converter shaft and if it is revolved at about 
25% above normal speed, the weighted pin is 
thrown outward by centrifugal force against the 
action of the coil spring, which can be clearly seen 
in this view. 
This causes the end of the pin to strike the toggle 

or cam on the contact arm, and make or breakei, 
operating circuit to the breaker trip coil. Fig. 
shows the connection of the over-speed switch and 
the circuit by which it shorts and weakens the low-
voltage release-coil, LV, thus tripping the D. C. 
breaker. Fig. 261 also shows the connections of a 
reverse current relay, RC, which attracts its polar-
ized armature in case the current reverses. 
The small hand-lever extending from the case 

of this overspeed device is for resetting the con-
tacts in normal position before the machine is again 
started. 

279. ARC CHUTES AND BARRIERS 
When converters are subject to occasional heavy 

_tuf 
Fig. 263. Two views of a centrifugal overspeed switch showing two 

possible arrangements of the contact for either an open or closed 
circuit system. 
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1. Connect primary of one phase of the transformer to a suitable A.C. supply - rated voltage or 
less - as shown in Section A. 

2. Measure both primary and secondary voltages. 
3. Connect voltmeter as shown in 1, 2, and 3, Section A, and note whether instrument indicates 

the sum or tbe difference of the primary and secondary voltages. If sum is given, additive 
polarity is indicated; it difference, subtractive polarity. 
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1. Assume three ends of the three primary phases to be 'finishes" and join them together. Con-
nect toe three assumed 'starts' to the line. (1-B) 

2. Take a voltmeter reading on each primary phase. 
3. If the readings are not equal, reverse the leads of one nhase and test again. If still une-

qual, replace the leads and reverse the next phase. Repeat until equal readings are obtain-
ed, and then mark the ende connected together "F" and those attached to the line '3". The 
starts and finishes of the secondary winding may be determined from the transformer polarity 
as indicated in Diagram 2-B. 
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1. After the transformers have been polarized, phaeed out, and the leads properly marked, they 
may be paralleled. Identification of each line will be necessary before the primary wind-
ings are connected, and a symnetrical arrangement of the transformer leads is essential. 

2. After the ends of each line have been found and marked, connect the primary leads "SO" and 
"SAiN to the same line; "BB" and "SB1° to the next wire; and "SC" and "SCi" to the remain-
ing line. Connect the primary finishes together. 

3. The secondary connections are made by joining the secondary finishes together and then con-
necting corresponding ende of toe different phases together, "sa" to "901", deb" to "ebi", 
and dec" to "scl". To prevent an incorrect connection, connect only one secondary wire, 
say from "ea" to "sal", and checx the voltage between the renzining secondary terminals. 
Connect together only those ter,innis between which tnere is no difference in voltage. 
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With 3 ph. power at a, check forward thru b, c, de and e. 
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bi, cl, di, el, fl, gi, hi, i, and ji. 
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TEELA EMIL 
6" COPPER BALLS 

THE SECONDARY CONSISTS OF 1000 TURNS 

OF NO. Z4 P. C.C. WIRE, SPACE WOUND 

ON A FIBRE TUBE 12."xill .--6". THE 
ENTIRE COIL SHOULD BE GIVEN A 
COAT OF SHELLAC OR COLLODION. 

THE PRIMARY CONSISTS OF 40 TURNS 

OF IA" COPPER TUBING ; SPACE WOUND 
ON A WOODEN DRUM 2'-eoe I2". THE. 

PRIMARY IS MOUNTED ON 7" PYREX 

INSULATORS. 

A F LE X I BL E LEAD AND CLIP 15 USED 
TO VARY THE NUMBER OF FRI. TURNS. — 

O. 

A ROTARY SPARK GAP 
VVILL GREATLY IMPROVE THE 

OPERATION. 

K•VA. TRANSFORMER. 

o 
HIGH VOLTAGE 

CABLE - 

• 2." D1AM. 

SEC. 

e r 

ri 

CONOtteER SPARK 
GAP 

4  
P- N1 o 

7" 

o  

SI. 

'46:T 

ID" 

H 

TRANSFORMER DETAILS. 

CORE - 40 LBS. OF IRON. 
FRI. - 130 TURN et145.C.E. 
WIRE. 2 LESS 

SE.C.--29,500 T. ** 34 S.C. E. 

WIRE. 1-85. 
PRI.-•110 E. SEC..- 25,000E. 

THE 3 CELLS ARE. 
CONNECTED IN 
PARALLEL. 

THE CONDENSER CONSISTS OF 48 SHEETS 

.005" BRASS SEPARATED BY DOUBLE ST RENÇaTH 

GLASS SHEETS AND ASSEMBLED IN A THREE 
CELL AUTO BATTERY CASE FILLED WITH 

TRANSFORMER OIL . DETAILS OF UNIT 

FOR ONE. CELL ARE SHOWN AT THE RIGHT. 
IMPROVED PERFORMANCE MAY SOMETIMES BE 

OBTAINED BY INCREASING OR DECREASING THE 

NUMBER OF PLATES. THE. BEST ARRANGEMENT 
WILL BE FOUND BY TRIAL. 

C-OYNE ELECTRICAL SCHOOL. 

6 

‘GLASS 
PLATES. 

BRASS PLATE. DETAILS OF ONE CELL. 
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JUMPING RING LADDER ARC 

000 
000 
000 
000 
00 

O00 
O00 
O00 
O00 
O 0 04) 

5 

3" FIBRE TUBE 30" LONG 

LIM41NATED IRON CORE 2. 1i.X 2"X 15 - 
GLASS TUBE 1" TO 2." IN DIAMETER 

SLATE, MICA OR ASBESTOS aSE 
Al_UMINUM RING I 
31 DIAMETER Xi_ Xi 

110E- COIL 500 TURNS 4t.16 SCE 

7000 TO 15000 E A C 

NEON TRANSFORMER 
250- 1000 VA RATING 

110 E AC. 

The electrically-operated display units shown above may be used to good advantage 
as window displays to attract the attention of prospective customers. The operation 
of these units is so novel and mysterious that any persons passing by a window where 
one or both are displayed will automatically stop to investigate. In doing so, they 
will naturally see other articles displayed, helping the owner to better advertise his 
merchandise. You might also make money by constructing these display units and sel-
ling or renting them to merchants or store keepers at a real profit. 

The jumping ring should be mounted in a wooden box in such a manner that the 
transformer, switch and connections are below the top of the box, in order to conceal 
these parts. An intermittently-operated switch may be connected in series with the 
coil to give coatianous operation. When the circuit is closed, the ring will be 
forcefully repelled by reason of heavy currents induced in it due to transformer ac-
tion when the coil is energized. The circuit should remain closed for a few seconds, 
causing the ring to remain suspended without any apparent reason. It is this evident 
defiance of the law of gravitation Which arouses the interest of a passer-by. 

The ladder arc operates on the principle that electric arcs drawn in air between 
vertical wires will be driven upward by the rising heated air and by magnetic action. 
In the arrangement shown above, the arc is drawn at the bottom of the tube and tra-
vels rapidly to the top where the increasing arc length finally causes it to snap out. 
When this occurs, the arc is immediately re-established at the base and the cycle is 
repeated. Location of this device in a manner that will permit free circulation of 
air through the tube will result in improved operation by increasing the rate at 
which the arc travels. 

The size of the transformer to be used with this device can be determined by ex-
periment; however, a 1000 VA (9000 V) neon sign transformer will operate quite satis-
factorily on a tube two inches in diameter. If a one-inch tube is used, a 300 to 500 
VA transformer will be satisfactory. If the wires expand enough when heated to inter-
fere with operation, a small coil spring may be inserted in each wire at the top to 
take up the extra length caused by expansion. 
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ROTATING MAGNETIC FIELD. 

NOTE ; FLEMING'S RULE IS APPLIED TO MOTION OF THE  CONDUCTOR.  

FLUX MOVING UP IS EQUIVALENT TO CONDUCTOR MOVING DOWN. 

If a permanent magnet of the type shown above be rotated about a squirrel cage rotor, 
the flux of the magnet will cut across the squirrel rotor bars and induce voltages in 
them. The direction of these voltages at any instant may be determined by Fleming's 

Right Fand Rule. Application of this rule to the diagram above shows that currents 
will be flowing toward the observer under the North pole, and away from the observer 

under the South pole 

Viewed from above, current is circulating counter-clockwise around the rotor thereby 
establishing a North pole at the top and a South pole at the bottom. As the magnetic 
field is rotated, the rotor poles move at the same speed and in the same direction 

and maintain the same relative position; that is. midway between the stator poles. 

DiagramsABCDshow the relative posi-
tion of the rotor and stator poles for 
four different points in one revolution. 

A 

D 

In A there exists at the instant shown 
the same condition described above. In 
this case however, the rotating magnetic 
is produced by a different method, 

In B the revolving field has moved through 
one-quarter revolution. Note the change 
in current distribution in the rotor bars 
and the movement of the rotor poles. Dia-
grams C and D show the condition at later 

points in the revolution. Reversal of 
current in rotor bars causes rotor poles 
to revolve. 

Although the diagrams show the current in 
the rotor bars changing direction in 
groups, the rotor bar currents actually 
reverse one at a time as the stator flux 
sweeps by. This produces a smooth pro-
gression of the poles around the rotor. 

C:fyne 
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POSITION INDICATORS. 
Position indicators are employed to trans-
mit motion by electrical means between 
points which cannot be readily connected 
mechanically, In Figure A rotation of the 
arm on the sender rheostat varies the cur-
rent through the receiver which is used as 
a receiver. Alen properly calibrated, the 
meter needle motion will be proportional 
to the motion at the sender. Thus the amount 
of gasoline in the tank may be indicated on 
the instrument panel of a car. 

Figure B shows a similar arrangement except 
that clockwise rotation of the sender in-
creases the voltage applied to the receiver 
and the deflection is in proportion to it. 

Diagram C shows a bridge type circuit in 
which the meter needle is returned to zero 
by manipulating a rheostat at the receiving 
end. ':ihen balanced, both rheostat arms are 
in identical positions. 

There are many other circuit arrangements 
but the basic operating principle is the same. 
The electrical method is particularly suited 

to most applications because the units may 
be any distance apart, and several receivers 
may be attached to one sender. 

/feces/Yet: 

o  

o 

SG/W:4'r, 

Sev7ciér 

î 

SELSYN UNITS. 

If two small motors of the type shown above are connected together and the rotors 
are energized from a single phase A.C. source, the varying flux produced by the 
rotors will induce voltages in the stator windings. If the rotors are in identical 
positions, the induced stator voltages will be in direct opposition and no current 
will flaw in the leads connecting the stators together. Should one rotor be moved, 
this voltage balance is disturbed and current will flaw through the other stator 
winding in such a direction as to cause its rotor to move to a corresponding posi-
tion. This self synchronizing action which is characteristic of many types of A.C. 
motors is utilized in the Selsyn position indicator. 

With the indicators arranged as shown, movement of the sender rotor is duplicated 
by the receiver and, whether the sender is rotated through a small angle or several 
revolutions, the receiver follows the motion exactly. ;There several indications 
are required, several receivers may be attached to the same sender. In this way 
motion of the sender may be reproduced at any number of remote points. 

e 
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HYDRAULICS. 

PRESSURE IN A LIQUID 
If a funnel, whose open end is covered with a 
stretched rubber diaphragm and whose other end 
is attached to a U tube partially filled with 
liquid, be immersed in a container of the same 
liquid, a difference in liquid level in the U 
tube will be observable, and this difference, 
which is a measure of the pressure applied to 
the diaphragm, will increase as the funnel moves 
deeper into the liquid. If the funnel be turned 
in any direction at any selected depth, condi-
tions in the U tube will not change. This shows 
that a liquid exerts a pressure proportional to 
the depth, and that the pressure is the same in 
all directions. 

TRANSMISSION OF PRESSURE 
That the pressure in a liquid acts equally in all 
directions may be seen by the arrangement shown 
in Fig. B. When the entire vessel is filled with 
liquid, upward motion of the piston P will cause 
all the spring loaded plungers to moire by exactly 
the same amount. This property of liquids to 
transmit applied pressure equally in all direc-
tions was first discovered by Pascal and the 
statement that "the pressure applied to a liquid 
at rest is transmitted equally in all directions" 
is known as Pascal's Lew. 

TOTAL FORCE = PRESSURE X AREA 
Figure C shows two cylinders, one of small and 
one of large diameter, connected by a pipe and 
fitted with watertight pistons. If this system 
is filled with water and a force be applied to 
the small piston, the pressure created will be 
transmitted to the larger one. If the area of 
the large piston be ten times that of the other, 10LBS 

ten times the force will be required on the 
large piston to prevent it from rising, that is, 
total force = pressure x area. This is the 
principle of the hydraulic press and hydraulic 
lift. This arrangement does not represent a 
gain in energy for A must move ten units of dis-
tance for each one unit traversed by B. 

VENTURI METER 
When a liquid such as water is flowing through 
a pipe, a drop in pressure takes place in the 
direction of flow as shown by the difference 
in height of the water columns in hl and h3. 
If a constriction be placed in the pipe as at 
2, the increased velocity at this point will 
produce a further pressure drop as shown, a 
loss in head that is proportional to the 
amount of water flowing. This arrangement of 
constricted pipe and pressure indicators 
which provides a means of measuring the 

flaw is called a venturi meter. When properly calibrated, the difference in pres-
sure indicated by the difference in level of the liquid in the stand pipes hl and 
h2 may be used as a means of determining the velocity of the liquid through tLe pipe. 
or the quantity of fluid flowing in a given time. 

h, D 

100LBS. 

1:13 

2 
3 

Y"e 
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VARIABLE SPEED DRIVES. 

CONr. 
Although most machins are designed 
to operate at constant speed, there 
are many types of drive that require 
a smooth variation in speed within 
the range for which the equipment 
was designed. Several drives of the 
continuously variable type have been 
developed, one of the simplest being 
the cone and pully arrangement shown. 
The driving member and the driven mem-
ber are connected by a movable belt 
which, in the diagram above, continu-
ously increases the speed of the driven 
pulley as the belt is moved from left 
to right. 

1-)LL,C Ald) ROa DRIVE 
This type of drive covers a much wider 
range of speed than the cone pulley 
arrangement shown above. Friction be-
tween the driving disc and the driven 
roller provides a means of speed vari-
ation that changes with the roller po-
sition. As the driven roller is moved 
from the center, its speed rises and 
at -Liinu a maximum when the outer edge 
of the driven disc is reached. Note 
that the driven roller reverses its 
direction when it passes across the 
center of the driven disc. Thus a 
wide speed cnange in eitner direc-
tion of rotation is secured. 

DLSK AND 

In principle, the disc-and-ball drive 
is the same as the disc-and-roller; 
however, the latter is a superior me-
cnanical arrangement and the drive is 
more positive. The ball is paTtially 
enclosed in a cage so supported that 
it may be slid across the driving 
disc, the energy being transferred 
through the ball to the driven roller. 

ilhen the disc is driven at constant 
speed, tnis type of drive may be em-
ployed to provide wide speed changes 
on the driven roller with good speed 
regulation on each setting. The speed 
may be changed quickly and by any 
amount merely by sliding the ball across 
the disc. Reversal of rotation takes 
place when the ball passes the center 
of the driven disc. 

El  

Driven roller 

Driviag jou//i.  

Driven f ulleee I  

CONE PULLEY DRIVE. 

2 r (fil?/77.cne -ieer) eaez 6.7e- „fie,. 

DISK AND ROLLER DRIVE. 

I _1  

DISK AND BALL DRIVE. 
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DIFFERENTIAL DRIVES. 

Guide v eer 

X 

X 

t  
I 

o ' .o 
•C II 

-e 

A 

X 

Although gears and gear drives are usually 
associated with transmission of power from 
one shaft to another, there are many appli-
cations in which the gear assembly is de-
signed to fulfil some other purpose as well. 
For example, one gear may be so arranged 
with respect to others that, in moving, it 
may travel through a distance that may 
represent the sum, or the difference, of 
the motions of the gears with which it is 
 meshed. 

FiguresABCDare designed to show how 
the revolution and travel of the pinion P 
is affected by the motions of the two racks 
with which it is meshed. 

If in figure A the racks R are moved up 
at the same speed, the pinion P will not 
revolve but will move bodily in the same 
direction and by the same amount. 

Figure C shows what happens when one rack 
is held stationary and the other moves 
down. Here the pinion P will both revolve 
and move downward, the motion of the pin-
ion being equal to one-half the distance 
through which the rack R is moved, 

In figure B both racks are moved, one 
traveling upward while the other moves 
downward; moreover, the right hand rack 
is presumed to move through twice the dis-
tance traversed by the left hand rack. 
Under these conditions the pinion will 
move downward through a distance that is 
proportional to the difference in the die-
tances traveled by the racks. 

X 

— 7 — "A 
X  
A 

X 

If the downward moving rack traverses a 
greater distance than the upward moving 
one, the pinion motion will be downward 
and the distance moved by it will depend 
upon the difference in the two rack motions. 

If the racks move equal distances but in 
opposite directions, the pinion will re-
volve but it will not move up or down. 
This condition is shown in D. 

Evidently the racks may be moved at any 
speed and through any distance with re-
spect to each other and the pinion will 
travel through a distance and in a di-
rection that is proportional to the al-
gebraic sum of the rack motions. 

o  

Go' 

D 

I 

I 

C7..5.2erpe. 
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GEARS AND CAMS. 

DIFFERENTIAL GEARING 
If the racks previously illustrated be assumed bent in 
a circle and mounted on shafts 1 and 2. the rack and 
pinion motion is communicated to gear 4 through gear 3. 
This gear assembly will provide, in gear 4, a number of 
revolutions that is proportional to the algebraic sum 
of the revolutions of gears 1 and 2. 

If shaft and gear 1 be turned through one revolution 
forward while shaft and gear 2 is turned at the same 
rate through one revolution backward. pinion P will re-
volve but will not move gear 3, for the algebraic sum 
of these two motions is zero. For any other motions 
of gears 1 and 2 shaft L will move, and the motion will 

/-e PROPORTIONAL to the motions of shafts 1 and 2, 

EPICYCLIC GEARING 
In the ordinary gear train, two toothed wheels, rigidly keyed to 
separate shafts, are meshed together. If Y in figure B is 
assumed to be connected to the driving mechanism and revolving 
counter-clockwise, gear X will rotate clockwise with a velocity 
proportional to the gear ratio; in this case 2:1. 

In the epicyclio gear train one gear rolls around the other. 
For example, if the toothed wheel X is allowed to revolve freely 
on its axis and is attached to the arm shown in Fig. B, and if 
this arm be revolved about the fixed gear Y, it will be found 
that in describing one revolution about Y that X has turned 
through a number of revolutions equal to the rear ratio + 1. 

Thus by setting up a gear srrangement of epicyclic type, a 
greater change in r.p.m. may be obtained with a given set of 
gears. 

Figure C shows another epicyclic train in which Y is the 
driven gear and E is the external ring gear. If the sepa-
rate gears possess the number of teeth indicated, and the 
arm A turns at 100 r.p.m. clockwise, the external ring gear 
will rotate through 76 r.p.m. counter clockwise. Besides 
being more compact, this type of gear assembly is better 
adapted to certain gear problems. The differential gear 
train shown in A above is really an epicyclic arrangement. 

CANS AND THEIR APrLICATIVisi 
Translation of rotary to reciprocating motion 
may be accomplished by means of rack and pin-
ion gearing, crankshaft and connecting rods, 
or by cams and cam followers. If the 
cams shown be rotated beneath the fol-
lowers indicated, the latter will be 
caused to move up and down with a velo-  
city proportional to the shape of the 
cam. thus by suitably shaping the cam, k  
the follower may move with a velocity 
that, with a constant r.p.m. of the cam 
shaft, is governed only by the shape of 
the cam itself. \\,. 

D 

ARM 
100R.RM. 

I.T. I 
GEAR Y. 
50R.PM. 

EAR E. 1001. 
R.P.M. 

CAM FOLLOWER. 

C2..3.4yerdie. 



A.C. Department 

e 

The outline given below indicates the schedule for the D.C. 
where the material covered each day may be found in the Reference 
the subject matter covered each day is studied the same night, 

Dept. and shows 
Set. If 

and the sections 

student will 
the most effect-

dealing with material for the following day is carefully read,the 
find the Reference Set an invaluable aid in planning and ;Wing 
ive use of his study time. 

Arm. A.C. 
LECTURE See. Sec. PAGE 

Third -:eek 
Fri.FM. Fundamental Principles of A.C. 1 1-8 

Polyphase Induction Motors 5 13-17 
A.C. Motor Starters 6 2-

First Week 
Mon.PM. Single Phase Split Phase Induction Motors 

Shaded Pole Motor 5 9-12 
Tues. Repulsion Induction Motors 

Capacitor Motors 5 9-12 
Wed. PM. Stator Winding 
Thur. PM. Opposition to current flow in A.C. 1 10-21 
Fri. FM. Power in the A.C. Circuit 1 8-10 

21-23 

Second Week 
Mon. P.M. Comparison of lap and ':ave windings 2 12-13 

Star and Delta Connections 2 17-15 

Star Delta Starter 6 110-4_17 
Slip Ring Induction Motor 5 17-21 

Tue. A.M. Synchronous Motor Demonstration 5 21-28 

P.M. Construction and Paralleling A.C. Generators 3 2-18 

Wed. A.M. A.C. Switchboard Demonstration 
P.M. Rotating Magnetic Field 2 10-11 

AC winding terms-3 phase winding diagrams 2 11-1 

Thur.P.M. Measuring Power in 3 phase circuits 1 25-31 

Fri. P.M. Transformers construction 4 2-1/4 

Operation and connections Li lh-25 

Third "nek 

Yon. P.M. Maintenance 8 31-142 
Bearing troubles and remedies 8 21-54 
Insulation Testing, etc. 

Tue.P.M. Stator Testing 2 28-32 

Reconnecting Induction Motors 2 18-25 

:Jed. A.M. A.C. Meters 
Transmission 2 2-6 

P.M. Field Trip to Science Museum 7 13-60 

Thur. P.M. Methods of Changing AC to DC F 16-25 

Fri. A.M. Examination 
P.M. Graduate Service Talk 
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TRANSFORMERS 

140 

PRL E. _ PRI. TURNS  
TRANS. RATIO = 

SEC. E. SEC. TURNS 

Z S t.- Sow. 

H‘GH S. E. -25w. 

E. WOG. 
Soot. 

4000 
soot. 

LAMtNAT‘Oss STAMPED 

OUT READY FOR USE. 

LAMINATIONS YARN( 
FROM.014" TO . oso" 

TYPES OF TRANSFORMER CORES 

CORE.- TYPE 

Low t.vvo6. 

IN SUL ATi ON 

HIGH EV406. 

SINGLE PHASE USED 
FOR HIGH E. TRANSMISSION 
AND D STRIBUTION 

LOvV E. , HIGH E. 

THREE PHASE 

CORE TYPE 

c 1RCuLATIN6 
PIPES 

HIGH E. 
TRANS. 

OIL COOLED 

On INSuLATED 
vv%Tri 

CIRCULATING 

PES 
EXPOSED 
TO A‘R ON 

ALL SIDES 

SHELL - TYPE 

USED FOR MEDIUM AND 
LOW E. TRANSMISSION 
AND DISTRIBUTION 

DISTRIBUTED- TYPE 

INSULATION 

USED FOR LOW 
E. TRANSMISSION 
AND DISTRIBUTION 

DIXS 1/1... APART 

- OIL TESTING CUP 

SEC. 11,900 -re 34000E. 

SEC. h000000400an 

CONSTANT CURRENT 
TYPE CORE USED FOR 
INSTRumENT WORK AND 

WELDING. 

HIGH E 
/8 .• INSULATORS ..)\  

Ft E E ft V e.) 

It  
f  

LOW E LEADS 

LANE 

OIL TESTING 
T RANS. 

y out MET ER 
cAL%t5RATED To 
READ SEC. E. 

WATER COOLED 
OIL INSULATED TYPE 

II 

I I 

-7 

COPPER 
TUBING 

COYNE 
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A. C. POWER MACHINERY 

Section Four 

Transformers 

Construction Features 
Methods of Cooling 
Operating Principles 
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Connections 
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Polarity Tests, Grounding 

Special Transformers 
Tap Changing, Scott, Auto Transformers 

Induction Regulators, Instrument Transformers 
Tests, Field Problems, Maintenance 
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TRANSFORMERS 

We have already mentioned that it is necessary 
to use high voltage in order to transmit large 
amounts of electrical power economically over long 
distance lines. This, you will recall, is one of the 
principal advantages mentioned for alternating cur-
rent, because it is possible to economically increase 
the voltage of alternating current with trans-
formers. 
A transformer is a device by means of which 

alternating voltages may be stepped up or down 
as desired. When the voltage of a circuit is raised 
or lowered by means of a transformer, the current 
capacity is usually varied in the opposite direction 
by the same proportion. 

If we raise the voltage the current is reduced, or 
if we decrease the voltage the current is increased. 
For example, if we consider a circuit having 5,000 
watts at 100 volts, the current in this case will be 
W 4- E, or 5000 100, which equals 50 amperes. 

If we were to raise the voltage of this same 
circuit to 1000 volts the current necessary to de-
velop the same power would then be 5000 4- 1000, 
or 5 amperes. 

It is easy to see that a much smaller conductor 
could be used to carry the 5 amperes than would 
be needed for 50 amperes, so the same amount of 
power can be transmitted over smaller wires 
when higher voltage is used. This is the principle 
applied to modern transmission lines, and when-
ever a large amount of power is to be transmitted 
to some distant location the voltage is stepped up 
by means of transformers to some one of the stand-
ard high voltages, and the necessary current is 
thereby reduced a corresponding amount. 

It is then possible to use a much smaller amount 
of copper in the conductors, and yet operate the 
transmission lines at a certain economical percent-
age of loss. These smaller conductors require much 
lighter supporting structures, such as the poles and 
steel towers, and lighter insulators and fittings. 
As the cost of the copper in a transmission line 

is very great and the poles or towers also represent 
a large investment, the saving effected by the use 
of higher voltage is enormous. 

For example, 50,000 kw. can be transmitted many 
miles at a potential of 100,000 volts over a copper 
conductor less than an inch in diameter, but if this 
same amount of energy were to be transmitted at 
500 volts, it would require a conductor over a foot 
in diameter to carry the current with the same 
amount of loss. 
From these points just mentioned, it is evident 

that alternating current provides a very conveni-
ent and economical means of transmitting large 
amounts of power for considerable distances, by 
stepping up the voltage at the generating plant 
with transformers and then stepping it down again 

• 
to safe and suitable voltages for the equipment at 
the point where the energy is to be used. 
By far the greater amount of electrical energy 

is used at voltages from 110 to 440. Some of the 
larger motors, however, are operated at voltages 
from 2300 to 6600, and in some cases as high as 
12,000 volts or more. 
Transformers are one of the most efficient pieces 

of electrical equipment that we have; the effici-
encies of some of the very largest sizes ranging 
over 99%. These high efficiencies are obtainable 
because the transformer has no moving or wearing 
parts and therefore no friction or mechanical losses. 
For this same reason, transformers require very 

little care and attention, except to maintain the 
proper insulation and cooling of their windings. 
Power transformers are often referred to as static 

transformers, even though they have nothing to do 
with static electricity. This term is used because 
their parts are all stationary. We mention this 
term at this point because it is often confusing to 
the student or electrician to hear a transformer 
called by this term, if he doesn't know what it 
means. 

108. TYPES OF TRANSFORMERS 
11, We have already learned that a transformer con-

sists primarily of an iron core which provides a 
path for the magnetic flux and on which are placed 
the two windings; one called the high tension 
winding and the other the low tension winding. 
The high tension winding (H.T.) is the one which 
has the greatest number of turns, and the low 
tension winding (L.T.) is the one which has the 
smaller number of turns. 
These windings are also commonly referred to 

as primary and secondary windings. The primary 
winding is always the one which is connected to 
the source of power. The secondary winding is 
always the one which receivers its power from the 
primary by induction, and is the one connected to 
the load. 

There are several common types of transformers 
and they are classified according to the manner of 
their core construction. These are known as: the 
core type, shell type, and distributed type. 

It may help you to distinguish between these 
types by remembering the number of magnetic 
paths or circuits which each type of core provides 
for its flux. The simple core type provides one 
path; the shell type, two paths; and the distributed 
type, three or four paths. 
The sketches in Figs. 99 and 100 show the 

ferences between these common types of tr. 
former cores. Fig. 99 shows the plain core-type 
transformer, consisting of four sides, or legs as they 
are commonly called, arranged in the form of a 
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square or rectangle. The primary and secondary 
coils can be wound on opposite legs, as shown in 

li figure, or they can both be wound on the same 
e leg if desired. 
When the primary winding is excited with alter-

nating current, it sets up an alternating magnetic 
flux which is carried by the core over to the sec-
ondary winding. As the lines of force expand and 
contract, due to the alternations of the current, 
they cut across the turns of the secondary winding, 
thereby inducing voltage in this winding by the 
principles of electro-magnetic induction which were 
explained in the Elementary Section of this refer-
ence set. 

Fig. 99. This sketch shows the core and windings of a simple trans-
former. The winding on the left with the greater number of turns it 
the high tension winding, and the one on the right the low tension 
winding. 

The amount of voltage which will be induced 
in the secondary winding depends upon the ratio 
of the number of turns in the primary and secon-
dary coils. If the secondary has fewer turns than 
the primary, the voltage will be stepped down; on 
the other hand, if the secondary has a greater num-
ber of turns, the voltage will be stepped up. 

An ordinary transformer can be used to step the 
voltage either up or down, depending upon which 
of the windings is made the primary, or excited 
by the applied voltage. So we find that, in the 
case of step-up transformers, the primary is the 
winding with the fewer turns; while on a step-
down transformer, the primary is the winding with 
the greatest number of turns. 

109. TRANSFORMER CONSTRUCTION 
The purpose of the transformer core is to provide 

a low reluctance path for the magnetic flux. l Trans-kner cores are therefore made of a special grade 
soft iron or silicon steel, and are built up of thin 

laminations. These laminations are insulated from 
each other, either by a coating of insulating varnish 

or by an oxide scale which is formed on their sur-
faces by a heat-treating process. 

This laminated construction reduces eddy cur-
rents which would otherwise be set up by the 
alternating flux and would cause the core to over-
heat. 

The left view in Fig. 100 shows a sketch of a 
shell type transformer core with the primary and 
secondary windings both placed on the center leg. 
On the right in Fig. 100 is shown a sketch of the 
distributed type core on which the coils are also 
wound on the center leg and are surrounded by the 
four outside legs of the core. 

This distributed-type core is used principally for 
low-voltage lighting and distribution transformers 
in sizes under 50 kv-a. The large area of core iron, 
well distributed around the coils, makes the "no 
load" losses very low with this type of transformer, 
so that it is ideal for use on lighting circuits where 
the load may be very small at times. 
The core-type and shell-type transformers are 

both suitable for large capacity and high voltage 
work. The core-type is best suited for the very 
high voltages, because its coils can be more easily 
wound and insulated than those of the shell-type 
The windings of the core-type transformer, being 
located more on the outside of the core, can there-
fore radiate heat away from the windings more 
rapidly. 

The shell-type core, because of its shape and the 
location of the windings on the center leg, provides 
somewhat better mechanical protection for the 
coils during handling in and out of the transformer 
case. The shell-type transformer is best suited for 
moderate voltages and heavy currents. 

Fig. 101 shows- a complete distributed-type, 
transformer core of the three-leg construction. This 
view shows the manner in which the core legs are 
assembled from the thin laminations and also the 

Fig. 100. The diagram on the left shows a transformer with a shel! 
type core, and on the right is shown the top view of a transformer 
with a distributed-type core. This view shows the top edges of the 
coils and insulation, while the sketch on the left shows a schematic 
diagram of the coils in their position on the core. 
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Fig. 101. The above photo shows a complete core of the three-sided 
type for a distributed core transformer. (Photo courtesy General 
Electric Co.) 

manner in which the laminations are overlapped at 
the corners of the core, in order to provide a good 
magnetic path of low reluctance. 

110. TRANSFORMER WINDINGS 

Transformer coils are wound with insulated cop-
per wire, some of the smaller sizes being wound 
with round wire, while square or rectangular wire 
is used for practically all of the medium and larger 
sized units. 
The square and rectangular wires form a more 

compact and solidly built coil and also provide 
better conductivity for the heat to flow out of the 
windings. The coils are usually built up in a num-
ber of carefully wound layers and each layer is 
well insulated from the preceding and following 
ones. 

It is only in a few types of very small trans-
formers that the coils are wound directly on the 
core legs. In practically all medium-sized and 
larger transformers the coils are form-wound and 
then slipped over the legs of the transformer core 
before the core is completely assembled. 
The coils, after being wound, are thoroughly 

dried by being heated in ovens and are then dipped 
in hot insulating compound to thoroughly insulate 
every turn from the adjoining turns. 

In many cases the dipping or impregnating proc-
ess is performed in air-tight tanks, so that the coil 
can first be subjected to a high vacuum to draw 
out every bit of moisture and air from the windings. 
The hot insulating compound is then applied under 
pressure to force it into every crevice and space 
in the turns of the winding. 

The coils are then thoroughly baked to dry out 
and harden the insulating compound so it will pre-
sent a smooth, hard surface and prevent moisture, 

dust, and dirt from getting into the windings dur-
ing operation of the transformer. 

After the coils are thoroughly insulated 
baked, they are placed upon the well-insulated I. 
of the iron core. The core insulation consists of 
several layers of fiber or fish paper; or, in some 
cases on the higher voltage units, it consists of a 
special bakelite or composition tube. 

Fig. 102 shows the partly assembled core for a 
distributed-type transformer, and the primary and 
secondary coils ready to be set in place over the 
center leg of this core as soon as it is insulated. 
The primary coil, shown in the center of this figure, 
is built up of several layers which have been form-
wound and then thoroughly insulated by a wrap-
ping of tape. The secondary winding, shown on the 
right, is built up of a number of separate coils, each 
of which is well insulated from the others. 
These coils are then connected in series to form 

a complete high-voltage winding. This type of con-
struction provides better separation and insulation 
of the sections of the secondary winding, between 
which very high voltages exist. 
A heavy layer or tube of high-grade insulation is 

also placed between the low tension and high ten-
sion windings to prevent a flash-over from the high-
voltage winding to the low-voltage coil. 
After the L.T. and H.T. coils are in place on the 

core, they are securely wedged and anchored, to 
prevent any possible moving or distortion dueàte 
heavy magnetic stresses set up around the cif. 
when the transformer is loaded, or during the pos-
sible occurrence of short-circuits. 

Fig. 102. This view shows a partly assembled core of the distributed 
type and the primary and secondary windings which are ready to be 
placed on the core. (Photo courtesy General Electric Co.) 

Fastening the coils securely in place also pre-
vents them from rubbing against the core and hav-
ing their insulation damaged by the slight vibration 
which is set up by the alternating fluxes in the core 
laminations. 

ie Fig. 103 shows a completed transformer elemdt 
with the windings in place on the core, the lain. 
tions of the outer and top sides of the core having 
been assembled after the windings were placed on 
the center leg. The whole core is then securely 
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clamped by means of bolts to prevent excessive 
vibration of the laminations. le If these laminations are not clamped tightly to-
ether, the reversing magnetic fluxes will cause 

them to vibrate excessively and create a great deal 
of noise during the operation of the transformer. 
Loose laminations might also chafe the insulation 
of the windings. 

In Fig. 103 you may also note the manner in 
which the leads are connected to the coils and 
brought up to a terminal plate of porcelain or in-
sulating material. The heavy, stiff, copper leads 
are then carried on up to the point where they leave 
the tank or transformer case. 

Fig. 103. Complete transformer core and windings. Note how the legs 
of the core are assembled to form complete magnetic paths around 
the coils. (Photo courtesy General Electric Co.) 

Fig. 104 shows another transformer winding, con-
sisting of form-wound coils assembled in several 
layers. These layers are separated or spaced from 
each other by strips of wood, the ends of which 
can be seen around the left end of the winding. 
This type of construction not only insulates the 
sections of the coil from each other, but also pro-
vides spaces for the circulation of the cooling air 
or oil to carry away the heat from the inside of the 
winding more easily. 
A winding built up of a number of separate lay-

ers or sections in this manner may have these sec-
tions connected either in series or parallel, accord-
ing to the voltage and current capacity desired from 
the transformer. 

in111. SINGLE-PHASE AND POLYPHASE 
TRANSFORMERS 

The transformers we have so far considered and 
shown in the figures have been of the single-phase 
type. Transformers are also made in polyphase 

types, as shown in Fig. 105. This photo shows a 
complete three-phase transformer element with the 
primary and secondary windings of each phase 
located on a separate leg of the core. 
From this it is easy to see that a three-phase 

transformer is simply a combination of three single-
phase transformers all assembled on one core. The 
low voltage windings of the transformer shown in 
Fig. 105 are inside the high voltage coils and next 
to the core legs. The high voltage coils which are 
placed over the others can be clearly seen in this 
view. Note carefully the manner in which the 
separate sections of the coil are insulated from each 
other, and also the insulating barriers placed be-
tween the three coils to prevent a flash-over from 
one winding to the next. The leads for connecting 
the coils to the line are shown carefully taped and 
marked, and brought up to separate insulating sup-
ports above the core. 
A three-phase transformer requires less core ma-

terial than three single-phase transformers of the 
same capacity. This is due to the fact that in the 
three-phase transformer the magnetic fluxes of each 
phase use the same core at alternate periods as the 
alternations and fluxes of each phase occur 120° 
apart. Therefore, the advantages of polyphase 
transformers are: that they require less core mate-
rial; are lighter in weight; and occupy less floor 
space in a power plant or substation than three 
single-phase transformers of the same capacity. 
One of the disadvantages of a polyphase trans-

former is that, in case of trouble or breakdown in 
the insulation or windings, all three phases must 
be cut out of service for repairs; while, in the case 
of single-phase transformers, the one defective unit 
can be disconnected for repairs, and service can be 
maintained to the customers either by substituting 
another single-phase unit or by a special open-delta 

-ziefflogelearee' 

Fig. 104. This view shows a transformer winding which Is built up 
in layers that are spaced apart with wood strips to allow circula-
tion of cooling oil through the winding. (Photo courtesy General 
Electric Co.) 
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Fig. 105. Complete three-phase transformer core and windings ready to 
be placed in the tank and covered with oil. (Photo courtesy General 
Electric Co.) 

connection to the remaining two units. This con-
nection will be explained in later paragraphs. 
In modern transformers, however, the construc-

tion and insulation of the coils is such that under 
ordinary operating conditions there is very little 
chance of breakdown or failures. 

112. TRANSFORMER LOSSES 

Although transformers are very efficient devices, 
they have certain small losses which take place 
within their windings and cores during operation. 
These losses are commonly referred to as copper 
losses and core losses. 
The copper loss is due to resistance of the coils, 

which causes a certain amount of the energy to be 
transformed into heat within the windings. This 
loss is proportional to the square of the current in 
the windings, and is therefore approximately zero 
at no load and maximum at full load. 
The core loss consists of eddy current losses and 

hysteresis losses which are set up in the core by 
the reversing magnetic flux. Eddy currents, you 
will recall, are low-voltage short-circuited currents 
which are caused to flow in various areas of the 
core by the magnetic lines of force cutting across 
the core in varying intensities. These eddy currents 
are reduced and kept at a minimum by the lamin-
ated construction of the core; but the small amount 
which still exists, even in the best core construc-
tion, will cause a certain amount of heat to be de-
veloped in the iron. 

Hysteresis loss is due to the reversal of the mag-
netic charges of the molecules of the iron as the 
alternating flux constantly reverses in the core-

This loss also tends to produce a certain amount of 
heat in the core. 
The core losses remain approximately the sa 

at no load or full load of the transformer, becaus 
they are always proportional to the magnetizing 
current and flux. 
These losses and tests to measure them will be 

more fully discussed in later paragraphs of this 
section. 

113. TRANSFORMER COOLING 
In a transformer which is operating under full 

load, a considerable amount of heat is produced by 
the copper and core losses. This heat must be re-
moved and carried away from the windings and 
core, because if it were confined and stored up 
within them it would soon cause the temperature 
to rise so high that it would burn or damage the 
insulation of the windings. 
Transformers must also be kept cool to maintain 

their high operating efficiency, because the resist-
ance of the copper in the windings increases with 
the temperature increase and thereby increases the 
I2R loss. 

In very small transformers, such as bell-ringing 
and toy transformers, instrument transformers, etc., 
the heat is carried away by the natural circulation 
of air around the core and windings. 
On larger power transformers some additional 

means of cooling the windings must be provide 
Transformers are often classified according to th 
methods of cooling, as follows: natural air coole , 
forced air-blast cooled, oil cooled, and oil and water 
cooled. 

Natural air cooling is used only in the smaller 
types, as previously explained. 

Fig. 106. This view shows three different sizes of common power trans-
formers. Note the cooling flanges or ribs in the tanks of the two 
larger ones. (Photo courtesy General Electric Co.) 

114. AIR-BLAST COOLING OF 
TRANSFORMERS 

Transformers that are cooled by forced air ce 
culation have their core and windings enclosed in 
an iron case or jacket which is open at the bottom 
and top. Clean, dry air under low pressure is forced 
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upward through the windings and, in this manner, araries away the heat much more rapidly than nat-
1 air-circulation would. 
The air for cooling transformers of this type is 

supplied by motor-driven fans and is usually fed 
to the transformers through an air passage or cham-
ber which runs under the floor on which the trans-
formers are located. 

Air passes up through the transformers and ex-
hausts, into the room in which they are located, 
escaping through open windows or air-vents in the 
building. 

Quite often a small ribbon or cord is attached to 
the top of the transformer casing, directly in the 
exhaust air opening, so that it will be blown upward 
and kept fluttering in the air. This provides an 
indication of failure of the air supply. 

It is very important that the air be kept circulat-
ing at the proper rate through transformers of this 
type or otherwise they would quickly overheat. 
The air intake for supplying fresh air to air-blast 

transformers should be located where it will not 
draw any moisture or dust, as either of these would 
quickly deteriorate the insulation on the trans-
former windings, and dust would tend to clog the 
air passages between and around the coils. 
Very often a cloth screen is placed over the air 

intake to stop the passage of fine dust and a certain 
amount of moisture. 

dii5. OIL-COOLED TRANSFORMERS 
nilir The common oil-cooled transformers of the small 
and medium sizes have their cores and windings 

Fig. 107. Three-phase power transformer for high voltage operation. 
Note the large insulating bushings and also note the manner in 
which the entire tank is corrugated to provide a greater heat-
radiating surface. 

immersed in a tank of insulating oil. This is by far 
the most common type of transformer in use. 
The oil, which is of a special grade known as 

transformer oil, not only serves as a cooling agent 
for the windings and core, but also serves as an 
excellent insulation between the layers of the wind-
ing and the core. 
This oil flows into all crevices and passages be-

tween the windings and conducts the heat through 
the liquid to the metal tank, from which it is given 
off to the outside air. 

Fig. 106 shows several transformers of the oil-
cooled type, the capacities of which, from left to 
right, are: 150 kv-a., 37x2 kv-a., and 15 kv-a. The 
tanks of these transformers are made of either cast 
iron or pressed steel. The pressed steel tanks are 
much lighter in weight and more durable mechani-
cally; because, if they are dropped or bumped, it 
will usually only dent the tank instead of cracking 
it, as often occurs with cast iron. 
On the small sizes of transformers, the tanks 

usually have a plain, flat surface on each side, as 
shown on the 15 kv-a. unit at the right in Fig. 106. 
On the larger sizes, the sides of the tank are usually 
corrugated or provided with projecting fins as 
shown on the two larger transformers in this figure. 
This construction greatly increases the area or sur-
face of the metal which is in contact with the air, 
and thus enables the air to absorb and carry away 
the heat from the tank much more rapidly. 
Note the manner in which the coil leads are 

brought out of the transformer case through insul-
ating bushings, which are usually made of porcelain. 
The cases are equipped with covers which can be 
removed for inspection of the windings or for 
changing the connections at the terminals inside. 
These covers are provided with a washer or gasket 
around their edges so that, when they are clamped 
securely in place by the bolts and nuts shown in 
the figure, they seal the transformer tightly and 
keep out practically all dirt and moisture. 
Transformers of this type and smaller, ranging 

down to 1 kw. in size, are the types commonly seen 
on poles throughout the cities and in many rural 
districts. They are used to step the voltages of the 
transmission or distribution lines down to that used 
in homes for lighting or in shops for power 
purposes. 

Fig. 107 shows a complete three-phase transformer 
which has the entire surface of the case deeply 
corrugated to provide sufficient cooling area. The 
high-tension winding of this transformer is con-
structed for 25,000 volts, and you will note the 
much larger insulating bushings through which the 
high-voltage leads are brought out at the top of 
the case. 
You will note also that the transformer cases 

shown in these figures are provided with drain 
plugs or valves at the bottom, so that the oil can 
be drained out and replaced whenever it becomes 
dirty or has absorbed too much moisture. 
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During operation throughout a period of several 
months or longer the oil will often absorb a little 
moisture, and the presence of even very slight 
amounts of water in the oil greatly reduces its in-
sulating qualities. It is therefore necessary at times 
to replace or dry out this oil. This will be more 
fully covered later under Care and Maintenance of 
Transformers. 

116. COOLING TUBES OR RADIATORS 
On very large power transformers, ranging from 

300 kv-a. to 10,000 kv-a. and up, the cases are us-
ually provided with a number of pipes or tubes on 
the outside, as shown in Fig. 108. Some smaller 
transformers are equipped with these cooling tubes, 
if they are to be located in places where it is difficult 
to cool them otherwise. These tubes connect to the 
top and bottom of the tank and allow the oil to 
circulate through them from top to bottom, by the 
natural movement of the oil caused by its being 
heated inside the transformer and cooled in the 
tubes. 

Fig. 108. This transformer is equipped with cooling tubes to allow the 
oil to circulate outside of the tank and give off its heat more 
rapidly to air. 

The heated oil around the transformer coil and 
windings tends to rise to the top and pass out of 
the tank into the top ends of the tubes. In the 
tubes it is cooled off more rapidly, as they are com-
pletely surrounded by air, and the oil is thus caused 
to flow to the bottom of the tubes and back into the 
transformer. 
The oil is kept continually circulating in this 

manner by the thermo-siphon principle just ex-
plained. 

Fig. 109 shows a bank of three large single-phase 
power transformers, each of which has a capacity 
of 30,000 kv-a. These transformers have a high-
Yonap winding which produces 220,000 volts. Note 

the very large insulating bushings through which 
the high voltage leads are taken out to the line. 
These transformers are equipped with groups 

sets of cooling fins or tubes which are common y 
called radiators and are clearly shown in this photo. 
These sets of cooling fins are adjustable to take 
advantage of spacing of the transformers and the 
air currents around them. They are also removable 
for cleaning. 
The cooling of this type of transformer is some-

times further improved by directing a blast of air 
against these cooling fins by means of motor-driven 
fans and sheet metal tubes to direct the air through 
the cooling fins. 

117. OIL AND WATER COOLED 
TRANSFORMERS 

In some cases, where it is difficult to sufficiently 
cool transformers by means of natural oil circula-
tion through cooling tubes, oil and water cooled 
transformers are used. In transformers of this type 
a coil of copper tubing or pipe is located in the oil, 
above the core and windings. 
Cold water is circulated from the outside 

through this copper piping and rapidly absorbs the 
heat from the top level of the oil, which is always 
the hottest in any transformer. Fig. 110 shows a 
transformer equipped with a cooling coil of this 
type. 
The heat passes easily through the copper tub", 

because copper, as you will recall, is a good c 
ductor of heat. The heat is thus absorbed by the 
water and continually carried away by the new 
supply of cool water which is circulated constantly 
through the cooling coil, by a pump or by a con-
nection to a local water supply system. 

118. AUXILIARY OIL TANKS AND 
BREATHER PORTS 

In Fig. 109 you will note a special oil tank or 
reservoir mounted on top of each of the trans-
formers. This tank, which is commonly called an 
oil conservator, is used to maintain the oil level 
above the top of the main tank and thereby keep 
the transformer tank completely filled with oil and 
exclude all air from it. 
The smaller outside tank, which is only partly 

filled with oil, provides the necesary air space to 
allow for expansion of the oil in the main tank 
with increased temperature during increases of load. 
This type of construction also exposes a much 
smaller area of the top surface of the oil to the air, 
and thereby reduces the amount of moisture that 
the oil will absorb in a given time. 

In some cases the transformers are provided with 
a breather port or opening which allows the air 
to nags in or out of the tank, during expansion 
and rontrnction of the oil with temperature chan» 
This breather can be equipped with a filter of 
dum chloride through which the air must pass. 
Calcium chloride has a great afIgnity or attraction 

for water and therefore absorbs praetfearly all mob-
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Fig. 109. This photo shows a bank of large power transformers in the foreground and the structure of a high voltage switching station in 
the background. Note the cooling radiators on the sides of the transformer ta-iks and also the large insulating bushings which are 
used for the 220,000-volt leads. Transformers of this type are used in connection with high voltage transmission lines to step the voltage 
up or down at the sending or receiving ends of the line. (Photo courtesy General Electric Co.) 

turc from the air before it is allowed to enter the 
transformer. 

119. TRANSFORMER OPERATING 
TEMPERATURES 

Transformers are commonly designed to with-
stand temperature increases of 55° C. to 75° C. 
above normal temperature. This variation in maxi-
mum operating temperatures is due to the different 
classes of insulation which are used. 
Transformer windings which are insulated with 

impregnated cotton, silk, and paper cannot be oper-
ated at such high temperatures as those which are 
insulated with mica and other special insulating 
compositions. 

Practically all large transformers are provided 
with thermometers which indicate the operating 
temperatures at all times. When operating or car-

it for transformers which use forced air or circu-
ing water in their cooling, it is very important 

to regulate the air and water so that the maximum 
temperatures for which the unit is designed will 
not be exceeded. 

It is also well to remember always that the tem-
perature ratings of electrical machinery are com-
monly given in the centigrade scale. 

When we say that a transformer is allowed to 
operate at 55 degrees centigrade above normal 
temperature, its temperature is considerably higher 
than 55 degrees Fahrenheit. The centigrade scale 
has its zero point at 32 degrees on the Fahrenheit 
scale, and its 100-degree point is at 212 degrees 
Fahrenheit. One degree of the Fahrenheit scale is 
equal to only 5/9 of a degree centigrade. 

So, to determine the value in degrees F. of any 
certain temperature above freezing, which is ex-
pressed in degrees C., we can use the following 
formula, or rule: 

9 

Or, to to determine the C. temperature of a certain 
F. value, we can use the formula: 

5 
Temp. C. = (F° — 32) X — 

9 
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Fig. 110. This view shows a single-phase power transformer equipped 
with a coil of copper tubing through which water is circulated to 
cool the transformer and the oil which surrounds it. 

Fig. Ill gives a convenient table of comparative 
temperature values in both the centigrade and 
Fahrenheit scales. From the table we can quickly 
find that 55° C. is equal to 131° F., and 75° C. is 
equal to 167° F., etc. 
120. SPECIAL TEMPERATURE AND LOAD 

INDICATOR DEVICE 
For small and medium-sized transformers which 

are to be mounted upon poles, a device known as a 
thermotel is often used to indicate when the trans-
formers are overloaded or operating at too high 
temperatures. This device can be read from the 
ground and therefore does not necessitate climbing 

the pole to determine the operating temperature 
of the transformer. 

Fig. 112 shows a photograph of a thermotel ugl) 
which is equipped with an extension to be inserted 
under the cover of the transformer tank. These 
devices operate by the expansion of a liquid in a 
tube immersed in the oil. When the oil becomes 
heated the liquid expands and increases the pres-
sure on the walls of a thin, curved, metal tube at-
tached to the pointer of the device. 
The increased pressure tends to straighten out 

the tube and thereby causes the pointer to move 
across the scale a certain distance, in proportion 
to the temperature of the transformer oil. 
As this temperature is proportional to the amount 

of load, the scale of the thermotel can be marked 
so that the pointer will indicate the percentage of 
load or overload at which the transformer is oper-
ated. 

If the transformer is overloaded and the pointer 
is caused to move beyond the 100% load mark, it 
trips a white vane or semaphore which falls into 
view in the window of the device. This indication 
is clearly visible to an inspector on the ground and 
shows that the transformer has been overloaded. 
These devices are exceptionally convenient because 
they can be read from the ground and can be in-
stalled on a transformer by simply hanging over the 
edge of the transformer case a hciok-like extension 
which carries a tube of liquid. • 
Cent. Fahr Cent. Fatty. Cent. Fahr Cent. Fah r Cent. Fahr. 

-40 -40 15 59 70 158 150 

. 

302 800 

.... 

1472 

-35 -31 20 68 75 167 160 320 900 1652 

-30 -22 25 77 80 176 170 338 1000 1832 

-25 -13 30 86 85 185 180 356 1200 2192 

-20 -4 35 95 90 194 190 374 1400 2552 

-15 +5 40 104 95 203 200 392 1600 2912 

-10 +14 45 113 100 212 300 572 1800 3272 

- 5 +23 50 122 110 230 400 752 ZOO 0 3432 

0 +32 55 131 120 248 500 932 2200 3992 

+5 +41 GO 140 130 26E, GOO 1112 24-00 4352 

+10 +50 69 149 140 284 700 1292 

Fig. 111. This convenient table gives the comparison temperature values 
in degrees centigrade and Fahrenheit. With this table it is easy to 
convert the degrees centigrade from the rating or temperature of any 
electrical equipment into degrees of the Fahrenheit scale. 

121. INSULATING BUSHINGS 
Where the primary and secondary leads of the 

transformer coils are brought out of the tank or 
case for connection to the line, these leads must be 
carefully insulated from the metal case, in order 
to prevent flash-overs and grounding of the circuM 
On low-voltage transformers, ranging from 11411. 

to 2300 volts, the insulated wires are brought out 
through small procelain bushings or collars, as 
shown in Fig. 106. On transformers operating at 
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voltages from 2300 to 33,000 volts, much larger 

0 r 
orcelain bushings are used. These bushings are 
uipped with flanges or petticoats to increase the 
eepage or flash-over distance which an arc would 

have to travel in order to jump from the lead-in 
wire to the tank. 

Bushings of this type are shown on the high-
voltage terminals of the transformers in Fig. 107 
and 108. The low-voltage leads on both of these 
transformers are brought out through the ordinary 
small porcelain bushings. 

On transformers operating at voltages from 
50,000 to 220,000 volts or more, special oil-filled 
porcelain bushings or condenser-type bushings are 
used. The high-voltage bushings on the 220,000 volt 
transformers shown in Fig. 109 are of the oil-filled 
porcelain type. The porcelain of these bushings is 
hollow and is filled with oil, which is separated into 
layers by a number of thin insulating tubes. 

High-voltage bushings of this type have a metal 
rod extending through them from one end to the 
other, to serve as a conductor. The coil and line 
leads are connected to the top and bottom ends of 
this rod by means of bolts or threaded connections. 

Fig. 112. This photo shows a temperature-indicating device for use 
with pole type transformers. This device is called a thermotel and 
indicates both excessive temperatures and overload of a transformer 
on which it may be installed. 

The condenser-type bushing consists of a num-
ber of alternate layers of insulation and metal foil 
wrapped tightly around the conductor rod. The 
reason for using layers of metal foil in a bushing of 
us type, instead of using solid insulation, is that 
e metal distributes the voltage stress more evenly 

over the entire surface of the insulation layers and 
thereby reduces the tendency to puncture at one 
spot near the iron tank of the transformer. 

Fig. 113 shows a polyphase transformer removed 
from its tank, but with the cover in place so the 
lower ends of the insulating bushings can be seen. 
The smaller bushings in the front are those of the 
low-voltage leads and the larger bushings in the 
rear are those of high-voltage leads. 
You will also note that the connecting lead be-

tween the two outer windings is carried across 
through a special tube of insulating material, to 
prevent flashing over to the center coil. 
Power transformers are built in voltages ranging 

from 110 to 220,000, while special testing trans-
formers used in research and laboratory work are 
built to develop voltages as high as 250.000 or more 
from one unit. 
A number of these transformers can be connected 

in series or cascade connection to obtain potentials 
as high as several million volts. Voltages of this 
order are used in making flash-over and puncture 
tests on line insulators, transformer bushings, high-
voltage cables, etc. They are also used for deter-
mining the effects of lightning on transmission line 
equipment, electrical machinery, and buildings. Fig. 
114 shows a demonstration of an arc from the high-
voltage transformers which can be seen in the right 
rear of this photo. 

Special industrial transformers are made to step 
voltages down as low as 1 or 2 volts and to produce 

Fig. 113. This view shows the core and windings of a high voltage. 
three-phase transformer and also the lower ends of the insulating 
bushings through which the high voltage and low voltage leads are 
taken from the tank. 
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many thousands of amperes from very low voltage 
secondary windings, to be used in butt welding, 
spot welding, etc. 
Transformers are rated in kv-a. and are built 

in sizes from a fraction of one kv-a. to 40,000 kv-a. 
or more. 

122. TANSFORMER PRINCIPLES 
When the primary winding of a transformer is 

excited with alternating current, the powerful mag-
netic field which is set up around this winding and 
through the core will cut across the turns of the 
secondary winding as the flux expands and con-
tacts with the variations and reversals of the cur-
rent in the primary winding. 
As this flux cuts back and forth across the turns 

of the secondary winding, it induces a voltage in 
each of these turns by the principle of electro-mag-
netic induction which has already been explained. 
As the induced voltage in the secondary coil de-

pends upon the movement of the primary flux, and 
as this flux moves in synchronism with the alterna-
tions of the primary current, the secondary current 
will always be of the same frequency as that in the 
primary. 
The secondary current will, however, always be 

approximately 180° out of phase with the primary 
current. This is due to the fact that the most rapid 
change of primary flux occurs during the period 
when the primary alternations are passing through 
or near their zero values, as was shown with the 
sine curves in Section One of Alternating Current. 

It is at this point of most rapid flux change that 
the maximum voltage is induced in the secondary; 

Fig. 114. The above photo shows a high voltage test room at the plant 
of the General Electric Company. Transformers in this room are 
capable of producing over one million volts and an enormous arc 
produced by this voltage can be seen above the sphere gap and 
condenser slightly to the left of the center of the picture. 

Fig. 115. This sketch illustrates the operating principle of a simple 
transformer and shows the manner in which the primary flux passes 
through the core and induces voltage in the secondary winding. 

therefore, the maximum secondary voltage occurs 
approximately 90° later than the maximum primary 
current. 
As a transformer winding is highly inductive and 

has very little resistance, the secondary current will 
lag approximately 90° behind the induced second-
ary voltage. Thus, the secondary current is approxi-
mately 180° behind the primary current. This is a 
very good point to remember because it means that 
when the current flows through the primary coil in 
one direction, as shown by the arrows in Fig. 
it will be flowing in the opposite direction throu 
the secondary coil. 

Therefore, if the primary and secondary coils are 
wound alike, the voltage polarities produced at the 
ends of the secondary coil will be opposite to those 
applied to similar ends of the primary coil. 
You will note in Fig. 115 that, while the greater 

part of the magnetic flux set up by the primary 
follows the iron core, a certain amount of this flux 
will be set up around the windings outside of the 
core and also across the opening between the core 
legs. This is called leakage flux and is considerably 
greater at full load of the transformer than at no 
load. 

123. TRANSFORMER RATIOS AND 
SECONDARY VOLTAGES 

In a simple transformer, all of the turns of the 
secondary coil are in series with each other, so 
their induced voltages will add together and the 
voltage at the terminals of the secondary winding 
will be the sum of the voltages induced in all the 
turns. 
Therefore, the greater the number of turns in the 

secondary winding of any transformer, the higher 
will be the voltage induced in this winding. 
From this, we find that in any transformer the 

amount of voltage change, or the ratio between 
primary and secondary voltages, will be prop. 
tional to the ratio between the number of turns in 
the primary and secondary windings. 
For example, if the primary winding of the trans-
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former shown in Fig. 115 has fifty turns and the 
secondary winding has one hundred turns, the 

nsformer will be a step-up transformer with a 
of one to two. 

The first figure of a transformer ratio always re-
fers to the primary and the second figure to the 
proportional number of turns in the secondary. 

If, in another case, we have a step down trans-
former with a primary winding of 1000 turns and a 
secondary winding of 100 turns, the ratio of this 
transformer would be expressed as 10:1; and if we 
were to apply 2200 volts to the primary winding, 
220 volts would be produced by the secondary 
winding. 
From these illustrations we can see that the fol-

lowing formula applies: 
Primary turns Primary voltage  

Secondary turns Secondary voltage 
or, in the case of the transformer just mentioned, 

1000 2200 10 

100 
= 0220 , 1 =10:1 

If we know the ratio between the number of 
turns on the primary and secondary windings of 
any transformer and know the amount of primary 
voltage which is applied, we can easily determine 
the secondary voltage, because it will bear the same 
relation to the primary voltage as the number of 
secondary turns bears to the number of primary 

o find the secondary voltage of either a step-up 
or step-down transformer, divide the primary vol-
tage by the ratio of primary to secondary turns, or 
in other words, 

Secondary E = (Primary E X last figure of 
ratio) first figure of ratio. 
For example, if a step-up transformer with a 

ratio of 1 to 10, has 100 volts applied to its primary, 
the secondary voltage will be (100 X 10) 1, or 
1000 volts. 

If, in another case, a step-down transformer with 
a ratio of 20 to 1 has 2200 volts applied to its pri-
mary, the secondary voltage will be (2200 X 1) 
20, or 110 volts. 
The formula for finding the approximate second-

ary current is as follows: 
Sec. I = (Pri. I X first figure of ratio) ÷ 

last figure of ratio. 

124. POWER OUTPUT OF TRANSFORMERS 

If a transformer were 100% efficient, the amount 
of power in kv-a. that would be obtained from the 
secondary would always be the same as that sup-
plied to the primary, regardless of the amount that 
the voltage might be stepped up or down. 
Of course, no transformer can be 100% efficient, 

but the efficiency of large power transformers is 
high that for simple illustrative problems we 

wy ignore the slight loss. 
If a step-up transformer produces a secondary 

voltage ten times as high as the voltage applied 
to the primary, then the full load current in the 

secondary winding will be just one-tenth of that 
in the primary winding. 
For example, if a 10 kv-a. transformer with a 

ratio of 1 to 10 has 200 volts and 50 amperes applied 
to its primary and increases the voltage to ten 
times higher, or 2000 volts on the secondary, the 
full load secondary current will then be 5 amperes. 

If we multiply the volts by the amperes in each 
case, we will find the same number of volt-amperes 
or kv-a. in the secondary as in the primary. The 
primary voltage times primary current will be: 

200 X 50 = 10,000 volt-amperes, or 10 kv-a. 
The secondary volts times the secondary amperes 

will be: 
2000 X 5 = 10,000 volt-amperes, or 10 kv-a., 

as before. 
From this, it is evident that the high-voltage 

winding of any transformer can be wound with 
correspondingly smaller wire, according to the ratio 
between the high-voltage and low-voltage windings. 
Therefore, the high-tension winding of any trans-
former is always the one with the smaller wire and 
the greater number of turns; while the low tension 
winding is the one with the larger wire and the 
smaller number of turns. 
This has been mentioned previously but it is re-

peated here as a reminder of a very simple way to 
determine which is the high-voltage coil and which 
is the low voltage coil of any transformer. 
As power factor doesn't enter into the kv-a. rat-

ing of a transformer or into the calculations for 
volt-amperes, it is a simple matter to find the cur-
rent rating of any transformer winding merely by 
dividing the volt-amperes by the voltage of that 
winding. 
To obtain the volt-amperes, remember, it is only 

necessary to multiply the kv-a. rating by 1000, as 
one kv-a. equals 1000 volt-amperes. 
One volt-ampere is the same as one watt of ap-

parent power. For example, if we have a 10 kv-a. 
transformer with a ratio of five to one, and a pri-
mary voltage of 550, the secondary voltage would 
be 110 volts. If we multiply the kv-a. rating of 10 
by 1000, we get 10,000 volt-amperes. The primary 
current will then be 10,000 ÷ 550, or 18.2 amperes, 
and the secondary current will be 10,000 110, or 
91—amperes. 

If the power factor of a transformer were 100%, 
we could obtain the same number of actual kw. of 
true power as the kv-a. rating of the transformer. 
However, the power factor of a transformer and 
its attached load is usually much lower than 100%, 
so it is often possible to have a 10 kv-a. transformer 
fully loaded and yet supplying only 5 to 8 kw. 

This is the reason transformer capacity is always 
rated in kv-a. 

125. EFFECT OF SECONDARY LOAD CUR-
RENT ON PRIMARY CURRENT 

When a transformer is operating idle, that is, 
connected to the line but having no load connected 
to the secondary, only a very small amount of cur-
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rent will flow in the primary winding. This current 
is called the magnetizing current and is just the 
amount required to strongly magnetize the core. 
As long as a transformer is not loaded, the lines 

of force of this very strong field set up by the mag-
netizing current are constantly cutting across the 
turns of the primary winding and thereby inducing 
a counter-voltage which is very nearly equal to the 
applied voltage. This limits the current flow to 
a very small amount. 
As soon as the load is connected to the second-

ary, the primary current will automatically and 
immediately increase in proportion to the amount 
of this load. If the secondary is fully loaded, the 
primary current immediately comes up to full load 
value. If the secondary is overloaded the primary 
will also be overloaded, and it is thus possible to 
burn out the primary or both the primary and 
secondary windings by connecting too much load 
to the secondary of any transformer. 

This automatic variation in the current taken by 
the primary whenever the load on the secondary is 
changed, is caused by the reaction of the secondary 
flux on the flux of the primary coil. When there 
is no load connected to the secondary winding there 
will, of course, be no current flowing through it, 
even though full voltage is induced in this winding. 
As soon as its circuits is closed by connecting some 
load to the secondary leads, current starts to flow 
through this winding and sets up a magnetic field 
around it. 
We recall that the current in the secondary wind-

ing is always 180° out of phase or in the opposite 
direction to that in the primary; therefore, the 
magnetic flux set up by the secondary is in the op-
posite direction to the primary flux in the core. 

This secondary flux neutralizes a certain amount 
of the primary flux and reduces the number of lines 
of force which are cutting across the primary turns. 
This reduces the counter-voltage set up in the 
primary and allows more current to flow through it. 
The resistance of the primary winding is so low 

as to be almost negligible, so the transformer de-
pends largely upon the counter-voltage of self-in-
duction to limit the current flow through this 
winding. 

If the secondary load is increased to such an ex-
tent that the flux of its currents neutralizes a large 
part of the primary flux, the counter-E.M.F. gener-
ated in the primary winding will be so low that 
an excessive flow of current will result and possibly 
burn out the winding. 

This is a very important principle to keep in mind 
in connection with transformers and certain other 
alternating current machines. It explains the rea-
son why A. C. windings will usually be burned out 
very quickly if connected to a D. C. circuit; because 
direct current, with its constant and unchanging 
flux, doesn't develop counter-voltage to limit the 
current flow. 

Fig. 116. This diagram shows the methods of connecting a shunt and 
a voltmeter to the high tension and low tension terminals of a 
transformer for making a polarity test. 

126. POLARITY OF TRANSFORMER LEADS 
Nearly all modern transformers have their H.T. 

and L.T. leads marked with polarity markings. 
These marks would be for example: H-1 and H-2 
on the high-tension side of a single-phase trans-
former, and X-1 and X-2 on the low tension side. 
On a three-phase transformer, the leads would be 

marked FI -1, H-2, and H-3 on the high-tension side; 
and X-1, X-2, and X-3 on the low-tension side. 
These polarity markings indicate the order in which 
the leads are brought out from the windings,. 
also indicate the respective polarities of pri 
and secondary leads at any instant. 
We know, of course, that the polarity of alter-

nating-current windings is continually and rapidly 
reversing; but, as the secondary always reverses 
with the same frequency as the primary and is 
always 180° out of phase with the primary, we can 
determine the respective polarities at any instant 
of any alternation. 
These polarity markings aid in making the proper 

connections for transformers to be operated in par-
allel, as it is necessary to have similar leads con-
nected together, in order to have the transformers 
operate with the proper phase relations for satis-
factory parallel operation. 

If a transformer winding is marked H-1, H-2, 
H-3, and H-4, it will usually be found that H-1 and 
H-4 indicate the end-leads or full-winding termi-
nals, while H-2 and H-3 are intermediate taps taken 
off at certain sections of the winding. If transform-
ers are connected in parallel with wrong polarity 
they will burn out or blow the fuses. 
The highest and lowest numbers are placed at 

the end-leads or full winding, while the intervening 
numbers are placed on the part-voltage taps. The 
H-1 lead is usually located on the right-hand side, 
when facing the high tension side of the tra - 
former. With transformers marked in this man 
if the H-1 and X-1 leads are connected together, as 
shown by the dotted line in Fig. 116, then when 
the voltage is applied to the H.T. winding the vol-
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tage. between the remaining X-2 and H-2 leads will ¡bless than the full voltage of the high-voltage 
ding. 

In Fig. 116 a voltmeter is shown connected across 
the H-2 and X-2 leads of the single-phase trans-
former. The reason its reading will be lower than 
the applied voltage on the primary winding is be-
cause the polarity of the low-voltage winding is 
opposite to that of the high-voltage winding, and 
the two voltages will therefore oppose each other; 
so that the voltmeter will read their difference; or 
2200 — 110 equals 2090. A transformer with the 
leads arranged and marked in this manner is said 
to have subtractive polarity. 

If the leads are brought out of a transformer so 
that the voltmeter when connected to the adjacent 
H and X leads, as shown in Fig. 116, reads the sum 
of the voltages of the high tension and low tension 
windings, then the transformer is said to have addi-
tive polarity. In this case the markings of the X-1 
and X-2 leads would be reversed. 
On transformers which have their leads properly 

marked, the markings indicate whether the leads 
are arranged for subtractive or additive polarity. 

Fig. 117 shows on the left a transformer with the 
leads marked for subtractive polarity and on the 
right another transformer with the leads marked 
for additive polarity. 

liKhen facing the high-tension side of a trans-
er, if the X-1 lead is on the right-hand side, 

it indicates that the polarity is subtractive; while, 
if the X-1 lead on the left, it is then known to be 
additive polarity. 

Leading transformer manufacturers have adopted 
standard connections and polarity markings for 
their transformers. Most power transformers are 
arranged with subtractive polarity, except distribu-
tion transformers of 200 kv-a. and under and with 
voltage ratings of 7500 volts and less; and these 
transformers are arranged with additive polarity. 

éFi
 . 117. This sketch shows winhings of two transformers with their 

leads properly marked for subtractive and additive polarities. 

127. VOLTMETER TEST FOR TRANS-
FORMER POLARITY 

When the leads of a transformer are not marked 
in any manner, we can determine whether it has 
additive or subtractive polarity by simply connect-
ing a jumper between the high-tension and low-
tension leads on one side and a voltmeter of the 
proper rating between the high-tension and low-
tension leads on the other side, as shown in Fig. 
116. 

If, when the primary is excited with its rated 
voltage, the voltmeter reads the difference between 
the voltages of the high and low voltage windings, 
the transformer has subtractive polarity, and the 
leads should be marked as shown in Fig. 116. 

Fig. 118. Diagram of a transformer which is equipped with three 
windings. The high tension winding ir. this case is the primary, and 
the low tension winding is divided into two sections, called the 
secondary and tertiary windings. 

If the voltmeter reads the sum of the voltages of 
the high and low voltage windings, the transformer 
has additive polarity, and the leads should be 
marked as shown in the sketch at the right in 
Fig. 117. 
Sometimes a transformer may have on its core 

a third winding which really acts as an additional 
secondary winding and is for the purpose of supply-
ing a separate circuit of a different voltage. This 
third winding is commonly called a tertiary wind-
ing. 

Fig. 118 shows a transformer with primary, 
secondary, and tertiary windings. The primary 
winding is designed for 6000 kv-a. at 13,200 volts. 
The secondary winding, or larger of the two low-
tension windings, is designed for 4000 kv-a. at 6600 
volts. The tertiary winding, or smaller of the two 
low-tension windings, is designed for 2000 kv-a. at 
2200 volts. 
Some special transformers may also use tertiary 

windings to obtain certain power factor and voltage 
control characteristics. 



536 

TRANSFORMER CONNECTIONS 

Transformers can have their primary and second-
ary windings connected in a number of different 
ways, using series and parallel connections to ob-
tain different voltages, current capacities, etc. A 
number of the most common connections are thor-
oughly explained in the following paragraphs and 
illustrated with the accompanying diagrams. Ob-
serve each of these connections carefully and note 
the results obtained and the purpose for which each 
connection is used. Connections for single-phase 
transformers will be covered first and those for 
polyphase and special transformers will follow. 

Fig. 119 shows a sketch of the windings and leads 
of an ordinary single-phase transformer, such as is 
commonly used for supplying current to lights and 
small motors. This transformer has a ratio of 20:1, 
with the primary winding designed for 2300 volts 
for connection to the regular 2300-volt distribution 
lines which are commonly run down streets or 
alleys to supply power to homes and small shops. 
The secondary winding is designed for 115 volts 

and has two leads for connection to the service 
wires running to the house or shop. The outline of 
the tank is shown by the dotted line surrounding 
the windings. 
The high-tension and low-tension leads are usu-

ally brought out on opposite sides of the tank, as 
shown in this diagram. The position and manner 
in which these leads are brought out was also 
clearly shown on the two smaller transformers in 
Fig. 106. Refer back to this photograph so that you 
may note and have well in mind the manner in 
which these leads are brought out at the top of the 
transformer case. 

In Fig. 119, one side of the low-voltage secondary 
winding is shown grounded. This is done for safety 
reasons and to provide the grounded wire for polar-
ized lighting systems, as previously explained in the 
.iection on wiring for light and power. It is well to 
mention again that this ground affords a definite 
safety protection against damage to connected 
equipment or accident to persons, in case of failure 
of the insulation between the high-voltage and low-
voltage windings. 

For this reason, the ground wire which is at-
tached to the secondary wire and carried down the 
pole to a ground rod should be carefully connected 
and protected from breakage or damage. 

129. SINGLE-PHASE TRANSFORMERS 
WITH SPLIT SECONDARIES 

Most single-phase transformers are made with 
the secondary winding in two sections and have 
four leads brought out from this winding. This 
allows a choice of two voltages for light and power 
purposes, and also provides connections to obtain 
a three-wire Edison system with grounded neutral 
for lighting purposes. 

• 
Secondary windings arranged in this manner are 

known as split-secondary, or series-multiple second-
ary, windings. Fig. 120-A shows a diagram of a 
transformer of this type and also shows the man-
ner in which the center leads of the split-secondary 
are usually crossed inside the transformer tank. 
This is done for convenience in connecting them in 
either series or parallel outside of the tank. 

Fig. 120-B shows how the two sections of the 
secondary winding can be connected in series by 
simply connecting the two center leads together on 
the outside of the tank. Each half of the secondary 
is designed to supply 115 volts, so that when the 
two are connected in series, 230 volts will be ob-
tained across the outside wires and 115 volts across 
either outside wire and the center wire. 

Fig. 119. The above sketch shows a schematic diagram of the primary 
and secondary windings of a single-phase transformer. This trans-
former has a step-down ratio of 20:1 and one side of the secondary 
is grounded, as is common practice. 

If only 230-volt service is desired, the center wire 
can be left off and just the two outside wires used, 
but if three-wire, 115-volt and 230-volt service is 
desired, the center wire is connected to the point 
where the secondary coils are joined together, as 
shown. The ground connection should be attached 
to the center point when the three-wire system ;s 
used, and can be attached either to the center or to 
one of the outside wires when 230-volt, two-wire 
service is used. 

Fig. 120-C shows the manner in which the two 
secondary windings can be connected in parallel to 
supply 115 volts and double the current capacity of 
either winding. This makes the entire output of 
the transformer available at 115 volts. 
You will note from this diagram that having the 

center leads crossed inside the transformer makes 
possible a very convenient parallel connection by 
simply connecting together the adjacent leads out-
side of the tank. 
The connections shown in Fig. 120-B for provgle 

ing 115 and 230-volt service, brings three wires 
from the secondary of the transformer. The circuit, 
however, remains single-phase and should never 
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Fig. 120. A shows a single-phase transformer with the secondary wind-
ing in two sections. Note the manner in which the leads are crossed 
inside of the tank. B. Secondary windings connected for 115 and 
230-volt service. C, Secondary windings connected in parallel for 
115-volt service. 

be confused with a three-phase transformer just be-
cause they both have three wires. 
Keep in mind when connecting load to a three-

wire system, that the load should be balanced as 
evenly as possible between each outside wire and 
the neutral, in order to prevent operating one side 
of the transformer secondary heavily loaded while 
the other is idle or lightly loaded. 
The arrows shown above the windings in Figs. 

120-B and 120-C indicate the direction of the volt-
age that would be induced in the secondary coils 
with respect to. the voltage in the primary at a cer-let instant when the right-hand primary wire is 

sidered to be positive. 
These arrows will show how the voltages of the 

two secondary coils add together in Fig. 120-B and 
how the currents would add together in Fig. 120-C. 

130. TESTING SPLIT-SECONDARY LEADS 
BEFORE MAKING CONNECTIONS 

In connecting the two coils of the secondary 
winding of a transformer in either series or parallel, 
if there is any doubt as to the way connections 
have been brought out of the tank, the leads before 
being connected together should be carefully tested 
by means of test lamps or a voltmeter. 
To test them for finding the proper leads to con-

nect in series, connect together two leads, one from 
each coil, and then connect a lamp or voltmeter be-
tween the remaining two leads. If when the primary 
is excited, the lamps burn brightly or the volt-
meter indicates the sum of the voltages of the two 
secondary windings, the connection is correct for 
series operation. 
The first two leads which were joined can then 

be permanently connected together, and the line 
wires connected to the two wires to which the 
lamp or voltmeter were attached. 

In testing the leads for parallel connection, again 
temporarily join together one lead from each coil 
Mid connect the lamps or voltmeter between the 
nirmaining two leads. If when the primary is excited, 
the lamps do not burn or the voltmeter shows 
no indication, the leads to which they are connected 
may be safely joined together to one of the line 

wires for parallel operation. The other leads can 
be permanently connected together and attached to 
the opposite line wire. 

If the lamps light or the voltmeter indicates volt-
age, the leads are improperly connected and should 
be reversed before being permanently connected for 
parallel operation. 

It is very important that the proper leads be used 
when connecting transformer secondaries in paral-
lel; otherwise, the windings will probably be burned 
out when the primary is excited. 

131. PARALLELING SINGLE-PHASE 
TRANSFORMERS 

Two or more single-phase transformers can be 
connected in parallel to supply a greater current 
or kv-a. of power than the capacity of one trans-
former will provide. In this manner additional 
transformers can be installed to take care of in-
creasing load which has grown beyond the capacity 
of transformers already installed, or two or more 
small transformers can be temporarily connected in 
parallel to replace one larger transformer in emer-
gencies when the larger transformer is to be taken 
Jut of service for repairs. 

In paralleling transformers it is necessary to 
connect together transformers of similar character-
istics; otherwise, one transformer may assume more 
than its share of the load and possibly blow the 
primary fuses. This would throw all of the load 
on the remaining transformers and would either 
overload them, or blow the fuses in their primary 
leads. 

It is also very important to see that leads of the 
proper polarity are connected together; because, if 
the wrong secondary leads are connected in paral-
lel, it would result in a double-voltage short-circuit, 
the same as though two single-phase alternators 
B •cre connected in parallel when 180° out nf phase 

H 1 Bus HIGH VOLTAOL LINC or Bus 

H 2 Bus 

X-1 

x Bub 

Primary le Fuses 
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X-2 X-1 

6?) 
X-2 
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X-1 X-4 x-1 
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Fig. 121. A shows two single-phase transformers with like polarities 
connected in parallel. B shows the proper method of connecting two 
single-phase transformers in parallel when the polarity of one 
subtractive and the other is additive. Note the polarity markings BI 
each case. 
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Transformers with different ratios should never 
be connected in parallel, as even a small difference 
in the secondary voltages of two or more trans-
formers would result in very heavy cross currents 
bet NA een the units if they were connected together. 
When the primary and secondary leads are prop-

erly marked, it is a simple matter to connect two 
or more single-phase transformers in parallel, as 
leads with like polarity markings can then be safely 
connected together, as shown in Fig. 121-A. 

In connecting together two transformers, one of 
which has additive polarity and the other sub-
tractive polarity, the leads should be arranged in 
parallel, as shown in Fig. 121-B. 

132. TESTING SECONDARY LEADS FOR 
PARALLELING SINGLE-PHASE 
TRANSFORMERS 

If the leads of the transformers are not marked, 
then the secondary leads should be tested with a 
voltmeter or lamp bank before being connected in 
parallel. This test is illustrated in Fig. 122, and 
is similar to the tests made for parallel connections 
of the two secondary windings of one single-phase 
transformer. 

H.T. 

(a.4  

Fig. 122. This diagram illustrates the method of using a voltmeter to 
test the polarity of a transformer secondary before connecting it in 
parallel with another. 

The high-tension leads can be connected to the 
supply line in a uniform manner, as shown in the 
diagram. The secondary leads of one transformer 
can then be connected to the low-voltage line, and 
the secondary leads of the other transformer should 
have an instrument fuse connected in one and a 
voltmeter connected in the other; then they can be 
connected to the line in the same manner as those 
of the other transformer. 

If the voltmeter shows no reading, the connec-
tions are correct for parallel operation and the fuses 
can be eliminated and the voltmeter removed from 
the circuit. If the voltmeter does show a reading, 
the connections are wrong and the leads of one 
transformer secondary should be reversed and then 
connected to the line after testing again with the 
voltmeter to make sure that they are right. 

133. CONNECTING TRANSFORMER 
PRIMARIES IN SERIES 

In certain cases it might be desired to connect a 
back of single-phase transformers to a high-tension 

line which has a voltage higher than the voltage 
rating of the high-tension winding of the tranÁK 
formers. As the more common distribution air 
transmission voltages usually vary in multiples such 
as 2200 volts, 6600 volts, 13,200 volts, etc., it is often 
possible to connect the primaries of two or more 
transformers in series to the high-voltage line. The 
secondaries can then be connected in parallel or 
series as desired. 

Fig. 123 shows three single-phase transformers 
with 2200-volt primary windings connected in series 
to a 6600-volt line. The impedance of the three 
windings in series is the same as that of one 6600-
volt winding of the same kv-a. capacity and will 
therefore limit to the proper value the current 
which will flow through the windings at 6600 volts. 
The secondaries of these three transformers are 

shown connected in parallel to the low-voltage line. 
If each of the transformers has a 10:1 ratio, the 
low-voltage line will be supplied with 220 volts 
and the power that can be taken from this line will 
be equal to the sum of the kv-a. ratings of the three 
transformers. The extent to which such series con-
nections can be applied is limited by the insulation 
between the transformer coils and ground. 

Fig. 124 is a photograph of a transformer installed 
on a pole, and shows the method of connecting the 
low-voltage secondary leads together and to the 
wires which run to the buildings for three-wire 
service. You will also note the lightning arrest 
which are attached to the high voltage wires alle 
have their lower ends grounded, and the fuse cut-
outs which are mounted on the rear cross-arm 
and connected in series with the primary leads. 
This view also shows the installation of a ther-

motel temperature and load indicator which is 
inserted under the edge of the transformer tank 
cover. 

134. THREE-PHASE TRANSFORMER 
CONNECTIONS 

To step the voltage of a three-phase circuit up 
or down, it is necessary to use either a polyphase 
transformer or three single-phase transformers; 
except in certain cases where, by means of special 
connections, two single-phase transformers can be 
used. 

Fig. 123. Transformer primaries are sometimes connected in series to a 
line of higher voltage as shown above. The secondaries can then be 
connected for parallel operation. 
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Fig. 124. This photo shows a pole type transformer and the method of 
making primary and secondary connections. Also note the thermotel 
temperature indicator near the hand of the electrician. 

Each method will be explained in the following 
Iltp aragraphs. 

olyphase transformers are quite commonly used 
ere space is limited, because they are more com-

pact and require less space than three single-phase 
transformers of the same kv-a. rating. 
Where flexibility is desired, three single-phase 

transformers are frequently used because of the 
advantage in the fact that if one transformer is 
taken out of service the load can be temporarily 
carried by the other two, by making a slight change 
in the connections. 

Fig. 125 shows the arrangement of the primary 
and secondary coils on the core of a three-phase 
step-down transformer. This sketch also shows the 
connections of the primary and secondary windings 
to high-voltage and low-voltage three-phase lines. 

In each of the following connection diagrams 
three primary and three secondary windings will 
be shown without the cores, and these can be used 
to represent either three single-phase transformers 
or the three sections of a three-phase transformer. 
When three single-phase transformers are con-

nected together to a three-phase system they are 
commonly referred to as a bank of transformers. 

135. STAR AND DELTA CONNECTIONS. 
AND THEIR VOLTAGE AND 
CURRENT RATIOS 

There are three types of connections commonly liked with transformers on three-phase systems, and 
ese connections are known as the star, delta, and 

open-delta connections. 
nrdinary star and delta connections and their 

voltage and current ratios have been explained both 
in the second section on Armature Winding and 
in the first section on Alternating Current, in.con-
nection with A. C. motor and generator windings. 
The same ratios and values for these connections 
apply to transformers as well as to motors or gen-
erators, and they will therefore be repeated here 
for convenience. 
You will recall that the star connection provides 

a sort of series arrangement of the windings of 
any electrical machines connected in this manner; 
while the delta connection is a parallel arrangement 
of the windings. 
The star connection always increases the line 

voltage above that of the phase windings, while 
the delta connection increases the line current above 
that of the phase windings. 
When transformer or generator windings are 

connected star, the line voltage will be 1.732 times 
the phase-winding voltage and the line current will 
be the same as the phase-winding current. 
When transformers or generators are connected 

delta, the line current will be 1.732 times the phase-
winding current and the line voltage will be the 
same as that of the phase windings. 
We recall that multiplying either the current or 

voltage by the constant 1.732 gives the actual sum 
of two values which are added together 60° out 
of phase. Note.—These values are 60° out of phase 
in the machine windings, but 120° out of phase with 
the line. To make it very easy to determine the 
voltage or current that can be obtained by the 
use of star or delta connections with transformers, 
we can arrange the material from the preceding 
statements in the following simple rules. 

Rules for Star connections: 
(A) Line I = Phase I 
(B) Phase I = Line I 
(C) Line E = Phase E 
(D) Phase E = Line E 

Rules for Delta connections: 

(A) Line E = Phase E 
(B) Phase E = Line E 
(C) Line I = Phase I X 1.732 
(D) Phase I = Line I -i- 1.732 

136. THREE-PHASE STAR CONNECTIONS 

Fig. 126 shows a diagram of the connections for 
either three single-phase transformers, or the three 
sets of windings of a polyphase transformer, in 
which both the primaries and secondaries are con-
nected star, or Y. 
This connection is known as the star-star or Y-Y 

connection. 
You will note that, with this connection, the 

right-hand ends of each of the transformer windings 
are connected together to one common point or 
wire, and the left-hand ends are connected sepa-
rately, one to each phase wire of the lines. 
Tracing out this connection from each line wire 

through the phase windings, you will find it results 

X 1.732 
÷ 1.732 
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3 PHASE H /Ohl VOLTAGE LINE 

3 PHASE LOW VOLTAGE LINE 

Fig. 126. The above sketch shows the primary and secondary windings 
of a three-phase transformer. Both primary and secondary are 
connected delta to the line Wires. 

in a star-shaped connection, as shown by the small 
simplified sketch at the left in Fig. 126. 
To remember how to make this star connection, 

it is only necessary to keep in mind that one end 
of each winding is connected to a common wire 
or neutral point and that the remaining ends are 
connected in order to respective phases. 
Where transformers are placed in an ordinary 

row or bank and where they have their terminals 
arranged and marked symmetrically, the connec-
tions to the high-voltage and low-voltage lines can 
usually be made in the same neat and symmetrical 
order as shown in Fig. 126. Following a definite 
and orderly system in this manner whenever pos-
sible, will help you to avoid mistakes when making 
such connections. 
With this connection the primary line voltage 

will be found between L A and L B, L B and L C, 
and between L C and L A. This line voltage can 
also be found between any two of the three phase 
wires, A, B, and C. 
The primary phase voltage is the voltage between 

L A and D, L B and D, and L C and D. 
The secondary line voltage can be measured be-

tween S A and S B, between S B and S C, or 
between S C and S A. 

It can also be measured between any two of the 
three phase wires, A, B, and C. 
The secondary phase voltage can be measured 

between S A and E, S B and E, or S C and E. 
For the purpose of illustrating the various voltage 

and current values on the primary and secondary 
line leads and phases, we shall assume that the 
primary line voltage is 1000 volts and the primary 
line current 10 amperes; and that the step-down 
ratio of the transformers is 10:1. 

Then, according to rule D for Y connections, the 
primary phase voltage will be: 1000 ÷ 1.732, or 
577 volts across each phase winding. 

According to rule B for the current in Y con-
nections, the primary phase current will be 10 
amperes. Then, considering the 10 :1 ratio, 
secondary phase voltage will be 577 ± 10, or le 
volts. 
The secondary current will be increased in the 

same proportion that the voltage is decreased; so 
that the secondary phase current will be 10 X 10, 
or 100 amperes through each phase winding. 
The secondary line voltage will be 57.7 X 1.732, 

or 99.9+ volts. 
According to rule C for Y connections, the sec-

ondary line current will be the same as that in 
the phase windings, or 100 amperes. According to 
rule A for Y connections, the apparent power in 
the secondary line would be equal to the apparent 
power in the primary line, minus the very small 
percentage of loss in the transformers. When the 
transformers are operating at or near full load, this 
loss is so small that it is generally not considered 
in the ordinary approximate calculations used in 
field problems. 
To calculate the power of the three-phase bank 

of transformers from the primary line voltage and 
current, we would use the three-phase power for-
mula given in Section One of Alternating Current, 
or: 

Three-phase app. power =EX I X 1.732 
With the values given in Fig. 126 this would be: 

1000 X 10 X 1.732, or 17.3+ kv-a. 

Following the same rule for the secondary, we 
would have: 

99.9 X 100 X 1.732, or 17.3+ kv-a. 

If the primary line voltage used on a star con-
nection such as shown in Fig. 126 were 4000 volts 
instead of the 1000 volts assumed in this problem, 
then the primary phase voltage would be 4000 ± 
1.732, or approximately 2309 volts across the pri-
mary winding of each transformer. 
This voltage is very commonly used where the 

primaries of three transformers are to be connected 
in star and the secondaries used separately for sup 

• 

Fig. 126. Connection diagram for a bank of three transformers 
connected star-star. 
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plying single-phase light and power load at 115 and 
230 volts. 

e. THREE-PHASE DELTA CONNECTIONS 
Fig. 127 shows the connections for a bank of 

three single-phase transformers, or the three sets 
of windings of a three-phase transformer, which are 
connected delta-delta, or A-A. These transformers 
are also of the 10:1 step-down ratio, and we shall 
assume the same values of 1000 volts and 10 am-
peres on the primary line. 

If the primary line voltage is 1000, then, according 
to the rule B for delta connections, the primary 
phase voltage is also 1000. According to rule D 
for delta connections, the primary phase current will 
be 10 -÷- 1.732, or 5.77 amperes through each phase 
winding. 
With the 10:1 step-down ratio, the secondary 

phase voltage will be 1000 ÷ 10, or 100 volts from 
"c" to "d" across each phase winding, and the sec-
ondary phase current will be 10 X 5.77 or 57.7 
amperes through each phase winding. 

A-A 

SI 32 33 

SECONDARY LINE 

Fig. 127. Connection diagram for a three-phase bank of transformers 
connected delta-delta. Compare the large diagram with the small 
schematic sketch at the left and also with the explanation given in 
these paragraphs. 

According to rule A for delta connections, the 
secondary line voltage will be 100; and according 
to rule C for delta connections, the secondary line 
current will be 57.7 X 1.732, or 99.9+ amperes. 
The apparent power in kv-a. will again remain 

the same on the secondary as on the primary, with 
the exception of the slight loss in the transformers. 
So we find that it makes no difference in the amount 
of power the transformer will handle whether it is 
connected star or delta. 
When a bank of transformers are connected either 

star-star or delta-delta, the difference between their 
primary and secondary line currents and voltages 
will only be that difference which is caused by the 
ratio between the transformer windings. 

118. THREE-PHASE STAR-DELTA 
CONNECTIONS 

Fig. 128 shows a bank of three transformers con-
nected star-delta, or Y-A. The phase winding leads 
and line leads are marked the saine in this diagram 

as in Fig. 127, and this transformer is also a step-
down transformer with a ratio of 10:1. 
We shall again assume the primary line voltage 

to be 1000 and the primary line current to be 10 
amperes. With this connection, the primary phase 
voltage will be 1000 -i- 1.732, or 577 volts between 
"a" and "b", or across each phase winding. 
The primary phase current will be the same as 

the line current, or 10 amperes. With the 10:1 
step-down ratio, the secondary phase voltage across 
each phase winding, or between "c" and "d", will be 
577 -i- 10, or 57.7 volts. The secondary phase cur-
rent will be 10 X 10, or 100 amperes. 

Fig. 128. Three-phase transformer bank with the primary connected star 
and the secondary delta. This connection is called "star-delta." 

The secondary line voltage will be the same as 
the secondary phase voltage, or 57.7; because the 
secondary is connected delta. Check this with rule 
A for delta connections. 
The secondary phase current will be 10 X 10 or 

100 amperes, and the secondary line current will 
be 100 X 1.732, or 173.2 amperes, according to rule 
C for delta connections. 

139. DELTA-STAR CONNECTIONS 
Fig. 129 shows a bank of three transformers con-

nected just the opposite to those in Fig. 128. In 
this case, the primary is connected delta and the 
secondary is connected star. This is called a delta-
star or A-Y connection. 
You will note that in referring to these connec-

tions with the terms delta or star, the primary is 
always mentioned first; the same as when speaking 
of the ratio between primary and secondary wind-
ings. 
Assuming the same figures of 1000 volts and 10 

amperes on the primary line and a 10:1 step-down 
ratio for these transformers in Fig. 129, the primary 
phase voltage will be 1000 from "a" to "b" in any 
phase winding, according to rule B for delta con-
nections. The primary phase current will be 10 ÷ 
1.732, or 5.77 amperes through each phase winding, 
according to rule D for delta connections. 
With the 10:1 step-down ratio, the secondary 

phase voltage will be 100; and the secondary phase 
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Fig. 129. Three-phase transformer bank connected delta-star. Observe 
carefully the methods of making the connections shown in each of 
the diagrams in this section. 

current will be 10 X 5.77, or 57.7 amperes. The 
secondary is connected star; so, according to rule 
C for star connections, we find that the secondary 
line voltage will be 100 X 1.732, or 173.2 volts. 
This voltage would be found between S-1 and 

S-2, or between S-2 and S-3, or S-3 and S-1. 
The secondary line current will be the same as 

the phase current, or 57.7 amperes. Check this 
with rule A for star connections. 

If you determine the apparent power in kv-a. of 
both the primary and secondary windings in either 
Fig. 128 or Fig. 129, by using the formula, 

three-phase app. power .= 
Line E X Line I X 1.732, 

and using the voltage and current values given for 
the lines in each case, you will find the power to 
be the same on the secondaries as on the primaries. 
This will be very good practice and will help you 

to become more familiar with the use of the three-
phase power formula and calculations. 
The four transformer connections which have just 

been explained and illustrated are the ones most 
commonly encountered in the field. Some com-
panies may make slight variations or changes in 
these, but the general principles involved remain 
the same. 

140. ADVANTAGES OF STAR CONNEC-
TIONS FOR TRANSMISSION LINES 

One of the principal advantages of the star con-
nection for transformers is that it provides higher 
voltages for use on long-distance transmission lines, 
with the lower ratios between the primary and sec-
ondary windings. 
When used in this manner, the transformer sup-

plying the power to the line is usually connected 
delta-star, to step up the voltage as high as possible 
with a given transformer ratio. The transformer 
at the receiving end of the line can then be con-
nected star-delta, in order to reduce the voltage the 
maximum amount with a given transformer ratio. 

Fig. 130 illustrates the use of these connections 

with a transmission line. A power plant alternator 
develops 2300 volts which is fed to the delta-con-
nected primary of the step-up transformer. 
transformer, having a ratio of 1:10, will pro. 
a phase voltage of 23,000 volts in each phase of the 
star-connected secondary. The line voltage, how-
ever, will be 23,000 X 1.732, or 39,836 volts. 

If we had used either a delta-delta or star-star 
connection, the line voltage would only be 23,000 
with a 1:10 transformer ratio. Knowing that the 
higher the voltage used on the transmission line 
the greater will be the economy of transmission 
and the saving in copper costs, we can readily see 
the advantage of this connection. 
At the receiving end of the line shown at the 

right, the step-down transformers use the opposite 
connection, or star-delta, to step the voltage down 
a maximum amount for a given ratio. Here a 10:1 
ratio transformer with star-connected primary and 
delta-connected secondary will reduce the secondary 
line voltage to 2300 volts. This voltage can be 
used directly on large 2300-volt power motors, or 
it can be stepped down again with smaller banks 
of 10:1 transformers, using split secondaries to ob-
tain 115 and 230 volts for lighting purposes. 

Fig. 130. This diagram illustrates the method and advantage of using 
star-delta and delta-star transformer connections with transmission 
lines. 

When using transformers with the secondaries 
connected star and attached to high-voltage trans-
mission lines, the neutral point of the star connec-
tion is commonly grounded. This provides another 
great advantage for the star connection because it 
makes possible the use of higher transmission line 
voltages with less voltage strain between the line 
wires and ground. 
This greatly reduces the tendency to flash-oàm 

the line insulators and makes possible the us8110 
smaller insulators, thereby reducing the cost of the 
transmission line. 
You will note that, while the voltage between 
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the line wires in Fig. 130 is 39,836 volts, the voltage 

ibpween any line wire and ground or the steel tower orting the insulator will only be 23,000 volts, 
or that of one phase winding of the step-up trans-
former secondary. 
This is due to the fact that the neutral point of 

the star connection is grounded and will always 
be at approximately the same potential as the tower 
supporting the insulators. 

141. OPEN-DELTA CONNECTIONS 
One of the advantages of the delta connection 

for transformers is that one transformer can be 
taken out of service for repairs, and service main-
tained on the remaining two by what is known 
as the open-delta or V connection. 

In other cases where it is desired to provide 
three-phase service with only two transformers, 
the open-delta connection is used for permanent 
installations. The total three-phase capacity of two 
transformers used in this manner will only be 57.7% 
of the capacity of three transformers of the same 
size. 
An installation of this type is sometimes made 

where the average load to be supplied is rather 
light at the time, but is expected to become heavier 
as the plant or community expands. When the 
load increases beyond the capacity of the two trans-
formers, a third one can be added and the connection 

eged to straight delta. The addition of this 
d transformer increases the capacity of the 

group 73% over what it was with the two trans-
formers. 

Fig. 131 shows the method of connecting two 
single-phase transformers in open-delta. The phase 
voltage in systems connected open-delta will be the 
same as the line voltages, or the same as with 
regular delta-delta connections. 
The line current will be the same as the phase 

current, instead of being greater, as with ordinary 
delta connections. This is due to the fact that 
line 1 and line 3 have only one path through the 

L-1 L- L-3 

51 5-2 

Fig. 131. Connections for using two single-phase transformen to rove) 
three-phase service by what I. called the "open-delta" 

phase windings, instead of two paths, as with the 
straight delta connection. 
Where three transformers are connected delta-

delta, if one becomes defective it is a very simple 
matter to connect the remaining two in open-delta. 
By overloading the transformers to a certain extent, 
it is possible to maintain nearly full load service 
for short periods while the defective transformer is 
being repaired. 

Both the primary and secondary of the defective 
transformer should always be disconnected from 
the line when changing to open-delta connection 
with the other two transformers. 

Fig. 132. This diagram shows a convenient method of arranging a bank 
of transformers with disconnect switches to quickly change over to 
open-delta operation in case of trouble on one transformer. 

It is possible to use the open-delta connection 
on two of the phase windings of the three-phase 
transformer, in case one phase becomes defective. 
If the transformer is of the core type, both the 
primary and secondary coils of the damaged wind-
ing should be left open; but if the transformer has 
a shell type core, both the primary and secondary 
windings of the defective phase should be short-
circuited upon themselves when the open-delta con-
nection is made on the two good phases. 

Fig. 132 shows three single-phase transformers 
connected delta-delta and equipped with disconnect 
switches in each of the primary and secondary 
leads. This arrangement permits a quick change-
over to open-delta operation of two transformers 
if any one should become defective. 
For example, if the right-hand transformer should 

become defective, the disconnect switches could be 
opened as shown by the dotted lines, and the re-
maining two transformers would then be operating 
open-delta. The same change could be made on 
either of the other two transformers with the same 
result. 
When three transformers are connected either 

star or delta or in any combination of these except 
the open-delta, the total kv-a. capacity on the sec-
ondary side is equal to three times the capacity of 
one transformer. 
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Transformers which are to be connected together 
in a star or delta on three-phase lines should have 
similar characteristics; that is, similar kv-a. and 
voltage ratings, and also similar ratios, impedance, 
reactance, etc. If the characteristics are not the 
same the result may be excessive heating of one 
or more of the transformers or unbalanced line 
conditions. 

142. GROUNDING OF TRANSFORMERS 

As previously mentioned, the high-voltage wind-
ing of star-connected transformers is frequently 
grounded at the neutral point, when these trans-
formers are used in connection with transmission 
lines. 

It is quite common practice also to ground the 
low-voltage secondary windings of step-down trans-
formers connected either star or delta as ex-
plained in earlier paragraphs, this protects the 
low-voltage circuit in case of failure or puncture 
of the insulation between the high-voltage and 
low-voltage windings. 

It is well to keep in mind that the secondary 
windings and the circuits to which they are con-
nected are only insulated for the low voltage, and 
the insulation is not heavy enough to stand the 
high voltage applied to high-tension primary wind-
ings. So, if it were not for the ground on the 
low-voltage side a flash-over of the high voltage 
to the low-voltage secondary would tend to punc-
ture the insulation of the low-voltage circuits or 
some of the devices connected to them. 
Having the ground already on the low-voltage 

circuits provides an easy path for the high voltage 
to go to ground. This flow of current from the 
high-voltage winding through the fault to the 
ground will frequently blow the primary fuses, thus 
indicating the trouble at once, so that it can be 
repaired. 
The larger sketch on the right in Fig. 133 shows 

the method of grounding the delta-connected sec-
ondary of a three-phase bank of transformers. This 
ground is commonly made from the center tap, 
which is taken from the middle of one phase of 
the secondary winding. 
The small sketch on the left in Fig. 133 shows 

a schematic diagram of the secondary connections 
and also illustrates the position of the ground. 
Assuming that the secondary of these trans-

formers has a voltage of 220 between any two phase 
wires, the voltage from the various phases to ground 
will be as follows: A phase to ground, 110 volts; 
B phase to ground, 190.5 volts; C phase to ground, 
110 volts. 
The reason for this variation in the voltage be-

tween the different phase wires and ground can 
be noted by careful observation of either of the 
connection diagrams shown in Fig. 133. 
You will note that only half of the center phase 

winding is between either phase A or phase C and 
the ground, so there will be only half the voltage 

Fig. 133.—This sketch shows the method of grounding the secondary 
circuit of a bank of transformers on which the secondary is con-
nected delta. 

of this winding, or 110 volts, between either of 
these phase wires and ground. 

Tracing the circuit from phase B in either direc-
tion to ground, we must pass through the secondary 
winding of transformer No. 1 or No. 3 in series 
with one-half of the winding of No. 2 to get to 
ground. This adds the voltages of one whole wind-
ing and half a winding, together in series, but 120° 
out of phase. 
To get the effective sum of 220 volts plus gm 

volts when these two values are out of phase 1W 
we add the two voltages and then divide by 1.732, 
which gives approximately 190.5 volts. 

Fig. 134 shows the common method of grounding 
the low-voltage secondary of a bank of transform-
ers, when the secondary is connected star. The 
ground connection is made at the common connec-
tion, or neutral point, of the three secondary phase 
windings. 
This is illustrated both by the larger sketch at 

the right and the small schematic diagram at the 
left in Fig. 134. 

If the ground connection were not used on a 
bank of star-connected transformers, the voltage 
from any line wire to ground would be the same 
as the voltage between any two line wires. When 
the ground is used, the voltage between any line 
wire and ground is only 57.7 of the voltage between 
any two line wires, as was previously explained 
for the high-tension side of transformers which 
were connected to transmission lines. 
This reduces the voltage strain on the insulation 

of the conductors and devices connected to the 
secondary circuit and also reduces the shock hazard. 

143. PARALLELING THREE-PHASE 
TRANSFORMERS 

When paralleling three-phase transformers gle 
same precautions must be followed as when paral-
leling three-phase alternators. It is first necessary 
to phase out the leads and determine like phases. 
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This can be done by the lamp-bank or motor method .lained in the section on A. C. generators. 
he two or more transformer banks should be 

operated from the same primary line. They will 
then have like frequencies and will operate in syn-
chronism, once they are properly phased out and 
connected. 
When all of the transformer primaries and sec-

ondaries are properly marked in the manner pre-
viously explained, it is a simple matter to connect 
leads of like polarity together. If they are not 
marked, or in any case where the marks are not 
known to be dependable, the leads should be tested 
by means of a voltmeter or test lamps, in order to 
get connected together the leads of like polarities 
and between which there is no voltage difference. 

Fig. 134. This sketch shows the location of the ground connection on 
a bank of transformers with the secondary connected star. Read 
carefully the explanation of the advantages of this system which are 
given in the accompanying paragraphs. 

144. THREE-PHASE, FOUR-WIRE SYSTEMS 

The three-phase, four-wire system is obtained by 
bringing out the fourth wire from the neutral or 
grounded point of a star-connected bank of trans-
formers as shown in Fig. 135. This system is used 

Fig. 135. Connections for three-phase, four-wire service from the star-
connected secondaries of a three-phase bank of transformers. 

by a great many power companies for distribution 
circuits of 2300 to 4000 volts which feed power 
and lighting equipment. 
The three-phase, four-wire system provides two 

different voltages, one of which is obtained between 
any two of the line wires A, B, and C; and the 
other between any of the line wires and the neutral 
wire. 
Assuming the secondary phase voltage of the 

transformers in Fig. 135 to be 2300 volts, the volt-
age between any two of the line wires A, B, and 
C will be approximately 4000 volts; while the volt-
age between any one of the line wires A, B, or 
C and the neutral wire will be 2300 volts. The 
foliage from any one of the line wires to ground 
will be 2300 volts, while the voltage from the neu-
tral wire to ground will be zero. 

In any four-wire, three-phase system in which 
the fourth or neutral wire is taken from the Y point, 
ar common connection of the star-connected trans-
former windings, the voltage from any line wire 
to neutral is equal to the voltage between the line 
wires multiplied by .577, which is the same as divid-
ing by 1.73. 

• 
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SPECIAL TRANSFORMERS 

In addition to the common types of single-phase 
and polyphase transformers for which the connec-
tions were explained in the preceding section, 
there are several special transformer connections 
which are frequently encountered in the field. 
These special transformers each have certain 

special applications and are very important in the 
particular work for which they are designed. You 
should, therefore, have a good understanding of the 
principles and uses of the more common types. 
145. TAP-CHANGING TRANSFORMERS 

It is often desirable to make slight changes in 
voltage delivered by a bank of step-up or step-down 
transformers, in order to compensate for varying 
line drop. In other cases we may wish to change 
the ratio of the transformer slightly to adapt it to 
changed operating conditions with other trans-
formers or line equipment. 
For this purpose a Tap-Changing transformer is 

frequently used. 
Transformers of this type are equipped with extra 

leads or taps brought out from a certain section of 
the winding so that, by shifting a sliding connec-
tion from one of these taps to the other, the number 
of turns in the winding can be varied. 
This will, of course, vary the ratio between the 

transformer primary and secondary and will there-
by increase or decrease the voltage, according to 
whether turns are being cut out or added in the 
winding. 

It is usually desirable to be able to accomplish this 
change without disconnecting a transformer or in-
terrupting service. 
There are several different ways of accomplish-

ing this, and one common method is shown in Fig. 
136. With this type of transformer, a certain por-
tion of the end of the primary winding is divided 
into two sections or windings in parallel and marked 
M and N in the diagram. These sections are 
equipped with taps and provided with a set of slid-
ing contacts, X and Y, which can be moved from 
one tap to another. Either of these tapped sections 
of the transformer winding will carry the entire load 
for a few seconds without overheating. 
The tap switches should not be shifted or changed 

during the time that load current is flowing through 
them, or the contacts would be badly burned by 
the arc set up by the heavy current and high voltage. 
To prevent this, an oil switch is provided in each 

of the parallel circuits or leads to the tapped sections 
of the winding. 

In order to increase the voltage on the secondary 
we decrease the number of turns on the primary, 
thereby decreasing the step-down ratio between 
the two windings. 
This is done in the following manner. Oil switch 

"A" is first opened to temporarily shift all of the 
load over to the section N of the tapped winding 

411 
and thereby stop the current flow through section 
M. The movable contact X is then shifted from sta-
tionary contact 3 to 2. Oil switch "A" is then closed, 
and oil switch "B" opened to shift all of the load to 
section M. 
Movable contact Y is then shifted from stationary 

contact 3 to 2 in order to balance the number of 
turns in the two parallel tapped sections. Then 
oil switch "B" is again closed, allowing the load 
to divide between the two tapped sections of the 
winding. 
Quite a number of large power transformers are 

being built with tap changing switches or mecha-
nisms, which are installed either in the top of the 
transformer case or in an auxiliary box on the side 
of the transformer. 
Some of these tap-changing switches are designed 

for hand-operation while others are operated by 
remote control motors or by an automatic voltage-
regulating device. 
The use of tap changers aids in keeping electric 

service to customers at the proper voltage and 
greatly increases the flexibility of transformers 
equipped with them. 
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Fig. 136. This diagram shows a method of arranging adjustable 
connections on the primary of a tap-changing transformer. 

146. SCOTT TRANSFORMERS 

Sometimes it is desired to change two-phase 
energy to three-phase, or vice versa. This can, of 
course, be done with motor-generator sets, but in 
a number of cases it may only be desired to convert 
a small amount of power from one system to the 
other and, therefore, doesn't justify the installation 
of costly machinery. 

In certain older plants which are equipped with 
two-phase motors, it may be desired to change over 
to modern three-phase service; or it may be that 
the power company, in changing over its equip-
ment, can furnish only three-phase service. 

In order to prevent scrapping or discarding all 
the two-phase motors installed, it is often desiralle 
to change the three-phase energy which is supplied, 
to two-phase energy to operate a number of the 



A. C., Section Four. Scott Transformers. Auto Transformers. 547 

motors, until they are worn out and can be eco-
nomically replaced with three-phase machines. 

dikThis change from three-phase to two-phase or the 
Wverse can be economically made by means of two 
single-phase transformers, one of which is equipped 
with a center tap and the other with a tap at 86.6% 
of its winding. 
Two transformers connected in this manner are 

shown in Fig. 137. This connection is known as the 
Scott Transformer connection and is named after 
its inventor, Charles F. Scott, former consulting 
engineer of the Westinghouse Electric and Manu-
facturing Company. 
Two of the three-phase line leads are connected 

to leads L-1 and L-2 of the single-phase transformer 
which has the center tap. The third three-phase 
line lead is connected to the 86.6% tap on the re-
maining single-phase transformer winding. 
The other end of this winding is connected to the 

center tap of the other unit, as shown in the dia-
gram. When three-phase energy is applied to these 
three line leads, two-phase energy can be taken 
from the transformer secondaries at the leads 
marked "phase A" and "phase B". 
On the other hand, if two-phase energy is applied 

to A and B phase, three-phase energy can be ob-
tained from leads L-1, L-2, and L-3. 
The small sketch at the right illustrates this type 

of transformer with a schematic diagram, and 
hows the manner in which the three-phase vol-

es and relations are obtained from the two trans-
ormers. 
Assuming the voltage of each of the complete 

transformer windings on the three-phase side to be 
100 volts, we find that there will be 50 volts in each 
of the sections on either side of the 50% tap of 
the left winding, and 86.6 volts in the active section 
of the right-hand winding. 
Connecting the end of the right-hand winding 

to the center tap of the left winding causes the 
voltages in these two windings to be 90° out of 
phase with each other. 
The 86.6% of the right-hand winding is in series 

with either half of the left winding when tracing 
from L-3 to L-1 or L-2. 
When 86.6 volts are added in series with 50 volts, 

but are 90° out of phase, the resultant voltage will 
be 100 volts. So we find that there will be 100 
volts between L-1 and L-2, between L-2 and L-3, 
and also between L-3 and L-1. 

Special single-phase transformers can be bought 
with taps arranged for this connection, or in some 
cases where it is desirable to change over a small 
amount of power, two small single-phase trans-
formers can have either their primaries or second-
aries rewound and equipped with taps at the mid-
dle of one and at 86.6% of the winding of the other. 

.7. AUTO TRANSFORMERS 
The auto transformer is one in which a single tap-

ped coil is used for both the primary and secondary. 
as shown in Fig. 138-A and B. 
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Fig. 137. The Scott transformer connection shown above is often used 
to change three-phase energy to two-phase or vice versa. 

The principal application of auto transformers is 
for use with starting compensators, to reduce the 
starting voltage of A. C. induction and synchronous 
motors. 
Auto transformers use somewhat less copper than 

the regular type of static transformer, but their 
efficiencies are usually somewhat lower. 
The diagram at A in Fig. 138 shows an auto 

transformer used to step the voltage down, while 
the diagram at B shows a step-up transformer. 

When alternating voltage is applied to the ter-
minals of the full winding in Fig. 138-A there will 
be a voltage drop across the entire coil, which is 
equal to the amount of applied voltage. 
As the resistance of the coil is very low, the self-

induced counter-voltage of the full coil will also 
be nearly as high as the applied voltage. The in-
duced counter-voltage in the small secondary sec-
tion of the coil will be proportional to the number 
of turns included in this section. Therefore, the 
voltage obtained on the secondary leads will de-
pend upon the point at which the tap, or wire A, is 
connected to the winding, and the number of turns 
between wires A and B. 

If the secondary section of an auto transformer 
is wound with heavier wire, a considerably greater 
current can be taken from this section than is sup-
plied to the primary leads. This is due to the fact 
that the flux of the upper section of the main coil 
also cuts across the turns of the lower section, and 
will thereby induce added energy in this coil. 

For starting induction motors this is ideal, be-
cause the heavy starting currents which are re-
quired can be obtained at low voltage from the 
secondary of an auto transformer without drawing 
such a heavy surge of current from the power line. 

In the step-up auto transformer in Fig. 138-B, 
the secondary voltage will be equal to the voltage 
across the primary coil plus the voltage induced 
in the secondary section by the flux of the primary 
coil. In this manner the voltage can be stepped up 
as much as desired, by properly arranging the ratio 
of turns in the primary and secondary sections. 
Auto transformers are frequently equipped with 

taps, so that the wire A can be mewed back and 
forth to include more or less turns in the primary 
or secondary windings. 
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If wire A in diagram A is moved to a higher 
point, it will include more turns in the secondary, 
thereby increasing the secondary voltage of the 
transformer. 

Auto transformers of this type are very conven-
ient for obtaining variable voltages for certain 
special applications. 

Fig. 138-C shows a diagram of an auto trans-
former connection that can be used to supply 110-
volt and 220-volt energy from a 440-volt line, for 
operation of lights and 220-volt motors. It is also 
very convenient for obtaining various voltages for 
test purposes. 
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Fig. 138. A shows a step-down auto transformer. Note the reduction 
obtained in the voltage between the primary and secondary lines. 
B shows a step-up auto transformer to increase the secondary voltage. 

Auto transformers with low ratios such as 2 to 1, 
are sometimes used on very large installations be-
cause of their cost being much lower than that of 
two-coil transformers. They are not often used how-
ever for general light and power service because of 
the very high voltage to ground which they place 
on the secondary leads, and the danger that this 
would create to equipment and persons handling it. 
Three-phase auto transformers are used for 

starting three-phase induction motors, as well as 
for certain other special applications. 

Fig. 139 shows a three-phase auto transformer in 
which the three ends, one from each coil, are con-
nected together to form a star connection at Y. 
The other end of each coil is connected to its re-
spective line lead. 
A little current will be flowing through the wind-

ings of an auto transformer as long as it is con-
nected to the line, the same as the magnetizing 
current which exists in the primary of any trans-
former even when no load is on the secondary. 
When the secondary of an auto transformer is 

loaded, the primary current of course increases; 
but, in the case of a step-down auto transformer 
such as commonly used with motor starters, if the 
step-down ratio is 2 to 1, then the primary current 
will increase only one-half as much as the second-
ary load current is increased. 
Many auto transformers used for motor starters 

or compensators have their coils equipped with 
taps, so that the secondary leads to the motor can 
be changed to obtain higher or lower starting volt-

4401. 240 e. 

Fig. I38-C. Auto transformer connection for obtaining both 110 and 220 
volts from a 440-volt line. 

age and thereby increase or decrease the starting 
torque of the motor. 
The diagram in Fig. 139 shows the windings 

equipped with three taps of this nature. It is quite 
common to have these taps arranged so that, when 
the secondary leads are placed on the terminals A, 
the secondary will deliver 50% of the line voltage 
to the motor. When the taps are placed on terminal 
B, the motor will receive 65% of the line voltage. 
When they are placed on the terminal C, the motor 
will receive 80% of the full line voltage, etc. 
Added diagrams and further explanations of auto 

transformers will be given in a later section in con-
nection with a A. C. motor controllers. 

148. INDUCTION VOLTAGE-REGULATORS 
On distribution lines which feed energy to light 

and power equipment there is practically always a 
certain amount of load variation as the lights and 
motors of different buildings are switched on II> 
off. 

This variation in the load on the feeder wires also 
causes a variation in voltage drop on these wires, 
and a certain amount of variation in the voltage 
supplied to the load devices. 

It is extremely undesirable to have more than a 
very few per cent, of voltage variation at the load 
—particularly on circuits which supply current to 
incandescent lights. 
Low voltage causes reduced efficiency of incan-

descent lamps and reduces the torque and efficiency 
of motors; and sudden voltage variations cause ob-
jectionable flickering of lights. For this reason it 
is necessary to have some means of automatically 
regulating the voltage of feeder and distribution 
circuits which supply energy from the substations 
to customers' premises. 
As the various feeder lines running out from sub-

stations usually have different lengths and different 

Fig. 139. Three-phase auto transformer In which each winding has 
several taps so that the secondary voltage can be varied. 
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amounts of load it is not possible to regulate the 
voltage of all of these circuits by controlling the 

eage at the substation busses. These busses are 
refore supplied with one uniform voltage of the 

proper value to compensate for the ordinary line 
drop in the feeders and distribution lines. 
The voltage of each of the distribution circuits 

is then automatically regulated to compensate for 
the load and voltage variations, by means of a de-
vice known as an induction voltage-regulator. 

149. OPERATING PRINCIPLES OF INDUC-
TION REGULATORS 

An induction voltage-regulator is simply a form 
of transformer which has a movable secondary 
winding which can be shifted or rotated with re-
spect to the primary winding. The primary winding 
is called the stator and the movable secondary is 
called the rotor. 
By turning the secondary winding into various 

positions with respect to the primary, the voltage 
induced in the secondary can be varied in amount 
over a wide range and, by turning the secondary 
winding far enough, the voltage induced in it can 
actually be reversed. 

In this manner the secondary voltage of the regu-
lator can be made to either aid or oppose the line 
voltage. Figs. 140-A, B, and C show the connec-
tions for an induction voltage regulator. 
The primary winding, P, consists of a large num-

Jim of turns of comparatively small wire and is 
Wnected directly across the line. The secondary 
winding consists of a very few turns of heavy wire 
which is large enough to carry the entire load cur-
rent, and this winding is connected in series with 
the load and one side of the line. 

In Fig. 140-A the secondary rotor winding is 
shown in a position so that it is receiving the maxi-
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Fig. 140. The above three sketches show the connections and illustrate 
the principle of an induction voltage regulator. Study carefully 
each of the three diagrams while reading the explanations given on 
these pages. 

mum induced voltage from the primary, and this 
voltage is in a direction to add to the primary volt-
age in series and thereby increase the line voltage. 

In this figure, it is assumed that the top wire is 
positive for the instant, and the arrows near the 
primary and secondary coils indicate the direction 
of the voltages in them. 
You will recall that when current flows in one 

direction through the primary winding of an ordi-
nary transformer, it will be flowing in the opposite 
direction, or 180° out of phase, in the secondary, 
provided the coils are wound alike. 

In Fig. 140-B the secondary rotor is shown 
turned at somewhat of an angle with the primary 
winding, and in this position the secondary receives 
less induced voltage from the primary and there-
fore doesn't aid or increase the line voltage as much. 

Fig. 141. This photo shows the stationary, primary, and rotating sec-
ondary windinp of an induction voltage regulator. (Photo Courtesy 
General Electric Co.) 
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F:g. 142. Complete stator and rotor of a single-phase voltage regulator 
w,th the operating motor attached. (Photo Courtesy General 
Electric Co.) 

motor to re % ol ve the secondary winding of the 
regulator to a pu.sitton where it will receive a 
greater induced voltage of a direction to aid and 
increase the line voltage. If the line voltage rises 
too high because of removal of practically all the 
load from the line, the relay contacts close another 
circuit to reverse the motor and rotate the second-
ary winding of the regulator to bucking position, 
where its voltage will oppose that of the line. 

Fig. 142 shows a completely assembled primary 
and secondary unit of an induction regulator. The 
operating motor and part of the contacts are shown 
attached to the top of the stator frame in this view. 

Fig. 143 shows a complete single-phase regulator 
with the primary and secondary enclosed in a tank 
of insulating oil. The sensitive voltage relay, ad-
justable tap-control, and resistance box and switch 
are shown mounted on a panel on the front of the 
regulator. 

Induction regulators are also made for three-
phase operation. These are wound similarly to the 
stator of the three-phase induction motor. Regula-
tors of the induction type are in very common use 
in modern substations which supply alternating 
current to feeder and distribution circuits. There-
fore, it will be well worth your while to obtain a 
thorough understanding of the principles of this 
device and to carefully observe and study the vari-

ous parts of the control and operating mechanism 
of the regulator in your A. C. shop Department. 

151. INSTRUMENT TRANSFORMERS 

While on the subject of transformers, it will ( 
well to consider more fully the principles and con-
struction of instrument transformers which are used 
in connection with meters on high-voltage A. C. 
circuits. 
The use of these transformers has already been 

explained to some extent in the section on Alternat-
ing Current Meters. Those which are used to re-
duce the current of heavy-duty power circuits and 
to operate ammeters and the current elements of 
wattmeters and watthour meters, trip coils of oil 
switches, operating coils of current relays, etc., are 
known as current transformers (C.T.) 
The other type, which are used to reduce the 

voltage of high-tension circuits and to operate volt-
meters, potential elements of wattmeters and watt-
hour meters; power-factor meters, synchroscopes, 
potential relays, etc., are known as potential trans-
formers (P.T.) 

Instrument transformers are carefully and spe-
cially designed to give very accurate ratios of trans-
formation on voltage and current values within the 
range of which they are designed. 

Fig. 143. This photo shows a single-phase regulator enclosed in its tank 
and equipped with the operating motor and control relays. (Photo 
Courtesy General Electric Co.) 

152. CURRENT TRANSFORMERS 
The primary of a current transformer is always 

connected in series with the line of which the c r-
rent is to be measured, as shown in Fig. 1 
This primary winding usually consists of only oh: 
or two turns and in some cases of just a straight 
conductor passed through the core around which 
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the secondary is wound. This produces the same 
effect and ratio as one loop or turn. 

0? n circuits carrying very heavy currents, the 
set up by one turn, or even just a short sec-

tion of the straight conductor, is sufficient to induce 
the proper voltage in the secondary winding, as 
the instruments require very little power to operate 
their moving elements. 
The secondary winding consists of a great many 

turns and its terminals are connected directly to 
the terminals of the ammeter, wattmeter, or relay 
which the transformer is to operate. 
The secondary of the current transformer should 

always be grounded for safety in case of a break-
down of the insulation, which might allow the high 
voltage of the line to get to the low-voltage circuit. 
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It 144. A shows the connections for a current transformer which is 
stA to operate A. C. ammeters, wattmeters, and current relays. 

B. Connections for potential trans.ormer tLed to operate voltmeters, 
potential elements of wattmeters, potential relays, etc. 

Fig. 145 shows a current transformer which is 
designed tor connecting in series with power cables 
or lines. The cables are connected to the leads of 
the heavy primary conductor by the copper lugs 
and bolts shown attached. The leads to the instru-
ment are taken from the two small terminals on 
the connection block on the lower left of the trans-
former core. 

Fig. 145-A shows a current transformer which 
is designed for connection in series with a bus bar 
on a switchboard. 

153. CAUTION 
As previously mentioned in the lesson on A. C. 

Meters, the current transformer which has its pri-

Fig. 145. This photo shows a common type of current transformer 
for use with cable lines or small bus bars. 

mary connected in a live line should never be left 
with its secondary open-circuited. 

Before disconnecting the meter leads or relay 
leads from the secondary of the current trans-
former, the transformer secondary should be short-
circuited with a good, secure connection. If this is 
not done, when the instrument is removed there 
will be a dangerously high voltage built up in the 
secondary winding of the transformer. This high 
voltage may puncture the insulation of the trans-
former secondary winding, or of the meter just as 
it is being disconnected or reconnected; or it may 
cause a serious shock to the operator who is mak-
ing or breaking the connections. 
You will note by observation of the diagram in 

Fig. 144-A that, with one turn in the primary and 
a considerable number of turns in the secondary, 
a current transformer resembles a step-up trans-
former with the secondary as the high-voltage 
winding. It would act as such if it were not for 
the fact that the meters and devices connected to 
the secondary are of very low resistance, and the 
current which normally flows through the second-
ary sets up a flux that opposes the primary flux, 
and thereby limits the amount of induced voltage to 
a very low value. 
This principle was explained in Article 125. 

Fig. 145-A. Bus-bar type current transformer for use with large bus 
bars on switchboards. (Photo Courtesy General Electric Co.) 

The short-circuit should always be left on the 
secondary winding until after the meters or devices 
have been reconnected to it. This short-circuit will 
not cause the secondary winding to become dam-
aged or burned by overload because the increased 
current which tends to flow through the secondary 
winding, when shorted, immediately sets up a 
heavy flux that more completely neutralizes the 
flux of the primary and thereby allows very little 
voltage to be induced in the secondary as long as 
its circuit is closed. 

If this circuit were left open, however, there 
would be no current flowing and no secondary flux 
to oppose the primary field, and this would allow 
the primary flux to build up to full normal value 
and induce in the secondary the very high voltage 
which has been mentioned. 
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154. POLARITY MARKINGS AND RATIOS 
The polarity of current transformers is usually 

indicated by permanent white markings placed on 
the primary and secondary leads. 
The relative instantaneous directions of the cur-

rent will be into the marked primary lead, and out 
of the marked secondary lead. 

Current transformers ratios can be expressed in 
different ways. One common method is as follows: 
80:5, 400 :5, 250:5, etc. 
These respective indications or markings mean 

that the maximum secondary rating is 5 amperes 
when the primary is fully loaded by the number of 
amperes expressed by the first figure of the rating. 
In other words, transformers are designed with the 
various proper ratios so that 80 amperes through 
the primary will produce a low of 5 amperes in the 

Fig. 146. Portable current transformers of this type are very convenient 
when making tests on lines or electric machines with portable 
ammeters and wattmeters. (Photo Courtesy General Electric Co.) 

secondary; or, in the case of another transformer, 
400 amperes flowing through the primary will pro-
duce a flow of 5 amperes through the secondary, etc. 
With current transformers of this type it is pos-

sible to use ammeters which have windings with a 
maximum capacity of 5 amperes. The ammeter 
scale is then calibrated according to the ratio of the 
transformer so that the meter will indicate the 
full line current rather than the amount of current 
actually passing through the meter coil itself. 
Another method of expressing current trans-

former ratios, is as follows: 80:1, 600:1, 1200:1, etc. 
The principle involved in this method is the same 

as that of the transformer ratios previously ex-
plained; and ammeters of 5 ampere maximum 
capacity are used and have the scales calibrated 
according to the transformer ratio. 
155. ADVANTAGES AND APPLICATIONS 

OF CURRENT TRANSFORMERS 
Ammeters for use without current transformers 

and designed for a flow of more than 100 amperes 
through their coils, are usually not very accurate 
and require very heavy and bulky coils to carry 
the current. 
As many alternating current power circuits carry 

loads of several thousand amperes, current trans-
formers are very commonly used. They serve the 
same general purpose as ammeter shunts cloak 
direct current circuits, even though the transfor/W. 
ers operate on a principle of induced voltage en-
tirely different from that of voltage drop due to 
resistance in the shunts. 

Fig. 146 shows a portable current transformer 
which can be conveniently used with portable am-
meters or wattmeters for making tests on heavy 
power circuits. This transformer is so constructed 
that the cable or line on which the current is to be 
measured can be passed through the hole in the 
center of the transformer core. The flux around 
the line conductor is sufficient to operate the trans-
former secondary and instruments attached. 

In cases where the voltage of the line on which 
the current is to be measured exceeds 500 volts 
and possibly ranges up into the thousands of volts, 
it is much safer to use current transformers to 
operate meters and relays. By using a transformer, 
the windings of the ammeters or relays are kept 
insulated from the line voltage. Some power com-
panies make it a general practice to use current 
transformers on all lines of 220 volts and over. 
There is often a tendency on the part of oper-

ators and electrical men in the field to overload 
current transformers by connecting too many in-
struments on one transformer. This is not good 
practice, as it causes inaccurate meter readi 
particularly where the current elem ents of WS 
meters are connected to the same transformer with 
ammeters. 
Most meters are matched and calibrated to oper-

ate with certain current transformers and for ac-
curate readings these should be kept together. 
Other types of current transformers are designed 

to operate overload trip-coils, relays, etc., and these 
should not be used with ammeters or wattmeters. 

156. POTENTIAL TRANSFORMERS 
A potential transformer resembles an ordinary 

single-phase power transformer, except that it is 
of only a few watts capacity. The primary wind-
ings of potential transformers consist of a great 
number of turns, and are connected across the high 
voltage lines and protected with special fuses 
known as potential transformer fuses. 
The secondaries are commonly wound for 100 or 

110 volts. Fig. 144-B shows the connections for a 
potential transformer, and the voltmeter properly 
connected to its secondary. The secondaries of 
these transformers are also grounded for safety 
reasons and to immediately ground the high voltage 
in case of failure of the insulation between the 
primary and secondary windings. 
Voltmeters and the potential elements of wa 

meters which are designed for use with poten 
transformers are found and constructed the same 
as voltmeters for lines of 100 or 110 volts, and their 
scales are calibrated according to the ratio of the 
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potential transformer, so the meters will indicate 
the full line voltage. "P t is quite general practice to use potential trans-
rimers for the operation of voltmeters, wattmeters, 

and potential relays on lines of 200 volts and over. 
It is very seldom advisable or practical to use 

voltmeters directly connected to lines of over 600 
volts. 
On the left in Fig. 147 is shown a potential trans-

former for a primary voltage of 220 volts. The 
terminal markings, H-1 on the primary and X-1 on 
the secondary, can be seen in this photo. 
The view on the right in this figure shows a 

large oil-insulated current transformer for use with 
a line of 25,000 volts. The in-going and out-going 
leads to the primary are both carried through the 
large porcelain insulating hushing. One lead is in 
the form of a small rod which goes down through 
the center of the hushing, and the other lead is in 
the form of a metal sleeve which surrounds the 
inner rod but is well insulated from it. 

Potential transformers for use on very high volt-
age lines are also built with their windings im-
mersed in tanks of oil and have two high-voltage 
insulating bushings for their primary leads, which 
are connected across the line. 

Oil-insulated instrument transformers of this 
type are commonly installed outdoors in the sub-
station structure where the high voltage lines enter eleave the station. 

. TRANSFORMER TESTS 
Three very common tests which you may often 

be called upon to make on transformers are those 
for determining the core loss, copper loss, and the 
regulation of various power transformers. 

Fig. 147. At the left is shown a small potential transformer with the 
high-voltage terminals on the top and the low-voltage terminals on 
the end. Note the polarity markings on the case. On the right is 
shown a large oil-insulated power-type current transformer. 

LOW vOltage 

13 supply lent 

Fig. 148. A shows the method of connecting a voltmeter and ammeter 
to a transformer to make a core loss test. B shows the connections 
for making a copper loss test. 

These losses and figures on the characteristics of 
the transformer can usually he obtained from the 
manufacturers, but the tests for determining them 
are very simple and are often performed in the field 
The connections for making the core-loss test 

are shown in Fig. 148-A. When performing this 
test it is generally more convenient to use the low-
tension winding for applying the power, thus avoid-
ing unnecessarily high voltage on the instruments. 
For making the core-loss test, the wattmeter and 

voltmeter of the proper ratings and some form of 
rheostat are required, and they should be connected 
as shown in the diagram. The secondary of the 
transformer should be left open-circuited during 
the test. The rheostat should be adjusted until 
normal voltage is applied to the primary winding, 
and the wattmeter reading will then indicate the 
core loss of the transformer in watts. 

In other words, when the secondary of the trans-
former is open and not loaded, the energy required 
to magnetize the core will be the core loss. As 
previously mentioned, the core loss of a transformer 
's practically the same at no load as at full load. 
The connections for making the copper-loss test 

gre shown in Fig. 148-B. In this test it is usually 
,nore convenient to use the high-voltage winding 
of the transformer as the primary to be excited. 
The low-voltage secondary should be short-cir-
cuited during the test. 
A low voltage is then applied to the high-tension 

coil and the rheostat is adjusted until the ammeter 
indicates that the current flow is equal to the full 
load current rating of the high-tension winding. 
When this current value is reached, the wattmeter 
reading will indicate the full-load copper-loss. 
With the secondary short-circuited in this man-

ner it is usually necessary to apply only 1 to 3 per 
cent, of the rated high-tension voltage to bring the 
current up to full-load value for the high-tension 
winding. 
The regulation of a transformer may be deter-

mined approximately by the following method. 
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First, measure the secondary voltage under full 
load, with the transformer primary supplied with 
rated voltage and frequency. When the secondary 
load is removed, the voltage will rise; and the 
amount of increase should be noted. 
This increase, or difference between the full load 

and no load voltage, divided by the full load second-
ary voltage will give the per cent. of regulation. 

158. FIELD PROBLEMS 

In each of the following problems except the last 
one, the answers are given; but you should care-
fully work them out, and also make in each case a 
connection diagram of the equipment mentioned, 
or that which would be required, just as you would 
connect it up right on the job. 
Suppose that you were to install a bank of three 

single-base transformers to supply current to a 
motor load of 150 h. p. What size transformers 
would you install? 

It is considered good practice to install about 1 
kv-a. of transformer capacity per h. p. of secondary 
load. This will allow for the loss in the transform-
ers and motors and also for the power factor, which 
is usually somewhat below unity on a system loaded 
with motors. 

So, as the exact power factor and current ratings 
of the motors in this case are not known, we should 
install transformers with a total three-phase capac-
ity of 150 kv-a. 
When 150 kv-a. is divided among three single-

phase transformers, it will require transformers of 
50 kv-a. each. 

In another case, suppose you wish to determine 
the amount of current that can be taken from each 

secondary line wire of a three-phase bank of trans-
formers which have a total capacity of 600 kv-a. 
and a secondary voltage of 440 volts. 
We know that the apparent watts divided • 

(volts X 1.732) will give the line current on any 
line wire of the three-phase system. 
Then, as apparent watts are equal to 600 kv-a. 

X 1000, or 600,000 watts, the current will be found 
in the following manner: 

600,000 
I —  , or 787 amperes per line conductor. 

440 X 1.732 

If on some future job you have a bank or trans-
formers with a step-down ratio of 2:1, with the 
primary windings connected star to a 440-volt cir-
cuit and the secondary windings connected delta, 
what voltage will be obtained from the secondary 
line leads? 
This problem can be solved in the following 

manner: 
If the transformer primaries are connected star 

to a 440-volt line, the voltage across each of the 
primary phase windings will be: 

440 1.732, or approximately 254 volts. 
Then, if the transformer step-down ratio is 2:1, 

the voltage across the secondary phase windings 
will be: 

254 ÷ 2, or 127 volts. 
As the secondary windings are connected delta, 

the line voltage will be the same as the phase wig> 
ing voltage, or 127 volts. 

If an alternator supplying 6000 volts is connected 
to the primary of a delta-star bank of step-up trans-
formers which have a ratio of 1:11.55, what will 

Fig. 149. This photo shows two three-phase banks of transformers of different sizes. Note the manner in which the connections are made. 
Connections from transformer banks are very frequently run through conduit or lead-covered cables to the circuits they are to supply. In 
some cases connections are made to rigidly supported bes barn which may lead to a switchboard or switching station. 
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be the high-tension line voltage obtained from the 
star-connected secondaries of the transformers? 

ak This problem can be solved in the following 
Wanner : 

If 6600 volts are applied to the delta-connected pri-
maries of the transformers, then the voltages across 
each of the primary phase windings will be 6600. 
With a step-up ratio of 1:11.55 the voltage across 
each of the phase windings on the secondaries of 
the transformers will be 76,230 volts. 
Then, if these secondaries are connected star, the 

line voltage will be 76,230 X 1.732, or 132,030 volts. 
This same line voltage can be obtained with a 

bank of transformers connected in this manner and 
having an even ratio of 1:10, by simply increasing 
the alternator voltage from 6600 to a little over 
7622 volts. 
Which transformer connections could be used to 

raise the voltage of a 13,200-volt alternator to 
132,000 volts for the transmission line, if the bank 
of transformers has a step-up ratio of 1:10? 

159. MAINTENANCE AND CARE OF 
TRANSFORMERS 

Transformers usually require considerably less 
maintenance than most other electrical machines; 
because transformers have no moving or wearing 
parts, such as bearings, etc. 
There are, however, certain important features 

which should not be overlooked when installing lkw transformers and also in the regular inspection 
d care of these devices, to make certain that they 

are operating under proper conditions. 

When installing transformers they should when-
ever possible be placed in a location where there 
is plenty of free circulation of fresh air to carry 
away the heat developed in the transformers. 
Transformers are quite often installed in special 

rooms, known as transformer vaults, inside of vari-
ous buildings. These rooms should be well provided 
with openings for ventilation, and in many cases 
it is advisable to have some sort of fan or blower 
system to constantly circulate fresh air through 
the transformer vaults. 
Where transformers have water-cooling coils in 

the tanks, the circulation of air around the tanks 
is not so important; but, even with these types of 
transformers, a great deal of the heat will be carried 
away and their operating temperature kept lower 
if plenty of fresh air can come in contact with the 
tanks. 
When transformers are installed out-of-doors, the 

air problem will usually take care of itself; but, 
if the transformers are equipped with water-cooling 
coils, they should be inspected frequently to see 
that the circulating water supply is not interrupted 
by failure of the pumps, and also to see that this 
water as well as the transformer itself are kept et the proper temperature. 

In certain cases where transformers may be tem-
porarily overloaded to maintain service during 
emergencies, or where conditions make their cool-

Fig. 150. This photo shows the inside of a small distribution transformer 
with the oil removed. Many transformers of this type are provided 
with a terminal block mounted on the core inside of the tank so 
that the connections can be changed to obtain different voltages. 

ing difficult, they may be kept at safe temperatures 
by means of fans or blowers to direct air against 
their tanks or radiators. Sometimes a spray of 
water against the tanks from a set of perforated 
pipes will greatly aid in cooling them. The water 
should, of course, be kept away from high voltage 
lead-in wires and bushings. 
As previously mentioned, 'most large transform-

ers are provided with thermometers to indicate the 
temperature; and for highest operating efficiency, 
as well as for safety of the insulation of the wind-
ings, the temperature should be kept at or below 
the maximum rating which is usually marked on 
the transformer name-plate. 

160. DRYING OUT TRANSFORMERS 
When installing new transformers which have 

been shipped without the oil in the tanks, or used 
transformers which have become damp, it is very 
important to see that the windings and tanks are 
thoroughly dried out before the oil is placed in the 
transformers. 
This is usually accomplished with some form of 

air heater and fan arrangement for blowing dry, 
heated air through the windings. Large trans-
formers may require several days to thoroughly 
dry out. 

In emergency cases the windings may be heated 
to dry them out by short-circuiting the secondary 
winding and applying from 1 to 2 per cent, of the 
normal rated voltage to the primary. 
A rheostat is generally used in series with the 

primary winding to avoid too rapid temperature 
rises, and the actual drying temperatrue should 
not be reached for several hours after starting to 
apply the low voltage to the primary. 
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This method of drying out a transformer must 
be performed with great care at the start or the 
inner sections of the winding may reach danger-
ously high temperatures before the outside sections 
become warmed up. 
The principal reasons for drying out transformers 

so carefully are both to prevent moisture from re-
ducing the dielectrical strength of the insulation 
on the windings and to prevent any of this moisture 
from being absorbed by the oil when it is placed 
in the transformer tank. 
The degree of dryness obtained can be deter-

mined by measuring the insulation resistance be-
tween the winding and core with a megger. 

161. EFFECT OF WATER ON TRANS-
FORMER OIL 

The presence of even a very slight amount of 
water in the oil will greatly reduce its dielectric 
strength or insulating qualities. The dielectric 
strength of good transformer oil is usually between 
220 and 250 volts per mil. In other words, it will 
require a voltage of this amount to puncture or 
break through 1/1000 of an inch of good trans-
former oil. 
The common test for transformer oil is made by 

placing a sample of the oil in a testing cup or re-
ceptacle in which is submerged a pair of round test 
electrodes one inch in diameter, and with flat faces 
spaced 1/10 of an inch apart. 
When high voltage from a test transformer is 

applied to these terminals of the test gap, the 1/10 
inch layer of oil between them should stand a 
potential of about 22,000 volts before breaking 
down. If the oil flashes through at a much lower 
voltage than this, it indicates the presence of mois-
ture or dirt in the oil. 

If oil which has almost no water in it, or we will 
say not over 1/10 part of water in 10,000 parts of 
oil by volume, has a breakdown voltage of over 
20,000 volts, when water is added to the extent of 
one part of water in 10,000 parts of oil, the oil will 
usually break down at less than 10,000 volts; show-
ing that its dielectric strength has been reduced 
more than one-half by even this very small moisture 
content. • 
Only a good grade of mineral oil should be used 

in transformers. The principal requirements are 
that such oil should be free from moisture, dust, 
dirt, and sediment. It should also be free from acid, 
alkali, and sulphur. It should have a low flash point, 
and should have the previously mentioned dielec-
tric strength of about 220 volts per mil. 
During normal operation of the transformer it is 

quite probable that the oil will absorb more or less 
moisture from the atmosphere. 
Most transformer manufacturers equip their 

transformers with air-tight or water-tight insulating 
bushings around the conductors or leads where they 
leave the tank, and also with moisture seals under 
the tank covers. In spite of this, a certain amount 
of moisture may enter the tank by the "breathing" 

action which is due to expansion and contraction of 
the oil with changes of temperature in the trans-
former, and which causes air to be forced in and 10 
of the transformer tank with these changes 
temperature. 
Even when transformers are equipped with the 

air-dryer or moisture-absorbing units in the 
breather or ventilator previously explained, some 
moisture may gradually be absorbed by the oil. 
The presence of this moisture may not be visible 

to the eye when the oil is examined, but it can be 
detected by the voltage-breakdown test. 

If a pint of oil and a pint of water are vigorously 
shaken together in a container and then allowed 
to stand for a few minutes they will separate be-
cause oil is the lighter of the two. Most of the 
water will settle to the bottom, but a certain num-
ber of very small particles of water will be retained 
in suspension in the oil. 
The same condition is met in the case of trans-

formers. Most of the first moisture which enters 
the tank remains suspended in the oil until the oil 
can hold no more water, and then the water begins 
to settle to the bottom of the tank. 

Fig. 151. Portable oil testing outfit consisting of high voltage trans-
former oil test cup and voltage adjuster. (Photo Courtesy General 
Electric Co.) 

162. TESTING TRANSFORMER OIL 

We should never wait for water to appear at the 
bottom of the tank; but, instead, the oil should be 
periodically tested by removing small samples from 
the drain valve at the bottom of the tank and test-
ing these samples in a high-voltage test gap such 
as previously described. 

If, at any time, the oil removed from the bottom 
of the tank breaks down at voltages below 16,500 
on a standard test gap, the oil should be both dried 
out and cleaned. If this is neglected it may result 
in the dielectric strength of the oil becoming so 
low that it will cause a flash-over between the trans-
former windings and result in gerious damage. 

Fig. 151 shows a convenient portable oil-testing 
device which consists of a small high-voltage trans-
former capable of producing secondary voltages of 
from 15,000 to 25,000 volts. The oil test cup oh 
receptacle is mounted above the transformer and 11. 
attached to the high-voltage terminals. The oil 
cup is made of an insulating composition and has 
the metal electrodes inside the cup with their shafts 
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extending through the ends to the transformer 
minal s. 
ne of the electrodes is adjustable so that the 

cup can be accurately set for various tests. There 
is also provided a voltage adjustment knob, located 
between the electrode posts. The power required by 
a test outfit of this kind is so small that it can be 
operated directly from an ordinary 110-volt lighting 
circuit. 
When testing oil with such a test outfit, the cup 

is usually filled so that the oil is about an inch 
above the electrodes, and after allowing sufficient 
time for the oil to flow between the gap faces and 
for all bubbles to rise to the top, the voltage is 
applied, low at first, and gradually increased until 
the sample breaks down. Several samples are us-
ually tested to obtain average results and avoid 
mistakes. 

163. CLEANING TRANSFORMER OIL 
There are three common methods or removing 

moisture and dirt from transformer oil. These 
methods are boiling, filtering, and the use of cen-
trifugal separators. 
The first method is the least used of the three 

and is generally only resorted to in emergencies. 
Oil filter presses are quite commonly used by a 

number of plants and power companies, and the 
centrifugal separator is very extensively used where ige amounts of oil must be cleaned frequently. 

o dry the moisture out of oil by boiling is a 
somewhat crude method but it may occasionally be 
handy in emergencies. To do this, it is only neces-
sary to heat the oil to a temperature slightly above 
the boiling point of water, or 212° F. Maintaining 
the oil at this temperature will gradually boil out 
the water. 
The temperature of the oil should not be raised 

more than about 20° above the boiling point of 
water, or the excessive heat may injure the quality 
of the oil and lower its dielectric strength. 

Oil filtering is accomplished by forcing the oil 
through a series of filter papers. These filter papers 
are similar to blotting papers. A number of them 
are held securely clamped in a special press, such 
as shown in Fig. 152; and oil is forced through 
these filter papers one after another, by means of 
an electrically-driven pump. 
The filter papers will allow the oil to pass slowly 

through them, but will stop and hold most of the 
moisture. They will also stop most of the dirt 
and sediment which the oil may contain. 
A pressure gauge is connected in the oil-

circulating system between the pump and the filter 
press, so that the proper pressure may be main-
tained on the filter papers. After the pump has 
been started a few minutes, the pressure should be 

giged. If at any time during operation the gauge 
icates a sudden pressure drop, the pump should 

be immediately shut down, because the reduced 
pressure is usually due to some of the filter sheets 
having been punctured by water. 

• 

Fig. 152. This photo shows a filter press for cleaning and removing the 
moisture from insulating oil. Note the motor-driven pump mounted 
underneath the filter press. (Photo Courtesy General Electric Co.) 

It is then necessary to drain the oil from the 
filter and replace the punctured sheets as well as 
several adjacent sheets on each side of them. This 
is done in order to guard against missing a few 
sheets which have very small punctures that may 
not be easily seen. 
The moisture-laden oil which is drained from the 

filter each time it is shut down, should be set 
aside and filtered at the end of the run. This will 
eliminate a lot of unnecessary shut downs, as a 
considerable amount of the water may have settled 
out of the bad oil during the time it was left 
standing. 

Centrifugal oil separators such as the one shown 
in Fig. 153 separate the oil and water by whirling 
them at high speed, causing the two to leave the 
separator disks at different levels because of the 
different weights or specific gravities of oil and 
water. 

This method is very rapid, convenient, and clean, 
and is very commonly used in large power plants 
and by power companies which have to clean large 
amounts of insulating oil from transformers, oil 
switches, etc. 
Large transformers are usually provided with oil 

drain connections at the bottom of the tank and 
refilling connections at the top. It is not necessary 
to take a transformer out of service in order to 
clean the oil, as connections can be made to both 
the bottom and top of the tank; so that the oil can 
be run through the filter press or centrifugal sepa-
rator and the clean oil returned to the top of the 
tank as fast as the dirty oil is withdrawn from the 
bottom. 
By this method some of the oil may, of course, 

be run through the cleaning process several times; 
but, as soon as the sufficient moisture and dirt have 
been removed so that a test sample of the oil in 
the transformer rests up to the proper voltage again, 
the cleaning process can be stopped and the filter 
or separator disconnected from the transformer. 
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Fig. 153. Motor-operated centrifugal oil purifier which separates water 
and dirt from the oil by revolving them at high speeds. (Photo 
Courtesy General Electric Co.) 

Sometimes it is necessary to take a transformer 
out of service and thoroughly clean the tank %Li 
windings to remove all sediment and dirt fir 
the bottom of the tank and also any accumulations 
of dirt or oil sludge which may be clinging to the 
windings and clogging up the oil circulation spaces, 
thus preventing proper cooling and causing the 
transformer to overheat. 

There are many thousands of small and large 
transformers in use in power plants, substations, 
and industrial plants today; and it is because you 
will undoubtedly have frequent occasion to use a 
good working knowledge of these devices that their 
operating principles, connections, and care have 

been quite thoroughly covered in this section. 
This subject is of sufficient importance so that 

you should make sure that you have a thorough 
understanding of the material covered • in this sec-
tion. 

TRANSFORMER DESIGN DATA 

We have found that transformers are made in 
many different sizes and types, and for almost any 
purpose or need. Very often the alert electrician 
can think of profitable uses for transformers other 
than the uses in which they are commonly found. 

In some cases, one may have a need for a spe-
cial transformer which is not available or which 
may be too costly to buy for the particular purpose, 
and you may desire to build a unit from available 
core iron, and wire, which may have been salvaged 
from some other transformer. Or you can purchase 
core iron cut to specifications from various steel 
companies, and magnet wire from electrical supply 
houses, for building special transformers. 
The design of large power transformers for 

maximum efficiency and power factor is a job for 
technically trained engineers, and it is not our pur-
pose to go into such details or mathematical prob-
lems. However, it is not a very difficult matter 
for the practically trained electrician to build a 
simple transformer of small or medium size, which 
may be very satisfactory for some certain job or 
requirement. The following convenient transformer 
construction data is provided for this purpose. 

Before starting to design or construct any trans-
former, it will be well for us to have well in mind 
just what a transformer is, or what are its essential 
parts such as the core, the primary winding, 
the secondary winding, and the necessary insula-
tion. The core, consisting of thin iron strips or 
laminations must be large enough to carry the re-
quired magnetic flux without saturation or too 

heavy losses. The amount of flux to be carrie 
the core will depend on the size or wattage rAlk 
of the transformer. 
The primary winding is to excite or magnetize 

the core and provide a magnetic flux to induce the 
desired voltage in the secondary winding. The 
number of turns and size of wire in the primary 
winding will depend on the applied voltage and the 
desired power rating. 
You have already learned that the secondary 

voltage of any transformer will depend on the volt-
age applied to the primary and the ratio of primary 
to secondary turns. 

Therefore, the principal factors to be determined 
in building a transformer are the core size, area 
and weight; the number of turns and size of wire 
for primary and secondary windings, the number of 
turns per volt in the windings, and the amount and 
grade of insulation. 

Important points to keep in mind in the construc-
tion of any transformer are: 
Do not skimp on core iron, wire size or insula-

tion. Liberal core size means higher efficiency and 
requires less turns of wire per volt. Ample wire 
size prevents overheating. Careful and sufficient 
insulation tends to prevent breakdowns due to 
short circuits or voltage flash overs. 

Before trying to determine the size or area ofii& 
core we should decide which type of core we del. 
to use. The two best types for simple transformer 
construction are the "core type," and the "shell 
type" shown in Figures 99 and 100 of this Section 
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The plain "core type" with four legs or sides, 
is often the easiest to build, and when voltages of 

ig or over are desired on the secondary, it is 
h easier to insulate the winding on this type 

of core. The shell type core is somewhat more ef-
ficient and compact and not very difficult to build. 
As a general rule, we should allow a core area 

of at least 6 square inches for a transformer of 1 
kilowatt size. It is also customary to allow a flux 
density of 50,000 lines per square inch of core if 
the core iron is of a good grade of silicon steel. For 
continuous duty without overheating, we should 
allow 1000 to 1200 circular mils of wire area per 
ampere of load, on both primary and secondary 
windings. For intermittent or temporary duty, on 
very small transformers that are easy to cool, and 
where efficiency is not so important, this allow-
ance may run somewhat lower, from 600 to 800 
C.M. per ampere. 
The number of turns required in each coil will be 

proportional to the applied or induced voltage, and 
inversely proportional to the cross sectional area 
of the core. A convenient figure for rough design 
or checking of small transformers is 7 turns per 
volt, for a core area of 1 square inch, if the trans-
former is to be used continuously; or 4 turns per 
volt if it is to be operated for only a few minutes 
at a time. 
The relations between volts, amperes and watts iiiiranformer design can easily be determined by 
use of ohms and watts law formulas with which 

you are already familiar. 
For simplicity and convenience in securing prac-

tical design data for small transformers, we have 
prepared the following table, which gives all the 
necessary values on core area, wire size and number 
of turns for six sizes of transformers ranging from 
50 watts to 1500 watts. 
This data is given for transformers that are in-

tended for use on 110 volt circuits. That is, their 
primary windings are designed for 110 volts at 60 
cycles frequency. 

Watts Core Turns Number of Sim of 
Input Area Per Volt Prl. Turns Pri. Wire 

50 154x154 4.8 530 23 
100 172 x 3.3 365 20 
250 154 x 174 2.25 250 16 
500 254 x 254 1.66 185 13 
1000 x 272 1.2 130 10 
1500 1. 110 9 234x254 
The above sizes of transformers would be con-

venient for bell circuits, signal circuits, electrical 
toys, neon signs, testing insulation, small spot 
welders, tesla coil operation, etc. The three larger 
ones might be used for light and power purposes. 
The number of turns and size of wire for the sec-
ondary windings is not given, as this will depend 

Insformer the desired secondary voltage or whether the is to be a step-up or step-down unit. 

The number of secondary turns can be easily de-
termined for any desired voltage by multiplying 

the turns per volt given in the table, by the desired 
voltage. The full load secondary current can be 
determined by dividing the wattage rating of the 
tranformer by the secondary voltage. Then the 
C. M. area of secondary wire can be determined by 
multiplying the current by 1000, and getting the 
gauge number to correspond from a wire table. 
Another convenient method of getting the va-

rious design figures for small transformers of any 
size from 50 watts to 1000 watts is by use of the 
chart or graphs shown in Fig. 153-A. 
For example, suppose we wish to determine the 

values for a 500 watt, or 500 volt-ampere trans-
former. 
The weight of the core is found by running 

horizontally along the 500 V.A. line to the solid 
line A, and then vertically down to the top row 
of figures marked weight of core. We find the 
core weight to be 25 pounds. 
The core width can be found by running hori-

zontally along the 500 V.A. line to the curve Y, 
and then down to the middle line of figures, marked 
width of core, where we read slightly over 2 inchee 
Call it 2 inches. 

In this particular design the core depth is as-
sumed to be 11/2 times core width, or in this case, 
3 inches. Then the core area will be 2 X 3 = 6 
inches. This is somewhat more liberal core design 
than given in the foregoing table, but will make the 
required turns per volt a little lower, and the trans-
former efficiency a little higher. It will also change 
some of the other values slightly, but they are all 
close enough for practical purposes, whether taken 
from the table or the chart. 
To find the turns per volt, locate the core area 

or 6, on the bottom line of figures and run vertical-
ly up to curve T, and then horizontally over to the 
left column of figures, and we find 1.4 turns per 
volt. 
Then multiply this figure by the primary voltage 

to determine the number of primary turns, and by 
the desired secondary voltage to determine the 
secondary turns. If the primary voltage is 110 
volts, then 1.4 x 110 equal 154 turns. If the desired 
secondary voltage is 10, then 1.4 X 10 = 10 = 14 
turns for the secondary. 
The primary current at 500 V.A. will be 500 -4-

110 or 4.5 amperes. Assuming that this transformer 
is only intended for intermittent duty, and allow-
ing 600 C.M. per ampere, we find that 600 X 4.5 = 
2700 C.M. wire area required. From a wire table 
we find that a #15 wire is suitable. 
The secondary full load current would be 500 

10 = 50 amperes. Then 50 X 600 = 30,000 C.M. 
this would require a #5 wire, or two #8 wires in 
parallel for better flexibility than the heavy wire. 
Values for transformers of other sizes such u 

50, 100, 250, 750, or 1000 volt-amperes, and any pri-
mary or secondary voltages can easily be deter-
mined from this same chart and the simpk rules 
and calculations in the foregoing example 



560 A. C., Section Four. Transformer Design and Construction. 

î 

«. g 

ér 

to 8 
co 

o 
,4) 

re) g 

N 0 

p 

"Me ••••••:MI:MBEBBBRMIEB  

 ,Am M  

... ... ::•••"nru• MMMMMMMM BBBROBB , ORMBU  

 UM: 4   
ITURBB:B111111 

 :   :BIBIEIRepg:ee  
 e  ::::ammmum•mmmma...,....mmanammummum :  

: es 

. ...évuumumwAmmem 

:111411:e:::::::1••••• :. 
MOM. BNB 

dWUMMII: BUBB    MBBMUMMVIBBMKR• 
an u 

4.: 

BRIOBMIMIK BM : e l 

• MUM ::: :2•:::::• 

igi:  

::::::: 

::::::. 

UMBISUBUIIM 

 IIIBUBBOIMMUR:Ral 

IBUIR 
.1114 

1110111:::U1011»:::MOMBIBM10::::: MMMMM EUMBBMB MMMMM 

MMMM »Minns 

11101BBMBBMII 
 BUBB 

 »Bp 11111M4RWM  

 !LBO. B  MMBIIMMIBI MMMMM BMUMBIMMIBB 4MM 
.11ReMIRRBUBBBBUIRq  BB: 

:11111411:UBB.MMU  BUBB  MBŒ:  
 ••••••••••• MMMMMMMM »BBB 

BUM. e  MOM» MMMMM «BB 

I 

BIBBBMMBLIR    45   
MUMURBMIIMIIM geMBIMMOBBIBILMBORM   BBB. 

•MBIBIBBVIIMOURIM  UUUUU BOMMMMMMMMMMM la UUUUUU MIBRIBIUMMORMIMBR'  
::::BBMBSIBM MIMI UUMUROMBRB  .  

Imam! gmememumemems   

UUUUUU esuomumerummismuummmo  .di: mamma. 8 me..augmemommièree UUUU MM. 

....:::...!..! Tww":MBB."BMIM" 

UMW. IMM:B.MB.:111::1  M:B 

MUMBRO:  

ed•••••••i  
MMMMM MBBBmilMBM.UM 

alumna ewe.  
..mmuseammummon. MMMMMM 

n. 

RIM • ORMB 
 plOURRE •• 

• 

Ban 1R 1::11:11 
BBB V • 

BM 

«BO 1. 1101:BBM: BRIO 'd   MUMBSBROMMI MMMMMMMMMM 11:MBOM:  

Mill 

e:.  
  VB. 

BMBMII 

 un-

,-==mildipmem 

:di 1 

 " 1. ii,.'4:::1:11 1 
• 

..e.  
 OSSIMMmallEIOMM M  .e.:e:111111,11 MUMBOM 41 

ffsEeral3 1::11200:1-•4::LECC WM= 2 IMMC? a .m:::.  . ii amenessemmummen•wnejisol.s. n 

ORIIIMII::::1: ::..":::::Urine. MMMMM :  reele.,  • • :lid 1 d P P  Fa n:" 

eeeeeee . e.e.::::: . :::rum mmen""1:11:1M:me....... Me nano.   easing  • •11: Ms MU 
VI 

...1:1 1 
 • gum ilureceeeeeeere-mr •• Am: MMMM 

MOM•BM Mel 411•1111 11141041411MBREM::•••••• MMMMMMM  
t,..:::::::: . ........ ..:..... mediàse:rmanalearsuri 'mg!!! 

mamma MMMMM ma UM baBBBMBRUBM BB 
OR •••••••:• :::::::1 ::: MMMMM ITUOMMOROMMUMU.:MBMUM: AMUMIIMISMMMUMUMMUSSO::::111:WS Me 

al 

MMMMMMM ump.mmemmamwmmummen 1  :::::..:::.e  

eb.e:::::............ ...... MMMMM IBBBIIMM:::::yd:::UMMBRISIM MMMMMMM de:  
fr::(mummumi:::::::::m:::::›à: menu MMMMMMM :•mnrussmw MMMMMM mUmewmieMISM MMMMMMMMM Magi. 

RISM::::::: :MMUM:MBRRiOrddlibi   BUBO M MOM  

::::: ::::: M :::::::::wee...dree::::::::::::!! MMMMMMMMMMMMM .  
..e !..eeleeeelevuee..........:.: .1..........w..... MMMMMMM ..... 

.... „.. ... 
BO MIMI RUM@ BRIM  IVA@  

'AIM  `IJOBRigg ,  
UMMEM mMOBIRMIBMOMMMW. ARSORBM  MIIMBUIRRIffmiltB•MU  

LI:
MUM V•MMUM:::::RFAIIMU MMMMMMMMMM MMU•emeele1Me. 145: '•11::::" 

. i::::•• t41:1MUMIIII MMMMMMMMMMM MMMUMNIMMRRIB. - mBBViBRORROBeee" MMMMM M e'  
»mom mammemamm:::: IMBIMM. 

IllitiCeekraCCUOICCO:18M6Ciii:122i 

pumas 
MOB* 

BIB   , i1MISIRMUMB MMMMMMM 

di 

WW•111 

10111•1114 

:BR 

.anan 

1041  
• • ROB 

ISM 
BO 

ilememossommumuL 

Via 
n... 

 LIIMe 
 RIBIBROMBIO• MMMMMM 
MMMMM 

 iii:MBBBMWRIMM 

-1•1101111BRBUNIM MMMMMMMMMM MMMMMMMMMMMMMMM 141400•01» MMMMMM ge ::::::::::: 

ieeme:p.n-

cees?-'"e  

m▪ gr.» 
 :mg  

time  

o 
o 
o 

1111.10 

II' alu 

dm

111M au 

icentee: 

wipe "  

 M 

 :44111ii• 

 _   m 

 4 MMMMMMMMM .1••••••••••••••••••••••6 - •••••SIZI::::: MMMMMMMMM ..o::::::::::IIIN um 
MMMMMMMM maw. ex 

• - 

 memo  
sumssionammmemmamenuma 

BMA, LIBIBMBOSBBM• 
n. 

 a, :::::::::  

OBOMORIMSIMM 
MMIMMIB 

:BY MMMMM BMW MMOILUBBIOB 
BUMBITHOUBIBIUMMUEM: MMMMMMM MUM • ...........11... 

 ....::::::::::: 111.4111. 

iE 

5 10 15 20 ZS 30 

0.3 1.0 1.5 

1 ét 3 4 5 6, 7 
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163-A. TRANSFORMER FORMULAS 

The tollowing data and tormuias may at tuncs 
be very convenient for designing transformers of 
other sizes than those for which the data has been 
given in the accompanying table and chart. 
As previously mentioned, the size of a trans-

former core as well as the size of wire in the pri-
mary, depends on the wattage or volt-ampere rat-
ing. The primary wattage also has a bearing on 
the "volts per turn" of wire in the primary. 

It is often desirable to have two or more separate 
secondary windings on a transformer, for obtaining 
different voltages and different amounts of current. 
In this case, the primary wattage can be deter-
mined by adding up the wattages of all secondaries 
and then adding about 10% more for losses in the 
transformer. 

After the primary wattage has been determined, 
the volts per turn can be found by the formula: 

V WP 
 for 60 cycle transformer of the plain 

50 
"core type," or 
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Fig. 153-B. A core type transformer core may be constructed with 
alternate layers of laminations as shown above. 

After finding the turns per volt, the required 
number of turns for either the primary or secondary 
winding can be found by simply multiplying the 
turns per volt by the voltage to be applied to the 
primary, or the induced voltage desired in the sec-
ondary. 

In other words:—N = V X Tv. 
In which N=number of turns 

V=voltage across the coil 
Tv=turns per volt. 

The full load current of either winding can be 
determined by dividing its wattage rating by its 
voltage. Then the size of wire for either winding 
can be determined by multiplying the current in 
amperes by 600 to 800 C.M. for small well venti-
lated transformers, or those for intermittent duty; 
or by 1000 to 1200 C.M. for larger transformers 
with deeper windings, and for continuous duty. 
The area of the core can be determined from the 

trula 

E X 100,000,000 
A=  

4.44 XFXB 

In which 

A=area of core in sq. in. 
E=volts per turn 

100,000,000=number of lines of force to cut in one 
sec. to produce one volt. 

44.4=a predetermined constant 
F=frequency of primary supply 
B=number of lines for force per sq. inch. 

Allowing 50,000 lines of flux per square inch of 
core as previously mentioned, if we work out this 
formula for a 60 cycle transformer it becomes: 

E X 100,000,000 
A= , or A=EX73 

13,320,000 

For 25 cycle frequency the formula becomes: 
E X 100,000,000 

A=  or A=E X18 
5,550,000 

These formulas have been first given in full, and 
then reduced down, in order to show you the fac-dig involved and to simplify the final formula for 
r use in designing transformers. With a little 

practice you should find it quite easy to determine 
core and winding data for various transformers by 
the use of the foregoing formulas. 

163-B. GENERAL INFORMATION ON TRANS-
FORMER CONSTRUCTION 

When we refer to core area, we mean the area 
of one leg only, or the area of the magnetic path 
at any point in its circuit. 
The required area can be obtained by stacking 

laminations to form a square core, or a core 12 
to 2 times as deep as it is wide, or other rectangu-
lar shapes. 

The length of the core sides should be kept as 
short as possible and still allow the proper sized 
window or center opening to accomodate the wind-
ings. The shorter the core or magnetic path, the 
better will be the regulation of the transformer, 
but one must be careful not to get the window 
too small. 
The required window size can be determined 

by taking the wire diameter (including insulation) 
from a wire table, and then calculating the num-
ber of turns per sq. inch, and allow a little extra 
space for insulation of the coil layers. On many 
small transformers the window size need not be 
any larger than the area of the core leg, but on 
other transformers for high voltages, the window 
may need to be two or three times the core area. 
Transformers will be more efficient if only thin 

good grade laminations are used. No. 26 or No. 
28 gauge are generally best for small units. 
When assembling the core laminations, be sure 

to carefully lap the joints as shown at C in Fig. 
153-B, so that the magnetic leakage and reluctance 
will be kept as low as possible. 

Fig. 153-C. A 50 vs. transformer core constructed from strips l'z2%'. 
Note the method of binding the strips together. 
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AADVAOLE SECONDARY 

ZS' 

Fig. 153-D. A 10 Kv-a. welding transformer designed for operation 
on a 220 volt line. 

If old laminations are used, they should be 
cleaned, but be careful not to scrape the oxide film 
or insulation from them, as each lamination should 
be insulated from adjacent ones to keep down eddy 
currents. For this same reason, care should be 
taken not to leave rough or burred edges on the 
laminations. 
When preparing to clamp the laminations, it is 

best to use clamps and external bolts as shown 
in Fig. 153-C, rather than to drill holes through the 
laminations and possibly short them together. 
When using old core laminations, if their coat-

ing of oxide or varnish has been destroyed they 
can be coated with a thin insulating varnish. 

For the best efficiency, the copper and core losses 
should be about equal. 

In arranging the windings on the core, the 
primary and secondary coils may be placed on op-
posite legs of the core, or they can be placed one 
over the other on the same core leg. The closer 
they are together, the better will be the regula-
tion of the transformer. 

If several different voltages are to be obtained 
from the secondary, several separate windings can 
be used, or the secondary winding can be tapped 
at proper points and individual leads brought out 
for the different voltages. 

If the current load is to be different on the vari-
ous sections of the secondary, then they are com-
monly wound separately and should use differ* 
sizes of wire according to their load in ampeW 
For example, we might have one secondary wind-
ing of 5000 turns of No. 30 wire, and another of 
3 turns of 0000 cable on the same transformer. 
When windings are placed one over the other 

on the same core leg, the lower voltage winding 
is often placed next to the core because of less 
difficulty in insulating it from the core. This is 
not always the case, however. 
Windings should be carefully insulated from the 

core, preferably with a fibre spool, or at least with 
a wrapping of several layers of heavy oiled paper 
or tape. Fibre end collars help to hold the wires 
in place in the coil layers, and also insulate them 
from the core. 
Each layer of wire should be wound neatly and 

evenly, avoiding crossed wires as they tend to cut 
through their insulation and short circuit if pressed 
too tightly together. 
Each layer should be insulated from the others 

by a layer of oiled paper or varnished cloth. Great 
care should be used to prevent end turns of one 
layer dropping down near the turns of layers deeper 
in the winding as this will generally result in a 
short circuit and cause the entire winding to fail 
and necessitate rewinding. This is particularly 
true on high voltage windings. End turns ca 
held securely in place by placing short piece 
thin tape under the last several turns and then 
folding the free ends of the tape back over these 
turns and binding them down with the next layer. 

Starting and finish leads of each coil should be 
protected and anchored by covering with spaghetti 
tubing several turns into the coil to prevent their 
being broken off. On windings using very small 
wires, short pieces of heavier wire are often sol-
dered on at the ends and used for the several end 
turns, being well bound into the coil to relieve the 
small wires of any strain. 

Don't skimp on insulation, or it will frequently 
result in breakdowns or shorts, and necessitate 
complete rewinding. On the other hand, don't pile 
up unnecessarily thick layers of insulation, as these 
tend to prevent the escape of heat to the outside of 
the winding and may cause hot spots. Mica is 
very good insulation for the core, and for high 
voltage windings. 
Magnet wire for transformer winding is gener-

ally insulated with one or two layers of cotton, 
and sometimes a layer of thin enamel of high dielec-
tric strength to prevent voltage breakdown or 
puncture. 
The cotton affords good mechanical protection 

to the enamel as well as some added insulate 
value. 
Where the wires are fairly large, or with smaller 

wires that are machine wound, plain enameled 
wire is sometimes used. This makes possible a 
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very compact winding, and permits very.free flow teat to the outside of the winding. Cotton is 
h more of a heat insulator than is enamel. 

After a winding is completed, it should be cov-
ered with one or two layers of tape, cloth or paper 
and shellaced or varnished for mechanical protec-
tion to the wires, for neater appearance and to keep 
moisture and dirt out of the windings. 
When convenient, it is often well to dip finished 

transformer coils in hot insulating wax or com-
pound, to exclude moisture and to bind the turns 
more securely in place. 
When winding coils, a wooden form just slightly 

larger than the core leg makes a convenient coil 
form. Slightly tapering this form, and wrapping 
with a layer or two of waxed paper makes it easier 
to remove the finished coil. Winding a layer of 
cord on the form first, and then pulling out this 
cord also simplifies removing the finished coil. 
When repairing or rewinding damaged trans-

formers, always observe and carefully record the 
size of wire, number of turns, and the grade and 
amount of insulation removed so you can dupli• 
cate them in the new winding. 

Careful workmanship and liberal or safe design 
allowances, on size of core and wire, and on insu-
lation should enable you to do many profitable 
and satisfactory transformer construction or repair 
jobs. Building one or more small transformer is t1P worth the cost of time and materials just for 

experience and confidence it will give you. 

163-C. WELDING TRANSFORMERS 
A practical arc welding transformer can be built 

with a core such as shown in Fig. 153-D, using 
about 220 lbs. of iron, and 86 turns of No. 3 wire on 
the primary, and 45 turns on No. 1 wire on the 
secondary. 
This unit is for operation on 220 volts, and is 

capable of supplying secondary currents up to 
200 amperes. 
Square wire should be used in these windings 

if possible to avoid waste space between turns. 
The layers of the winding should be spaced with 
qh wood strips to permit ventilation. The sec-
ondary coil should be arranged so it can be moved 
up or down on the core leg to permit varying the 
welding current for different jobs. 
Such a transformer can also be used for thaw-

ing out frozen pipes, by connecting its secondary 
leads to a length of frozen pipe, and adjusting the 
current to warm the pipe, but not to overheat it 

163-D. BELL RINGING OR TEST 
TRANSFORMER 

A practical 50W transformer may be con-
structed with core dimensions shown in Fig. 153-C, 

for experience, let us work out the design from 
information just covered. 

Our first step is to determine the size of window 
opening necessary for the primary and secondary 

coils. So by referring to the table on page 39, we 
find that a 50W transformer primary should have 
530 turns of No. 23 wire. The number of secondary 
turns will be found by multiplying the desired 
voltage by 4.8 (the number of turns per volt shown 
in the table.) Assuming that we desire a 12 volt 
secondary, we multiply 12 by 4.8 and obtain 57.6, 
(use 58) as the number of turns necessary. 
The secondary current is found according to 

Watts law by dividing Watts which in this case 
is 50 by the volts. So the secondary current will 
be 50 ÷ 12 or 4 -I-- amperes. 

We have learned that for intermittent use 600 
C.M. per ampere is required. Therefore, 600 C.M. 
X 4 amperes 2400 C.M. Referring to a wire 
chart, we find that No. 16 wire has a circular mill 
area of 2583 which should be ample. 
The winding space may be determined by re-

ferring to Fig. 13, Armature Winding Section 1. 
The chart shows that 1" will take 1293 turns of 
#23 wire so 72" will be ample for 530 turns. Num-
ber 16 requires 1" for 282 turns, so 58 turns will 
require about .3 of one inch. Adding .5" and .3", 
we obtain .8' or less than one inch actual wind-
ing space, but since we must allow for insulation, 
a window of 1" square would be rather crowded. 
In order to insure having plenty of room, let us 
use a window opening 172" X 1Y2'. 
The length of the laminations will be equal to 

the length of the window, plus the width of the 
laminations. In this case, the window length of 
172" X 1', (the width of the laminations) gives 
us a lamination length of 21/2 '. 
The chart in Fig. 153-A shows that about 272 lbs. 

of iron will be required. The amount of wire may 
be estimated by multiplying the number of turns 
by the average length per turn, and then referring 
to wire charts which show the number of ft. per 
pound. In this case, 72 lb. of #23 will be ample 
for the primary, and about 4 oz. of #16 will be 
required for the secondary. 
The core may be stacked with alternate layers 

as shown by Fig. 153-B, A and B. The first layer 
may be arranged as at A and the second layer as at 
B, the third as at A, etc. This arrangement breaks 
joints so that the completed core may be bound 
rigidly together as shown at C. 

After the core is assembled, three sides should be 
temporarily bound together with tape, and the re-
maining side should be removed so tnat toe 
may be placed on the core. 

After the core legs are insulated, and the coils 
placed on the core, the strips may be replaced and 
the completed core may then be permanently bolted 
together with strips of wood, or pieces of strap 
iron or angle iron. A piece of insulating material 
such as fibre or wood should be attached to th 
core to make a mounting base for the terminals 
The secondary coil may be tapped at the 29th turn 
to provide 6 volts. 
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ALTERNATING CURRENT QUESTIOM Page 1 

Single Phase A.C. Motors  

1. What are the two principal differences between A.C. and D.C.? 

2. What do the terms "in phase" and "out of phase" mean? 

3. What means is used to split single-phase energy into two-phase energy? 

4. What is the reason for splitting the phase on the single-phase, 

split-phase induction motor? 

5. How is the direction of rotation changed on the different single-phase 
motors? 

6. What is the purpose of the centrifugal switch on the split-phase motor? 

7. What is the purpose of the centrifugal device on the repulsion-start 

induction motor? 

8. What is the reason for splitting the stator winding into two sections 

on single-phase motors? 

9. How is the energy transferred from the stator to the rotor in the 

induction motor? 

10. What other fault besides overload will cause fuses to burn out? 

11. How is it possible to determine the cause of fuse failure by inspection 

of the fuse links? 

12. How does the fuse link indicate, (a) heavy overload; (h) prolonged 
overload; (c) poor contact? 

13. Which windrng has the smaller wire on the split-phase motor, the start-

ing or running winding? 

• 

14. What is a "capacitor" or "condenser type" motor? 

15. In what manner does the above motor differ from the split-phase motor? 

16. What advantages does the condenser motor have over the split-phase motor? 

17. That is Lenz's Law? 

18. Explain the operation of a shaded pole induction motor. 

Fundamental Principles of A.C. 

19. What is a cycle? 

20. What two factors determine the frequency of an A.C. generator? 

21. That is the formula for determining the R.P.M. at a given frequency? 

22. If an Alternating voltage and current pass through corresponding values 
at the same instant, are they "in phase" or "out of phase"? 



Page 2 ALTERNATING CURRENT QUESTIONS (continued) 

23. Give definition for "effective A.C. Ampere"? "Effective A.C. Volt"? 

24. If an A.C. voltmeter reads 100 volts what is the maximum value of 

the voltage applied to it? 

25. If an A.C. ammeter indicates 10 amperes what is the maximum value of 

the current passing through it? 

26. In a three-phase, three-wire system do the voltages between different 
pairs of wires attain their maximum values at the same instant? 

27. In the above system do the currents in the different wires attain their 

maximum value at the same instant? 

£8. Can more than on phase be transmitted on two line wires? 

29. What effect does increasing the speed of a generator have upon the frequency? 

30. What effect does increasing the frequency applied to an induction motor 

have upon its speed? 

31. What is the R.P.M. of a 16-pole, 60 cycle generator? 

32. What is the R.P.M. of the revolving magnetic field on a polyphase, 

24-pole induction motor when operating on a 60 cycle circuit? 

33. How many poles must a conductor pass to generate one cycle? 

34. What does the "frequency of an A.C. circuit mean"? 

35. Does the rotor of the induction motor turn at the same speed as the 
revolving magnetic field set up in the stator? 

Polyphase A.C. Motors And A.C.Motor Starters  

36. What is the meaning of the word "polyphase"? 

37. What is the difference between a single phase circuit and a three phase 
circuit? 

38. Is it possible to operate single phase equipment off any two wires of a 

three phase circuit? 

39. Why is it generally undesirable to start squirrel cage induction motors 

above five horse power rating at full line voltage? 

40. What means are generally used to reduce the voltage applied to induction 

motors during starting? 

41. What effect does reduced voltage have upon the starting torque of an 

induction motor? 

42. Can a motor, starting at reduced voltage, start as heavy a load as it 

could if full line voltage were applied? 

43. What is an auto-transformer? 
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44. How many overload trip coils are necessary to protect a three-phase 
circuit against excessive currents? 

45. How are the overload trip coils connected with respect to the line? 

46. Which circuit is broken when the overload trip contacts open? 

47. How are the two sets of overload trip contacts connected with respect to each 
other? 

48. How is the holding magnet connected with respect to the line? 

49. For what voltage must the holding magnets be designed if the line voltage 
is 220 volts? 

50. What is the purpose of the shading coil on A.C. magnets? 

51. What causes holding magnets to chatter and vibrate? 

52. If a motor will not start when connected to the low voltage taps on 
the auto transformer, what can be done? 

53. What effect will excessive spring tension on the contactors have 
upon the operation of an automatic compensator? 

54. What effect will insufficient spring tension on the contactors have upon 
the operation of an automatic compensator? 

55. What are the principle troubles found in compensators aside from loose 

connections? 

56. What method may be usedto line up the armature with the pole face on an A .0 . 

magnet? 

57. What does excessive heating at any point indicate on a motor, starter or circuit? 

58. How is the direction of rotation of a three-phase induction motor reversed? 

59. Is it possible to step up voltage with an auto transformer and are auto 
transformers frequently used for this purpose? 

60. Which low voltage tap on the auto transformer should be used for starting 
the motor and why? 

61. If two auto transformers are used for starting a three-phase motor how 
are they connected? 

62. If three auto transformers are used on the above motor, how are they connected? 

63. When auto transformers are in use, which circuit carries more current - 
the line circuit or the motor circuit? 

64. How is the extra current flowing in the motor circuit obtained? 

65. What is the difference between a magnetically-operated overload and a 
thermal type? 
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66. What is the purpose of the oil dashpotonmagnetic typeoverload trip coils? 

67. What is an electrical interlock and for what purpose is it used on 

automatic compensators? 

68. What is a mechanical interlock and for what purpose is it used on 

automatic compensators? 

69. What is a timing relay and for what purpose is it used on an automatic 

compensator? 

70. Which circuits are made or broken by the operation of the timing relay? 

71. Till a polyphase motor start with only single phase energy applied to it. 

72. What faults in a compensator might cause a motor to "single phase"? 

73. Will a polyphase motor run on single phase? 

74. What percentage of full load will a polyphase motor carry when 

operating single phase? 

75. What faults in the motor, line or fuses would cause a polyphase 

to single phase? 

7. nat is the principle cause of trouble on polyphase squirrel cage 
induction motors? 

77. What is the principle cause of trouble on polyphase slip ring induction motors? 

78. What is the principle cause of trouble in electrical circuits and 

electrical apparatus in general? 

79. What is the difference in speed between the revolving magnetic field 
of an induction motor and the rotor called? 

Opposition To Current Flow In A.C. 

80. What is Ohms Law for A.C.? 

81. What is the definition for inductive reactance? 

82. How is inductive reactance affected by the frequency? 

83. What effect does inductive reactance have upon the current? 

84. What is capacity reactance? 

85. How is capacity reactance affected by the frequency? 

86. What effect does capacity reactance have upon the current? 

87. What is impedance? 

88. What is the symbol for [a] inductive reactance; [b] capacity reactance; 

[c] impedance? 
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89. What unit is used to express the value of each of the above opposition 

effects? 

90. What effect does capacity reactance have upon inductive reactance when 
they are connected in series with each other in the same circuit? 

91. How is the voltage drop across an inductive reactance determined? 

92. How is the voltage drop across a capacity reactance determined? 

93. Can inductive reactance, capacity reactance, and resistance be added 

arithmetically? 

94. What is the phase relationship between current and voltage in [a] a purely 
resistive circuit; [b] a purely inductive circuit; [c] a purely capacitive 

circuit; [d]a circuit which contains both resistance and inductive react-
ance; [e] a circuit which contains resistance and capacity reactance? 

95. What is the formula for impedance containing inductive reactance, capacity 

reactance and resistance in series? 

96. Why will an A.C. machine or winding burn out if connected on a D.C. 
circuit of the same voltage? 

Star Delta Starters - Slip Rin, g Motors  

97. What are the advantages and disadvantages of an induction motor using 
a high resistance squirrel cage? 

98. In what motor are the advantages of a high resistance squirrel cage type 
combined with the advantages of a low resistance squirrel cage type? 

99. How does insertion of resistance in a rotor circuit increase the 
starting torque of the slip ring induction motor? 

100. What advantages does the slip ring induction motor have over the low 
resistance squirrel cage type? 

101. What is the procedure for determining the phase leads and the starts and 
finishes of the phases on an induction motor? 

Power in A.C. Circuit 

102. Is the product of E and I in the single phase A.C. circuit equal to the 

watts? 

103. Define "volt ampere"; "apparent watt"; "KVA"? 

• 
104. Under what conditions does the product of E and I equal the watts 

in the single phase A.C. circuit? 

105. Is there any difference between apparent watts and volt amperes? 

106. What is meant by the term Power Factor? 

107. What is the general formula for power factor? 
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108. What are the formulas for [a] apparent watts; [b] true watts; [c] power 

factor in the single phase circuit? For three phase circuit? 

109. What instrument is necessary to measure watts in the A.C. circuit? 

110. What are the advantages of having a power factor below 100%? 

111. Is it possible to have a power factor above 100%? 

112. What effect would raising the power factor of an induction motor 
have upon the voltage applied to the motor? 

113. Is a power factor of 90% leading as detrimental in its action upon 

the circuit, as a power factor of 90% lagging? 

114. What are the causes of low power factor? 

115. What are the means of correcting low power factor? 

116. Why is it possible to overheat A.C. generators, A.C.transformers and A.C. 
transmission lines when they are not carrying their full load inknowatts? 

117. Why are A.C. generators and transformers rated in KVA. instead of kilowatts? 

118. Why is the power factor of a system usually raised to a value that 
is less than 1044? 

119. What is reactive KVA? 

120. Why do power companies penalize consumers who draw energy at low power 
factor? 

121. What advantages result from raising the power factor? 

122. Under what conditions in the single phase circuit is the product of 
E and I not equal to the watts? 

123. Under what conditions is it possible to add alternating current 
quantities arithmetically? 

124. Under what conditions is it NOT possible to add alternating current 
quantities arithmetically? 

125. What effect would low power factor have upon the amount of copper neces-
sary to transmit a given kilowatt load with a given voltage drop and 

line wattage loss? 

126. What effect would low power factor have upon the power carrying capacity 
of a conductor [Power capacity means KW capacity]? 

Generator Correction And Paralleling 

127. What is the purpose of "phasing out" an A.C. generator and how is it done? 

128. What conditions must be obtained before two A.C. generators can be 
switched in parallel with safety? 
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129. What advantage does the synchroscope have over the lamp-bank method of 
synchronizing? 

130. What is the routine to be followed when putting an A.C. generator on 
the system and when taking an A.C. generator off the system? 

131. How is an A.C. generator operating in parallel with others caused to [a] 
pick up load; [b] drop load? 

132. Does an A.C. generator develop its own excitation current and if not, 
from what source is its revolving magnetic field energized? 

133. What happens if the paralleling switch is thrown in at the wrong instant? 

134. Is it necessary for generators operating in parallel to be the same size, 
that is, to have the same KVA. rating? 

Power Factor Correction  

135. That is the formula for determining the size of condenser [in KVA] re-
quired to raise the power factor from a given value up to 100%? 

136. What factor ultimately decides whether or not the power factor of a 
system should be raised? 

Measuring Watts In The 3 Ph., 3 Wire A.C. Circuit 

137. How many wattmeters are required to measure power in the three-phase, 
three wire system and how are these meters connected? 

138. What is the purpose of"polarizing"wattmeters and how is it accomplished? 

139. Under what conditions will the above wattmeters read alike? 

140. What will cause one of the wattmeters to read backwards? 

141. How does the polarization of the meters simplify the interpretation of 
the backward reading mentioned above? 

142. What is a potential transformer and for what purpose is it used? 

143. That is a current transformer and why is it used? 

144. What is the purpose of the short-circuiting switch on the secondary 
winding of the current transformer? 

145. What happens if the secondary winding of an energized current trans-
former is disconnected? 

146. What should be done before disconnecting the secondary circuit of an 
energized current transformer? 

147. What would happen if the secondary circuit of a potential transformer 
were short-circuited? 
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148. What instruments are necessary to determine the power factor of a three-

phase, three wire system? 

149. Iipw is the primary of a current transformer connected with respect to 
the line? 

150. How is the primary winding of a potential transformer connected with 
respect to the line? 

151. What is the reason for grounding the secondary winding of instrument 
transformers and for grounding the cases of meters? 

152. If the wattmeters are properly connected in the three phase system what 
will cause one of them to read backwards? 

153. How is the total power absorbed by the system obtained in the above case? 

154. Why is it desirable to connect an ammeter in series with the current 
coil of a wattmeter when making measurements on A.C. circuits? 

155. Is it possible for a wattmeter current coil to carry an excessive current 
without the pointer of the instrument giving an indication of this? 

156. How can the terminals of the current coil and the terminals of the 
pressure coil be identified on a wattmeter? 

157. Where can the information, concerning the number of amperes which the 
current coil of a wattmeter can carry, be found? 

Synchronous Motors  

158. What type of amotor is asynchronous motorand how does this motor get 
its name? 

159. Is there any similarity in construction between the synchronous motor 
and the A.C. generator? 

160. How many kinds of current are required to operate the synchronous motor? 

161. To which parts of the motor are the different currents applied? 

162. What is "hunting"? What means is used to prevent it? 

163. What are some of the causes of "hunting"? 

164. What type of a motor does a synchronous motor operate as when starting? 

165. What is a damper winding? On whichmachines is itusedandforwhatpurpose? 

166. How is a synchronous motor reversed? 

167. That is the outstanding advantage of a synchronous motor? 

168. What means can be used to vary the speed of a synchronous motor? 

169. Is it possible to vary the power factorofasynchronousmotor. If so, how? 
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17C. What is a field discharge switch and for what purpose is it used on the 
synchronous motor? 

171. Will the synchronous motor operate as an A.C. generator if driven 
mechanically? 

17:7- Can the induction motor be made to operate as an A. C. generator and 
if so, under what conditions? 

173. Will the synchronous motor operate at synchronous speed without D.C. field 

excitation? 

.7 ;. Give an example of the application of one type of synchronous motor that 
uses no D. C. field excitation. 

175. What determines the speed of a synchronous motor? 

176. What is the procedure for starting the synchronous motor? 

77. What are some of the applications of electricity that require the use of D.C.? 

178. What type of drive is operated most satisfactorily by the D.C. Motor? 

179. What means may be used to change A. C. to D. C.? 

180. Why is it generally desirable to transmit energy as A.C. and then convert 
it to D. C. at the point where the D. C. energy is required? 

Transformers  

181. What is a transformer? Of what does it consist? 

182. What is the purpose of laminating the iron core of a transformer? 

183. What is the definition for the primary winding of a transformer? 

184. What are the two principle types of transformer cores? 

185. What methods of cooling transformers are used? 

186. That is transformer oil and how does it differ from ordinary lubricating oil? 

Transformer Connections  

187. That test is made on a transformer to determine whether it is "additive" 

or "subtractive" in polarity? 

188. How are the different windings on a polyphase transformer "phased out"? 
That is, what method is used to determine the starts and finishes of 
the different phases? 

189. Which three-phase transformer connection gives the greatest voltage 
step-up for a given transformer ratio and which connection gives the 
greatest voltage step-down? 

190. What is the relationship between line and phase voltage for the star 
connection and the delta connection? 
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191. Can transformers be used to change single phase to three phase energy? 

192. How many phases can be obtained from a single phase three wire system? 

193. What is a star-delta-starter connection and for what purpose is it used? 

194. How would you test a 3 wire circuit to find out whether it was 3 phase - 
3 wire, 2 phase - 3 wire, or single phase 3 wire? 

Transmission Of Electrical Energy 

195. What is a circular mil? How many circular mils are allowed for each 
ampere on transmission conductors? 

196. What are the advantages of transmitting at high voltage? How many volts 

per mile is used on the average transmission line [approximately)? 

197. That are lightning arresters used for? Name several types? 

198. What is a deion breaker? 

19g. What is the advantage of an oil breaker over an air breaker switch? 

200. How would you test a 3 phase 4 wire circuit to find if it was con-
nected 4 wire star or a 4 wire delta? 

201. What is an automatic induction voltage regulator, and where used? 

202. What is the principle advantage of A.C. over D.C? 

Maintenance - Bearing Troubles  

203. What are some of the causes of bearing trouble on an inducttion motor and 
what are some of the reasons why such a motor would fail to start? 

204. How is bearing wear checked on an induction motor? At which end of the 
motor is the test made? 

Maintenance - Insulation Testing 

205. What is a megger, and where used? 
206. What is meant by "prevenative maintenance"? 
207. Of what value are routine insulation resistance tests and records? 
208. What other maintenance records should be kept on motors, controllers, 

transformers? 

Methods Of Changing A.C. To D.C. 

209. What is a rotary converter? 
210. What is the relationship between A.C. voltage and the D.C. voltage on a 

single phase rotary converter? 
211. Why are large rotary converters usually designed for six phase? 
212. For what two purposes is the damper winding used on a synchronous motor? 
213. When a rotary converter is operating, changing A.C. to D.C., what 

type of motor is running on the A.C. end? 



SERVICE 505 

FUNDAMENTAL PRINCIPLES OF VACUUM TUBES 
TOP VIEW 

F I L C.G. PLATE 

A three element tube with the 
grid at zero potential. Note 
that only a few electrons reach 
the positive plate, and a large 
number collect around the fila-
ment forming a 'space charge." 

-4-

FIL. SG. PLATE 

TOP VIEW - 

-a-

The same tube as #1 with a neg-
ative potential on the grid. 
Less electrons now reach the 
plate and plate current is low-
er. 

TOP VIEW 

-3-

C.G PiATE 

The grid in this diagram has a 
positive cnarge which increases 
the electron flow, and plate 
current, and alzo effectively 
reduces the 'space charge.' 

In this tube an extra grid 
(screen grid) is located be-
tween the plate and control 
grid. This grid has a positive 
potential applied to it. In 
this position it reduces the ca-
pacity effect between the plate 
and control grid, increasing 
the control range of the con-
trol grid and amplifying value 
of the tube. 

TOP VIEW 

- 5-

5.6. PLATE 

Note in this tube that the ex-
tra grid, known as the screen 
grid, completely encircles the 
plate. The inner part of the 
grid both reduoes apane charge 
and capacity between plate and 
control grid. The outer part 
merely reduces capacity effect 
between the outside of plate 
and connecting wires and other 
parts of the radio. 

-6-

FIL 3.(7. PLATE 

TOP VIEW 

SUR 6. 
5.6. 

This tube, known as a pentode, 
has another element (supressor 
grid) connected to the cathode 
or filament> that prevente the 
undesirable effects of secon-
dary emission, which is due to 
the electrons from the cathode 
striking the plate with such 
force as to set free other 
electrons. See Fig. 4 and 5. 
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R.M.A. COLOR CODE FOR RESISTORS AND CONDENSERS. 

COLOR FIGURE 
Black 0 
Brown 1 
Red 2 
Orange  
Yellow 4 
Green 5 
Blue 6 
Violet 7 
Gray 8 
White 9 

Color A gives 

Color B gives 

Color C gives 
first 

first figure of resistance value. 

second figure of value. 

number of ciphers following the 
two figures. 

Color D-Gold band indicates 5% tolerance. 
Silver band 10% tolerance. 
No band 20% tolerance. 

METHOD #1. 

N 1-
t t t //' 

Background 

Band A Band B 
UFFFE-7 Inack-
Red- Green-
Green- Black-
Orange- Green-

Color bands A,B,8c0 give resistance value. 
Color band D, usually omitted,indicates 
tolerance. Black background uninsulated. 
Brown background insulated. 

EXAMPLE #1. 

Band C Band D 
Black- None-
Brown- Silver-
Yellow- None-
Green- Gold-

0 A 

0 0 0 

Background  
Black 
Brown 
Black 
Brown 

METHOD #2. 

Value  
50 ohms-20% Uninsulated. 
250 Ohms-10% Insulated. 
500M ohms-20% Uninsulate 
3.5 Meg.-5% Insulated. 

Body color A, end color B, and dot or ba 
gives value. Gold or silver band D, USUP 
omitted, indicates per cent of toleran 

EXAMPLE #2. 

Body A 
Green-
Red-

End B Dot or band 
13171-E7- black-
Green- Brown-

Green- Black- Yellow-
Orange- Green- Green-

C Value  
50 ohm 
250 oh 
500,00 
3,500 

EXAMPLES of MICA CONDENSERS. 

1st Dot 2nd Dot  
Green- Black-
Brown- Black-
Red- Green-
Green- Black-

3rd Dot Condenser 
Brack- 50 mmfd 
Brown- 100 mmf 
Brown- 250 
Red- 50 
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TWO 5TAGE PHOTO- R E LAY (LIGHT **ON- RELAY DE-ENERGIZED) 
This photo-relay provides a sustaining and a stick circuit with relay contacts, capable of carrying 150(' 
watts. Four different devices may be controlled at one time. An electric 17:o bulb should be plugged 
into the different outlets, one at a time, while checkin for proper operation. 
CAUTION: The metal housing which protects the relay must always be in place while wiring and testine 
this unit. Extreme caution must be used when wiring the heater circuit. A single mistake in this cir-
cuit may cause the heaters to burn out. Never prod the wires or parts with your finger or any kind of 
insulated or metal tool while the power is on. Never catch hold of the two tubes at the same time while 
_  the power is on. Be sure to get the test chart checked before plugging into the power socket. 
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PHOTO ELECTRIC CELLS, CIRCUITS AND APPLICATIONS 
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TUBE CHARACTERISTICS. 
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TUBE CHARACTERISTICS. 
PROCEDURE: 

Read compiete instructions before starting to work job. 

1. Adjust Ef to 5E, 

2. Read and mark in 

3. Adjust Ep to 90E 

E to 45E and t to values specified in section J. on chart gf 

section I the 1p for each value of 

und fili in section 2 

4. Adjust Ep to 150E ana fill section 5" 

5. Adjust Ef to E. nu in sections 4, 5, and 6 us instructed in 1, 2, and 

6. Plot all six curves on chart below 
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TUBE CHARACTERISTICS. 

Joh C. 

When the grid voltage and the filament voitage applied to a three element tube 

are held at a constant value, tne plate current will vary directly with the plate 

voltage. As the plate voltage is raised, the plate current will increase, us the 

plate voltage is reduced, the plate current will decrease. II the plate voltage 

is raised sufficiently to attract a.L1 the electrons emitted (saturation point) a 

further increase in plate voltage wim.1 not increase the plate current. 

This experiment is designea to show how the pu.ate current is affected by changes 

in plate voltage. 
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TUBE CHARACTERISTICS. 

ÏJROCEDURE: 

I. iidjust Ef to 5 volts, Egi to zero, and then vary Ep through the values 

indicated on the chart. Read and record 1p for each value of E. 

2. Change Egi to -6 volts and repeat ffl procedure. 

o. Change Egl to -9 volts and repeat procedure L. 

4. Plot curves in different colors for each group of data on the graph oelov.i. 
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60 CYCLE A.G. TO D.C. POWER SUPPLY 
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CONDENSER TESTING. 
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INDUCTANCE. L. 
/00 o' 

f;' 4e/4 XV/r-e 

J) Whenever a wire carries current, magnetic loops 
I link with the circuit, the number of linkages 
I depending upon the design of the circuit. When 
the circuit wires are arranged as shown above, 
the cross sectional area of the flux path is 

, small and the total linkages almost zero. 

/0' 

1 

In B the wires are more widely spaced, the area enclosed 
by the circuit being greatly increased. This circuit will 
produce many more flux linkages per ampere than A. 

oo /9, 

2 

In C the same wire used in A and B is wound in 
the form of a coil. Per ampere, this circuit 
produces many more linkages than B because in-
creasing the turns increases the total flux; 
furthermore, the increased flux now links with 
the circuit an increased number of times as 
each line of flux tends to link with all turns 
of the coil: thus the linkages between circuit 

and flux are greatly increased. 

D is the same coil as C except that its shape has been 
changed in order to make the cross section of the flux 
lath a maximum. This coil will produce more flux per amp. 

than C; therefore the flux linkages 
set up for a given current will be 
greater in D even though both coils 
have the same number of turns and use 
the same size wire. Since all circuits 
shown here use the same size and length 
of wire, the ability to produce flux 
linkages evidently depends upon the 
shape of the circuit. 

C 2 

In E an iron core has been added to provide an easier path for the flux; this 
results in a tremendous increase in the flux and the number of linkages per 
ampere. Consideration of the several circuits shown indicates that the abil-
ity of a circuit to produce linkages depends upon the number of turns in the 

circuit, the area of the flux path, end the character 
of the flux path. When a circuit will produce 100,000,000 
linkages for each ampere of current flowing in it, it has 
an inductance of one Henry. Whenever the current in an 
inductive circuit changes, the flux changes; this varying 
flux cuts the wires and induces in the circuit a voltage 
that opposes the change. In a circuit that has an induc-
tance of one Henry, current changinf at the rate of one 
ampere 1.E227 second will produce in it a self-induced volt-
age of one volt. 

When the current flowing in a circuit does not vary, there is no inductive ef-

fect. Inductance may be very important, however, with regard to the oppos-
ition that it develops in circuits carrying varying D.C. or A.C. In circuits 
of this type, the effects of inductance may be much more important than those 
produced by the ohmic resistance of the conductors.  

CéLyne. 
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X, REACTANCE. Xc 

In a circuit carrying unvarying current, the only opposition 
to current flow is the resistance of the conductors. In a 
circuit carrying varying D.C. or A.C. other kinds of opp-
osition, in the form of opposing voltages, may appear. These 
voltages may be responsible for the greater part of the opp-
osition offered to current flow. For example, if a current 
such as A were forced through a coil of one Henry inductance 
the average value of the self induced voltage would be 240 
volts; for current B, 480 volts. 
These high values of voltage result from the high rate of 
current change_ in amperes per second. Curve A represents a 
rate of change of 240 amperes per sec; B, 480 amps per sec. 
Curve C, which depicts a pulsating D.C. current, would cre-
ate the same self-induced voltage in a circuit of one Henry 
inductance as curve B. 

INDUCTIVE REACTANCE: The counter voltage produced by a con-
tinually varying current flowing in an inductive circuit is 
termed inductive reactance. Its symbol is 4, and its value 
is given in ohms for mathematical convenience. 
The relation between inductance (L) and inductive reactance 
(XL) is given by the formula: 
Note that 4, is proportional 
to the frequency, Doubling the frequency (f) will double 
the reactance because it doubles the rate of current 
change in amperes per second. 

XL= 2 ej L 

CAPACITIVE REACTANCE: If a current of the character depict-
ed by these curves is applied to a condenser, the condenser 
will charge and discharge repeatedly, the number of charges 
per second depending upon the frequency. As these actions 
are taking place, the condenser develops a counter voltage 
that limits current flow. The opposition effect offered to 
the flow of a varying current by a condenser is called 
capacitive reactance. Its symbol is Xe and its value is 
given in ohms. Xe depends upon the condenser capacity in 
Farads (C) and the frequency (f) of the current as shown 
by the formula: 

X -  c 2 e 
Dote that the greater the capacity of the condenser, and 
the higher the frequency, the lower will be the Xe. 

Inductive and capacitive effects may be of considerable 
importance in D.C. circuits carrying varying currents such 
as those showm in curves C and D; for such a current may 
be regarded as consisting of two parts or components, the 
unvarying D.C. component, (shown by the dotted line) and the 
varying or A.C. component (shown by the curves). In many eases 
the value of the A.C. component is of more importance in 
determining the character of the circuit reactions than is   
the D.C. component. This is particularly true in radio cir-
cuits where the A.C. component may represent the signal vol-
tage that the receiver is designed to select and amplify. 

V6.2 Of Se•corzci. 

Sketch E shows how a counter voltage may be used to diminish 
current in a circuit, and why it is mathematically permissible 
to regard such an opposing voltage as a resistance. 

65 E 
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IMPEDANCE 
R AND L IN SERIES 
If the arithmetical sun of ER and EL is compared with 
the applied line voltage, it will be found that the 
former is considerably greater than the latter: this 
is due to the fact that the voltage ER and the voltage 

do not reach their maximun values at the same in 
stant. Assshown by the curves and the vector diagramF 
these voltages are actually "out of phase" with each 
other by one-quarter of a cycle or 90 electrical de-
grees. It is because of this phase difference that 
the opposition effects encountered in the A.C. circuit 
cannot be added arithmetically but must be combined 
by means of formulas such as those shown in the 
sketches on this sheet-

R AND C IN SERIES 
The conditions shown in B are similar to those shown 
in A except that voltage Ec lags ER by the same amount 
that EL leads ER in A- As the voltage across a pure 
resistance is always "in phase" with the current flow-
ing through it. EL leads the current by 90 degrees 
and Ec lags the current by 90 degrees. The term "out 
of phase' is used to indicate that two periodically 
varying quantities do not pass through corresponding  
values at the same instant. The formula shows how 
the sum of the effects of resistance and capacity 
reactance must be obtained. Note that these quanti-
ties have direction as well as value. This explains 
why they cannot be added arithmetically. 

R. L AND C IN SERIES 
In C the phase relations are shown for R, L and C in 
series. EL leads ER (or I. for ER and I are always 
in phase with each other) by 90 degrees. while Ec 
lags behind by 901 consequently voltages EL and Ec 
are 180 degrees out of phase wi.,h each other and, if 
they are equal in value, will cancel. Under such 
conditions. the only opposition remaining in the cir-
cuit is due to R; this is the circuit condition re-
quired for series resonance. Note carefully the 
phase relations shown by the vector diagrams and sine 
curves in C. Diagram D shows haw it is possible. 
even in a D.C. circuit, to have voltages in the cir-
cuit that are greater than the applied voltage. 
Note that E, and E2 are in direct opposition to each 
other; that is, they are 130 degrees out of phase. 

WEDANCE 
Impedance is the total opposition to current flaw 
encountered by an A.C. current of the A.C. component 
of a continually varying D.C. current; its symbol is 
Z and its value is measured in ohms. Impedance may 
consist of R only, XL only, Xc only, or any combina-
tion of these opposition effects. The formulas for 
determining Z in terms of R. XL and X, are shown in 
the diagrams 

OHMS LAW FOR A.C. E=12 

EL — 

EL 
3r 

z = Ve2-F xf 

z = >cf. 

Z= fr2±(kL- Xe-)2 
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RESONANT CIRCUITS. 
SERIES RESONANCh 

Whether a resonant circuit is the series or the parai  
lei type depends upon the way in which the applied 
voltage is introduced with respect to L and C. In Fig. 
A the voltage applied to the circuit in obviously in 
series with L and C; therefore this circuit is the ear 
les type. If the voltage were introduced electro-mag 
netically, ne shown by the dotted section, the intro 
duced voltage would still be in series with L and C. 
The characteristics of the series circuit at resonance 
are: 1. Current reaches a maximum value. 

2. Opposition to current flaw becomes minimum. 

PARALLEL RESONANCE 
The circuit shown in B is exactly the same as that 
shown in A except that L and C are now in parallel 
with respect to the applied voltage. This arrange 
ment is therefore termed a Eli-alien resonant circuit. 
Assuming the same values of L and C as used in Fig A, 
this circuit will become resonant at the same freq 
uency as A. Although both types of circuit may reson 
ate at the same frequency, the effects produced in 
circuit are very different, for the characteristics 
of the parallel resonant circuit are; 

1. Line current falls to a minimum. 
2. Opposition to Line I flow becomes maximum. 

PARALLEL AND SERIES RESONANCE 
Fig.0 shows two electromagnetically coupled resonant 
circuits. Frequently used in radio work, this arrange 
ment is employed to introduce a very high impedance 
into the plate circuit of one tube, the series cir 
cuit Doing employed to provide selection and amplifie 
ation in the grid circuit of the following tube. 

APPLICATION IN THE ANTENNA 
Figures 1 and 2 show an application of both types of 
resonance in the antenna. In 1 a series circuit is 
used to tune the antenna to the desired frequency; 
for a given strength of signal this will increase the 
voltage applied across coil A. In Fig.2 a parallel 
resonant circuit is employed to provide a very high 
impedance to unwanted frequencies. As the series cir 
cuit accepts frequencies to which it is tuned, and 
the parallel circuit rejects them, the former is 
called an acceptor and the latter a rejector circuit. 

FREQUENCY AND RESONANCE 
As the frequency is changed in a circuit containing 
L and C, the opposition offered varies as shown in 
Fig.E. As the frequency increases, the inductive 
reactance increases and the capacitive reactance 
decreases. At some particular frequency (depending 
upon the values of L and C) these two effects be 
come equal and neutralize each other. When this hap 
pens the only opposition to current flow in the ser 
les circuit is the ohmic resistance of the conductors; 
the resonant point has been reached. 

F2-eyVericy. 

LINE 

 e E 

XL 
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VOLTAGE DISTRIBUTION IN THE D.C. CIRCUIT 
To determine the difference 
in electrical pressure be-
tween two points in a cir-
cuit, it is first of all nec-
essary to establish a refer-
ence point. 

7nless otherwise specified, 
'he negative terminal of 
any D.C. source is regarded 
as the reference point, and 
the difference in pressure 
between this terminal and 
any other point in the cir-
cuit is called the voltage 
of that point. 

If the point in question 
has a voltage that is higher 
than the reference point it 
is marked (+), if lower it 
is marked Thus point 
Id" in Fig. A is markedi-8.2 
.hereas point "h" in Fig. C 
is marked-7.5 volts. for 
Ihe last figure indicates 
that point "h" has a pressure 
that is 7.5 volts below the 
reference point "e" which is 
used in Fig. C. 

In Fig. A and B, in which the 
negative terminal of the bat-
ter-j or point "a" is used as 
the reference, it is evident 
that the voltage rises through r. 
the battery and falls through \ 
each resistance until the ref-
orence value is reached. e siiisveerewce 

In Fig- C the reference  point 
has been changed from "a" 
to le", with respect to this 
new reference point, the volt-
ages of the various points 
'iill be. different from those 
indicated in Fig. B. Note 
that joints f, g, h, j, and a cr 
have pressures below the refer-
ence value, . -Id points b, c. and 
d have voltat;es above th,,, refer-
ence point "e". 
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It is usual to regard the 
pressure at the reference 
point as zero. All points 
above this value are marked 
(+), all br.low are marked 
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VOLTAGE DISTRIBUTION IN THE D. C. CIRCUIT 

2igure D shows a more complex circuit in which several batteries 
are employed, and graphs E, F, and G indicate the voltages at 
different points in this circuit. Ri.R4 ?-1.5 OHMS. 

R2= 0.5 " 

As the positive terminal R3= 2.0 . 

of a source of supply is rcr2 AND 1-3 REPRESENT THE INTERNAL rt. Ts. 0.1 . 
at a higher electrical pres-

RESISTANCES OF THE BATTERIES. sure than the negative, it D re 0.6 .. 

follows that, in passing El. E3 it 2.2 E. 

through a battery from neg. A B C EFi H J K L Ea: 13.6 E. i 1 i 
to pos., the pressure rises . Et i ,' Ezi I I E3I I 

I 

I I R2 , 1 rle 1 R3 M-A= 
I +1 r3 R4 L-M- .25 OHMS. 

:Then passing through the RI ti 14. 

battery from pos, to net. H\AP'-'M I 
the pressure falls. 

As all batteries have inter-
nal resistance, the terminal  
voltage of the battery is 
diminished by the IR drop 
caused by current flowing 
through this internal resis-
tance. This explains why 
the open circuit voltage of 
a cell is higher than the 
closed circuit voltage. 

In graph E is shown the man-
ner in which the voltage of 
the different points changes. 
As F is used as the reference  
point, and as all points in 
the circuit have a lower pres-
sure than this point, all 
values are plotted below the 
reference line. 

N 
r-: 

N 

In graph F the reference + 
point has been moved to E. • 
As this is the point of lowest  
pressure in the circuit, all 
other points have their voltage 
higher and are plotted above 
the reference line. 

In Graph G the point chosen as 
the reference has a voltage that 
is approximately midway between 
the other two (electrically) 
therefore, there are some 
points that art higher in 
pressure than point A and o 
some that are lower, 

o 

rA 

VOLTAGES ABOVE 

REFERENCE POINT. 

REFERENCE POINT F. 

VOLTAGES BELOW 

REFERENCE POINT. 

e gt 

mi 6 — — r••: 
+ + ± + + 

G 

REFERENCE POINT A 

k. 

--- REFERENCE POINT E. 

N 
rei 

If one terminal of a senstive 
voltmeter with a center 7,eru 
were connected to the reference, '.h(; 
reading of the instrunent crrt'spond 
to te values indicated on the various graphs. 

• 

o 

o 
o 
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AUDIO AMPLIFIER. 

y 

6 SQ7 

PHONES USED IN 

PLACE OF A MICRO-

PHONE, 

005MFD-.N 

.01MrD 6V6 
P 

Measure all voltages. Write meter readings directly below corresponding values 
on the diagram. (Mark neatly in red pencil) 

All voltages are D. C. unless otherwise specified. D. C. voltage and A. C. plate 
voltage of rectifier tube are to be taken from the chassis to the points indi-

cated; other A. C. voltage across points shown. 

The meter readings should approximate the indicated values within plus or minus 

10%. 

CAUTION - DO NOT CONNECT METER ACROSS THE HIGH VOLTAGE SECONDARY WINDING. 
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POWER TRANSFORMER 

110 VOLT 
PRIMARY 

3 

6.3 VOLT FILAMENT 
WINDING. 

1 5 0 VOLT RECTIFIER 
iFILAMENT WINDING 

CENTER HIGH VOLTAGE 4 > 
TAP. WINDING. 

10 

*—TERMINAL f  

 1 LUGS.----4-

LJ 

BOTTOM VIEW OF 
TRANSFORMER. 

PURPOSE 

A transformer is a device designed to change an A.C. voltage - or a periodically 
varying D.C. voltage-from one value to another without any change in frequency. 

CONSTRUCTION 

The ordinary transformer consists of a primary winding - connected to the source 
of energy - a laminated iron core, and one or more secondary windings. Theore-
tically, any winding may be used as the primary, provided the proper voltage and 
frequency be applied to it. The laminated iron core serves as an efficient means 
of magnetically coupling together the primary and secondary windings. 

ACTION 

A periodically varying voltage applied to the primary winding produces a varying 
current that in turn develops a varying flux in the iron core. This varying flux 

cuts all windings, inducing in each of them a voltage proportional to the.number 
of turns. 

TURNS RATIO 

The ratio of the primary voltage to any secondary voltage 
is practically equal to the ratio of the primary turns to 
the secondary turns as indicated by the formula: 

Ep Np 

Es Ns 

ACTION UNDER LOAD 

The voltage induced in the primary winding by the growing and dying core flux is 
practically equal to the applied voltage; moreover, this induced voltage directly 
opposes the applied voltages therefore, the current drawn from the supply is 
small. 

When a secondary circuit is completed, current circulates around the iron core 
in the opposite direction to the primary current, reducing the core flux and the 

counter voltage of the primary. This action causes the current in the primary 
to vary in accordance with the secondary load. It is through this action that 
the transformer automatically adjusts itself to changes in secondary load. 
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VOLTAGE GENERATED BY REVOLVING CONDUCTOR. 

AI 

B1 

CI 

1 

D 

When a conductor moves in a magnetic field 
the voltage induced in it depends upon: 

1. The strength of the field 
2. The speed of the conductor 
3. The direction of motion of 1 

the conductor with respect 1 
to the field. 

In all diagrams on this sheet, the conduc-
tor is assumed to move at a constant an2;u-
lar velocity. In diagram A the conductor 
is moving parallel to the field; therefore, 
no voltage is generated. 

In diagram B the conductor is moving thru 
the flux at an angle and the rate of cut-
ting of lines of force has increased. 

Sketch Bi 
direction of conductor motion. 

shows the effect of the changing 

In Figure C the conductor is moving across 
the flux at a different angle and, as can 
readily be seen by referring to Fig. C1 
the number of lines of force cut per degree 
of angular motion has increased. 

In Figure D the conductor is moving at 
right angles to the flux and is therefore 
cutting lines of force at the maximum 
rate. The induced voltage at this point 
in the rotation is therefore maximum. 

In Fig. E the angle at which the conductor 
is moving with respect to the lines of 
force is diminishing. The rate of cutting 
of lines of force is therefore reduced, 
and the generated voltage is less than in 
Fig. D. The manner in which the voltage 
varies from point to point as the conduc-
tor rotates is shown on the opposite side 
of the sheet. 
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DEVELOPMENT OF THE SINE CURVE. 

„ , N ////////  

10 

,7/// //// 

-e-{mAXIMUM VALUE. 

4 

2 6 

7 210° 240° 270° 3000 330° 360° 

30° 60° 90° 120° 150° 180° - 

LFNGTHS OF VERTICAL UNES SHOW 

INSTANTANEOUS VALUES CORRESPONDING TO 

SIMILARLY NUMBERED POSITIONS OF THE 

ROTATING CONDUCTOR. 

9 
10 

II 

These values are based on the assumption that the 
conductor moves at constant angular velocity thru 
a magnetic field of uniform  strength. 

2 3 4 5 
720 720 720 720 720 

(TIME IN FRACTIONS OF A SECOND FOR 

ONE CYCLE AT 60 CYCLE FREQUENCY 

12 

7 8 9 i0 11 12 
720 720 720 720 720 720 

The smooth curve above shows the manner in which 
the generated voltage varies from instant to in-
stant. The distance of the curve from the base 
line at any point is a measure of the voltage 
generated at that instant. 

- - 

- EFFECTIVE VALUE. 

AVERAGE VALUE 

EFFECTIVE VALUE 0.707 TIMES THE MAX. VALUE. 

MAXIMUM VALUE : 1.414 TIMES THE EFFECTIVE VALUE 

AVERAGE VALUE: 0.636 TIMES THE MAX. VALUE 

MAXIMUM VALUE 1.57 TIMES THE AVERAGE VALUE. 

The  meter values of the A. C. volt and the A. C. 
ampere are values that represent equivalent D. C. 
values. An A. C. current that will produce the 
same heating effect as a D. C. current of  one ampere is said to 

have an  effective value of one A. C.  ampere. Note that the curve 
of effective values is somewhat lower than the curve of maximum 
values, and slightly higher than the curve of average values. 



RADIO PARTS, SYMBOLS AND TESTS. 928.4, 

NAME. 

Q
UA
N.
R
EQ
. 

Z 

Z 

SYMBOL. TEST. PURPOSE. 

80 T WI YPE 

TUBE . 

cé w 
2 co 

Z 

26 

6SA7 

TYPE TUBE . 
27 

6SK7 

TYPE TUBE. 
28 1 

6507 

TYPE TUBE . 
29 I 

6V6 

TYPE TUBE. 

1 

30 

CARBON 

I> RESISTORS 

1/2 AND I W ATT 

RATIN G. 

31 I R= 
32 1 R= 

33 I R= 
34 2 R= 
35 2 R= 
36 I R= 

37 3 R= 

38 1 R= 

39 1 R= 

40 I R: 

CHASS IS. 41 

DIA L. 42 

3 FT.LAMP CORO . 43 1 

INSULATED 
TIE TERMINALS. 

44 4 

A .C.PLUG. 45 

PHONO TWIN 
JACK . 46 

BLACK POIN TER 

KNOBS . 
47 2 

2FT. ROSIN CORE 
SOLDER . 48 

SOLDERING LUGS. 49 8 

SLOTTED 
BRACKETS . 

50 2 TO MOUNT DIAL. 

/32 X 5/I6SCREWS. 51 36 

P b  NUTS . 52 45 

8/32 NUT S. 53 4 TO MOUNT POWER TRAN SFORME R. 

8/32 X 3/I6SCREWS. 54 4 TO MOUNT TUN IN G CONDENSER . 

6/32 X1/2 SCREWS. 55 3 To MOUNT SPE AK ER. 



• RADIO PARTS, SYMBOLS AND TESTS 92g 
NAME. 

IT
EM

 
I
 

N
UM
BE
R.
 
 

a 
cr 
i 
< 
D 

Ce 

— 

— 

Z 

SYMBOL . TEST . PURPOSE . 

OCTAL 
SOCKET. 

I 

4 PRONG 
SOCKET 

i 2 GANG COND. 
370 MNFD. 3 

POWER 
TRANSFORMER. 
100 WATTS 
RATING. 

ELECTRODYNAMIC 

SPEAKER. 5 

! SHIELDED 
ANTENNA COIL. 6 

SHIELDED RADIO-
FREQUENCY COIL. 7 

SHIELDED 
I.E INPUT 
TRANSFORMER. 

e 

SHIELDED 
LE OUTPUT 
TRANSFORMER. 

9 

OSCILLATOR 
COIL. 10 

POTENTIOMETER. 
II I R: 
12 I R= 

MICA CONDENSER. 
13 I C: 
14 2 Ce-

15 I C: 

PAPER TUBULAR 
CONDENSERS. 

16 3 C: E. 
Il 2 C. E. 
18 1 C= E. 
19 2 

20 2 C. E. 

PADDER. 
500 MMFD. 21 

. 

ELECTROLYTIC 
CONDENSER. 

22 I C= E= 

ELECTROLYTIC 
CONDENSER. 23 I C. E= 

10 WATT 
RESISTOR. 

_ 
24 3 R= E.. 

10 WATT 
RESISTOR. 25 1 R= E= 

• 



9/4 

FUNDAMENTALS OF RADIO. 
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CONDENSER ACTION. 

 o 

 o 

When the mechanical pressure on 
either side of the diaphragm or 
the electrical pressure on either 
side of the dielectric is the same, 
both diaphragm and dielectric are 
in an unstressed condition. Under 
such circumstances no energy can 
be stored in either system. 

When the piston is moved up press-

ure at X increases, creating differ-
ence in pressure that stresses the 
diaphragm. When a difference in 
electrical pressure is applied to 
the condenser the dielectric is 
similarile stressed. Both systems 
now store energy. 

Providing a path through C relieves 
mechanical stress in the diaphragm 
and the electrical stress in the 

++ dielectric. The momentum of the 
liquid causes the diaphragm to re-
verse its position; thus in both 
systems oscillations are set up 
that finally reduce the stored 
energy to zero. 

4- 4-

With the difference in pressure 
reversed, the diaphragm is stressed 
in the opposite direction. The 
stress in the dielectric is also 
reversed and the condenser is 
charged with the opposite polarity. 
Both systems again store energy. 

By moving the arm up and down the 
condenser is caused to charge and 
discharge repeatedly. Note that 
the condenser input is pulsating 
DC, where-as the condenser circuit 
is A C; thus current appears to 
flow through the condenser although 
it really pulsates in and out of it. 

Electrical capacity depends upon: 
1. Area of the dielectric and plates 
2. Thinness of the dielectric 
3. Dielectric material 
Capacity of electrical condensers is 

---L 

Mydraulic capacity depends upon: 
1. Area of diaphragm and cylinder 
2. Thinness of the diaphragm 
3. Diaphragm material 

measured in Farads. When a condenser has 
one Farad capacity, it will absorb one coloumb of electricity 
is applied. The practical unit of capacity is the microfarad. 

when one volt 



VOLTAGE DISTRIBUTION IN THE D.C. CIRCUIT 
To determine the difference 
in electrical pressure be-
tween two points in a cir-
cuit, it is first of all nec-
essary to establish a refer-
ence point. 

7nless otherwise specified, 
'he negative terminal of 
any D.C. source is regarded 
as the reference point, and 
the difference in pressure 
between this terminal and 
any other point in the cir-
cuit is called the voltage 
of that point. 

If the point in question 
has a voltage that is  higher 
than the reference point it 
is marked (+), if lower it 
is marked H. Thus point 
'd" in Fig. A is marked.+8.2 
-hereas point "h" in Fig. C 
is marked-7.5 volts. for 
'he last figure indicates 
that point "h" has a pressure 
that is 7.5 volts below the 
reference point "e" which is 
used in Fig. C. 

In Fig. A and B, in which the 
negative terminal of the bat-
ter--; or point "a" is used as 
the reference, it is evident 
that the voltage rises through 
the battery and falls through 
each resistance until the ref-
erence value is reached ce—ReFer-ernce 

f -/.2.2eo/IL 8cr14y. 

a 11 + 6 C e 

2 

e 

IPeicereeic-e 

A 

_9' 

ese_e7q&s,e4ove. 
li'eference Poine4 

N 

4 

0C/e.g .:gee Belepr 
,il.yeererfce 

Ç /2.2 ec,/,‘ 8.741 y. 

In Fig. C the reference  point 
has been changed from "a" 
to "e". .1th respect to this 
new reference point, the volt-
ages of the various points 
-111 be different from those 
indicated in Fig. B. Note 
that joints f, g, h, j, and a 
have pressures below the refer-
ence value, .nd points b, c, and 

d have voltages above the refer-
ence point "e". 

It is usual to regard the 
pressure at the reference 
point as zero. All points 
above this value are marked 
(+), all lle,low are marked . 

•d"-n- 3 r. /ds_ 

e .7` 

e 

ç122 ee./i 

1+ .5_n_ .3.d-N- / -rt.. zee._ 4_n... /..r.. 

c 

C. 

e se _9 

Cr 

•••••• 

Coy/re. 



VOLTAGE DISTRIBUTION IN THE O. C. CIRCUIT 

Figure D shows a more complex circuit in which several batteries 
are employed, and graphs E, F, and G indicate the voltages at 
different points in this circuit. 

As the positive terminal 
of a source of supply is 
at a higher electrical pres-
sure than the negative, it 
follows that, in passing 
through a battery from neg. 
to pos., the pressure rises. 
-Jhen passing through the 
battery from pos. to neg, 
the pressure falls. 

As all batteries have inter-
nal resistance, the terminal  
voltage of the battery is 
diminished by the IR drop 
caused by current flowing 
through this internal resis-
tance. This explains why 
the open circuit voltage of 
a cell is higher than the 
closed circuit voltage. 

In graph E is shown the man-
ner in which the voltage of 
the different points changes 
As F is used as the reference  
point, and as all points in 
the circuit have a lower pres-
sure than this point, all 
values are plotted below the 
reference line. 

r2 AND 13 REPRESENT THE INTERNAL 

RESISTANCES OF THE BATTERIES. 

A BC 
Et , ; E21 

• I I+ r2 

F M-II 

N 

E 

w 0 
o o 4 
7 7 T 

N 
e e 

In graph F the reference + + 
point has been moved to E. • 
As this is the point of lowest ie: 
pressure in the circuit, all 
other points have their voltage 
higher and are plotted above 
the reference line. 

o 

HJK 

E31 
• 1 r3 

D 

R4 

RizR4 z1.5 OHMS. 

Re 0.5 " 

R3z 2.0 

re.. re. 0.1 

re 0.6 

Elz E3* 2.2 E. 

L £2: 13.6 E. 

L-M-.25 OHMS. 

1 VOLTAGES ABOVE 

REFERENCE POINT. 
1 

-4------REFERENCE POINT F. 

10 It 
0i 4 

7-: 

o 
" 

I 

10 
* • 

° 
-4- 7-

• 
o 

VOLTAGES BELOW 

REFERENCE POINT. 

I. 

In Graph G the point chosen as 
he reference has a voltage that 

is approximately midway between 
the other two (electrically) 
therefore, there are some 
points that are higher in 
pressure than point A and o 
some that are lower, 

G 

Í REFERENCE POINT A 

If one terminal of a. cens ,_tive 
voltmeter with a center zery 
were connected to the reference, 
reading of the instrument would cz,rre,spond 
to the values indicated on the various graphs. 
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VOLTAGE GENERATED BY REVOLVING CONDUCTOR. 

I I I 
I 

A, 11 

1..1 

I I B, 

C, 

I e 

1 
I I 

When a conductor moves in a magnetic field 
the voltage induced in it depends upon: 

1. The strength of the field 
2. The speed of the conductor 
3. The direction of motion of 

the conductor with respect 
to the field. 

In all diagrams on this sheet, the conduc-
tor is assumed to move at a constant angu-
lar velocity. In diagram A the conductor 
is moving parallel to the field; therefore, 
no voltage is generated. 

In diagram B the conductor is moving thru 
the flux at an angle and the rate of cut-
ting of lines of force has increased. 
Sketch Bi shows the effect of the changing 
direction of conductor motion. 

In Figure C the conductor is moving across 
the flux at a different angle and, as can 
readily be seen by referring to Fig. Ci 
the number of lines of force cut per degree 
of angular motion has increased. 

In Figure D the conductor is moving at 
right angles to the flux and is therefore 
cutting lines of force at the maximum 
rate. The induced voltage at this point 
in the rotation is therefore maximum. 

In Fig. E the angle at which the conductor 
is moving with respect to the lines of 

force is diminishing. The rate of cutting 
of lines of force is therefore reduced, 
and the generated voltage is less than in 
Fig. D. The manner in which the voltage 
varies from point to point as the conduc-

tor rotates is shown on the opposite side 
of the sheet. 

/N /«1  
II I e. e I I 

111 1 

00111' 11111111 
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DEVELOPMENT OF THE SINE CURVE. 

r „ N  

7 

10 

I o 

'''7'" S  

«c—{MAXIMUM 

VALUE. _ EFFECTIVE VALUE.1‘ 

AVERAGE VALUE 
1f t 't  

2 

4 
5 

1 _1 7 2100 240° 270° 300° 

30° 60e 90° 120° 150° 1:0° 

LENGTHS OF VERTICAL UNES SHOW 8 

INSTANTANEOUS VALUES CORRESPONDING TO 

SIMILARLY NUMBERED POSITIONS OF THE 

ROTATING CONDUCTOR. 

9 
10 

II 

These values are based on the assumption that the 
conductor moves at constant angular velocity thru 
a magnetic field of uniform  strength. 

2 3 4 5 
720 720 720 720 720 

.{TIME IN FRACTIONS OF A SECOND FOR 

ONE CYCLE AT 60 CYCLE FREQUENCY 

e 360° 

1 

12 

7 8 9 10 II 12 
720 720 720 720 720 720 

The smooth curve above shows the manner in which 
the generated voltage varies from instant to in-
stant. The distance of the curve from the base 
line at any point is a measure of the voltage 
generated at that instant. 

AVERAGE VALUE: 0.636 TIMES THE MAX VALUE 

MAXIMUM VALUE , 1.57 TIMES THE AVERAGE VALUE. 

EFFECTIVE VALUE: 0.707 TIMES THE MAX. VALUE. 

MAXIMUM VALUE 1.414 TIMES THE EFFECTIVE VALUE 

The  meter values of the A. C. volt and the A. C. 
ampere are values that represent equivalent D. C. 
values. An A. C. current that will produce the 
same heating effect as a D. C. current of  one ampere is said to 
have an  effective value of one A. C.  ampere. Note that the curve 
of effective values is somewhat lower than the curve of maximum 
values, and slightly higher than the curve of average values. 

e.w /7 e 
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On this sheet will be shown a series of electrical 
circuits, all of which use the same basic formula  

for determining the total effect when a number of 
resistances, inductances, or capacitances are con-
nected as shown in the diagrams.  

The total resistance RT offered bya circuit that has 

several resistances connected in series such as R1 

'R2 etc., is equal to the sum of the separate resis-

tances. 

As 4 plus 6 equals 10, the total resistance of 
the circuit in figure 1 is 10 ohms. Note that the 
circuit shown in Fig. 2 is the exact electrical 

equivalent of Fig. 1. 

When inductances are connected in series, the total 

inductance LT is equal to the sum of the separate 
inductances, provided there is no magnetic coupling  

between them. 

Fig. 4 shows a circuit that is electrically equiv-

alent to the two series connected  inductances shown 

in Fig. 3. 

In Fig. 5 two condensers are shown connected ir 
parallel. Although the connection has changed, the 

method of determining the total capacitance is the 
same as that used for series connections on resis-

tances and inductances. Therefore, the capacity in 
microfarads of C1 is added to the capacity in micro-
farads of C2 to give the total capacity CT. 

o  

R, R2 
 eVVVVV\AA,---

R-r= R1+ R 2 

CIRCUIT EQUIVALENT EQUIVALENT OF No. I . 

gok__(igp (0000000   
L1=3H. L2.5H. 

3 

o  

LT: L1+ L2 
=3+5=8 HENRIES. 

o o-o cs-o-onr  

Fig. 6 shows the equivalent circuit produced by 4 
these two condensers in parallel. Note that it is 

equal to one condenser whose capacity is the sum o  
of the capacities of the separate condensers that 

are connected in parallel.  

The important relationship to be noted between 

all of the above circuit arrangements is that 
all use the same formula to determine the total 

effect. If there were more resistances or induc-

tances connected in series, or more condensers 
connected in parallel, the total would still be 
equal to the arithmetical sum of the individual 

units. 

Note the similarity between these for-
mulas and remember them. When the re-

lationship shown is understood, circuit 
problems will be very much simplified. 

RT=RO-R 2 

1_1:L11- L2 

=+C 
When solving electrical circuit problems,C TC I 2 
an equivalent circuit should always be  

drawn  when the data obtained through 

calculation makes such a step possible. 

o  

L.T= 8 HENRIES. 

CIRCUIT EQUIVALENT OF No.3. 

5 

o 

o  

6 

o  

c2  4mFD 8mF, 
CT= CI+ C 2 

=4+8 12MFo. 

CT  

2 F D. 

CIRCUIT EQUIVALENT OF No.5. 

92yr, et 
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On this sheet is shown several different com-
binations of resistances, inductances, and con-

densers. Each of these combinations may be re-
solved into a simple equivalent circuit by use. 
of the same basic formula. 

Figure 1 show à 2 resistances connected in par-
allel with each other. The total resistance of 

any such combination may be found by the formula 

RI • R2  _ 4 x 6  
- 2 4 (Nits. RI+ R2 - 44-6 

R 

Fig. 2 shows a circuit that is the electrical  
equivalent of Fig. 1. 

Fig. 3 shows 2 inductances connected in parallel 
with each other. The total indùctance  of this 
combination - provided there is no magnetic  
coupling between them - is equal to: 

LI • L2 7 x 3  
LT= L1-t-L2 - 7 - 2.1 HENRIES 

+3 

Fig. 4 shows the equivalent circuit. 

Fig. 5 shows 2 condensers connected in  series  
with each other. The total capacity of this com-
bination is equal to: 

CI.C2 4-x 8 
C = Cl+C2 4 8 2.67 MFD. 

The method of determining the total capacitance 
is the same as that used for parallel connections 
on resistances and inductances. 

o  

R2 

6Jt  

o R R2  

T R1-4-R2 
4 x 6  

- 4+6 

o  

2 RÉ-2 4_n_ 

o  
CIRCUIT EQUIVALENT OF No.I. 

3 c› 
c) 

o (S' 

2 

7x 3 — 
IIENRIES. 

7+3 

o  

4 LT= 2.1 HENRIES. 

o  
Fig. 6 shows the equivalent circuit. CIRCUIT EQUIVALENT OF No.3• 

The important relationship to be noted between 
all of the above circuit arrangements is that 

all use the same formula  ta determine the total 
effect. If there were more resistances or induc-

tances connected in  parallel, or more condensers 
connected in series, the total effect could be 

determined by  repeated application of the for-
mula. Apply the formula and determine the effect 
of the first two devices. Use the determined 
value of the 1st two devices and combine with 
the next device. Follow the same procedure 
until the total effect has been de- RI-R2  
termined. R R 4_ R 

I 2 
Note the similarity between these LI LZ o  
formulas. In each case the calcu- Lf L-f-

I 2 lation is performed merely by tak- 6 
• ing the  product of the two quan-

tities and dividing this by their CT= Ci C2  CI+ C2 0  
SUM 

5 

o  

 IF  
C1=4 PV1FD C2=8MFD• 

CC C2  
CT— ci+c2 

4)(8  
=4 +8 — 2.67 MFo. 

CT= 2.67MFo. 

CIRCUIT EQUIVALENT OF No.5 

e 

• 
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COIL SIDES "A'' ell'. ARE 
MOVING PARALLEL TO T ME-
LINES OF FORCE AT THIS 
INSTANT, AND NO E.M.f. 
I3 GENERATED 

9J -
Cott_ SIDES "P.' & "15. ARE 
MOVING DIRECTLY ACROSS 
THE LINES OF FORCE. AT 
THIS POSITION THE GENERATED 
E.M.F.IS MAXIMUM. 

A.C. GENERATOR 

tao° 

"A "B" ARE AGAIN 
MOVING PARALLEL To 
THE. FIELD FLUX, AND THE 
VOLTAGE IS ZERO. SEE 
VOLTAGE. CURVE AOVE. 

NOTE. HERE 
THAT "A AND 

13'. ARE. NOW MOVING UNDER 
OPPOSITE POLES, AND THE 
COIL VOLTAGE IS REVERSED 

COIL SIDES ARE BACK IN 
ORIGINAL POSITION AND THE. 
CYCLE IS COMPLETED.  

COIL SIDEs ARE GENER-
ATING NO VOLTAGE, AND 
BRUSME.S ARE SHORT-
CIRCUITING THE COIL.. 

MAXIMUM VOLTAGE 
GENERATED AT TH IS 
POINT, BRUSHES COLLECT 
CURRENT FROM SEGMENTS 

D. C. GENERATOR 

GENERATED VOLTAGE FALLS 
TO ZERO AS CONDUCTORS 

'A" &L"B" AGAIN MOVE 
PARALLEL TO LINES OF FoRc.E. 

COIL VOLTAGE IS REVERSED. 

NOTE THAT SEGMENTS 
UNDER BRUSHES REVERSE 
AT THE SAME TIME. 

0 

ONE REVOLUTION COMPLETED. 
NOTE THAT IN THE EXTERNAL 
CIRCUIT THE CURRENT FLOW IS 

IN THE SAME DIRECTION AT AU-TIMES. COYNE `--)1 



WIRING 16 

SHUNT WOUND D. C. GENERATOR 
SEPARATELY EXCITED 

LOAD 

SHUNT 

FIELD 

IRON FRAME 

COMMUTATOR 
INSULATION 

FIELD 

SELF" EXCITED 

LINE 

CARSON BRUSHES 

 IRON FIELD POLE 

COIL IN ARMATURE 

/RON ARMATURE CORE 

LINE 

A enerator is a device to convert mechanical energy into 
electrical energy. Mechanical energy is used to rotate the armature 
coil thru the magnetic flux between the field poles. Thus an elec-
trical pressure is induced in the coil, which will force current to 
flow if a load is connected to points marked "line." .1f the load 
demands more current, more mechanical energy will be required to turn 
the armature coil. The device furnishing the mechanical energy (steam 
engine, diesel engine, electric motor, etc.) is known as the prime 
mover. 

xou will notice the windings on the iron field poles are connected 
to the brushes as are the line wires. ihis places the fielu windings 
parallel with the armature and line. For this reason it is called a 
shunt wound generator. 

After the field poles have once been magnetized, a small amount of 
magnetism will remain in the poles. This is residual magnetism. 

A D.C. generator may be separately excited. That is, the field 
windings may receive their energy from an external source of supply. A 
simple conventional sketch of such a generator is shown in the upper 
left hand corner. This type is rarely used. 

more common is the self excited, which means that the energy to 
magnetize the field coils is dbtained from the armature of the same 
machine. uefer to sketch in the upper right hand corner. 

Loss of residual magnetism can be overcome by raising the brushes 
off the commutator and sending' current thru the field coils in the 
correct direction. 
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NIGH TENSION 

W NDING 

SECONDARY 

RATIO 1:2 

PRIMARY 

1 LOW TENSION 
WINDING 

•  
LAM NATED 
IRON CORE 

A C. 
SOURCE 

STEP UP 
TRANSFORMER 

A TRANSFORMER is a device to either step-up or step-down 
A.C. voltage. It usually consists of two separate wind-
ings of insulated wire wound on a laminated iron core. 
One is known as the high tension winding and the other 
the low tension winding. 

The HIGH TENSION (high voltage) WINDING has the greater 
number of turns and smaller wire. 

The LOW TENSION (low voltage) WINDING has fewer turns 
and larger wire. 

LAMINATED iron core means a stack or bundle of thin sheets 
or strips of iron, which are insulated from each other by 
an oxide film. This arrangement of thin sheets or strips 
tende to limit or confine the eddy currents induced in 
the iron and thus reduces heating of the iron. 

When connecting a transformer, either the low tension or 
high tension winding can be used as the PRIMARY. (Illus-
trated in the above diagram) When used as a step-up 
transformer the low tension winding is connected to the 
source as the primary and the high tension winding to 
the load as the secondary. 

The PRIMARY is always the side connected to the source. 

The SECONDARY is always the side to which the load is 
connected. 

The VOLTAGE INDUCED in the secondary will depend upon 
the ratio of turns and the voltage applied to the 

primary. 

• 
HIGH TENSION 

WINDING 

PRIMARY 

RATIO 2;1 

SECONDARY 

LOW TENSION 
WINDING 

LAM1NAT ED 
IRON CORE 

LOAD 
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ALTERNATING CURRENT METERS 

Alternating current meters are in many respects 
very similar to direct current meters, which were 
explained in the D. C. Section Two. 
Ordinary A. C. meters consist of: The moving 

eleÁrPnt, which is delicately balanced and mounted 
in jeweled bearings and has the pointer or needle 
attached to it; a controlling force or spring to limit 
the movement of the pointer and movable element; 
a stationary coil or element to set up a magnetic 
field; a damping vane or element to prevent vibra-
tion or excessive "throw" of the pointer; and the 
meter scale and case. 
One of the principal differences between A. C. 

meters and D. C. meters is that, while certain types 
of D. C. meters use permanent magnets for provid-
ing the field in which the moving element rotates, 
A. C. meters use coils instead. 
Some types of A. C. meters, also, operate on the 

induction principle, which is not used in D. C. 
meters. 

59. TYPES OF A. C. METERS 

There are several different types of A. C. meters 
each of which uses different principles to obtain the 
torque for moving the pointer. Some of the most 
common of these types are: The moving-iron repul-
sion type; inclined coil and moving vane type; 
dynamometer type; induction type; and hot-wire 
type. 
Some types of A. C. meters can also be used on 

D. C. circuits with fair results, but they are usually 
not as accurate on D. C. 

60. MOVING IRON TYPE INSTRUMENTS 

The moving-iron principle used in some makes 
of A. C. voltmeters and ammeters is illustrated by 
the several views in Fig. 44. This is one of the 
simplest principles used in any type of alternating 
current meter, and is based upon the repulsion of 
two soft pieces of iron when they are magnetized 
with like polarity. 

If two pieces of soft iron are suspended by pieces 
of string within a coil, as shown in the upper left-
hand view of Fig. 44, and current is passed through 
this coil, the flux set up within the turns will mag-
netize the two parallel pieces of iron with like poles 
at each end. The repulsion of like poles will cause 
the two iron strips to push apart, as shown in the 
top center view. This effect will he produced with 
either D. C. or A. C. flowing in the coil, because it 
makes no difference if the poles of the iron strips 
do reverse, as long as like poles are always created 
together at the ton and bottom ends of each strip. 
The view at the upper right shows the poles re-

versed, and the strips still repel as before. They 
must, of course, be made of soft iron so their polar-
ity can reverse rapidly with the reversal of the A C 

• 
Now, if the two iron strips are again suspended 

in a horizontal coil, as shown in the lower left view. 
and one of the strips is in this case rigidly attached 
to the side of the coil and the other suspended by a 
string so that it is free to move, the strips will again 
repel each other or push apart when current is 
passed through the coil, as shown in the lower 
center view. 

The view at the lower right shows how this prin-
ciple can be applied to move the pointer of the 
meter. One small piece of soft iron is attached to 
the coil in a fixed position as shown. The other 
piece is attached to the movable element or pointer, 
which is mounted on a shaft and pivots, so it is 
free to move. 
When alternating current is passed through the 

coil, the two iron vanes are magnetized with like 
poles, and the repulsion set up between them causes 
the movable one to rotate in a clockwise direction 
and move the pointer across the scale. 

61. A. C. VOLTMETERS AND AMMETERS 

This principle and method of construction can be 
used for both voltmeters and ammeters, by simply 
making the coil of the proper resistance and nu. 
her of turns in each case. 

A. C. ammeter coils usually consist of a very few 
turns of large wire, as they are connected in series 
with the load or to the secondary of a current trans-
former. Ammeters designed for use with shunts or 
current transformers, however, usually have coils 
of smaller wire and a greater number of turns. 
Voltmeter coils are wound with a great number 

of turns of very fine wire, in order to obtain high 
enough resistance so they can be connected directly 
across the line. 

Separate resistance coils are sometimes connected 

FIG I 

F FIG 5 ie 6 
FIG 4 

Fig. 44. The above views illustrate the principle oi the moving-iron 
type meter. Note how the iron bars repel each other whoa they are 
magnetized with like poles, by the flun of current thaw> the coda. 
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in series with the coils of voltmeters to provide 
sufficient resistance to limit the current through 
aim to a very small amount. The current required 
',operate a voltmeter usually does not exceed a 
very few milli-amperes. 

Fig. 45 shows a meter of the moving vane type. 
The iron vanes are made in several different shapes, 
but always operate on the same principle of the 
repulsion between like poles. 
Some meters of this type depend upon the weight 

of the moving iron vane and a small adjustable 
counter-weight to react against the magnetic force 
as the pointer is moved across the scale. Other 
meters use a small coil spring to oppose the pointer 
movement. 

This type of meter can be used on D. C. circuits 
also, but may not be as accurate, because of the 
tendency of the iron vanes to hold a little residual 
magnetism from the constant direct current flux 
which is applied to them. 

Fig. 45. This photo shows the construction and important parts of an 
iron-vane meter. Note the position and chaps of the iron vanes within 
the coil and also note the damping vane and chamber above the coil. 

62. DAMPING OF METERS 

The damping chamber can be seen directly be-
hind the lower part of the pointer in Fig. 45. The 
damping vane, made of very light-weight material 
and attached to the pointer, moves in this air cham-
ber as the pointer moves. This vane doesn't touch 
the sides of the chamber but fits closely enough so 
that it compresses the air on one side or the other 
as it moves in either direction. This prevents oscil-
lation of the pointer with varying loads and permits 
more accurate readings to be obtained. 
For damping the pointer movement some instru-illents use a small aluminum disk which is attached 
o the pointer and moves between the poles of a 
permanent magnet. This operates similarly to the 
damping disk and magnet explained for D. C. watt-

hour meters, the retarding effect being produced 
by the eddy currents induced in the disk. 

Fig. 44) shows the movable assembly of the mov-
ing-iron type of instrument, on which can be seen 
the damping vane, mounted directly beneath the 
pointer, and also the movable iron vane at the lower 
end of the shaft, and the small coil spring which 
controls the pointer movement across the scale. 

Fig. 46. Moving element of an iron-vane type meter. This view shows 
the shaft, iron vane, damping vane, pointer, and spring. 

63. THOMPSON INCLINED COIL 
INSTRUMENTS 

The Thompson inclined coil and moving vane 
type of construction is quite extensively used in 
some makes of A. C. voltmeters and ammeters. 
This type of meter uses a coil inclined at an angle 
of about 45 degrees with the back of the instrument, 
as shown in Fig. 47 This coil supplies the flux 
to operate a small moving vane of soft iron, which 
is also mounted at an angle on the shaft of the 
meter so that it is free to move and operate the 
pointer which is attached to the same shaft. 
When the meter is idle and has no current flow-

ing through the coil, the small coil spring at 'C. 
holds the pointer at zero on the scale. When the 
shaft is in this position, the movable iron vane i. 
held at an angle to the axis of the coil or to the 
normal path of the flux set up by the coil when 
it is energized. 
When the coil is energized and sets up flux 

through its center, as shown by the arrows, the 
iron vane tends...to move into a position where it, 
length will be parallel iri_.this flux. This cause-
the pointer to move across the scale until the mag 
netic force exerted..is balm-iced by the counter-force 
of the spring. 

This type of, ccinstruction is used both for volt-
meters and ariiineters, by :winding the coils with 
the proper number pi luáns, as previously explained. 

64. DYNAMOMETER• TYPE INSTRUMENTS 
Dynamometer typeqnstruments are used for volt-

meters, ammeters, and wattmeters. Meters of this 
type havel'to coils, one of which is stationary and 
the other which is movable and attached to tie 

shaft and pointer.' The torque which moves the 
pointer is produced by the reaction between the 
fields of the two coila when current is passed 
through both of them. 
There is no iron used in the two elements of 

this meter: the moving coil being light in weight 
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Fig. 47. The above diagram shows the construction and principle of the 
Thompson inclined-coil meter. 

and delicate in construction, but rigid enough to 
exert the proper torque on the shaft. 

In some meters of this type, the movable coil 
is mounted within two stationary coils, as shown 
in Fig. 84; while in other types it is mounted near 
to the side of one large coil, as shown in Fig. 49. 
In either case, the movement of the smaller coil 
is caused by the reaction between its flux and the 
flux of the stationary coil or coils. 
When both the stationary and movable coils are 

excited or energized, the lines of force through their 
centers tend to line up or join together in one 
common path. When the pointer is at zero, the 
movable coil rests in a position so that its axis and 
the direction of its flux will be at an angle to that 
of the stationary coils. So, when the current is 
applied the reaction of the two fields will cause 
the movable coil to force the pointer across the 
scale against the opposing force of the delicate coil 
springs, which can be seen in both Figs. 48 and 49. 
These coil springs are usually made of phosphor-

bronze alloy, and in some cases they carry the cur-
rent to the movable coil. 

Fig. 48. This view shows the coils of an electro-dynamometer 
type meter. 

Voltmeters of the electro-dynamometer type usu-
ally have the two coils connected in series with 
each other and also in series with a resistor, 
then connected across the line. 
Ammeters of this same type may have the two 

coils connected in series and then across a current 
transformer which carries the main load current. 
In some cases the stationary coil of an ammeter 
may carry the full load current, while the movable 
coil is connected to a current transformer so that 
it carries only a small fraction of the current. 
The movable coil is not designed to carry much 

current in any case, because it must be light in 
weight and delicate in construction to obtain the 
proper accuracy in the operation of the meter. 

"MIL • 

Fig. 49. Another dynamometer type meter with slightly different 
arrangement of the coils. Note the damping vane attached to the 
bottom end of the shaft so that it rotates in the damping chamber 
under the meter element. 

65. A. C. WATTMETERS 
Wattmeters using the electro-dynamometer prin-

ciple have elements very similar to those shown 
in Fig. 48. The stationary coils are used for the 
current element and may be connected in series 
with the load or across a current transformer. The 
movable coil is the potential coil and is connected 
in series with a resistance, and then across the line. 

Resistances used in connection with the coils of 
A. C. meters are generally of the non-inductive 
type, so they will not affect the reading of the 
meter by introducing inductive reactance in the 
circuit. 
While shunts are used in some cases with certain 

types of A. C. meters, instrument transformers are 
also commonly used to reduce the amount of cur-
rent and voltage applied to the coils of the meters. 
This eliminates the necessity for current coils with 
very heavy windings and the necessity of winding 
potential coils with a great number of turns to 
obtain high resistance to permit them to be con-
nected across high-voltage lines. It also reduces 
insulation difficulties, and hazards in testing 
voltage circuits. 
As the current coils in the wattmeter will always 

carry a current proportional to the amount of load, 
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and the potential coil will carry a current propor-
tional to the voltage applied to its terminals, the 

dowrque set up by the magnetic fields of these two 
11116ils will be proportional to the power in watts in 

the circuit. The scale can therefore be graduated 
and marked to read directly the watts or kw. of 
the circuit to which the meter is connected. 

Since the torque acting on the movable element 
is proportional to the instantaneous current and 
voltage, the meter will register the true power of 
the circuit, regardless of the power factor. 

Fig. 53 shows a sketch which further illustrates 
the principle of the dynamometer-type wattmeter. 
You will note that stationary current coils which 
are connected in series with the line, set up a flux 
which tends to repel the flux of the movable coil 
and will cause it to move the pointer across the 
scale to the right. 

Fig. 50. A convenient style of portable voltmeter used for testing 
circuits and electrical machinery. (Photo courtesy Jewell Instrument 
Company) 

Electro-dynamometer type meters are somewhat 
more delicate and less simple in construction than 
the moving iron types, but the former are more 
accurate and therefore generally preferred where 
exact measurements are desired. 
The scale over which the pointer of this instru-

ment moves is not graduated with spaces of even 
width, because of the fact that the opposing force 
is a spiral or helical spring and, therefore, becomes 
greater as the pointer moves farther from zero. 

05. INDUCTION TYPE INSTRUMENTS 

Induction type A. C. meters operate on a prin-
ciple similar to that of an induction motor, using 
the magnetic flux of stationary coils to induce cur-

Fig. 51. This portable meter has two elements and two scales, and can 
be used to measure either volts or amperes. The voltmeter element 
has an extra terminal to provide increased voltage range of this 
instrument. (Photo courtesy Jewell Instrument Company) 

rents in a rotating element in the form of a metal 
cylinder or drum, or in some cases a metal disk. 

Fig. 57 shows a sketch of an induction meter of 
this type which can be used either as a voltmeter 
or an ammeter, according to the manner in which 
the coils are wound and connected. 

A set of primary coils and also a set of secondary 
coils are wound on the upper part of the iron core. 
The primary coil, being connected to the line, sets 
up alternating magnetic flux which magnetizes the 
core and also induces in the secondary coils a cur-
rent which is out of phase with that in the primary. 

Fig. 52. Switchboard type A. C. voltmeter. Note the tapering 
graduation at the left end of the scale. 

entonninnfolliNeillie 
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These secondary coils are connected in series 
with a third set of coils wound in slots at the lower 
end of the core near the movable drum. The dif-
ferent phase relations between the currents of these 
coils tend to set up a flux which is out of phase 
with that established in the core by the primary 
coil, thereby producing a sort of revolving field 
which induces eddy currents in the drum. The 
reaction between the flux of these eddy currents 
and the flux set up by the coils then causes the 
drum to tend to rotate by the same principle as 
used in A. C. induction motors. 
The pointer is attached to this drum, so that. 

when the drum is rotated, the pointer is moved 
across the scale against the action of the coil 
springs. 
When an instrument of this type is used for an 

ammeter, the primary coil is wound with a few 
turns of heavy wire and is connected in series with 
the line, or it can be wound with small wire and 
connected in parallel with a shunt or to the termi-
nals of a current transformer. 
When used as a voltmeter, the primary coil is 

wound with more turns of fine wire and is con-
nected in series with a resistance and then across 
the line. 

Fig. 53. This diagram illustrates the construction and principles of the 
dynamometer type instrument. Note the action between the flux of 
the moving and stationary coils. 

67. INDUCTION TYPE WATTMETERS 
This same induction principle can be applied te 

wattmeters, as shown in Fig. 58. . 
ln this case, the potential element consists of the 

primary coils "P" which are connected in series 
with a reactance coil "n", and then across the line. 
The secondary coils "S" have current induced in 
them by the flux of the primary, and are connected 
in a closed circuit with a variable resistance "R". 

In this manner, the amount of induced current 
which flows in the secondary coils may be varied 
by adjusting the resistance, so that the reaction 
between their flux and that of the primary coil-

Fig. 54. This view shows the interior construction of a dynamometer 
type wattmeter. The current coils of the meter, the resistance coils, 
and damping vane in its chamber can all be plainly seen. (Photo 
courtesy Reliance Instrument Company) 

will produce the proper phase relation between the 
flux set up in the core and the flux of the current 
coils "C", which are wound ill slots near the mova-
ble drum. 

This current element is connected in series with 
the line, or to the proper shunt or instrument trans-
former. 
When both sets of coils are excited, a revolving 

field is set .up, which induces eddy currents in the 
movable drum, similarly to the operation of 
induction voltmeter in Fig. 57. 

In this case the strength of the combined flux 
set up by the potential and current coils will be 
proportional to the product of the voltage and cur-
rent of the line. So, with the proper graduation 
of the scale, this meter can be made to record 
directly in watts the power of the circuit to which 
the meter is attached. 

Fig. 55. Switchboard type wattmeter which has its scale calibrated to 
indicate the load in kilowatts. (Photo courtesy Weston Electrical 
Instrument Co.) 
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68. SHADED POLE INDUCTION METERS 

tenother type of induction meter which uses the 
uction disk, or shaded pole principle, is illus-

trated in Fig. 60. 
This type of instrument has the torque produced 

on a moving disk, by inducing eddy currents in 
the disk by means of the large exciting-coil, and 
small shading coils, on the soft iron core. 
When alternating current is passed through the 

large coil it sets up an alternating flux in the iron 
core and induces eddy currents in the edge of the 
disk which is between the poles of the core. The 
flux also induces secondary currents in the small 
shading coils, which are built into slots in one side 
of the pole faces and are short-circuited upon them-
selves to make closed circuits. 

Fig. 56. Another type of switchboard meter known as the "horizontal. 
edgewise" type. Meters of this type are very commonly used in 
power plants. (Photo courtesy G. E. Company) 

The induced currents in these shading coils are 
out of phase with the current in the large coil, and 
therefore they set up flux which is out of phase 
with the main core flux. This causes a sort of 
shifting or sliding flux across the pole faces, which 
reacts with the flux of the eddy currents in the 
disk and causes the disk to tend to rotate. 
The disk can rotate only part of a revolution, 

as its movement is opposed by a spring on the 
shaft. The rotating movement of the disk moves 
the pointer across a scale as in any other meter. 
The movement of the disk and pointer is damped 

by the drag magnet on the right, which induces 
eddy currents in the disk when it moves and 
thereby tends to slow its movement and prevent 
jumping or oscillation of the pointer. 
The sides of the moving disk or ring are often 

cut in a slightly varying or tapering width, to obtain 
greater torque as the pointer moves farther against 
the force of the spring. This allows uniform grad-
uation of the scale. 
When instruments of this type are used for 

ammeters, the main coil is connected in parallel 
IMF h a special alloy shunt, the resistance of which 
changes with temperature and load changes, to 
compensate for heat and increased resistance in the 
coil or disk. 

When used as a voltmeter, the coil of the instru-
ment is connected in series with a reactance coil 
to compensate for changes in frequency, and also 
in parallel with a shunt to compensate for tem-
perature and resistance changes. 

This same principle of induction is applied to 
A. C. induction vvatthour meters, frequency meters, 
and various types of A. C. relays; so it is well 
worth thorough study to obtain a good understand-
ing of the manner in which it produces the torque 
in the disk. 

Fig. 57. This diagram shows the core and coils of an induction type 
meter. Study the principles of this meter thoroughly with the 
accompanying explanations. 

69. HOT-WIRE INSTRUMENTS 

Hot-wire instruments are those which obtain the 
movement of their pointers by the expansion of 
a wire weért it is heated by the current flowing 
through it. 
This principle is illustrated by the diagram in 

Fig. 61. When the terminals "A" and "B" are 
connected to a line and current is passed through 
the wire "W", it becomes heated by the current 
and expands. 

Fig. 58. Core and coils of an induction type wattmeter. Note how the 
current and potential coils are connected to the Une. 
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This expansion causes it to loosen and sag, and 
allows wire "X" to become slack. Wire "Y" is 
attached to wire "X" and is wrapped around a 
pulley on the shaft to which the pointer is attached. 
The other end of this wire is attached to a spring 
which is fastened to the meter case. This spring 
maintains a continual pull on wire "Y"; so that, 
as soon as wire "X" becomes slack, wire "Y" is 
drawn around the pulley and causes it to rotate 
and move the pointer across the scale. 
When the current decreases or stops flowing 

through wire "W", this wire cools and contracts 
back to its tight condition and draws wires "X" 
and "Y" back against the action of the spring; thus 
returning the pointer to zero. 
When instruments of this type are used as am-

meters, the wire "W" is connected in series with 
the line or in parallel with a shunt which is in 
series with the line. When the device is used as 
a voltmeter, the wire "W" is connected in series 
with a resistance and then across the line. 

Fig. 59. This photo shows a meter element with part of the magnetic 
shield in place around it. These shields are made of soft-iron 
laminations and prevent magnetic flux from other machines or 
circuits from interfering with the accuracy of the meter. One-half of 
the shield is shown removed in this view. 

Hot-wire instruments are made in a number of 
different forms, and with various arrangements of 
their wires and parts; but all of them operate oui 
the same general principle. Fig. 62 shows the 
working parts of a hot-wire meter of slightly dif 
ferent construction from that shown in Fig. 61. 
Meters of this type can be used on either D. ( 

or A. C. circuits; but they are particularly adaptahl, 
to high frequency A. C. circuits, such as in radif , 
stations, X-ray work, and laboratories where very 
high frequencies are used. Having no coils in their 
construction, hot-wire meters are non-inductive and 
therefore offer less impedance to high frequency. 
currents and operate more accurately on varying 
frequencies. 

70. ELECTRO-STATIC VOLTMETERS 

Electro-static voltmeters are often used for meas-
uring very high voltages. These meters operate 
on the principle of the attraction between bodies 
with unlike charges of static or high-voltage elec-

Fig. 60. Diagram illustrating the principles and construction of a disk 
type induction meter. The torque on the disk is produced by the 
action of the flux from the shaded pole. 

tricity. Fig. 63 shows an electro-static voltmeter, 
with the case opened to show all the working parts 
clearly. 
This instrument consists of a set of stationary 

metal vanes, and a pair of movable vanes of light 
weight metal. In normal or zero position, the 
movable vanes hang free of the stationary vanes 
due to gravity action on a counter-weight attached 
to the shaft. 
When the wires of a high-voltage line are con-

nected to this instrument, one wire to the stationary 
vanes and one to the movable vanes, charges of 
opposite polarity will be set up on the vanes. Till' 
causes them to attract each other and the moyaW 
vanes will be drawn nearer to the stationary ones, 
or in between them. This moves the pointer across 
the scale a distance proportional to the voltage 
applied. 

Electro-static voltmeters can be obtained to 
measure voltages as high as 50,000 volts, or even 
more. They can also be made to measure quite 
low voltages, by using a number of vanes, closely 

Fig. 61. This sketch shows the operation of a hot-wire meter, in which 
the movement of the pointer is obtained by the expansion of a wire 
whoa heated by passing currant through it. 
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spaced. These instruments will work on either 
alk C. or A. C. circuits, because it makes no differ-
Vice if the polarities reverse, as long as the movable 
and stationary vanes are always of opposite polarity 
at any instant. 
71. A. C. WATTHOUR METERS 

A. C. watthour meters are quite similar in many 
ways to those for D. C., which were explained in 
the section on D. C. meters. They consist of cur-
rent coils and potential coils which set up flux and 
turning effort on the rotating element. The rotat-
ing element drives a chain of gears which operate 
the pcinters on a row of four dials, and total up 
the power used in kilowatt-hours. 
Some A. C. watthour meters are of the electro-

dynamometer type. They have the potential coil 
wound on the moving armature and are equipped 
with commutator and brushes similar to those of 
D. C. watthour meters. The more common type 
of A. C. meter uses the induction disk principle, 
as meters of this type are much simpler and more 
rugged, have fewer wearing parts, and therefore 
require less care than the other types. 

Fig. 62. This view shows the inside parts of a hot-wire meter of 
slightly different construction than the one illustrated in Fig. 61. 

In the induction type watthour meter, both sets 
of coils are stationary and the rotating element is 
simply a light-weight aluminum disk mounted on 
a vertical shaft. There are no commutators or 
brushes to produce friction or get out of order. 
Fig. 64 is a photo of a modern A. C. induction 
watthour meter, and it shows clearly the principal 
parts of such a meter, with the exception of the 
gears, dials, and the damping magnets, which are 
on the other side of the meter. 
The two coils of heavy wire on the lower part 

of the core are the current coils, and the large coil 
above is the potential coil. Between these coils ere rotating disk can be seen. 

Fig. 65 shows a diagram of the core, coils, disk, 
and one damping magnet of a meter of this type, 
and further illustrates its operating principle. 
The potential coil "P" is wound with a great 

number of turns of very fine wire, and on the upper 
leg of the soft, laminated-iron core; and the current 
coils "C" and "C" are wound with very few turns 
of heavy wire, on the two lower core legs. 
The large number of turns in the potential coil 

make this winding highly inductive, and cause the 
current which flows through it to be nearly 90 
degrees lagging, or out of phase with that in the 
current coils. As the current coils consist of only 
a very few turns, their circuit has very little induc-
tance, and the current through them will be nearly 
in phase with the line voltage. 

Fig. 63. This photo shows an electro-static voltmeter for measuring the 
potential of high voltage circuits. The pointer movement is obtained 
by the attraction between the moving and stationary metal vanes 
when they are charged with opposite polarity. 

The potential coil is connected across the line 
or across the terminals of a potential transformer. 
The current coils are connected in series with the 
line on small power and lighting circuits; or to 
the secondary of a current transformer on heavy 
power circuits. 
The reversing flux of the current coils alternately 

leaves one of these poles and enters the other; 
while the flux of the voltage coil leaves its pole 
and splits or divides between the two poles at its 
sides and the two poles of the current coils under 
the disk. 
These two different fluxes which are set up by 

the out-of-phase currents in the potential and cur-
rent coils, create a shifting or rotating field effect, 
which induces eddy currents in the disk; and the 
reaction between the flux of these eddy currents 
and the main flux causes the torque and rotation 
of the disk. This is called the motor element. 
One of the damping or "drag" magnets is shown 

at "D" in Fig. 65. There are two of these magnets, 
located one on each side of the disk; and when 
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Fig. 64. Interior view of a modern watthour meter, showing the 
current and potential coils, and the induction disk. 

the edge of the disk revolves between the magnet 
poles, their flux induces in the disk eddy currents 
which tend to retard its motion. This retarding 
or damping force will always be proportional to 
the speed of the disk. 
As the current and flux of the potential coil are 

proportional to the line voltage, and the current 
and flux of the current coils are proportional to 
the load current, the torque exerted on the disk 
by these fluxes will always be proportional to the 
product of the volts and amperes. This is also 
proportional to the load in watts on the line. 

This force acting against the retarding effect of 
the damping magnets will cause the meter speed 
to be proportional to the power used at any time. 
The upper end of the shaft on which the disk 

is mounted is fitted with a worm which drives the 
first gear of a chain of several gears, which in turn 
operate the pointers, exactly as described for D. C. 
watthour meters in Article 102, Section Two, of 
Direct Current. 
A. C. watthour meters are also read in exactly 

the same manner as explained in Article 103 of 
Section Two on Direct Current. 

72. CREEPING 

Sometimes the disk of an A. C. watthour meter 
will continue to revolve very slowly when the load 
is all disconnected from its circuit. This is known 
as creeping; and it may be caused by vibration, 
too high line-voltage, wrong adjustment of the fric-
tion compensating device, wrong connection of the 
potential coil, a short circuit in the current coil; 

or by a high-resistance ground or leakage on the 
line. 
The potential coil of a watthour meter is co. 

nected directly across the line; so, as long as there 
is voltage on the line, there will always be a very 
small amount of current flowing in this coil whether 
there is any load on the line or not. 

If the meter is over-compensated for friction by 
the light load adjustment, this may set up enough 
torque to rotate the disk slowly. Vibration of the 
meter reduces the friction on its bearings and may 
be the cause of starting the creeping. 

If the line voltage rises above normal, it will 
increase the amount of current flowing in the po-
tential coil and thereby increase the torque set Ili 
by the light-load, friction-compensating device. 
The potential coil should be connected across the 

line between the current coils and the service, as 
shown in Fig. 65; because, if it is connected on 
the load side of the current cc :s, the small current 
which is always flowing through the potential coils 
will also flow through the current coils, and may 
set up enough flux and torque to cause the meter 
to creep. 

If a short-circuit occurs in the current coils, mak-
ing a closed circuit of one or more turns, the flux 
of the potential coil will induce a current in these 
shorted turns. The flux of this secondary current 
working on the disk with that of the potential coil, 
will cause the meter to creep. 

High-resistance grounds or leaks on the lie 
may cause enough current leakage to operate the 
meter slowly, and yet not enough current to blow 
a fuse. 
Some watthour meters have two small holes 

drilled on opposite sides of the disk to prevent 
creeping. The nature of the eddy currents set up 
around these holes will tend to stop the disk when 
the holes come between the poles of the magnets. 

Fig. 65. This diagram illustrates the construction and principles of an 
induction watthour meter. Note the manner in which the current 
and potential coils are connected to the line. 
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73. A. C WATTHOUR METER 
ADJUSTMENTS 

/Pr he light-load adjustment, or friction compensa-on, on some watthour meters consists of a small 
coil placed near the current or potential coil and 
short-circuited so that it will have current induced 
in it by the flux of the main coil. The current 
and flux of this auxiliary coil are out of phase with 
those of the main coils, so they set up a small 
amount of "split-phase" or shifting flux, which adds 
just enough to the torque of the disk to compensate 
for friction at light loads. 

In other meters, this adjustment consists of a 
small plate located between the disk and the poles 
of the current coil cores, to distort part of their 
flux and thereby produce a slight shifting flux and 
torque on the disk. These auxiliary coils or plates 
are usually adjustable by means of a screw, so that 
they can be accurately set to provide the right 
amount of compensation. 

Fig. 66. Watthour test meter or rotating standard, used for 
calibrating watthour meters. 

A. C. watthour meters often have another adjust-
ment to compensate for inductive load and lagging 
current on the line. 
On some of the latest type meters this adjust-

ment consists of a copper punching mounted under 
the meter disk and directly under the pole of the 
potential coil. 
The secondary current induced in this copper 

plate, or ring, sets up flux of a proper phase relation 
with the main field to compensate for lagging load 

irrents. 
By moving this plate back and forth by means 

of an adjusting screw, the meter can be adjusted 
properly for various inductive loads. 
The full-load adjustment for calibrating watthour 

meters is made by shifting the damping magnets 
in or out at the edge of the disk. 

If the meter runs too fast, the poles of the perma-
nent magnets are moved farther out on the disk, 
to produce a greater retarding effect. If the meter 
runs too slowly, the damping magnets are moved 
farther in. 
On later type meters, the damping magnets are 

mounted in a brass clamp which is adjustable by 
means of a screw. 

74. TEST METERS AND POLYPHASE 
WATTHOUR METERS 

Fig. 66 shows a portable test meter or rotating 
standard, used for calibrating and adjusting watt-
hour meters, in the manner explained in the section 
on D. C. meters. This test instrument is connected 
to the same circuit or load as the meter under test, 
and the number of revolutions of its pointer are 
compared with the revolutions of the meter disk. 
By this comparison, and careful consideration of 
the watthour constant on the disk of the meter, 
we can determine whether the meter under test is 
operating accurately, or is running too fast or too 
slowly. 

Polyphase watthour meters are used for measur-
ing the power in kw. hours in a three-phase circuit. 
These meters have two or three separate elements 
for measuring the power either by the "two meter" 
or "three meter" method. 

Fig. 67 shows a polyphase induction watthour 
meter for use on a three-phase, four-wire circuit. 

Fig. 67. This photo shows a three-phase wattli,iir meter with three 
separate meter elements, one et which is conriticted to each phase. 
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75. DEMAND INDICATORS 
In the section on D. C. meters one type of maxi-

mum demand indicator was explained. This type, 
you will recall, uses the heating effect of the load 
current to expand the air in a glass tube, and force 
a liquid over into an index tube to indicate the 
maximum demand on the system. This same type 
of demand indicator can also be used on alternating 
current systems. 

In addition to this thermo-type of demand indi-
cator, other A. C. maximum demand indicators are 
used which are operated either by electro-magnets 
or the induction disk principle. 
One of these is simply a wattmeter element which 

moves a pointer over a scale a certain distance 
proportional to the maximum load, and leaves the 
pointer locked in this position until a higher load 
advances it farther, or until it is reset by the meter 
reader. This type is known as an indicating de-
mand meter. 
Another type has a marker operated by a magnet 

so it makes a mark on a moving paper tape each 
time the watthour meter makes a certain number 
of revolutions. These are called recording demand 
indicators. 

Fig. 68. Two types of maximum demand indicators. The one on the 
left is of the indicating type, and the one on the right is a recording 
type meter. 

These indicators are used in connection with a 
watthour meter which is equipped with a contact-
making device, so that it closes the circuit to the 
control magnet coils of the demand indicator every 
time the watthour meter makes a certain number 
of revolutions. 
On the indicating type of demand meter, the 

pointer or needle is advanced across the scale a 
distance proportional to the amount of maximum 
load during any period that the instrument is ener-
gized. 
On recording type demand indicators the speed 

of the tape is constant, so the number of marks 
for any given time period will vary in frequency 
and spacing according to the speed of the watthour 
meter during that period. 

These marks, therefore, provide an indication of 
the maximum amount of power during any period. 
Spring wound clocks or electric clocks are o 

used with demand indicators to control the tO 
element or tape. 

Some of the spring type clocks used with these 
meters, will run from 8 to 40 days with one winding. 

Fig. 68 shows an indicating type of maximum 
demand meter on the left, and one of the recording 
type at the right. The cover is removed from the 
instrument at the right, showing the magnet coils 
and paper tape on which the record is printed. 

Recording wattmeters using paper charts and 
operating on the same general principles as the 
recording wattmeters explained in the D. C. Meter 
Section, are also used in A. C. work. 

76. POWER-FACTOR METERS 
It has previously been mentioned in this sec-

tion that power-factor meters can be used to indi-
cate directly the power factor of any A. C. circuit. 
Power-factor meters are designed to register on 
their scale the power factor, or the cosine of the 
angle of lag or lead between the current and voltage 
of the circuit to which they are attached. 
There are a number of different types of power-

factor meters. One of the very common types 
which operates on the electro-dynamometer prin-
ciple is illustrated in Fig. 69. This instrument has 
two movable coils, "A" and "B", mounted at right 
angles to each other on the shaft to which 
pointer is attached. Coil "B" is connected in see 
with a resistance unit, "R", and coil "A" in series 
with an inductance "S"; then they are connected 
across the line of which the power factor is to be 
measured. 
The stationary coils, "Z" and "Z-1", are con-

nected in series with each other and then in series 
with one side of the line. The current through 
coil "B" will be approximately in phase with the 
line voltage; while the current through coil "A" 
will lag nearly 90 degrees behind the voltage, be-
cause of the inductance which is connected in series 
with this coil. 
As the stationary coils are connected in series 

with the load, their current will be in phase with 
the load current. At unity power factor, the cur-
rent through the stationary coils will be in phase 
with the current through the movable coils "A" 
and "B", and their magnetic fields will be at maxi-
mum value at the same time. 
The flux of these coils tends to line up or flow 

through the same axis, and therefore holds coil "B" 
in its present position with the needle resting at 
1.00, or unity power factor. 

This is also often called 100 per cent. P.F. 
While the power factor is unity, the current and 

flux of coil "A" will be approximately 90 degr s 
out of phase with the flux of the stationary c 
therefore, there will be just as much tendency or 
this coil to try to turn in one direction as in the 
other, so it doesn't exert any definite torque in 
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Fig. 69. This diagram shows the important parts and opentdas 
principles of a power factor meter. 

either direction and allows coil "B" to hold the 
pointer in an upright position. 

If the line current and voltage were approxi-
mately 90° out of phase, then the current in coil 
"A" would be in phase with the current in the 
stationary coils, and its flux would tend to turn 
coil "A" until its axis lines up with that of the 
tationary coils "Z" and "Z-I". It may turn either 
the right or left according to whether the current 

ags or leads the line voltage. 
During such a period, when the line current lags 

the voltage nearly 90°, the flux of coil "B" would 
be approximately 90° out of phase with the flux 
of the stationary coils, and it would therefore exert 
no appreciable torque in either direction. 

If the line current and voltage were about 45° 
out of phase with each other, then the flux of both 
coils "A" and "B" would tend to line up with the 
flux of the stationary coils and the needle would 
assume a position of balance at about 71% power 
factor. 

In this manner, any degree of lag or lead of the 
line current will cause the two coils to take a cor-
responding position, dependent upon the angle be-
tween the currents in the stationary coils and those 
in coils "A" and "B". 
When the instrument is used as a power-factor 

indicator, the scale is marked to indicate the cosine 
of the angle of lag or lead, so that the power factor 
can be read directly from the scale. 
The scale of this meter can also be marked to 

indicate in degrees the amount of lag or lead in 
the current, and can then be used to indicate the 
phase relations between the line voltage and the 
current. *Fig. 70 shows a switchboard-type power-factor 

eter. The scales of these instruments are seldom 
marked lower than 45 or 50 per cent, because it 
is very seldom that the P.F. is found to be lower 

than this on any system. You will note that the 
needle can swing either to the right or left of unity 
and thereby indicate whether the power factor is 
lagging or leading. 
Meters of this type will operate satisfactorily with 

voltage variations as much as 25% either below or 
above normal. 

Single-phase power-factor indicators will not give 
accurate readings if the frequency of the circuit 
varies more than 2%. For high-voltage or heavy 
power circuits, current and potential transformers 
are used with such meters to reduce the voltage 
and current applied to their windings. 
Power plants and large industrial plants which 

use considerable amounts of alternating current 
power are usually equipped with power-factor me-
ters, and portable instruments of this type can often 
be used to make very valuable tests on machines 
or circuits throughout various plants. 

77. FREQUENCY METERS 
A frequency meter is an instrument which, when 

connected across the line the same as voltmeters 
are connected, will indicate the frequency of the 
alternating current in that line. 
There are many cases where it is necessary to 

know or maintain the exact frequency of certain 
circuits or machines, and in such cases a frequency 
meter is used to conveniently determine the fre-
quency of the circuit. 
Power plants supplying A. C. usually regulate 

the frequency very carefully so that it will stay 
almost exactly at 60 cycles per second, or whatever 
the frequency of the generators is intended to be. 
There are two types of frequency meters in com-

mon use, one known as the vibrating-reed type and 
the other of the induction type. 

Fig. 70. Switchboard type power factor meter, such as commonly used 
in power plants and large industrial plants. 

78. VIBRATING-REED TYPE INSTRUMENT 
A vibrating-reed instrument is a very simple de-

vice, consisting principally of an electro-magnet 
which is excited by the alternating current, and a 
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number of steel reeds which are like thin, flat 
springs. These reeds are caused to vibrate by the 
changing strength and reversing flux of the magnet. 

Fig. 71 illustrates the principle of this type of 
frequency meter. The large electro-magnet is wound 
with a coil of fine wire which is connected in series 
with the resistor and across the line. When alter-
nating current is passed through this coil, it mag-
netizes the core first with one polarity and then 
another. 
The polarity is constantly reversing and varying 

in strength, in synchronism with the frequency of 
the current. This causes the ends of all the steel 
reeds to be slightly attracted each time the end of 
the magnet becomes strongly charged. 

These reeds are about g of an inch wide and 
approximately 3 inches long, but they each have 
slightly different natural periods of vibration. In 
other words, they are somewhat like tuning forks 
which will vibrate more easily at certain frequen-
cies, depending upon the weight and springiness of 
the elements. 

Fig. 71. Diagram of a vibrating-reed type frequency meter. Only part 
of the reeds are shown in this view. Note the appearance of one 
reed which is vibrating more than the others. 

The reeds of the frequency meter can be made to 
vibrate at different frequencies either by making 
them of slightly different thicknesses or by weight-
ing the ends very accurately with small amounts 
of lead. In this manner they are graduated from 
one end of the instrument to the other, so that the 
reeds on one end have a lower rate of vibration, and 
as they progress toward the other end each one has 
a slightly higher rate of vibration. 
This arrangement will cause one or two of the 

reeds which have a natural rate of vibration closest 
to the frequency of the alternating current, to vi-
brate more than the others do when the magnet coil 
is energized. 
The vibration of most of the reeds will be barely 

noticeable, because the magnetic impulses do not 
correspond with their natural frequencies. But the 
reed which has a natural vibration rate approxi-
mately the same as that of the alternating current, 
will vibrate up and down from yi to of an inch 
or more, and perhaps one reed on each side of it 
will vibrate a little. 
The front ends of the reeds are bent downward 

in short hooks to make them plainly visible and, 
when viewing them from the front, the end of the 
reed which is vibrating will appear longer that, the 

others. Then, by reading on the scale directly 
under this vibrating reed, the frequency can be 
determined. 
Another meter using this same principle, but • 

slightly different construction, is shown in Fig. 72. 
This meter has the reeds attached to a bar, "B", that 
is mounted on a stiff spring, "S", in such a manner 
that the whole bar with all of the reeds can be 
vibrated. There is also an iron armature, "A", at-
tached to this bar and projecting out over the reeds 
beneath the poles of a pair of electro-magnets, "M". 
These magnets are excited by the alternating cur-

rent, the same as the large magnet shown in Fig. 71, 
and they cause the iron armature to vibrate and 
rock the bar, thereby causing the reeds to vibrate 
also. 

This vibration of the reeds will be hardly notice-
able, except on those that have a natural rate of 
vibration the same as the speed of the bar move-
ment and the frequency of the alternating current 
which excites the magnets. These several reeds will 
vibrate so that their ends will be plainly noticeable, 
as previously explained. 
This type of frequency meter has an adjusting 

screw for varying the distance between the electro-
magnets and the armature "A". By changing this 
adjustment, the amount of vibration of the reeds 
can be regulated. 

If the circuit to which a meter of this type is con-
nected has a frequency of 60 cycles, the reed 
rectly above the number 60 on the scale will be tip 
one which vibrates the most. 
This reed, however, will be moving at the rate 

of 120 vibrations per second, or once for each alter-
nation of the 60 cycles. 
79. INDUCTION-TYPE FREQUENCY 

METERS 
The induction-type frequency meter is more com-

monly used than the vibrating-reed type. This meter 
operates on the induction-disk and shaded-pole 
principle, similar to that which was explained for 
induction voltmeters and ammeters. 

Fig. 72. This sketch shows a side-view of another type of vibrating. 
reed frequency meter. This instrument uses a pair of small 
electro-magnets to vibrate the armature to which the reeds are 
attached. 

Fig. 73-A shows a side view of the cores, and 
disk of an induction-type frequency meter. 

Each of the cores, "C" and "C-1", is wound we 
exciting coils, one of which is connected in series 
with a resistor "R", and the other in series with an 
inductance "X". 
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Fig. 73 "A" shows a side-view of an induction type frequency meter. 
This instrument uses the shaded-pole method of producing torque 
on the disk by induction, "B". Top view of an induction frequency 
meter, showing the shape and position of the disk between the poles. 

These inductance coils, such as shown at "X", 
are sometimes called reactors. One end or pole of 
each of the magnet cores is equipped with a shading 
coil or small, short-circuited coils which are im-
bedded in one side of the pole faces. 
When the coils "C" and "C-1" are excited with 

alternating current, the flux which is set up in the 
cores induces secondary currents in the short-cir-

oro r 
*ted shading coils. The flux from these secondary 
ents in the shading coils reacts w ith the flux 
m the main coils and sets up a shifting flux across 

the edges of the disk. 
This induces eddy currents in the disk and tends 

to set up torque and rotation of the disk. The posi-
tion of the shading coils and the shape of the disk 
can be noted in Fig. 73-B. 
You will also note in this view that the shading 

coils are placed on the same side of each magnet, 
so that they will both tend to exert opposing forces 
on the disk, each trying to revolve the disk in the 
opposite direction. 
When the instrument is connected to a circuit of 

normal frequency, or 60 cycles, the current flow 
through each of the coils "C" and "C-1" will be 
balanced, and the pointer will remain in a vertical 
position as shown. 

You will recall that the inductive reactance of 
any coil varies in proportion to the frequency. 
Therefore, if the frequency oi the line increases or 
decreases, it will vary the amount of current which 
can pass through the inductance "X" and the coil 
"C-1". 

If the frequency is increased, the inductive react-
ance of coil "X" will become greater and decrease 
the current through coil "C-1". This will weaken le torque exerted on the disk by this magnet and 

w the disk to rotate a small distance to the right. 

If the line frequency is decreased below normal, 
the inductive reactance of the coil "X" becomes less, 
allowing more current to flow and strengthen coil 

"C-1". This will cause the disk to rotate to the left 
a short distance. 

If the disk were perfectly round it would con-
tinue to rotate; but it is so shaped that the side 
under the poles of coil "C" always presents the same 
amount of surface to the pole, while the side under 
the poles of coil "C-1" presents a smaller area to 
the pole as the disk revolves to the left. Therefore, 
it will turn only a short distance until the increased 
strength of coil "C-1" is again balanced by the de-
creased area of the disk under this pole. 
The reverse action takes place as the disk rotates 

to the right, so it will always come to rest at a 
point corresponding to the frequency of the line to 
which the meter is connected. The current through 
coil "C" remains practically constant, because it is 
in series with the resistor, and the impedance of 
this non-inductive resistor does not vary with the 
changes in frequency. 

Fig. 74 shows a switchboard-type frequency meter 
with the needle resting in the normal position, indi-
cating 60 cycles frequency. The scale is graduated 
to indicate frequencies as low as 50 cycles and as 
high as 70 cycles per second. 

Instruments of this type will operate satisfactorily 
on voltages either 25% below or above normal. 
When used on 110-volt circuits, these meters are 
usually connected directly across the line, the same 
as a voltmeter. 

80. CONNECTIONS OF FREQUENCY 
METERS 

When used on higher voltage, a potential trans-
former can be used to step the voltage down. In 
other cases a resistance box may be used in series 
with the meter so that it can be operated directly 
from lines as high as 440 volts. 

Fig. 74-A shows the connections of a frequency 
meter of this type, with its resistance and reactance 
units which are encloçr•(1 in one box. There are 

Fig. 74. This photo shows a switchboard type frequency meter, such 
as commonly used in power plants. The connections to instruments 
of this type are made to brass terminal bolts which project through 
the switchboard from the back of the mug. 
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three terminals on the meter and three on the re-
sistance and reactance unit. 
The terminal "R" of the reactance box is con-

nected to the right-hand terminal of the meter, while 
the terminal "L" from the box connects to the left-
hand terminal of the meter. The center terminal 
of the meter connects to the line wire opposite to 
that to which the common wire of the reactance box 
is connected. 
Sometimes these meters fail to register properly 

because of no voltage or very low voltage on the 
circuit, or because the moving element has become 
stuck. If the meter reads extremely high, it may be 
caused by a bent disk, a short-circuit in the resis-
tance coil, or an open circuit in the reactor coil. 
Testing with a voltmeter will locate either of these 
faults in the resistance and reactance box. 

Fig. 74-A. This sketch shows the connections for a frequency meter 
and the resistance and reactance box which is used with the meter. 

If the meter reads too low, it may be due to the 
moving element having become stuck or to an 
open circuit in the resistance unit. If the meter 
reads opposite to what it should, that is, if the needle 
indicates a lower frequency when you know the fre-
quency is increased, or if it indicates a higher fre-
quency when the line frequency is decreased, then 
the two outside terminals at the meter or at the 
reactance box should be reversed. 

81. SYNCHROSCOPE 

When paralleling A. C. generators, it is necessary 
to have a device to indicate when the machines are 
in phase or in step with each other. For this pur-
pose an instrument called a synchroscope is used. 
A synchroscope will indicate the phase difference 

between the running generator and the one which 
is being brought on to the bus, and will also indi-
cate which machine is running the fastest, so that 
their speeds can be properly adjusted and the ma-
chines brought into perfect step or in phase with 
each other. This synchronizing is absolutely neces-
sary before paralleling any A. C. generators. 
The construction and operation of the ordinary 

synchroscope is practically the same as that of a 
single-phase power-factor meter. 

Fig. 75 shows the construction and connections of 
a common type of synchroscope. The operaga 
principle of this type of device is similar to than" 
a two-pole motor. The stationary coils on the field 
poles, "0" and "P", are connected to the running 
generator. The frequency of the current supplied to 
these coils will therefore be constant. 
The movable coils, "A" and "B", are mounted on 

a shaft or rotor, at right angles to each other. The 
coil "A" is connected in series with a resistor, and 
coil "B" in series with a reactor. The two coils, 
with their resistance and reactance, are then con-
nected in parallel and across one of the phases of 
the "incoming generator". 
The current flowing in coil "B" will be approxi-

mately 90° out of phase with that in coil "A", be-
cause of lagging effect produced by the reactance 
coil in series with coil "B". This phase displacement 
of the currents produces a sort of revolving field 
around the rotor winding of the movable coils. 

Let us assume that, at a certain instant, the cur-
rent which is being supplied to the stationary field 
coils by the running generator reaches its maximum 
value at the same time as the current in the rotor 
coil "A", which is supplied from the incoming gen-
erator. 
We shall assume also that at this instant these 

currents are both of the proper polarity to set up 
fluxes in the same direction, or from left to ri 
between the field poles "0" and "P", and also f 
left to right through the center axis of the coil "A '. 
Then these lines of force will tend to join together 
or line up with each other and cause the rotor to 
assume the position shown in the diagram. 

If the frequency of the two generators remains 
the same, and if they are in phase, the rotor will 
remain in this position and the pointer will indicate 
that the machines are in synchronism. 

If the maximum value of the current from the 
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Fig. 75. The above diagram shows the impeartant parts and illustrates 
the principles of a synchrogcope. This diagram also shows the 
connections of the coils to the "running" and "incoming" generators. 
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running generators occurs about Xs of a cycle or 90° torr than the maximum value of the current from 
incoming generator, then the current in the field 

poles will be in phase with the current in the rotor 
coil "B"; because the current through this coil is 
lagging approximately 90°, due to the inductance 
in series with it. 
When the maximum flux and current occur at the 

same time at the field poles "0" and "P" and in 
the movable coil "B", this will cause the flux of 
coil "B" to line up with that of the field poles, and 
will cause coil "B" to turn into the position now oc-
cupied by coil "A" in the diagram. 

If the angle of phase difference between the maxi-
mum currents of the two generators becomes still 
greater, the pointer will move a still greater dis-
tance from the point of synchronism. 
82. SYNCHROSCOPE SHOWS WHICH MA-

CHINE IS RUNNING TOO FAST 
If the incoming generator is operated a little 

slower and at lower frequency than the running ma-
chine, the needle will move to the left; and when 
the current of the incoming machine drops 360° 
behind that of the running generator, the pointer 
will have made one complete revolution to the left. 

If the incoming machine is rotating faster and 
producing higher frequency than the running gen-
erator, the pointer will revolve to the right, and the 
f ter the pointer revolves, the greater is the differ-

in speed and frequency between the two ma-
c mes. 

Fig. 76 shows a synchroscope for switchboard 
mounting. The left side of its scale is marked 
"slow", and the right side marked "fast", with ar-
rows to show the direction of rotation of the pointer 
for each condition. These terms marked on the 
scales of such instruments refer to the incoming 
machine. 
Some types of synchroscopes have an open face 

or glass cover over the entire front, so that the 
entire pointer is in full view at all times. In other 
cases, the pointer moves behind a transparent scale 
such as shown in Fig. 76. These instruments have a 
small lamp located behind the scale, so that the 
pointer can be seen through the scale as it passes 
across the face of the meter. 
This lamp, however, is lighted only when the two 

generators are nearly in phase with each other. This 
will be explained in a following paragraph. 
Whether the synchroscope uses a lamp or not, it 

indicates that the machines are in synchronism only 
when the pointer comes to rest over the dark spot 
at the top center of the scale. 
83. SYNCHROSCOPES WITH LAMPS 
The diagram in Fig. 75 is for a synchroscope of 

the type on which the needle revolves in plain view 
nd the open face of the meter, when the gener-

a ors are operating at different frequencies. 
The pointer of the meter shown in Fig. 76 does 

not revolve clear around, but only swings back and 
forth behind the scale when the machines are out of 

Fig. 76. Switchboard type frequency meter. With this type of instru-
ment the pointer swings back and forth behind a transparent scale 
when the machines are out of phase. 

phase. But as the lamp behind the scale and pointer 
lights up only when the pointer is passing the lamp 
and dark spot on the scale, the pointer appears to 
be rotating either to the right or to the left. In this 
manner, this type of meter also indicates whether 
the incoming machine is running slower or faster 
than the running machine. 

Fig. 77 shows the inside of a synchronscope of 
this type and Fig. 78 shows the connection of its 
coils and also the transformer which operates the 
lamp. 
The stationary coils, "C" and "C-l", are connected 

in series with a resistor and then across the busses 
of the running machine. The movable coil, "M" is 
connected in series with a resistor, "R", and a con-
denser, "X", and then across the busses of the in-
coming machine. 
When the two generators are in phase the mov-

able coil holds the pointer in a vertical position, but 
when the machines are out of phase the pointer will 
swing back and forth with a speed proportional to 
the amount of difference between the generator fre-
quencies. 

If the generators are running at the same fre-
quency, but just a few degrees out of phase, the 
pointer will stand at a point a little to the left or 
right of the mark on the scale. 
The lamp used with these synchroscopes is caused 

to light up and go out by being connected to the 
secondary of a small transformer which has two 
primary coils, one of which is connected to the run-
ning machine and the other to the incoming ma-
chine. 
These primary coils are so wound that, when the 

machines are in phase opposition, the flux of the 
two coils joins around the outer core of the trans-
former, leaving the center leg idle, and the lamp 
dark. 
When the two machines are in phase or nearly so, 

the fluxes of the two primary coils oppose each 
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other and set up sufficient flux in the center leg of 
the core to induce a voltage in the secondary coil 
and light the lamp. Therefore, the lamp will light 
when the machines are in phase and will go dark 
when the machines are 180° out of phase. 
A. C. generators can also be synchronized with a 

lamp bank, as will be explained in a later section, 
but the synchroscope is a more convenient and reli-
able device and it is practically always used for 
synchronizing alternators in power plants. 
As it is not practical to synchronize and parallel 

more than one incoming generator at a time, one 
synchroscope can be used for several generators 
connected to a large switchboard. The synchroscope 
is frequently mounted on a hinged bracket or arm 
at the end of the switchboard so it will stand out 
where it can be seen by the operator from any point 
along the board. 

In larger power plants a synchroscope with a very 
large face or dial is used in this manner, so it is 
plainly visible to operators. More complete instruc-
tions on paralleling generators by means of syn-
chroscopes will be given in a later section. 
Most synchroscopes have their coils wound for 

operation on 110-volt circuits, but external resistors 
can be used with them for connecting the instru-
ments to 220 or 440-volt circuits. When they are 
lsed with generators of higher voltages, potential 
transformers are used to reduce the voltage to the 
instrument. 

Fig. 77. This view shows the inside of a synchroscope and the arrange-
ment of the various parts, including the lamp and meter coils. 

84. INSTALLATION AND CONNECTIONS 
OF SYNCHROSCOPES 

When installing and connecting a synchroscope, 
care should be taken to see that the proper terminals 
of the resistor and reactor are connected to the 
similarly marked terminals on the instrument. It is 
very easy to make mistakes in these connections, if 
they are not very carefully made. 
The synchroscope. when shipped from the factory, 

Fig. 78. This diagram shows the important parts and connections of a 
synchroscope similar to the one shown in Figs. 76 and 77. 

has usually been tested and is packed in good con-
dition. Therefore, if it doesn't operate correctly 
after it has been installed and connected, the fault 
is probably not in the meter, and the external wir-
ing should then be checked over very carefully. 

If the meter develops no torque, the trouble may 
be in the connections from the incoming generator. 
In this case the circuits through the resistor and re-
actor should be tested for opens, and the circuits 
through the meter should also be tested. 

If the meter rotates but develops very little le 
que, the trouble may be in the connections from 
running generator and its voltage and connections 
should be checked. A pair of test lamps can be used 
to determine whether the synchroscope is operating 
properly or not. If the lamps are connected to burn 
brightly when the two machines are in synchronism, 
and the synchroscope doesn't indicate synchronism 
at the same time the lamps do, the cause is probably 
wrong external connections, or the pointer may be 
displaced on the shaft. 

Disconnect the meter from the generator busses 
and connect both elements to a single-phase circuit 
of the proper voltage. If the pointer now stands in 
vertical position, the meter is correct and the ex-
ternal connections must be checked. 

If the instrument indicates synchronism when the 
two generators are 180° out of phase according to 
the lamp test, then reverse the two leads from the 
running generator. If the synchroscope rotates 
slowly when the generators are operating at widely 
different speeds and rotates rapidly when the gen-
erators are operating at nearly the same speed, the 
incoming generator may be connected to the run-
ning machine terminals of the meter. 
The foregoing material on various types of A. C. 

meters, of course, does not cover every meter made, 
but does cover the more common types and 
general principles on which they operate. 
A good understanding of these principles and the 

applications of the various meters explained will be 
of great value to you in most any branch of electrical 
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work, and will be very helpful in choosing proper 
miters and installing and testing them on various 
gips. 

Always remember when handling or working 
with electric meters of any kind, that they are 
usually very delicate in construction and should 
never be bumped or banged around Even slight 
jars may damage the jeweled bearings, shaft points, 
or some part of the moving element. 

Connecting instruments to circuits of too high 
voltage or too heavy current for the range of the 
meter, will often bend the pointer or damage the 
moving element, and possibly burn out the coils. 

• 

• 

Always try to appreciate the great convenience 
and value of electric meters for measuring the 
values of electric circuits, and handle these instru-
ments intelligently and carefully on the job. 

Intelligent selection of the proper meters for new 
electrical installations, or for old ones that do not 
have proper or sufficient meters, may often result 
in a promotion for you. 

So give this subject proper consideration, and 
always handle any meters you may have to work 
with, in a manner that will be a credit to yourself 
and your training. 
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TWelve-phase 

Single-phase ¡wave 

Single-phase Full Wave 

Three-phase 

e7 A \ s\ 

‘1 \ \ 
,‘4 ‘,f \k‘ 
y v 

Comparison of Ripple in D.C. Output 
for Various Number of Phases 

Fig. 247. Vies. sine wave diagrams show the amount of pulsation or 
ripple in rectified D. C. from units operating on different cumbers of 
phases. Note the much smoother voltage curve obtained with the 
six and twelve phases. 

reactance coils which are used in series with the 
D.C. leads also serve to choke down the ripples 
or pulsations and thereby smooth out the volt 
wave. Fig. 247 shows the d'fferences between 1P 
D.C. voltages of 1, 3, 6, and 12-phase units. 

Fig. 248 shows a bank of five 1200-kw., 600-volt, 
manually-operated mercury-arc rectifiers. Mercury-
arc rectifiers have a number Of decided advantages, 
such as high efficiency, high power-factor, absence 
of moving parts to wear out, and very qu:et opera-
tion. 

Power rectifiers of the type just described have 
efficiencies ranging from 90 to 97 per cent. and 
power factors which range from 75 to 95 per cent. 
at the various loads. 

Fig. 249 shows the efficiency curves of several 
rectifiers designed to operate on different voltages. 
These curves show the variations in efficiency from 
below 25% to over 150% of the rated load of the 
units. 

The higher efficiencies of mercury arc recti-
fiers are obtainable only with those designed for 
operation at above 400 volts. Below this voltage 
synchronous converters are more efficient. 

Fig. 250 shows the power-factor curve of a recti-
fier and shows the variation in the power factor 
from under 25% up to 150% load. You will note lio+hat the power factor increases gradually with e 

Fig. 248. Five 1200-kw., 600-volt, mercury arc power rectifiers In use in a sub-station. This station has a capacity for _producing 6000 kw. of 
rectified D. C from the alternating current supplied. (Photo courtesy American Brown Boveri Co.). 
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/Pee r/ezee E 

Fig. 245-B shows the connections for a six-phase 
rectifier-transformer primary, connected three-phase eta to the A.C. supply; and the secondary wind-
ings are connected six-phase star to the mercury 
arc rectifier. 

Another connection sometimes used is the triple 
single-phase connection shown in Fig. 245-C. This 
connection uses the opposite ends of each single-
phase secondary winding to connect to separate 
anode terminals and thereby provides six-phase 
operation of the mercury arc rectifier. The center 
points of each phase of the secondary winding are 
connected through reactors to a common or neutral 
terminal which in turn is connected to the negative 
D.C. bus. 

Fig. 246 shows a diagram of the connections for 
a six-phase rectifier, including the main A.C. and 
D.C. power circuits, ignition and excitation circuits, 
etc_ Trace out this diagram carefully and observe 
the descriptions which are printed in the diagram 
for the various parts. 

Wiring Diagram of a Rectifier Plant 
A. C Sue"-z r 

r1 - 1 —  Aux,', ¡AA'  

I r -1 
Exc/r,477emel 
11 /GA% r/ON 
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Fig. 244. Wiring diagram showing the power and auxiliary circuits for 
a six-phase mercury arc power rectifier, (Courtesy Arneriffla Rrow 
&yeti CO.). 

Fig. 245. The above diagrams show three different types of transformer 
connections which are commonly used with three-phase and six-phase 
mercury arc rectifiers. 

262. VOLTAGE, EFFICIENCY AND POWER 
FACTOR 

There are numerous other connections that can 
be used to obtain three-phase or twelve-phase oper-
ation of these rectifiers. The reason for commonly 
using six-phase connections to these units and 
sometimes twelve-phases, is because the greater 
the number of phases used, the more frequent will 
be the impulses of rectified D.C. 
This reduces the amount of fluctuation and 

smooths out the voltage of the D.C. supply. The 

e n7gétorS 

Idril•tion 

Man axioms 
Cathode 

H,Qh Ter15.0,1 tines 

Ç_ontrol Power 
Ausikary Transformer 
Boo 7  

r  'CIIgnition & E+ citation 
Transformer 

_LIZe" 

To Rectlfier 
AuxillarieS 

figetten 

nit,on 
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Fig. 346. Wiring diagram dads-plum seedier showing transformer 
connections and ausiliary centre circuits. (Coettosy Amiens &owl 
Smut Co.). 
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the manner in which the tanks are mounted on 
insulated bases, and the connection terminals for the 
positive D.C. lead to the bottom of the rectifier. 
The small anode shown on the right is one of 

the exciter anodes used for maintaining the arc 
during the removal of the D.C. load. On the right 
in this figure is shown also some of the auxiliary 
vacuum-pump equipment. 

Fig. 242 shows a sectional view of another recti-
fier of slightly different construction. This rectifier 
and the one shown in Fig. 241 are made by different 
manufacturers but they both operate on the same 
general principle. This view shows one of the main 
anodes on the left and one of the smaller exciting 
anodes on the right. 

261. CONNECTIONS AND CIRCUITS 
Fig. 243 shows the starting and exciting circuits 

only, for a mercury-arc rectifier such as made by 

Section through Brown Boyen i mercury-arc power 
rectifier. 

Fig. 242. Sectional view of another type of idx-phase, mercury art 
rectifier showing one of the main anodes on the left and one of the 
smaller exciter-anodes on die right. The ignition anode or rod Is 
shown In the center. 
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Connections of the ignition device 
for alternating current. 

I. Spring. 
2. Ignition coil. 
3. Ignition anode. 
4. Cathode. 
5. Excitation anode. 
6. Fuse. 
7. Terminal board on rectifier. 
8. Ignition resistance. 
9. Excitation resistance. 

10. Excitation choke coil. 
II. Excitation transformer. 
12. Relay casing. 

I and II. Relays. 

• 

Fig. 243. Connection diagram for a single-phase, fun-wave. mercury 
arc power rectifier. (Courtesy American Brown Boveri Co.) 

the American-Brown Boyen i Company, and Fig. 244 
shows both the excitation circuit and the main 
power-circuit through a rectifier of this type. 
You will note that the transformer secondaries 

are divided in two sections each, and have the six-
phase A.C. leads taken from the respective ends 
of each of these sections. 
The opposite ends of each winding are connected 

together to one common point and then to the 
negative or grounded D.C. bus. The positive D.C. 
bus is connected through a circuit-breaker to the 
bottom of the rectifier tank and to the cathode, or 
mercury pool. 

Fig. 245-A shows a simple schematic diagram 
of the power-circuit connections for a three-phase 
mercury-arc rectifier. The primary of the trans-
former is connected delta to the A.C. supply. The 
secondary is connected star, with one end of each 
phase-winding connected to its respective anode of 
the rectifier unit. The center or neutral point", 
the star connection is taken through a resistor u 
R and a reactor or inductance coil L, to the negative 
D.C. lead. The positive D.C. lead connects to the 
mercury pot of the rectifier. 
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Fig. 240. This photo shows an excellent view of two 500-kw., 600-volt, mercury arc rectifiers. Note the insulators on the tank supports and 
also the insulating bushings through which the anodes enter the tank at the top. The vacuum pumps and a number of pieces of auxiliary 
equipment can be seen between the two units and in the background of the photo. (Courtesy General Electric Co.). 

type are generally provided with auxiliary exciter 
anodes which keep up a small flow of current to 
maintain the hot spot on the surface of the mercury 
during any periods when the entire D.C. load may 
be removed from the rectifier. 

Fig. 240 shows two 500-kw., 600-volt, 60-cycle 
mercury-arc rectifiers in a substation. In this photo 
you can see clearly the insulating bushings through 
which the anodes enter the tank and also the A.C. 
and D.C. leads to and from the rectifier. The 
vacuum pumps and gauges are located between 
the two rectifier units. This view also shows the 
manner in which the tanks are supported on steel 
posts, with insulators between the tops of the posts 
and the tanks. 

Fig. 241 shows a sectional view of a six-phase 
mercury-arc rectifier. This view shows clearly the 
location of the mercury in the metal container, 
which is insulated from the bottom of the main 
tank; and also the positions of the starting rod or 
anode and one of the main A.C. anodes. The rest 

Al of the main anodes are not shown in this view. 

w Note the barrier provided around the lower end 
of the main anode to prevent flashovers during 
unusual operating conditions. This view also shows 
the separation between the inner and outer tanks, 

Cross Section of 1000-kw., 

600-volt Rectifier 

Fig. 241. This diagram shows a sectional view of a six-phase, mercury 
arc rectifier. Note the small pool of mercury which tonna the 
cathode beneath the starting electrode. 
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their current capacity for any great length of time 
or the bulbs may overheat and become damaged. 
A good mercury-arc rectifier bulb, if handled and 
operated properly, will often have a useful life of 
many years. 

256. POWER RECTIFIERS 

Large mercury arc rectifiers for power purposes 
have the mercury and electrodes enclosed in an 
iron tank as previously mentioned. 

Fig. 239-A shows a 600-kw, mercury-arc rectifier 
for operation at 575 volts. The mercury is in a 
small pool or insulated pot at the bottom of the 
large iron tank, and the tank contains the mercury 
vapor and the arc during operation of the rectifier. 

This large tank also serves to condense the mer-
cury vapor which is continually being generated 
by the arc, and allows the condensed mercury to 
run back to the pool at the bottom. 

The rectifier shown in Fig. 239 is for 6-phase 
operation, and the six anodes or positive terminals 
enter the tank through specially constructed and 
sealed insulating bushings, clearly shown on top 
of the tank in this view. The large ribbed elements 
on each of these six leads are provided to radiate 
the heat and aid in cooling the anodes. 

Fig. 239.A. The above photo shows a 600-kw., 575-volt, mercury arc 
power rectifier with the transformer and auxiliaries at the left. Note 
the cooling fins or radiators on the anodes. (Photo courtesy 
American Brown Boyen i Co.). 

The mercury pool at the bottom of the tank acts 
as the cathode and has a heavy cable or conductor 
connected to it by means of a terminal which pro-
jects into the bottom of the mercury pool. This 
conductor leads to the positive D.C. line. 
Because it is practically impossible to avoid all 

leakage of air to the inside of the tank, these large 
rectifiers are equipped with an auxiliary vacuum 
pump which operates from time to time to remove 
air and gases from the tank, and to maintain the 

vacuum necessary for proper operation of the rec-
tifier. 
The transformer, which supplies six-phase ale 

nating current at the proper voltage, is shown at 
the left of the rectifier and vacuum pump equip-
ment. 

257. OPERATION 
The operating principle of these large rectifiers 

is practically the same as that of the smaller ones 
using the glass bulb. 
The current flows in turn from each of the six 

anodes at the top of the unit, through the mercury 
vapor in the lower chamber, to the hot spot on 
the mercury pool. 
During normal operation the currents from the 

six separate phase anodes do not interfere with 
each other but all flow in the proper direction to 
the mercury. 
An auxiliary electrode in the form of a metal 

rod is generally provided for starting these recti-
fiers. This rod passes into the top of the tank at 
the center through a special bushing which allows 
the rod to be moved up or down. 

258. STARTING 
To start the unit, the rod is lowered until it 

touches the surface of the mercury, closing the 
circuit for the proper amount of current required 
to form the starting arc. The rod is then uf 
causing the lower end to break contact with 

e 

surface of the mercury and draw the arc. This 
arc forms a hot spot on the surface of the mercury 
and starts the formation of mercury vapor neces-
sary for the unit to commence operation. 
The starting rod or electrode is generally oper-

ated by means of a solenoid which draws it into 
contact with the mercury, and a spring which again 
raises the rod to draw the arc. 

259. COOLING AND TANK INSULATION 
The main tank generally consists of two separate 

tanks, one within the other. The inner tank con-
tains the mercury and maintains the vacuum around 
the mercury and the anodes, while the outer tank 
serves as a cooling shell and contains water which 
completely surrounds the inner tank. 
During operation a small amount of water is 

continually circulated through this shell to carry 
away the heat developed. 
The entire unit is mounted on insulators on the 

bottom of the outer tank, because the tank and 
the metal parts of the rectifier are always at slightly 
higher voltage than the mercury and cathode ter-
minal which forms the high-voltage direct current 
lead that connects to the trolley in case of railway 
service. 

260. EXCITER ANODES 
To maintain the operating arc requires a certain 

small amount of current passing through the recti-
fier at all times. For this reason rectifiers of this 
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Fig. 238. Circuit diagram of a bulb type mercury arc rectifier used fo 
battery charging purposes. Trace this circuit carefully with the 
acc .mpanying explanation. 

tilted back to normal position and the two pools 
are separated an arc is drawn between them. This 
arc sets up the required hot spot on the mercury 
cathode or pool and vaporizes sufficient mercury 
to start the flow of current from the anodes A 
and B. 
Keep in mind that the anodes are always the 

positive terminals or the ones from which current 
flows into the mercury and that the cathode, or ligative, in this case is the mercury pool. This 

lies to the internal circuit of the rectifier. The 
current leaves the rectifier at the terminal attached 
to the mercury, so this is the positive terminal of 
the external D.C. circuit. 
Current cannot flow directly across between 

anodes A and B because of the valve action of the 
mercury vapor, and due to the shape and charac-
teristics of these electrodes in contact with the 
mercury vapor. Therefore, current cannot flow 
from the mercury vapor into either anode, and this 
prevents any short circuit between them. The cur-
rent actually flows alternately from first one anode 
and then the other into the mercury pool and out 
to the battery, but during normal operation it never 
flows in the reverse direction. 
The large upper part of the bulb C forms a con-

densing chamber or dome in which the surplus 
mercury vapor cools and condenses, running back 
down the sides of the glass into the pool at the 
bottom. 

Fig. 239 shows a complete mercury-vapor recti-
fier. The bulb and transformer are shown mounted 
on the back of the frame. The bulb can be arranged 
for tilting either by hand or by means of a magnet 
when starting. 
Sometimes when the bulb is cold it may be aeicessary to tilt it several times and repeat 
e forming of an arc in order to get the unit to 

start. As soon as the current flow from the anodes 
starts and the rectifier begins to operate, the inte-
rior of the bulb glows with a peculiar bluish tint 

characteristic of the mercury-vapor arc formed 
when current is passed through the vapor in the 
bulb. 
Numerous units of this type are in use for battery 

charging in large garages or places where fleets of 
electric trucks are used, and also in older substa-
tions supplying direct current to D.C. arc lights. 
These rectifiers are also used in motion picture 

theatres for supplying direct current to the arc 
lights of projector machines. 

255. CARE AND TESTING OF BULBS 

It is absolutely necessary to maintain the proper 
vacuum in the rectifier bulb, in order that the recti-
fier may operate properly. For this reason the 
bulbs should be handled very carefully, because the 
slightest crack anywhere in the glass or at the 
points where the terminals are sealed into the ends 
of the glass arms will allow air to leak into the 
bulb and prevent its operation. 

Fig. 239. Rear view of a complete mercury arc rectifier showing the 
bulb and also the auto transformers, resistors, tap adjusters, etc. 

A simple test to determine whether the bulb 
good or whether it has lost its vacuum, is similar 
to the one described for mercury-vapor lamps in 
the section on Illumination. If the bulb is removed 
from its clamps or holder and is tilted enough to 
allow the mercury to splash a little, a sharp clicking 
sound will be heard if the vacuum is good. If air 
has leaked into the bulb through a crack or if 
foreign gases have been formed inside of the bulb, 
the sound of the mercury running from one point 
to another will be very dead and soft, indicating 
that the vacuum in the bulb has been destroyed 
These rectifiers should not be overloaded beyond 
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handle currents of several hundred to 1000 am-
peres or more. These units have the mercury en-
closed in an iron tank from which the air is ex-
hausted, and into which are sealed the insulated 
electrodes to conduct the current to and from the 
tank. 
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Fig. 236. Photo taken from an oscillograph record. showing the alter-
nating current wave below and the rectified, pulsating D. C. wave 
above. (Courtesy Westinghouse Elec. & Mfg. Co.). 

252. VALVE EFFECT 
In the section of this Reference Set covering 

Illumination and dealing with the mercury vapor 
lamp, we learned that current can flow in only one 
direction through a mercury-vapor bulb or tube of 
this type; that is, from the anode to the mercury. 
The current will not flow in the reverse direction 

from the mercury pool to the anodes or positive 
metal electrodes. The mercury vapor forms a path 
of moderate resistance through which the current 
flows in the space between the metal anodes and 
the mercury cathode (negative electrode). This 
valve effect can be used to form a half-wave or 
full-wave rectifier for single-phase circuits; and, by 
adding the proper number of electrodes, mercury-
vapor rectifiers can also be used on polyphase cir-
cuits. 

In Fig. 237 the pool of mercury can be seen in 
the lower neck or extension of the glass bulb. The 
anodes or metal electrodes are sealed into the ends 
of the arms or extensions on the sides of the bulb. 
These electrodes and the mercury pool are con-

nected to the metal caps or ferrules on the outside 
by means of lead-in wires which are sealed into the 
glass. 
The air and foreign gases are withdrawn from 

these bulbs, so that they operate under a partial 
vacuum with only the mercury vapor inside them. 
253. CONNECTIONS AND OPERATION 

Fig. 238 shows a diagram of the connections for 
a full-wave mercury-arc rectifier of the type used 
for battery charging. The transformer supplies 
alternating current at the proper voltage to the 
two anodes or electrodes in the glass extensions 
or arms on the side of the bulb. 
When the left lead of the transformer is positive, 

current passes down from the left electrode to the 
mercury, and then from the terminal at the bottom 
of the mercury pool through the battery and choke 
coil or reactor R, returning to the transformer sec-
ondary at the center tap, completing the circuit 
through the left half of the secondary winding. 
During the next alternation, when the opposite 

wire is positive, current flows down from the right-
hand electrode to the mercury pool and again 
through the battery in the same direction, return 
to the center tap of the transformer and completi 
the circuit through the right half of this winding. 
In this manner both halves of the cycle are used, 
thus making the unit a full-wave rectifier. 

254. STARTING 

To start a mercury arc rectifier of this type, it 
is necessary to first establish the mercury vapor 
in the tube and to form the hot spot on the surface 
of the mercury pool. In some cases this is done 
by means of high voltage applied through an auxil-
iary electrode above the surface of the mercury and 
used to draw an arc or apply high voltage from a 
spark coil. More commonly, however, rectifiers of 
the bulb type, such as shown in Fig. 238, have an 
auxiliary starting electrode in the small projection 
or leg, S, at the lower right. When the bulb is in 
normal operating position the level of the mercury 
in the main cathode stem and in the starting arm 
is such that the two pools are separated by the 
glass neck between them. 
To start these rectifiers, the tube is tilted a little 

to one side so that some of the mercury from the 
main pool runs into the starting arm, momentarily 
bridging the gap and connecting the two pools 
together. This closes a circuit from the right half 
of the transformer winding through the resistor. 
through the mercury, and out of the main catholelr 
terminal at the bottom, then through the battery, 
reactor R, and back to the center tap of the trans-
former. 
This allows current of the proper amount to flow 

through the mercury, so that when the tube is 

Fig. 237. Four mercury arc rectifier bulbs of different sizes and shapes. 
Note the mercury cathode in the bottom end of each bulb and the 
metal anodes in each of the main aide arms. 
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up the proper resistance according to the voltage 
which is to be used on them. 

erig. 233 shows a group of the rectifier disks 
tnped together and equipped with projecting 

metal disks of larger diameter to assist in radiating 
the heat from the unit. 

Fig. 234 shows the manner in which a number 
of these units can be connected in series or paral-
lel and mounted in a pahel or bank to provide a 
rectifier of the proper voltage-rating and current 
capacity. 

Fig. 232. This diagram shows the circuit of a full-wave Rectigon 
charger of the type made by Westinghouse Electric & Manufacturing eompany. By carefully tracing this circuit you can get a very good 
ea of the principle of its operation. 

Fig. 235 shows a diagram of the connections of 
a full-wave, copper oxide rectifier using four groups 
of disks connected in a "bridge" circuit. The solid 
arrows show the direction of current flow through 
the rectifier during one alternation, and the dotted 
irrows show the direction of current flow during 
the opposite alternation. 

Rectifiers of this type can be made in capacities 
from a fraction of an ampere to 100 amperes or 
more. Having no moving mechanical parts to wear 
out and no liquid electrolyte to spill or leak, they 
provide a very convenient and popular type of 
rectifier. 
The maximum life of the copper oxide disks 

seems to be undetermined, for a number of these 
units have been operated for several years without 
any noticeable reduction in efficiency. 

unti400 
Fig. 233. Single unit of a copper oxide rectifier, consisting of a number 

of copper disks coated with copper oxide and clamped into one series 
group. Current can only pass through these devices in one direction. 
(Courtesy of Westinghouse Elec. & 1AI fg. Co.). 

Fig. 234. Copper oxide rectifier consisting of a number of units con-
nected in series and parallel to obtain increased voltage and current 
capacity. (Courtesy Westinghouse Elec. & Mfg. Co.) 

Fig. 236 is a photo made by an oscillograph 
showing the alternating current wave on the lower 
line and the rectified, pulsating, direct current on 
the upper line. 

251. MERCURY ARC RECTIFIERS 
Rectifiers using the valve effect of electrodes and 

an arc in mercury vapor can be made in sizes 
ranging from those of a few amperes at low voltage 
for battery charging purposes, to those of 1000 kw. 
ar more which are used for converting A.C. to D.C. 
in electrical railway and industrial substations. 

Fig. 235. Connection diagram of a full-wave, copper oxide rectifier with 
four units connected in a "bridge" type circuit. 

Rectifiers of this type which are used for battery 
charging and D.C. arc lighting purposes are de-
signed to operate on A.C. voltages from 110 to 
several hundred volts, and to produce rectified D.C. 
in amounts from 2 or 3 amperes to 50 amperes 
or more. 
These small units often use a glass bulb in which 

a small pool of mercury is enclosed, and which has 
the required electrodes sealed into the bulb at the 
proper locations. 

Several common types of these mercury-arc rec-
tifier bulbs are shown in Fig. 237. 

Larger rectifiers for power use are designed to 
operate on voltages from 200 up to 5000, and to 
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Fig. 230. Wiring diagram of a Tungar type bulb rectifier showing the 
taps on the auto transformer winding for varying the charging 
voltage. 

hand filament wire, and back to the top A.C. line-
wire. 
When the current attempts to flow in the reverse 

direction the valve action of the tube prevents it 
from doing so. The taps on the primary winding 
and the adjustable arm D provide a wide range of 
voltage variation to properly adjust the charging 
rate for any number of batteries from 1 to 10 which 
may be in the circuit at the time. 

Fig. 231 shows a Tungar rectifier of this type 
with one side of the case removed, showing the 
bulb and fuses inside. On the front panel of this 
unit can be seen the line switch, ammeter, and volt-
age adjustment knob. 
When operating rectifiers of the bulb type, care 

should be used not to overload them; because if 
they are allowed to carry more current than the 
bulbs and windings are made to stand, it will burn 
out the bulbs almost immediately and may also 
overheat and burn out the windings of the trans-
formers and choke coils. 
The bulbs are commonly made in 2 and 6-

ampere sizes, and fuses of the plug type are gen-
erally provided with these rectifiers to protect them 
from overload. These fuses should always be re-
placed with those of the proper size in order to 
protect the rectifier. 

It is a good precaution to locate these rectifiers 
in a place where plenty of fresh air can circulate 
through them as this will help to prevent them 
from overheating. 

Fig. 232 shows the simplified diagram of a full. 
wave Rectigon charger, of the type made by thc 
Westinghouse Electric & Manufacturing Company. 

249. KENOTRON RECTIFIERS 

The type of gas-filled bulb rectifier just described 
is particularly designed for operation on compara-
tively low voltages such as 110 and 220-volt A.C. 
supply lines. 

For rectifying high voltages from 5000 to 100,000 

volts or more, the Kenotron rectifier tube is used. 
These are larger tubes which have a vacuum instead 
of being gas filled. They also have a filament whiM 
is heated by low-voltage A.C. and a plate or anoW 
in the form of a metal cylinder surrounding the 
filament. 
These tubes or valves also operate on the elec-

tron principle, but have a much higher resistance 
and greater voltage drop through the space between 
the filament and plate. They are suitable for recti-
fying very high voltage and high-frequency A.C., 
such as radio energy. 

250. COPPER OXIDE RECTIFIERS 

Another type of rectifier which is quite exten-
sively used is one which uses a film of copper oxide 
on the surface of a copper disk, to act as a valve and 
pass current through it only in one direction. 
These devices provide a very convenient portable 

type of rectifier for use where small or moderate 
amounts of current are required. They are very 
commonly used in radio sets and for the operation 
of certain D.C. signalling equipment, battery charg-
ing, etc. 
They are also used to provide direct current 

for the operation of electro-magnets, magnetically-
operated oil switches, and similar equipment in 
power plants and substations. 

e 

Fig. 231. The above photo shows a side-view of a Tungar rectifier with 
the bulb in place in the socket and the tap adjusteng knob on the 
front panel. (Courtesy General Electric Company.) 

These rectifiers operate on a principle similar to 
that of the copper oxide lightning arrester, and the 
current can pass through them only in one direc-
tion, from the oxide to the metal plate. 
These disks can be made in different sizes accor - 

ing to the current capacity desired, and a number 
of them can be stacked or clamped in series to build 
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Fig. 229-A. Shows a circuit of a simple half-wave rectifier of the bulb 
o he circuit of a full-wave rectifier using two bulbs. 

tee a e enadchBor thwesse t circuits very carefully. 

the filament, and also to reduce the voltage applied 
to the battery and rectifier bulb. 
As long as the filament is lighted, negative elec-

trons are thrown off from it continuously. During 
the time that the graphite electrode is positively 
charged it attracts these negative electrons, caus-
ing them to stream across the space and complete 
a path or arc through which current can flow to 
charge the battery. 
Am When the graphite electrode is negatively charged 
%Repels the negative electrons from the filament 
and prevents the majority of them from getting 
across the gap, and thus they are prevented from 
forming a path over which the low-voltage current 
can flow. 
The bulb in this manner acts as a valve, shutting 

off every other alternation of current. The taps 
provided on the winding of the auto transformer 
permit the adjustment of the voltage applied to the 
battery to allow changing the rate of current flow 
and the rate at which the battery is being charged. 
During the operation of a rectifier of this type 

it is necessary for the secondary of the auto trans-
former to apply to the battery and bulb circuit a 
voltage high enough to overcome the counter-
voltage of the battery plus about 20 to 26 volts drop 
through the bulb. The voltage drop through the 
arc in the bulb varies with the amount of load or 
charging current which is flowing. The counter-
voltage of the battery depends upon the number 
of cells in series which are being charged at one 
time. 

247. FULL-WAVE BULB-TYPE RECTIFIERS 

Fig. 229-B shows a full-wave, bulb-type rectifier 
using two bulbs to make use of both alternations 

the A.C. supply. The transformer primary wind-
, P, is connected directly across the 110-volt me, and induces the low voltage in the secondary 

winding, S, to light the filaments of both bulbs in 
parallel. 

When the left line-wire is positive, the current 
flows in through the left rectifier bulb, passing 
through this bulb from the graphite electrode to 
the filament, out along the filament lead to the 
transformer secondary, and leaves this winding at 
the center tap, then passing through the battery 
and rheostat R, back to the center tap of the pri-
mary winding, and through the right-hand side of 
this winding to the negative line-wire. This circuit 
is shown by the solid arrows. 

When the line polarity reverses, current flows as 
shown by the dotted arrows: through the right-
hand bulb to the secondary of the transformer, from 
the center tap of this winding through the battery 
in the same direction as before, then to the center 
tap of the primary winding, and out through the 
left section of this winding to the line wire. 

The resistance R in this case is used to control 
the flow of current through the battery and thereby 
regulate the charging rate. 

While bulb-type rectifiers of this class are not 
very efficient because of the voltage drop and re-
sistance losses through the bulbs, they are never-
theless very popular because they have no moving 
or wearing parts and no electrodes to accumulate 
deposits. Therefore, bulb-type rectifiers require 
very little attention, except the occasional replace-
ment of a bulb when they burn out after a certain 
number of hours of use. 

Two common types of these rectifiers are made 
under the trade names "Tungar" and "Rectigon". 
The first named is made by the General Electric 
Company and the other by the Westinghouse Elec-
tric & Manufacturing Company. 

248. WIRING AND CIRCUITS OF BULB-
TYPE RECTIFIERS 

Fig. 230 shows a wiring diagram for a Tungar 
rectifier for charging from 1 to 10 six-volt batteries 
in series. By carefully tracing this circuit you will 
find that the 110-volt line-leads pass through the 
switch S and connect to leads A and B of the auto 
transformer winding, so that this winding is con-
nected across the line and is excited by 110-volt 
A.C. 

This acts as a primary winding and induces the 
low voltage current in the secondary section from 
A to C to supply the filament current. When the 
filament is lighted, current passes during every 
other alternation from the bottom A.C. line-wire 
up through the switch and through that portion 
of the primary winding to the tap on which the 
rotary arm D may rest. 
The current then passes through this arm and 

back through another bar of the switch, through 
the fuse F to the positive terminal of the battery, 
through the battery and back through the reactance 
coil R, through the ammeter A which indicates the 
charging current, through the bulb, out of the right-
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to the aluminum electrode A and then to the center 
lead electrode, because the current cannot pass 
through the rectifier in this direction. 
When the polarity of the A.C. line reverses and 

the right-hand end of the auto transformer becomes 
positive, current will then flow from the line 
through the right section of the winding to the 
center tap. At this point part of the current again 
branches off through the battery and flows from the 
lead plate of the rectifier to the aluminum electrode 
A on the left, and back to the left side of the line. 
At all times during the operation of this rectifier 

a certain amount of current is wasted by passing 
directly through the winding of the auto trans-
former which is connected across the A.C. line. 

244. CONSTRUCTION AND CARE 

This simple electrolytic, valve-type, rectifier can 
be purchased in various small sizes, or can be easily 
and simply made from a few inexpensive materials. 
A glass jar of about one-quart size or larger can 

be used to contain the solution of borax and water, 
and the strips of lead or aluminum are very easily 
obtainable. An iron rod or carbon rod can be used 
in place of the lead strip, if desired. 
These electrodes should be suspended or held in 

the solution in such a manner that they cannot fall 
together and short-circuit the rectifier. 

In mixing the electrolyte with borax, a saturated 
solution should be made; in other words, stir into 
the water as much borax as it will hold in suspen-
sion after being well stirred. 
Very small rectifiers of this type are quite often 

used as "trickle chargers", to keep batteries up to 
fully charged conditions at all times. 

Fig. 227 shows another type of full-wave elec-
trolytic rectifier, using four separate jars to obtain 
a more positive valve effect by causing the current 
to pass through two jars in series, one in the posi-
tive lead and one in the negative lead of the battery. 
During the time that the left line-wire is positive, 

the current flow through the rectifier and battery 

Fig. 227. Full-wave, electrolytic rectifier using four cells connected 
in a "bridge" circuit. 

is in the direction shown by the solid arrows. When 
the polarity of the A.C. line reverses and the rill 
line-wire becomes positive, the current fl 
through the circuit indicated by the dotted arrows. 

If rectifiers of this type overheat seriously they 
should be placed in larger containers so that they 
will have more area to radiate the heat. 
After an electrolytic rectifier is used for a con-

siderable length of time, heavy deposits will form 
on the electrodes and interfere with the proper 
action of the rectifier. The electrodes should then 
be scraped clean or renewed, and the solution should 
also be renewed occasionally. 

Fig. 228. The above view shows two different sized rectifier bulbs such 
as commonly used in battery chargers and other small rectifiers. 

245. ELECTRONIC RECTIFIERS • 
Rectifiers using gas-filled bulbs with heated fila-

ments emitting electrons are very extensively used 
for battery charging and the operation of radio sets, 
as well as for other miscellaneous uses where only 
small amounts of direct current are required. 
The valve element in these rectifiers consists of 

a gas-filled bulb such as shown in two different 
sizes in Fig. 228. These bulbs are evacuated and 
are generally filled with argon gas. They enclose a 
filament which is heated by passing low-voltage 
alternating current through it, and an electrode of 
graphite to which is connected the other terminal 
to complete the circuit through the bulb. 

246. OPERATING PRINCIPLES 

When the filaments of these bulbs are heated, 
electrons are thrown off into the gas and form a 
conducting path so that current will flow between 
the graphite electrode and the filament. 
Due to the nature and action of the electrons 

thrown off .by the filament, the current can pass in 
only one direction through the arc thus formed, or 
from the graphite electrode to the filament. It 
cannot flow in the opposite direction to any appre-
ciable extent; so when the A. C. reverses, the oppo-
site half of the wave is shut off by the valve acf. 
of the bulb. 

Fig. 229-A shows a simple half-wave rectifier of 
the bulb type. An auto transformer is used to sup-
ply the low voltage at about 2 or 3 volts to light 
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Some vibrating rectifiers have a small winding 
daiound the movable armature and connected to the 
Wminais which lead to the battery, as shown by 
the dotted lines in this diagram. This winding 
reverses the polarity of the armature in case the 
battery is reversed and thereby makes the direct 
current flow through the battery in the proper 
direction, regardless of which way it is connected. 
A number of vibrating rectifiers are made, and 

some of them use different connections and arrange-
ment of parts than those mentioned, but in general 
their principles are all very much alike. 
The high speed at which the armature is required 

to vibrate and the continual opening and closing of 
the contacts causes them to become worn and in 
some cases burned and pitted by the arc formed 
when the current is interrupted. 
For this reason the contacts may require fre-

quent cleaning and adjustment if the rectifier is used 
for very long periods. 

Fig. 225. The above diagram shows the parts and connections of a 
simple mechanical rectifier of the vibrating type. The synchronous 
operation of the contacts delivers pulsating Et C. to the battery 
circuit 

242. ELECTROLYTIC RECTIFIERS 

The electrolytic type of rectifier is also limited 
to small capacities, due to its low efficiency and 
general tendency to heat up under load because of 
the large resistance losses which take place within 
the rectifier itself. 

Fig. 226-A shows a simple electrolytic rectifier 
connected in series with a lamp bank to limit the 
current flow, and in series with the battery which 
is to be charged by the pulsating current. 
This type of rectifier consists of a jar containing 

a strong solution of ammonium phosphate, sodium 
phosphate, or just a mixture of water and common 
borax. In this solution are immersed a plate of 

inither lead, carbon or iron, and one of aluminum. 
IF The electrolytic action which is set up between 

the surface of the aluminum electrode and the elec-
trolyte solution will allow the current to flow from 
the solution into the aluminum, but will immedi-

ately build up a very high resistance film when the 
current is reversed and tries to flow from the 
aluminum into the electrolyte. 

This high-resistance film shuts off the greater 
part of the current flow during every other alterna-
tion, and thus allows the impulses of current to get 
through the rectifier in only one direction; so that 
the current applied to the battery is pulsating D.C. 
A lamp bank consisting of several lamps in 

parallel, or some other form of resistor, is often 
used in series with these rectifiers to limit the cur-
rent to the proper low value. 
The resistance of the rectifier itself is often so 

low that if it and the battery were connected in 
series across the line it would result in practically 
a short circuit and blow the fuses. 

243. HALF WAVE AND FULL WAVE 
RECTIFIERS 

A rectifier such as shown in Fig. 226-A uses only 
every other alternation and is therefore known as 
a half-wave rectifier. This is because the current 
flow in one direction is blocked except for a 
small amount of leakage which is required to build 
up the resistive film on the electrodes. 

Fig. 226-B shows another electrolytic rectifier 
which is of the full-wave type and in which both 
alternations are used to supply impulses in the same 
direction through the battery. With this device an 
auto transformer or choke coil is connected across 
the 110-volt leads and equipped with taps near the 
ends of its winding, so that the voltage applied to 
the rectifier and battery can be varied or adjusted. 
When the left end of the transformer is positive, 

current will flow through that half of the auto 
transformer winding to the center tap, where a 
part of the current branches off through the battery 
and through the rectifier cell from the lead or car-
bon electrode to the aluminum electrode on the 
right, and then back to the right-hand line wire. 
No current can flow from the left-hand line wire 
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Fig. 226-A. Shows a half-wave, electrolytic rectifier and B shows an 
electrolytic rectifier of the full-wave type. Current can only pus 
through these devices in one direction. 
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RECTIFIERS AND CONVERTERS 

‘Vhile the greater part of the electrical energy 
used today is generated and transmitted in the form 
of alternating current, there are a number of special 
power uses which require direct current. 

In plants where a large amount of D.C. is used, 
it is often produced in this form by D.C. generators, 
as previously explained. In other cases, where it 
is cheaper to buy A.C. from a power company or 
where only very small amounts of D.C. are required, 
it is common practice to rectify or convert A.C. 
to D.C. 
The most common devices used for this purpose 

are rectifiers, converters, and motor-generators. 
There are several types of rectifiers in common 

use. These are as follows: Vibrating, Electrolytic, 
Electronic, Oxide Film and Mercury Vapor. 
The vibrator, electrolytic, and bulb types of rec-

tifiers are generally used only for converting small 
amounts of energy to D.C., for such work as battery 
charging, and furnishing D.C. for radio sets, electro-
magnets, D.C. arc lights, bell and signal systems. 
experimental and laboratory work, etc. 
Mercury arc rectifiers are used in small sizes for 

the above purposes, and also in large sizes of 1000 
kw. and more for supplying D.C. to electric rail-
ways, etc. 

Rotary converters are also used for changing 
A.C. to D.C. and are made in large sizes from 100 
kw. to several thousand kw., for supplying D.C. 
to railways and for industrial-power motors and 
equipment. 

Motor-generators are sometimes used in large 
sizes of several thousand kw. for supplying D.C. 
for steel mill motors and such uses, where the serv-
ice and load variations are very severe; and in 
smaller sizes for arc welding, etc. 

240. VIBRATING RECTIFIERS 
Vibrator-type rectifiers are generally used only 

on low voltages and very small currents. One of 
their disadvantages is that they have a number of 
wearing parts and require considerable care and 
maintenance. 
These vibrating rectifiers are synchronous switch-

ing devices which reverse the circuit connections 
at each reversal or alternation of the A.C. supply. 
They generally operate by the repulsion and attrac-
tion of a permanent magnet armature by a pair of 
A.C. electro-magnets. The moving armature oper-
ates the contacts which rapidly reverse the con-
nections of the circuit. 

Fig. 225 shows a diagram of the connections and 
parts of a common type of vibrating rectifier. This 
rectifier is shown connected to a low-voltage bat-
tery which, of course, requires direct current to 
charge it. 

• 
The transformer, T, steps down the voltage from 

the 110-volt A.C. line to the proper value for oper-
ating the magnets of the rectifier and charging the 
battery. 
As the alternating current reverses through the 

coils of the two electro-magnets M and M-1 which 
are both wound in the same direction, the polarity 
of these magnets is rapidly reversed and causes the 
permanent-magnet armature to vibrate back and 
forth in synchronism with the alternations of the 
current. 
The secondary of the transformer is provided 

with a center tap and only half of its winding is 
used to magnetize the coils. Only half of this wind-
ing is used at any instant to charge the battery. 

241. OPERATION 

When the right-hand end of the secondary is 
positive, both magnets will have north poles on 
their lower ends; and the right-hand end of the 
armature will be repelled, closing the circuit at the 
adjustable contact X-1. 

This allows current to flow from the right-hand 
end of the transformer winding through resista ce 
R-1, contacts at X-1 through the armature, a 
the positive terminal of the battery. This current 
returns from the negative side of the battery to the 
center tap of the transformer secondary, thus com-
pleting the charging circuit. 

Direct current doesn't flow through the small 
condensers C and C-1 which are merely shunted 
across the contacts to prevent arcing and burning 
of the points. 
When the alternating current reverses and the 

left-hand end of the transformer secondary is posi-
tive, the lower ends of both electro-magnets will 
then be south poles and the left-end of the arma-
ture will be repelled, closing the contact at X. 
The current then flows from the left-end of the 

transformer secondary through resistance R, con-
tact X, and armature A, to the positive side of the 
battery, and again returns from the negative termi-
nal of the battery to the center tap of the trans-
former winding. 
The resistance R-2 is used to adjust the strength 

of the electro-magnets. 
You will note that with this type of rectifier both 

halves of the cycle are used in charging the battery; 
so it is known as the "full wave" type. 
The pulsating direct current always leaves the 

armature terminal and re-enters the center 
of the secondary winding, so that with a recd./ 
of this type it is important to get the battery con-
nected with the proper polarity in order to charge 
it. 
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A 30-h.p., 2200-volt motor requires a 4-kv-a. con-
denser to increase its power factor to 90%; or a 
7Y2-kv-a. unit to increase the power factor to 95%. 
The discussion of power factor correction which 

has been given in this section, and also the exam-
ples of practical problems and calculations along 
with the convenient tables, should be given very 
careful consideration and you should not leave this 
subject until you are quite sure that you have a 
good general understanding of the application of 
these principles and calculations to problems which 
you may encounter in the field. 

In a great number of industrial plants, factories, 
and other places where electric power equipment 
is in use and where you may be employed, the 
owners or even the men in charge of the electrical 
work may not realize the importance of power 
factor or the great amount of savings which can 
in many cases be effected by improving the power 
factor. 

It is not uncommon to find plants with loads of 
several thousand kw. operating at a power factor 
ranging from 50 to 90 per cent. In some cases 
feeder conductors are seriously overloaded and 
transformers and alternators are overloaded and 

operating at excessive temperatures, which can be 
avoided by improving the power factor. 

In other cases transformers, alternators, or f 
ers may be loaded to their utmost capacity a 
the management may be planning to install addi-
tional units and circuits. 

If the power factor of the system is very low, it 
may be possible to avoid the expense of the new 
alternators and transformers by installing power-
factor corrective equipment of much lower cost 
than new machines. This is particularly true in 
cases where the company generates its own power 
and the addition of another alternator would also 
require added boiler-plant capacity and a turbine 
or engine to drive the alternator. 
The trained man very often has splendid oppor-

tunities to suggest and lay out the method of cor-
recting power factor in the plant where he is em-
ployed and thereby saving substantial sums for 
his employer. 
For this reason, we suggest you review this 

material and be sure to keep it well in mind for 
reference and to use in any job where you may 
have a chance to apply it to your employer's ad-
vantage and your own credit. 

e 

• 
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of 525 kw. gives 210 kv-a. as the required size of 
the condenser. 

DIMMED 1,00•• al-I0• 0•IGIN. 
rowel, 

00,1•1.0 P011f..1 PALMA - 

”..r . 100 % 90 % 90 % 85 % 80 % ''':' MO % 95 % 90 % 85 % IA% 

20 4.899 4.570 4.415 4.279 4.149 81 1.299 .970 815 879 549 
21 4.658 4.327 4.171 4.036 3.906 82 1.266 .937 781 646 515 
22 4.433 4.104 3.949 3.013 3.083 63 1.233 .904 748 813 482 
23 4.231 3.902 3.747 3.611 3.481 84 1.201 .872 716 581 450 
24 4.045 3.716 3.561 3.425 3.295 

65 1.169 .840 685 .549 419 
25 3.873 3.544 3.389 3.253 3.123 66 1.138 .810 654 .518 388 
28 3.714 3.385 3.229 3.094 2.964 67 1.108 .779 624 488 358 
27 3.586 3.238 3.082 2.946 2.818 68 1.078 .750 594 .458 328 
28 3.429 3.100 2.944 2.809 2.679 69 1.049 .720 565 .429 298 
29 3.300 2 971 2.818 2689 2.553 

70 1,020 .691 530 .400 270 
30 3.180 2.851 2.695 2.510 2.420 73 .992 .663 507 .372 241 
31 3.067 2.738 2.583 2.447 2.317 72 .964 .635 480 244 214 
32 2.961 2.632 2.476 2.341 2.211 73 .936 .608 .452 .310 186 
33 2.881 2.532 2.376 2.241 2.111 74 .909 .580 .425 .289 158 
31 2.766 2.437 2.282 2.148 2.016 

75 .882 .551 .398 .262 132e 
35 2.678 2.347 2.192 2.058 1.928 70 .855 .527 .371 235 105 
30 2.592 2.283 2.107 1.972 1.842 77 .929.500 .344 .209 07n 
37 2.511 2.182 2.027 1.891 1.701 78 .802 474 .318 .182 052 
38 2.434 2.105 1.950 1.914 1.684 79 .776 .447 .292 .156 026 
39 2.381 2032 1.877 1.741 1.011 80 .750 .421 .2613 .130 

40 2.291 1.983 1.807 1.671 1.541 81 .724 .395 .240 .104 
41 2.225 1.896 1.740 1.805 1.475 82 .098 .369 .214 .078 
42 2.101 1.832 1.678 1.5.11 1.410 83 .672 .343 .1811 .052 
43 2.100 1.771 1015 1.490 1.349 84 .648 .317 .162 .026 
44 2.041 1.712 1.557 1.421 1.291 85 .620 .291 .136 

15 1.985 1.056 1.501 1.395 1.235 86 .593 .265 .109 
46 1.930 1.602 1.448 1.3111 1.180 87 .587 .238 .082 
47 1.877 1.540 1.392 1.257 1.128 88 .540 .211 .056 
40 1.828 1.499 1.343 1.208 1.077 89 .512 .183 .028 
49 1.779 1.450 1.296 1.159 1.029 90 .484 .155 

SO 1.732 1.403 1.248 1.112 .982 91 .456 .127 
51 1.887 1258 1.202 1.087 .939 92 .428 .1/97 
52 1.643 1211 1.158 1.023 .892 93 .395 066 
53 1.600 1.271 1.116 .980 .850 94 .363 .034 
54 1.559 1.230 1074 .939 .808 95 .329 

55 1.518 1.189 1.034 .898 .788 96 .292 
56 1.479 1,130 .995 .859 .729 97 .251 
57 1.442 1.113 .957 .822 .691 98 .203 
58 1.405 1.076 .920 .785 .854 99 .142 
59 1.368 1.040 .8.84 .748 .619 100 
80 1233 I 004 .849 .713 .583 

Fig. 223. The above table gives some very convenient figures by which 
we can simply multiply the kw. load of a plant with lagging power 
factor in order to obtain the amount of leading kv-a. or condenser 
capacity required to correct the power factor any desired amount. 

le PROBLEM 
ext, suppose that you have an induction motor 

on which a wattmeter shows 41 kw. input during 
operation of the motor at its normal load; a volt-
meter shows 220 volts at the motor terminals; and 
an ammeter shows approximately 144 amperes in 
any one of the three phase leads to the motor. To 
determine the power factor at which the motor is 
operating we must first determine the kv-a. input. 

Three-phase kv-a. =IX EX 1.732 
or, in this case, 

144 X 220 X 1.732 = 54,869, or approximately 
54.9 kv-a. 

Now, to determine the power factor of the motor, 
we can divide the true power input by the apparent 
power, or: 

41 ÷ 54.9 = .75 power factor. 
Let us say that we wish to raise the power factor 

of this motor to 95%. Then, from the table in 
Fig. 223 we select the power factor of the motor, 
or 75, found in the middle column under "Original 
Power Factor"; then, in the column under "95% 
Desired Power Factor", we find the corresponding 
figure, .553. 
To determine the size of static condenser re-

quired to make this power factor improvement on 
he motor, we simply multiply .553 by the kw. input 

the motor, or 41; and this gives 22.67 kv-a. for 
e condenser. Connecting a condenser of this size 

to the motor terminals doesn't actually improve 
the power factor of the motor within the motor 

itself, but it does bring the power factor of the 
two units in parallel to 95% on the feeder to which 
they are connected. 

239. CONDENSER TABLE 

Fig. 224 shows another convenient table which 
gives the approximate sizes of condensers required 
for use with squirrel-cage induction motors to bring 
their power factors up to either 90% or 95%, as 
may be desired. 

Of course, the power factors of various types of 
squirrel-cage motors vary considerably; so these 
figures are necessarily only approximate. They are 
usually close enough, however, for the selection of 
condensers to use with motors that normally oper-
ate at loads between 50% and 100% of their full-
load rating. 

This table gives the condenser sizes for motors 
from Y2 h.p. to 200 h.p. at various speeds, and at 
both the ordinary low and high voltages. Referring 
to this table, we find that to increase the power 
factor of a 30-h.p., 440-volt, 1800 r.p.m. motor to 
90% we require a 3-kv-a. condenser, and that it will 
require a 5-kv-a. condenser to bring this power 
factor up to 95%. 
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Fig. 224. This table gives the approximate sizes of condensers required 
for use with individual squirrel-cage motors to correct the power 
factor to either 90 or 95 per cent, as desired. It will be well worth 
your time to become thoroughly familiar with the use of this table 
and the one in Fig. 223. 
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to operate with this motor a new mechanical load 
of 300 kw. 

We shall represent the existing load by the hori-
zontal line from X to X-1 in Fig. 222, and the 
additional new mechanical load of 300 kw. by the 
addition to this line from X-1 to X-2. The scale 
in this diagram is inch per 100 kw. 
At 60% power factor the apparent power of the 

existing load will be 600 .60, or 1000 kv-a. 
We shall represent this kv-a. by the same scale 

of g inch per 100 kv-a. and by a line 2Y2 inches 
long, running from X to a point where its opposite 
md strikes a vertical line which we have drawn 
up from the base line at X-1. 
This hypotenuse line, representing the 1000 kv-a. 

of apparent power, will strike the vertical line at 
X-3, and if we measure the line from X-3 to X-1, 
we find it is two inches long. On the same scale 
used for the other values, it will therefore represent 
800 R kv-a. of reactive or wattless power. 

X3 

Fig. 222. This diagram shows the graphic solution of a problem in 
which the synchronous motor is used for mechanical power purposes 
as well as power factor correction. The figure should be easily 
understood by referring to the explanations in the accompanying 
paragraphs. 

Checking this calculation by the more accurate 
method of using the formula: 

R kv-a. = V1/5002 — 6002 

we find the answer is exactly 800 kv-a. 

The next step will be to determine the kv-a. of 
apparent power of the existing load plus the new 
mechanical load at the desired power factor of 
90%. The entire load will be 900 kw., and at 90% 
power factor the kv-a. will be: 

900 .90, or 1000 kv-a. 

It is interesting to note at this point that with 
the improved power factor we can obtain a 50% 
increase in the true power load with the same kv-a. 
as existed with the 600 kw. load. 
Representing this 1000 kv-a. on the scale of 34 

inch per 100, or by a line 2Y2 inches long, we shall 
first run this line from X to the point where it 
strikes a vertical line above X-2. This vertical 

line from X-2 to X-4 will represent the reactive 
kv-a., or wattless component, for the entire lot, 
of 900 kw. 
Measuring this line to scale, we find that it repre-

sents approximately 436 reactive kv-a. 
We shall now check this figure by the more 

accurate method with the formula: 
R kv-a. = V10002 — 9002, or 436 — R kv-a. 

Subtracting this from the former reactive kv-a.. 
we find 800 — 436 = 364 R kv-a., which must still 
be corrected to bring the power factor to 90%. 
The capacity of the synchronous motor must 

therefore be: 
V3002 3642, or 472 — kv-a. 

This capacity or kv-a. of the synchronous motor 
can also be found by measuring the distance from 
X-3 to X-4, as shown by the dotted line in Fig. 
222, and using the same scale of 34 inch per 100 
kv-a. 
The power factor rating of the synchronous 

motor, or the power factor at which it will need 
to operate to carry this mechanical load and also 
correct the reactive kv-a., will be found by dividing 
its true power or mechanical load by its total kv-a. 
rating, or: 

300 472 = approximately 64% leading 
power factor. 

237-A. TABLE FOR DETERMINING 111) 
REQUIRED SIZE OF CONDENSERS 

The convenient table in Fig. 223 greatly simpli-
fies the method of determining the proper capacity 
of the synchronous or static condenser to correct 
the power factor a certain desired amount for any 
given load. 

This table gives figures which can be used as 
constants to be multiplied by the kw. load to obtain 
the leading reactive kv-a. required to improve the 
power factor from one value to another. 
For example, if the kw. load, as indicated by 

the wattmeter in a plant, is 200 kw. at an existing 
power factor of 65% and we desire to increase the 
power factor to 90%, we look in the table under 
the column heading "Original Power Factor" and 
find 65; then, reading to the right under "Desired 
Power Factor" in the column for 90%, we find the 
figure .685. 
We now simply multiply this figure by the load 

in kw., or: 
200 X .685 = 137 kv-a. capacity 

or the size of condenser required to bring lagging 
power factor from 65 to 90 per cent. 

If, in another case, we have a load of 525 kw. at 
a power factor of 70% and we wish to increase 
the power factor to 85%, we find in the middle' 
column under "Original Power Factor", the figuell. 
70. Then, reading to the right in the fourth column 
under "85% Desired Power Factor", we find the 
figure .400. Multiplying this figure by our load 
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This is the wattless power at 60% power factor. 
The next step is to find what the wattless corn-

',anent will be at 90% power factor. This is found 
in the same manner as we have used for the 60% 
power-factor condition. 

At 90% power factor, the apparent power of the 
system will be 1440 .90, or 1600 kv-a. 

Note the great reduction in the apparent power 
which is required to produce the same amount of 
actual power at the higher power factor. While 
at 60% power factor it required 2400 kv-a. to pro-
duce 1440 kw., at 90% power factor it requires only 
1600 kv-a. to produce 1440 kw. 

d\" 

1440 Kw Load 

4 

o 
‘.9 

Fig. 220. The above sketch shows the simple method by which power 
factor problems can be solved graphically by drawing to scale the 
lines representing the various factors in the problem. Study this 
diagram very thoroughly with the accompanying explanations. 

As we know that the current is proportional to 
the volt-amperes divided by volts, we can immedi-
ately see that the increased power factor will greatly 
reduce the current flowing in the circuits. 

We can now determine what the wattless power 
or reactive kv-a. will be at the new power factor. 
This is found by the same formula as previously 
given, and, in this case, the reactive kv-a. equals: 

V16002-•=1«02, or 697 kv-a. 

If the reactive kv-a., or wattless power, was 1920 
at 60% power factor and is now only 697 at 90% 
power factor, then the difference between these two 
will be the reactive kv-a. required to increase the 
power factor from 60 to 90 per cent., or 1920 — 697 
= 1223 kv-a.; which will be the capacity of the 
condenser required to correct the power factor this 
amount. 

In ether words, the condenser must have a ca-
Opacity of 1223 kv-a. 

This problem is further illustrated by the dia-
gram in Fig. 220. The horizontal line forming the 
)ase of the triangle represents the 14.40 kw. of actual 

power or load. This line is drawn to a scale of 58 
of an inch per 100 kw. 
The vertical line forming the adjacent side of the 

triangle represents the wattless or reactive kv-a. 
This line is drawn to the same scale and its full 
length represents the 1920 kv-a. of wattless power 
at 60% power factor. The lower section from X to 
X-3 represents the 697 kv-a. of wattless energy at 
90% power factor. 
The difference between these two, or the upper 

section of the line from X-3 to X-2, represents the 
1223 kv-a. which will have to be neutralized by an 
equal amount of leading kv-a. from the condenser. 
The long diagonal line from X-1 to X-2, or the 

hypotenuse of this large triangle, represents the 
2400 kv-a. of apparent power at 60% power factor. 
The lower diagonal line drawn from the point of 697 
kv-a. on the reactive power line to the point of the 
angle represents the 1600 kv-a. apparent power 
which will be required at 90% power factor. 

234. GRAPHIC SOLUTION OF POWER 
FACTOR PROBLEMS 

This same problem can be solved approximately 
with very few figures by laying out lines carefully 
measured to the proper length to represent the 
various values to scale. 
For example, let us take a sheet of paper with 

square corners and, starting at the lower right-
hand corner of the sheet as at "X" in Fig. 220, 
we shall first lay out to the left along the lowest 
edge of the sheet a line which is the proper length 
to represent the load in kw. Any suitable scale, 
such as Ys, 5/4, or 5/2 inch, can be used to represent 
10, 50, or 100 kw., according to the amount of load 
and the size of the paper available. The larger 
the scale used, the more accurate the measurements 
can be made. 

If we next determine the apparent power by 
dividing the kw. load by the known power factor 
of the system, we can then lay out a line of the 
proper length to represent this apparent power in 
kv-a. on the same scale as that used for the base 
line representing the load in kw. 

If we lay out a line of this length on the edge of 
the ruler or straight strip of paper, and then lay 
this line from the left end of the kw. line, or X-1, 
and so that the opposite end of the line falls at the 
right edge of the sheet of paper at X-2, we can then 
measure the distance along the edge of the paper 
from X to X-2, and thus find the wattless or re-
active kv-a. for this load and power factor, by 
measuring this distance on the same scale as we 
used for both of the other values. 
Then if we develop another line to represent the 

kv-a. of apparent power at 90% power factor and 
lay this line from X-1 to the edge of the paper at 
X-3, we can measure from X-3 to X and obtain the 
approximate reactive kv-a. at the improved power 
factor. 
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In many cases it is also advisable to check the 
power factor on different main branches of the 
system and the voltage drop at the terminals of 
equipment in different parts of the plant. 

If the power is being purchased, the power bills 
should also be carefully checked to see how much 
can be saved by improving the power factor. In 
this manner the power factor corrective equipment 
can be intelligently selected to give results where 
they are most needed and to effect the greatest 
possible saving. 

In determining the type of corrective equipment 
to use or in choosing between synchronous motors, 
synchronous condensers or static condensers, further 
care should be exercised. 

If there are in the plant a number of machines 
or devices which are well suited to synchronous 
motor drive, and if there is some other use for the 
induction motors which will be replaced; or if these 
machines can be profitably sold or are old enough 
to be discarded, then synchronous motors of the 
proper size for driving the machinery and also cor-
recting the power factor are generally a wise choice. 

If the plant in which the power factor is to be 
corrected is a large one and has several centers of 
heavy load at low power factor, the installation of 
synchronous condensers at these load centers is 
often advisable. 

Before choosing synchronous condensers, how-
ever, we should keep in mind that they require the 
same amount of skilled attention and maintenance 
that synchronous motors require. 

If the plant is of small or medium size and if the 
motors and loads are widely scattered at the ends 
of long feeders and circuits, the installation of static 
condensers properly located throughout the plant 
may be most economical. 

In numerous cases where alternators, transform-
ers, and feeders may be overloaded to the point 
where it is necessary to replace them with larger 
ones or to add new ones to operate in parallel, it 
may be found that a considerable portion of this 
load is wattless current. 

If correcting the power factor will relieve this 
condition and enable the existing equipment to be 
used for several years more, it is generally much 
cheaper to buy power-factor-corrective equipment 
and save the cost of the new generators and trans-
formers. 

Considerable copper cost can also be saved where 
the feeders or lines are of considerable length. 

In some cases where the power is purchased and 
even though the power contract may not contain 
a penalty clause for low power factor, it may be 
possible to obtain a lower power rating or a rebate 
on the power bills by going to the power company 
with a definite proposal for improving the power 
factor of the customer's load to a certain amount. 

232. DETERMINING THE PROPER SIZE OF 
CONDENSER REQUIRED 

It is a very simple matter to calculate the acel 
amount of saving that can be effected by correcting 
power factor a certain amount, and also to calculate 
the size of the synchronous condenser or static con-
denser which will be required to correct the power 
factor the desired amount. 
To determine the proper size of the condenser 

or the amount of corrective kv-a. required, it is first 
necessary to note the amount of actual load in kw. 
and the power factor of this load. 
The next step is to decide to what new and higher 

value the power factor of the load should be raised. 
Generally it is not economical or practical to try 
to raise the power factor to unity or 100%, because 
the closer to unity the power factor is raised the 
greater will be the amount of corrective kv-a. re-
quired to increase the power factor any additional 
amount. So we reach a point where the very great 
cost of corrective equipment overbalances the sav-
ing and benefits derived from correction. 

Furthermore, this unity power factor is not de-
sirable on some systems, because a very small 
change in the load or power factor when the system 
is already at unity power factor, results in a con-
siderable change in the current and tends to make 
the system unstable. 

For these reasons a desirable power factor 
ally somewhere between 85 and 95 per cent. 
the load in kw. and the power factor of the plant 
or system are known, it is easy to calculate the 
apparent power in kv-a. and also the wattless en-
ergy or reactive kv-a. This latter is often called the 
wattless component, meaning the wattless portion 
or part of the energy. 

233. PRACTICAL FIELD PROBLEMS 
For example, suppose we are considering an in-

dustrial plant in which the actual power load is 
1440 kw. and we find that the power factor of this 
load is 60%. This power factor can be determined 
by tests with voltmeter, ammeter, and wattmeter, 
or with a power-factor indicator, as explained in an 
earlier section. 
We shall assume that we desire to increase this 

power factor to 90%. Our first step is to find the 
kv-a. at the present power factor. This will be: 

1440 .60, or 2400 kv-a. 

Now, to find the wattless component or reactive 
kv-a., we square both the actual power and the ap-
parent power and then obtain the square root of 
the difference between these figures. 
This can be stated in the following simple 

formula: 

Reactive kv-a. = — kw.' 
110 

In the case of the problem we are considering, 
the reactive kv-a. will be: 

V24002 — 1-44fP, or 1920 kv-a. 
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long metal strips then connected in parallel to the 
t mais. 

'g. 215 shows two views of roll-type condenser 
units in which the strips of metal foil are rolled be-
tween strips of insulating paper. Note the terminals 
which are brought out on the ends of these units 
for connecting a number of them in series or paral-
lel to obtain the proper voltage and capacity rating 
of the condenser. 

Fdel i 215. Roll-type condenser units in which the long strips of metal 
and insulating paper are rolled into one compact condenser 

ment. (Courtesy Electric Machinery Mfg. Co.) 

Fig. 216 shows a number of these roll-type con-
densers mounted in one tank or case and connected 
three-phase to the terminals in the box on the front 
of the tank. 
The condenser tanks are generally filled with in-

sulating oil or compound to add insulating strength 
and also to keep out all moisture and thereby pre-
serve the quality of the insulation of the units. 

Fig. 217 shows a complete condenser unit with 
an oil switch mounted on the front of the tank for 
making and breaking the connections between the 
condenser and line. 
Condensers which are enclosed in water-proof 

tanks such as shown in Figs. 215 and 216 can be 
used either indoors or outdoors, and in some cases 
they are mounted on poles or platforms with the 
outdoor transformers. 

228. OPERATION OF STATIC 
CONDENSERS 

You have already learned that when a difference 
of potential is applied to the terminals of two par-
allel conducting surfaces which are located close 
together but insulated from each other, they will 

4 • sorb or store up an electro-static charge. When 
applied voltage is removed and the condenser 

short-circuited, this static energy will discharge in 
the form of dynamic current. 
When alternating current is applied to a con-

denser it charges the unit during the period of the 
alternation when the voltage is increasing from 
zero to maximum, and allows the condenser to dis-
charge back into the line when the voltage starts 
to fall from maximum to zero. 
The current thus supplied by the condenser leads 

the applied line-voltage by approximately 90° and 
thereby neutralizes the effect of lagging currents 
in the circuit. 
When a condenser is connected to terminals of 

an induction motor as shown in Fig. 218, the con-
denser supplies wattless current or magnetizing 
current to the motor so that this lagging current 
doesn't flow through the line between the trans-
formers or alternators and the motor. 
The opposite characteristics of the induction 

motor and the static condenser cause a continual 
circulation or interchange of current between the 
two during operation. By preventing this flow of 
wattless current through the lines, the static con-
denser reduces the voltage drop in the line and in 
many cases makes possible the use of smaller line 
or feeder conductors to the motor. It also reduces 
the amount of wattless current carried by the alter-
nator windings. 

229. LOCATION OF CONDENSERS 
When the motors are of medium or large size it 

is often desirable to correct the lagging power 

Fig. 216. Complete static condenser with side of tank cut away to 
show arrangement of roll-type condenser units. (Courtesy Electric 
Machinery Mfg. Co.) 
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through this casing from openings in the bottom 
of the frame. The excite' -generator shown is 
mounted on a separate base on the end of the main 
condenser base and is driven by the end of the 
main shaft. 

226. STATIC CONDENSERS 
The use of static condensers for power-factor cor-

rection has become quite general during the last 
few years. These devices have the advantage of 
being simple to install and of requiring practically 
no care or maintenance, as they have no moving 
or wearing parts. 
They are of somewhat higher first cost and have 

the additional disadvantage of not being adjustable 
except by changing the number of condenser units 
which are connected to the system. 

Static condensers can be used in large banks or 
groups to correct the power factor of the entire 
system, by connecting them at the switchboard or 
transformer bank where the power enters the plant 
or buildings. Small condensers can be used to cor-
rect the power factor of individual induction motors 
by connecting them directly to terminals of these 
motors and locating the condenser within a few 
feet of the motor itself. 

Fig. 213 shows a 300 kv-a. static condenser for 
operation on 2500 volts. This unit consists of a 
number of small condensers located in racks and 

Fig. 213. 300-kv-a.. three-phase, 2500-volt. capacitor or static condenser, 
used for improving power factor. (Courtesy General Electric Co.) 

properly connected across the three phases of the 
line. These condensers can be seen mounted i 
three banks in the three levels of the frame. T 
oil switch mounted on the front of the unit is for 
disconnecting the condenser from the system when-
ever necessary. 

Fig. 214 shows a pair of condenser units, or ca-
pacitor units as they are often called. These units 
are equipped with resistors of the cartridge type 
for discharging them when they are disconnected 
from the line. If it were not for these resistors 
shunted across the condensers they would hold a 
charge of high voltage for a considerable period 
after being disconnected, and this would make them 
dangerous for an operator to work on. 

Fg. 214. Two single-phase condenser units connected together with 
discharge resistors in their circuit. (Courtesy G. E. Company) 

It is also advisable to short-circuit any condenser 
with a piece of insulated wire, to make sure that it 
is discharged before working on it. 

The resistance units are of high enough resist-
ance so that they do not appreciably short-circuit 
the condensers or cause any considerable loss dur-
ing operation. When the condensers are discon-
nected from the line, however, it requires only a 
few seconds for the energy stored in them to dis-
charge through the resistance units. 

227. CONSTRUCTION OF STATIC 
CONDENSERS 

You are already quite familiar with the construc-
tion of condensers and have learned that they con-
sist primarily of thin conducting plates of metal 
foil, separated by sheets of insulation or dielectric 
of the proper thickness and quality to stand the 
voltage at which the condenser is designed to 
operate. 
These alternate sheets of metal and insulatioio 

can be arranged either in a flat stack with eve 
other metal plate connected to opposite terminals, 
or in a roll with a good many square feet of each 
material rolled into one compact unit and these 
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222. SPECIAL ENCLOSED-TYPE MOTORS 

e
In certain plants and classes of work where 
otors must operate in an atmosphere that is filled 

with dust or vapors it is often very difficult to 
keep the ventilating spaces in the motor windings 
from clogging with dust or to prevent the insulation 
of the windings from being damaged by vapors. 

— 

Fig. 208. This photo shows a completely assembled Fynn-Weichsel 
motor with a guard enclosing the slip rings and commutator. 
(Courtesy Wagner Electric Corp.) 

To meet these conditions there are motors now 
being built with the winding, rotor, and bearings iîmpletely enclosed in an air-tight casing. These 
otors are so designed that the heat from the wind-

ings is conducted to the outside through the metal 
shell or casing. The regular motor casing is in 
turn enclosed in an outer jacket which guides a 
strong draft of cooling air directly over the surface 
of the motor casing, thus greatly aiding in the cool-
ing of the machine. 

Fig. 209 shows several views of a motor of this 
type. The upper left view shows the end from 
which the cooling air is exhausted from the jacket. 
The upper right view shows the air-intake end, 
with a screen which prevents coarse objects from 
getting into the fan and also protects an operator's 
hands from coming in contact with the revolving 
fan-blades. The lower view shows the motor and 
its enclosing frame removed from the air jacket 
and also shows the large ventilating fan used to 
form the strong draft of air over the motor casing. 
Motors of this type can be operated in extremely 
dusty places without injury to field windings or 
bearings by dust or vapors in the air, and also with-
out the explosion hazard which accompanies the 
use of open commutator or slip ring types. 
There are a number of other special types of 

motors which have been developed to fit almost 
every requirement and class of service for which a 
ower drive is required. However, the general 

principles of these machines are very much alike 
and are similar to those which have been described 
in this section; so you will have no trouble in 

Fig. 209. Completely encicsed A. C. induction motor with special air-
jacket to direct the cooling air over the surface of the motor casing. 
These motors are ideal for use in extremely dirty locations or in 
places where there are explosive vapors or dust. 

understanding almost any type which you may en-
counter. 

223. PORTABLE MOTORS FOR FARM USE 

Fig. 210 shows a polyphase induction motor and 
push-button starter mounted on a convenient port-
able truck, with a heavily insulated extension cord 
for connecting the motor to a nearby line or trans-
former. Portable motors of this type are very con-
venient for certain temporary drives in industrial 
plants and factories, and are also coming into quite 
extensive use on farms. 

There are numerous profitable uses for electric 
power on the farm, and many thousands of farms 
are well electrified and making excellent use of 
electricity for both light and power purposes. 

Fig. 211 shows a portable electric motor being 
used for driving a hay baler. Motors of this type 
can also be used to operate threshing machines, 
pumps for irrigation and stock watering purposes. 
ensilage cutters, feed grinders, line-shafts in ma-
chine repair shops, and many other uses. 

Fig. 210. Portable A. C. Induction motor particularly adapted for use 
on farms and for driving portable machinery. (Courtesy G. E. 
Company.) 
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Fig. 206. Diagram showing the connections of the armature and field 
of a Fynn-Weichsel motor. Note that both the stator and armature 
have two separate windings. 

tor and equipped with a rheostat for varying the 
field strength. In this simple diagram the single 
coil or winding shown is used to represent the en-
tire field winding and whatever number of poles it 
may actually contain. 

There is also an A. C. winding which is placed 
in the slots of the stator and is connected through 
a rheostat to form a closed circuit upon itself. This 
winding is located 90 degrees from the D. C. wind-
ing in the stator. 

When alternating current is applied to the slip 
rings and the A. C. winding on the rotor, it sets up 
a revolving magnetic field and also induces second-
ary currents in both the A. C. stator-winding and 
the field winding. 

The reaction between the flux set up around these 
windings and the field of the A. C. rotor winding, 
develops excellent starting torque and quickly 
brings the motor up to full speed. As the speed of 
tne motor increases to synchronism, D. C. voltage 
is obtained from the commutator and small wind-
ing and applied to the brushes. This D. C. voltage 
is applied to the field and increases the strength 
of the D. C. field winding and causes the motor to 
hold in synchronism and operate as a synchronous 
motor during normal running conditions. 

If the motor is overloaded beyond the pull-out 
torque capacity of about 160% full-load torque, it 
will then fall out of step and operate as an induc-
tion motor, once more continuing to carry the over-
load at slightly reduced speed. 

During starting of the motor, rheostat R-1 is ad-
justed to include the proper amount of resistance 
in series with the A. C. secondary winding in the 
stator. This resistance is cut out as the motor 
comes up to speed and the winding is then short-
circuited. 

When the motor pulls into synchronous speed 
there is no more slip, so there will be no appreciable 

current induced in this stator winding as long as 
the motor operates as a synchronous machine. 

If the motor is overloaded to a point wh 
pulls out of synchronous operation and slig tly 
reduces its speed, this recurrence of the slip will 
immediately cause current to be induced in the 
stator winding once more and thus develop by in-
duction the added torque which enables the motor 
to carry the very heavy overloads which it is capa-
ble of carrying as an induction motor. 

221. LEADING POWER FACTOR AND P. F. 
ADJUSTMENT 

Rheostat R-2 can be adjusted to obtain the proper 
strength of the D. C. field-winding according to the 
load the motor is required to carry and the power 
factor which it is desired to maintain. 
At full load the Fynn-Weichsel motor generally 

has a power factor of about 92% leading. From 
this we can see that if one or more motors of this 
type are used in a plant with induction motors and 
other inductive equipment they will improve the 
power factor considerably. 

In fact, a 15-h. p. Fynn-Weichsel motor with its 
leading power factor will just about neutralize the 
lagging power factor of the 15-h. p. slip-ring, induc-
tion motor, thereby keeping the power factor at 
approximately unity on the line or system on which 
the two motors are operated in parallel. 

• 

Fig. 207. Disassembled view of Fynn-Weichsel synchronous motor. 
Note the commutator and slip rings both on the same end of the 
shaft and also the two windings in the stator. (Photo courtesy 
Wagner Electric Corp.) 

While the power factor of squirrel-cage induction 
motors becomes very low when they are operating 
lightly loaded, the power factor of the Fynn-Weich-
sel motor remains practically constant with any de-
crease of load which ordinarily occurs on a motor 
properly selected for its drive. 

Fig. 207 is a disassembled view of a Fynn-Weich-
sel motor and shows clearly the construction of the 
rotor with its commutator and slip rings, and also 
the arrangement of the D. C. and A. C. windin• 
the stator. 

Fig. 208 shows a complete Fynn-Weichsel motor 
with protective guards over the commutator, slip 
rings, and brushes. 
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COMSTRUCTION DETAILS FOR SIMPLE GROWLER 

24 9 

1/4 

if 

D 
- 12 ." I I +I L I 'SHELL TYPE CORE 

To make the above growler, secure trie core of a burned-rmt, 100-watt ra-
dio-power transformer or bell transformer and remove the old winding, 
preserving the core insulation if possible. Next, trim the laminations 
along the dotted lines so that, when reassembled, they willhave the form 
shown in "B", and approximate the dimensions given in "A". With some 
cores, it will be necessary to snip a section from the middle leg of the 
transformer in order to obtain the proper distance (D) between the 
Bides. After the laminations have been cut, the core is restacked and 
clamped with the same bolts and brackets that were used in the original 
assembly; then the cut edges of the laminations are ground or filed to 
the desired smoothness. The core is then insulated with suitable mater-
ial (fuller board, fiber, fish paper, etc.,) and the winding installed. 

The winding used will depend upon the voltage and frequency employed. 
Assuming a 60 cycle frequency, the number of turns for the different 
voltages are as follows: For 32E, 170 turns of #18 SCE; 110E, 500 turns 
of #22 SCE; 220E, 1000 turns #25 SCE. 

Construction details for an inside growler, suitable for fractional h.p. 
motors, is given below. 

FOR USE ON 
110 E A L. 60 

DETAILS FOR SMALL INSIDE GROWLER 

e---1 o 
C7K 

woure WITH Csoo TURNS 
*30 5.C. E. WIRE. 

12 FT. $ 18 FIXTURE. WIRE 

COYNE 



340 Armature Winding, Section Two. Factory Wound Coils. 

ARMATUR 

AMMETER 

FULL SCALE 
READING 
L.5 L 

RHEOSTAT 7 OHMS 

TWO COILS OF WIRC ARE USED 

EACH CONTAINING 250 TURNS. 

OF G, Ii S. C. C. WiRE.THC COILS 
ARE rN.SuLATED FROM EACH 

OTHER ay TWO LAYERS OF FISK 

RAPER ANO TWO LAYERS OF 
EMPIRE CLOTH. THESE COILS 
MAY RE WOUND ONE OVER THE 
OTHER OR IN TWO SECTION& AS 
SHOWN. 

D. P. D.T. Svd. USED 
TO CONNECT COILS 
IN SERIES OR 
PARALLEL FOR 
DiFIERENT siRENomm 
MAGNETIC FIELPS 

110E. 60 A.C. 

Fig. M. 

24 LES. Or 

LAMINATED IRON 

4 Ye 

GROWLER SPEC I FICATIONS 

Fig. 100. A medium sized growler for armature testing. 

e 
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DATA FOR CONSTRUCTING GROWLERS 

122. GROWLER SPECIFICATIONS 

Laminations designed for use in making small 
transformers may be used to good advantage in 
constructing a growler for use in testing armatures 
or stators. 

Fig. 98 shows how the laminations may be 
trimmed and arranged for use in constructing a 
growler for use in testing either armatures or sta-
tors. 

After the laminations are trimmed as shown by 
the dotted lines, at "A" they are stacked as shown in 
Fig. 98B, so as to form the letter "H." Place the 
piece with the center bar attached on the work 
bench and then butt the "I" piece against the center 
bar as shown. The next two laminations are re-
versed so as to break joints. That is, if the "I" piece 
is on the right for the first layer, it should be on the 
left for the next layer, and so on. Continue stacking 
the laminations alternately on first one side and then 
the other until you have a stack about one-inch 

eigh. 

The laminations must then be bound together 
either with bolts or by use of a clamp as shown at 
"C" in Fig. 98. Two pieces of fibre or wood about 
3 inches long with a hole in each end may be used 
as a clamp. After the core is assembled, it should 
be carefully insulated. The part of the core which 
will come in contact with the wire should be cov-
ered with a layer of varnished cambric or oiled 
paper. The cambric may be wound around the 
core and over the fibre strips. 
The 110 volt A. C. winding consisting of about 

2000 turns, or 2 oz. of No. 34 S.C.E. wire should be 
carefully wound on the center part of the core as 

e 

shown in the Fig. 98C. Terminals should be pro-
vided on the fibre clamp so that the ends of the coil 
may be attached to them, or the two clamping bolts 
may be used as terminals as shown by the draw-
ing. 

After the coil is completed, it may be dipped in 
insulating varnish, or if varnish is not available, it 
should be wound with tape to protect the coil. This 
little growler will be very serviceable in testing 
small and medium sized armatures or stators. 

Fig. 99 contains complete constructional data for 
another growler which is very convenient for use in 
shops where a large number of armatures are 
tested. 

Fig. 100 shows complete constructional data for 
another style of growler to be constructed from 
laminations 5Yi' x 4W. The laminations are 
stacked together to form a stack about 1 inch high. 
They are then bolted together with a strip of wood 
on each side of both ends. These clamping bolts 
should be N. x 2%'. The 4 pieces of wood may be 
cut from strips of wood 3%1" long by 1' wide by 
Xt• thick. The two base supports are 5 inches long 
by 1Yi inches wide by 1 inch thick. The base sup-
ports are fastened to the upright strips by wood 
screws inserted through the bottom. 
Varnished cambric or some other good grade of 

insulation should completely cover all parts of the 
iron core which will come in contact with the coil. 
The coil should be wound around the center leg of 
the core as shown in Fig. 100. About 2 oz. of No. 
31 S. C. E. wire will be required for the coil. 
Terminal posts may be mounted on the base strips 
to accommodate the ends of the coil, and for con-
nection of the 110 volt A. C. line. 

EIJ s 

Fig. IS. Thia figure @hews bow a combination internal and external growler can be made Iran "E" & "I" 
transformer laminations by «Wag e« 'bladed portions. 
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Drive Mechanism, V-Belt Drive 8 1 2-0 

In removing a motor do not commence by discon-
necting all the wires in sight .On the other hand, 
separate just as few as possible, leaving parts 
hanging by their leads if they do not have to be 
disconnected for the job being done Every time 
a wire is taken off a terminal the wire end should 
be tagged or otherwise identified so that it may 
go back in the right place. Sometimes a machine 
has to remain disassembled while waiting for re-
pairs, and it is not safe to trust to memory for 
wiring arrangements. 

DRIVE MECHANISMS 
Service and repairs on driving mechanisms of 

appliances are purely mechanical matters, not elec-
trical, yet sometimes it is necessary to disassemble 
some of these mechanical parts in order to reach 
electrical ones. A typical washing machine drive, 
such as is underneath the tub, is illustrated in 
Fig. 9. This, and many similar mechanisms, are 

Fss.9. 

Fig. 9. Gears and Gear Case for a Clothes Washer (Easy). 

enclosed in oil-tight housings in whose joints are 
glued gaskets of composition materials, corks, sheet 
metal, or asbestos sheathed with thin metal. None 
of these types of gaskets require shellac or other 
treatment to make them oil tight when they are new 
or in good condition. Paper gaskets usually are 
shellaced with orange shellac which has been al-
lowed to evaporate until it becomes quite thick. 

Transmission parts are held together with such 
fastenings as straight pins, taper pins, locking nuts 
and set screws. Many transmissions contain various 
thrust balls, spacing washers and springs, all of 
which are easily lost or, what is almost as bad, 
easily put back in the wrong places. It should be 

remembered that all shafts which rotate must have 
some end play, usually only a few thousandths of an 
inch, but highly important if binding is to be 
avoided when parts get warm and expand. End 
play may be adjusted or maintained with spacing 
washers, or often by thrust balls and adjustable 
screws at the ends of shafts. 

Before taking out a clutch spring, compress it as 
far as possible and then tie it with wire or place 
heavy wire hooks from end to end so that when 
the spring comes out it won't expand and be dif-
ficult to replace. A new clutch spring may be com-
pressed in a vise, then wired, put in place, and 
the wires cut. 

In case one of a pair of gears that mesh to-
gether must be replaced its mate should be re-
placed at the same time unless the machine is 
nearly new. Installing one new gear to mesh 
with a worn one always results in noisy operation. 

V-BELT DRIVES 
Many appliances have a V-belt drive of the type 

shown in Fig. 10, with the sheave or smaller pul-
ley on the motor shaft and the large pulley on 
the driven shaft. The things that cause the most 
trouble with V-belts are oil on the belt and mis-
alignment of the pulleys. No kind of oil or belt 
dressing should be applied to a V-belt, it should 
be cleaned and left dry when it becomes dirty. Un-
less the motor shaft and driven shaft are exactly 
parallel and the grooves of the pulleys exactly in 
line with each other the belt soon will fray, wear 
and probably break. 
The tension of a V-belt should be such that it 

springs back to a straight line when pressed mid-
way between the pulleys, but it should be no 

Fig. 10. V-belt Drive. 



8 1 2-N Removing Motors from Appliances 

SMALL SYNCHRONOUS MOTORS 
Many of the very small appliance motors are 

of the synchronous type with a permanent magnet 
rotor and a laminated field magnet core carrying 
the winding. Some of these motors, such as used 
in many clocks, are not self-starting and have to 
be spun by hand after the current is turned on. 
Self-starting styles usually are of the shaded pole 
type, of which one example is illustrated by Fig. 8. 

Fig. 8. A Shaded Pole Motor (Electroecia). 

A shaded motor is one having closed copper 
rings or closed coils around about one half of 
each field pole face. The magnetic lines of the 
field cutting these coils produce currents in the 
coils, and the currents produce additional flux that 
alternately assists and opposes the main field flux 
in the pole. The result is a displacement of flux 
that causes the rotor to turn. 
Many small synchronous motors are enclosed in a 

sealed casing which is oil-tight and dust-proof 
and which contains enough lubricating oil for an 
indefinite length of time, often for the life of the 
appliance. When the rotor speed is to be reduced, 
as usually is the case, a reduction gearing may be 
in the same or a separate similar case. Drive shaft 
speeds may be anywhere from a few hundred revo-
lutions per minute to one révolution in 24 hours. 
The drive shaft for clock motors turns at one revolu-
tion per hour and drives the minute hand directly. 

MOTOR SPEEDS 
Induction motors operate at practically constant 

speeds which are a little bit less than synchronous 
speed with normal loads. If these motors are over-
loaded they do not slow down and continue to 
run as does a universal motor, but they stall and 
will burn out unless the current is turned off-within 

a few minutes. Usually running speeds for induc-
tion motors are as follows: 

Synchronous 
speed 
900 rpm 
1200 rpm 
1800 rpm 
3600 rpm 
1500 rpm 

Frequency 
60 cycles 
60 cycles 
60 cycles 
60 cycles 
25 cycles 

Full-load 
speed 

860 rpm 
1135 rpm 
1720 rpm 
3440 rpm 
1420 rpm 

Small synchronous motors run at speeds strictly 
proportional to the supply line frequency in cycles 
and the number of poles on the motor. When 
overloaded to any extent these motors stop com-
pletely. The speed of the rotor shaft in revolu-
tions per minute is equal to 120 times the frequency 
in cycles, divided by the number of motor poles. 
On 60-cycle supply a two-pole synchronous motor 
runs at 3,600 rpm, a four-pole type at 1,800 rpm. 
and so on. 

REMOVING MOTORS FROM APPLIANCES 

The methods of enclosing and supporting driving 
motors vary widely between different types and 
makes of machines. Careful examination must be 
made before loosening any bolts, nuts or screws. 
A typical operation with a washing machine re-
quires taking out the agitator which is in the tub, 
taking off the wringer, removing the centrifugal 
extractor if one is used, plugging the transmission 
case vent openings so that oil cannot spill, turning 
the machine on its side, loosening the motor drivel.' 
coupling, and taking out the bolts that hold the 
motor base. This frees the motor. 

In other cases the inside or working parts of the 
motor are exposed by taking off a sheet metal or 
pressed metal cover, after which it is possible to 
remove the brush supports and brushes, take off 
the motor end plate, lift out the armature or rotor, 
then pull out the field or stator. 

Brushes, and usually the brush holders, always 
are quite easily removable, as are also rotors or 
armatures. It is of utmost importance when taking 
out an armature or rotor to make certain that none 
of the thrust washers or spacers are lost, and that 
they are identified so that they may be placed back 
in their original positions. Motor shafts must have 
some end play, but not too much, and the amount 
is governed by the spacers 
Vertical shaft motors which are above the unit 

they drive have a ball bearing at the upper end 
of the shaft to take thrust both up and down. This 
bearing may also carry the radial load or there 
may be a separate bearing of the sleeve type. The 
lower bearing will be either a ball type or a sleeve 
type. 
The coupling between the motor shaft and the 

machine drive or transmission often is of a universal 
or flexible type which permits some misalignment 
without damage to bearings, but in other cases it is 
most important that the motor shaft be exactly 
aligned with the shaft it drives. 

%gm. 
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motor, the universal type has very high starting 
torque and the speed varies within wide limits with 
changes of load. Small universal motors frequently 
have full-load speeds between 4,000 and 9,000 
r.p.m. and no-load speeds of from 10,000 to 20,000 
rpm. The no-load speed is limited only by friction 
of the bearings and drag of the surrounding air 
on the armature and other moving parts. Univer-
sal motors used in mixers like that of Fig. 1 have 
normal running speeds of 9,000 rpm, and these mo-
tors in domestic vacuum cleaners normally run at 
9,500 to 14,000 rpm. 

While a universal series motor operates about 
the same on alternating and direct current, a d-c 
type of series-wound motor will not operate satis-
factorily on alternating current. Compared with 
d-c types the universal motor will have thinner 
laminations in the field magnet cores and will have 
field windings of very few turns of large wire in 
order to lessen the self-inductance and improve 
the power factor. Air gaps between field poles and 
armature core are very small in the universal mo-
tor, thus lessening magnetic reluctance. To re-
duce brush sparking on alternating current the uni-
versal motor operates with relatively low field flux 
and armature coils have only a few turns, some-
times only one. Resistors sometimes are connected 
between armature coils and armature segments to 
further lessen brush sparking. Compensating wind-sings may be used to neutralize the armature field. 

Any electrical apparatus in which current is 
being rapidly switched will cause radio interfer-
ence unless the leads to such apparatus are con-
nected through an interference capacitor, are 
grounded directly or through a capacitor, are well 
protected with a grounded shield, or are fitted with 
some other effective type of radio interference filter. 
Consequently, all appliances containing commutator 
types of motors must be equipped with some means 
for suppressing radio interference. Alternating 
current induction motors seldom cause interference 
and require no filtering. 

UNIVERSAL MOTOR SPEED CONTROL 

One of the advantages of the universal motor over 
the usual types of induction motors is that the uni-

versal type may be fitted with an adjustable speed 
control. This control is necessary or desirable for 
such appliances as sewing machines, mixers and 
fans. 

The simplest speed control is a rheostat in se-
ries between the line and the motor as shown at 
A in Fig. 6. The more is the resistance in series 
with the motor the slower it will run. A disad-
vantage of the series resistance is that the torque 
or turning force from the motor is greatly lessened 
at the lower speeds. Another method of speed 
control is shown at B, where a rheostat is shunted 
around the armature so that the less the resistance 
of the rheostat the more current flows through the 
rheostat and the less through the armature. 

The control methods of A and B in Fig. 6 often 
are combined as shown at C, with the sliders of 
the two rheostats moved in unison by a single con-
trol handle or knob. This combination control 
reduces the range of speed which may be had, but 
changes in the load do not have so much effect 
on speed as with the other controls. 

Fig. 7 shows the connections for operating a 
universal motor on alternating current with a 
tapped auto-transformer for speed control. The 
ends of the transformer winding are connected 
across the line and the tap switch supplies to the 

Fig. 7. Auto-transformer Speed Control for a Universal Motor Oper-
ated on Alternate Current. 

motor various voltages from that of the line down 
to the lowest that may be used. Lowering the 
voltage to the motor lowers its speed. The auto-
transformer does not affect the low-speed torque 
as does a rheostat control. 
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Fig. 6. Speed Controls for Series Motors. A. Line Rheostat. B. Armature Shunting Rheostat. C. Line and Armature Rheostats. 
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FIG 4 
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Fig. 4. The Connections for (A) an Ordinary Split-pha+e Motor, (B) a Capacitor Run Motor with two Capacitors, and (C) with a Capacitor Run 
Motor with one Capacitor and an Auto-transformer. 

out by the automatic switch after the motor comes 
up to speed. Since both windings remain in circuit 
at all times we now shall call one the main wind-
ing and the other the auxiliary winding. 
The two capacitors in parallel add their capaci-

tances, so for starting we have a large capacitance 
which allows a relatively large current in the aux-
iliary winding. This large current is just what we 
need for starting, but it would overheat the motor 
if allowed to continue. The starting current in the 
auxiliary winding is reduced to a safe running 
value by cutting out one of the capacitors, which 
lessens the capacitance, increases the capacitive re-
sistance, and lowers the current. 

An advantage of the capacitor motor over the 
straight split-phase type is a much improved power 
factor. Any highly inductive circuit, such as that 
containing the stator windings, causes a large 
phase difference and a low power factor, meaning 
that much more current flows than is useful in pro-
ducing power. By adding capacitance to an induc-
tive circuit we counteract the inductance to a 
greater or less extent, bring the current and volt-
age more nearly together (into phase), use more 
of the total current in producing power, and have 
a better power factor. 

At C in Fig. 4 is shown an arrangement that 
permits using only one capacitor yet retains the 
advantages of the two capacitors used at B. Be-
tween one side of the line and the auxiliary wind-
ing is an auto-transformer. With the automatic 
switch in the start position, current from the line 
goes through the switch to b on the transformer 
winding, then through the winding from b to a, 
through the auxiliary winding, and back to the 
line. Now the section of the transformer winding 
between b and a acts as the primary, while the 
entire winding from d to a acts as the secondary. 
The turns ratio between primary and secondary is 
a high one and the auto-transformer applies its high 
secondary voltage to the capacitor. This high 
voltage causes a large current to flow through the 
capacitor, this being the large current needed for 
starting the motor and bringing it up to speed. 

As soon as the motor speed reaches nearly the 
running value the automatic switch moves over 
to the run position. Now line current passes 
through the transformer from c to a on its way to 
the auxiliary winding, while the entire transformer 
winding from d to a still acts as the secondary. 
The turns ratio with c-a for primary is much lower 
than with b-a for primary, so we have a lower 
voltage from the secondary winding and a smaller 
current through the capacitor. This is the smaller 
current that is suitable for running. 

UNIVERSAL SERIES-WOUND MOTORS 

The universal series-wound motor which oper-
ates equally well on either alternating or direct 
current has armature, commutator, brushes and 
fields whose connections are the same as in the 
d-c series motor. The fields are wound with large 
wire and are in series with the armature and line 
as indicated by Fig. 5. Like the d-c series-wound 

Fig. 5. Fields and Armature for a Universal Series-wound Motor 
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ironers, humidifiers, hair dryers, and some dish 
washers. 

TYPES OF MOTORS 

All appliance motors are of fractional horsepower 
sizes, meaning that they are of less than one horse-
power. Considered from the standpoint of elec-
trical operation we find induction motors which 
usually are of the split-phase starting type and 
often of the capacitor-start or capacitor start and 
run varieties. Then we find a great many universal 
motors of the series-wound type with commutator 
and brushes, for operation on either alternating or 
direct current supply. There are many midget or 
miniature motors, including split-phase types. 
shaded-pole types, and the very small synchi•onoti, 
motors. 

Each type of motor is important in the appliance 
field. The three most generally used motor-driven 
appliances are clothes washers, clocks and vacuum 
cleaners. Clothes washers ordinarily have induc-
tion motors, clocks have midget synchronous mo-
tors, and vacuum cleaners have series-wound 
motors. All alternating-current appliance motors 
are of single-phase types because residential service 
always is single-phase. 

SPLIT PHASE MOTORS 

The split-phase motor has two stator windings 
as shown by Fig. 2. The running winding is con-
nected across the line at all times while the motor 
is in operation. The starting winding is in circuit 
while the motor starts and until it comes nearly to 
running speed, then this winding is opened or dis-

Foo.2. 

LINE. 

EXTRA 
INDUCTANCE 

RUNNING 
WINDING 

Fig. 2. Connections in a Split-phase Motor. 

connected from the line by an automatic cutout 
switch. The cutout switch usually is of a cen-
trifugally operated type located inside the motor. 
The split-phase principle allows the single-phase 

motor to start because the currents in the two 
windings are slightly displaced in phase or are 
slightly out of time with each other. The result 
is somewhat similar to that of a two-phase current 
and there is rotating field which causes the rotor to 
revolve. The phase displacement results fróm the 

starting winding having more inductance than the 
running winding. The greater inductance in the 
starting winding causes current in this winding 
to lag behind current in the running winding with 
both windings connected to the same supply. The 
extra inductance for the starting winding usually 
is provided by having more turns on this winding 
than on the running winding, by placing the start-
ing winding so that its magnetic circuit includes 
more iron than that of the running winding, by in-
cluding an extra inductance coil in series with the 
starting winding, or by combinations of these 
methods. Anything that displaces the current in 
one winding with reference to the current in the 
other winding "splits the phase" and allows the 
motor to be self-starting. 

CAPACITOR MOTORS 

Since anything that displaces the currents in the 
two windings of a split-phase motor allows the 
motor to start we may use capacitance in series with 
one winding so that the current in this winding 
will lead that in the other winding. This is the 
principle of the capacitor motors, which are of the 
split-phase type. Fig 3 shows how a capacitor may 
be connected in series with the starting winding 
instead of the extra inductance shown by Fig. 2. 
The capacitor and the starting winding are discon-
nected after the motor comes up to speed. This 
arrangement makes what is called a capacitor-start 
motor. 

Fig.. 3. Connections in a Capacitor-start Motor. 

The connections for the capacitor-start motor 
which are shown in Fig. 3 are shown again at A 
in Fig. 4, here in a diagram that allows easier trac-
ing of the circuits. 

The diagram at B in Fig. 4 shows one variety of 
capacitor run motor, which means a split-phase 
motor that not only starts with capacitance in series 
with the starting winding, but which continues to 
run with capacitance in series with that winding 
and with the winding connected to the line. With 
the capacitor-run motor at B in Fig 4 we have two 
separate capacitors which are connected in parallel 
with each other and in series with the starting 
winding for starting. One of the capacitors is cut 
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open due to dirty, rough or pitted contact points. 

Mercury switches may have cracked glass tube, 
otherwise these units operate without trouble for 
long periods. 

Heater of thermal switch in relay unit may be 
burned out or disconnected. 

Helix type of thermostat may be loose on its rod 
or its support. If used in the stack, the helix may 
be covered with soot and should be cleaned. 

High temperature or pressure limit controls may 
haire been adjusted to operate at temperature or 
pressures which are so low as to interfere with 
normal operation. 

MOTOR DRIVEN 
Many men who are in electrical work fail to ap-

preciate the importance of household electrical ap-
pliances. 

It is somewhat astonishing to learn that the elec-
tric utility companies get more revenue from resi-
dential consumers of electric power than from any 
other one class of users, and that more than a third 
of their total income is from the domestic field. 
In ten years the use of electric power in homes in-
creased by two-thirds, chiefly because of more and 
more electric appliances, and more and better light-
ing. This two-thirds increase in electrical comforts 
and conveniences cost the users only ten per cent 
more than they paid before, because the cost of 
electric power is continually decreasing. The more 
appliances that are used the cheaper becomes the 
power to operate them, the cheaper the power the 
more appliances come into use. 
Here is a list of the more common motor-driven 

electric appliances together with horsepowers of 
the motors generally used: 

Cleaners, vacuum 1/6 to Y2 hp. 
Clocks  1/300 hp. 

Dryers, hair  1/30 hp. 

Fans  1/20 to 1/12 hp. 
Humidifiers, room  1/20 to 1/12 hp. 
Ironers, clothes  1/20 to 1/6 hp. 

Mixers, drink and food 1/12 to 1/6 hp. 

Phonographs, electric  1/30 to.1/20 hp. 
Projectors, motion picture 1/20 hp. 

Sewing machines  about 58 hp. 
Washers, clothes  34 hp. 

Washers, dish  34 hp. 

The motor horsepower listed for each appliance 
are merely representative of common practice. 
Either more or less power might be used for any 
one of them. Among these motor-driven appliances 
are several which depend for their action on heat-
ing units as well as the motor drive, these including 

Ignition electrodes in an oil burner may have an 
incorrect gap, either too wide or too narrow, or 
the points may be covered with soot. 

Magnetic valves in a gas burning system may 
fail to operate, or safety switches may remain open 
due to failure or wrong adjustment of the pilot. 
Troubles which may occur in motors of heating 

systems are no different than motor troubles in 
any other field. If voltage reaches the motor 
terminals and the motor fails to run, it should be 
checked for internal trouble. 
Careful checking of thermostat contacts, circuits 

and switches, fuses, etc., will locate the most com-
mon troubles and indicate the remedy. 
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and gas entering the burner. Since atmospheric air 
pressure is practically constant it is necessary that 
gas pressure be maintained constant at the burner 
even though the supply pressure fluctuates, as it 
generally does. Uniform gas pressure is maintained 
by the pressure regulating valve. One construction 
for such valves is shown in Fig. 18. 

Fig. 18. Automatic pressure control gas valve. 

Gas entering from the supply passes through the 
open valves mounted on the plunger which is at-
tached to the flexible diaphragm, thus admitting the 
supply pressure to the under side of the diaphragm. 
When this pressure reaches a value corresponding 
to the tension of the spring that bears on the top 
of the diaphragm the diaphragm rises and closes 
the valves. Only when pressure on the outlet side 
of the valves, and on the side where the diaphragm 
is located, only when this pressure falls to a value 

_arcorresponding to the spring tension will more gas 
be admitted. Thus the burner pressure is maintained 
nearly constant. The burner pressure may be 
changed by adjusting the tension of the spring 
above the diaphragm. Some pressure-regulating 
valves have a weight instead of a spring above the 
diaphragm. 

.811114, 

AUTOMATIC COAL STOKERS 
An automatic stoker feeds coal to a furnace or 

boiler and usually supplies air at the same time 
and in correct amount by means of a blower or fan. 
The stoker most commonly used for installations 
of small and medium size is the underfeed type such 
as illustrated in Fig. 19. 

Fig. 19. Operating parts of an automatic coal stoker (Norge). 

The underfeed stoker takes coal from a hopper 
or bin and carries it to the retort in the furnace 
by means of a large screw or by combinations of 

rams, plungers and screws. The coal-carrying de-
vice is driven by an electric motor through gearing 
or other drive elements which allow adjustment of 
the rate of feed. 

As with all automatic heating systems, the pri-
mary control for the stoker is the room thermostat 
which causes coal feed to commence or stop or 
which determines the rate of coal feed. Safety con-
trols are generally similar to those which have 
been described for oil burners and gas burners. 

The coal stoker requires an additional control 
which will increase the fire for a short period when 
furnace temperatures fall to a predetermined point, 
even though the thermostat is not calling for heat. 
This control is necessary because a coal fire will 
go out if deprived of draft for a considerable 
length of time in spite of the fact that plenty of 
unburned coal may be present. This control does 
not send heat into the room spaces but merely 
increases the combustion rate for a short time. 

Low limit controls are operated from a thermo-
stat in the bonnet, in a duct, in the stack (usually), 
or in the hot water, or may be operated from steam 
pressure. They act to increase the rate of coal feed 
or to supply forced draft, or both if needed, when 
temperatures drop, in much the same way that auto-
matic controls stop operation of a heating plant with 
excessive temperature. For low limit control the 
necessary switches are closed with falling tempera-
ture while with high limit control the switches are 
opened with rising temperature. 

TROUBLES IN HEATING CONTROLS 
Faulty operation or failure to operate at all does 

not necessarily mean that the trouble is in the 
automatic control system. For an oil burner the 
oil and air supply should be checked, with a gas 
burner the gas valves and pilot should be checked. 
and with a coal stoker, the coal supply and feed 
should be looked at before assuming that there may 
be electrical trouble. 

Unless the trouble is of such nature as to clearly 
indicate the parts at fault, one of the first steps 
should be to measure the line voltage and the 
voltage at the motor terminals when the plant 
should be operating. No voltage or low voltage may 
mean a blown fuse or an opened circuit breaker 
in the supply leads. The cause for the overload 
should be looked for before replacing the fuse or 
setting the breaker. Voltage failure may be due 
to broken, loose or dirty terminal connections any-
where in the wiring. The secondary terminals of 
the low-voltage transformer may be checked for 
voltage, although transformer failure is of rare oc-
curance. Other electrical troubles which are more 
or less common may be as follows: 
Room thermostat contacts dirty or rough. Tem-

perature or differential settings not suited to re-
quirements. 
Relay completely inoperative due to loose or broken 

connections. Some or all of the relay circuits remain 
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lift the plunger and attached poppett. The valve 
winding is wired in series with a room thermostat 
and the secondary of the low-voltage transformer. 
When the thermostat calls for heat by closing the 
circuit, gas is allowed to flow to the burner where 
it is ignited by a pilot flame that remains lighted 
at all times during the heating season. 

Fig. 15. Magnetic valve or solenoid valve in line to gas burner. 

Fig. 16 shows the parts and their connections in 
an automatic gas heating system having the usual 
safety features and designed for operating a motor-
driven air circulating fan whose operation is tied 
in with operation of the gas burner. In Fig. 16 
gas from the meter flows through a hand operated 
burner shut-off valve, an automatic pressure regu-
lating valve, a magnetic valve of the kind shown 
in Fig. 15, and to the burner or burners in the 
furnace. 

Fig. 16. Complete automatic control system for gas burning plant. 

The pilot is supplied with gas through a separate 
shut off valve and a line taken from above the 
burner shut off. The pilot, which burns continually 
throughout the heating season, has two jets or two 
flames. One flame is directed toward the burner 
to light the main flame when the magnetic valve 
opens, and the other pilot flame is directed against 
the tip of a tube which contains a thermocouple. 
Current generated by the thermocouple while 
heated flows in the electromagnet of the pilot 

safety switch and keeps this switch closed. This 
safety switch is in series with the magnetic valve. 
Unless the pilot is lighted and is heating the 
thermocouple, the safety switch opens and prevents 
current from reaching the magnetic valve and the 
main burner cannot get gas. Thus any failure of 
the gas supply prevents collection of unburned gas 
in the burner compartment. 
The limit switch and motor switch of Fig. 16 

are of the mercury type, tilted by a bonnet or duct 
type of thermostat such as illustrated in Fig. 6. 
Both switches tilt together as shown by the small 
sketches. In the cold position the low voltage cir-
cuit for the thermostat is completed through the 
top switch. When the thermostat calls for heat 
and closes this circuit the magnetic valve opens and 
admits gas to the burner. As the furnace warms up 
the switches tilt to the hot position, which com-
pletes the motor circuit through the lower switch 
and starts the fan. If heating continues and pro-
duces a temperature higher than the upper limit for 
which the control is adjusted, the motor circuit is 
kept closed through the lower switch but the cir-
cuit to the magnetic valve is opened to shut off the 
burner. 
A control unit incorporating the two mercury 

switches is illustrated by Fig. 17. A pointer may be 
adjusted on the dial at the top of the control for the 
temperature at which the fan is to start. The limit 
switch will turn off the burner at 20 to 75 degrees» 
above this temperature, depending on the limi 
control adjustment. The drop in temperature (or 
differential) between the limit control temperature 
and the temperature at which the burner again will 
be turned on may be adjusted to between 20 and 
40 degrees by the eccentric adjustment screw. 

Fig. 17. Control unit with mercury switches: 1. Temperature setting 
pointer. 2. Temperature dial. 3. Lock screw. 4. Limit switch. 
S. Limit control adjustment pointer. 6. Eccentric acipstment screw. 
7. Fan motor switch. 8. Lock screw (Minneapolis-Honeywell). 

PRESSURE REGULATOR 

Maintaining a burner flame which supplies a max-
imum of heat and the least possible sooting de-
pends on maintaining a certain relation between air 
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contacts shown closest to the relay winding and 
magnet. This relay has three additional sets of 
contacts. As actually constructed all the contact 
arms of the relay are moved together so that all 
four sets of contacts close and open together. The 
mercury switch, operated from the bonnet or duct 
thermostat of Fig. 6, has two pairs of contacts. The 
contacts in one end of the tubes are connected by 
the mercury when the switch is in its cold position, 
and the contacts in the other end are connected in 
the hot position. The mercury switch is, in effect, a 
single-pole double-throw type connecting one end 
of the relay winding through either of two circuit 
paths. 
With falling room temperature the thermostat of 

Fig. 14 closes its flexible blade contacts and then the 
stiff blade contacts to complete a circuit from the 
low voltage transformer through the two sets of 
thermostat contacts, the heater element of the ther-
mal release, the left-hand contacts of the mer-
cury switch, the relay winding, the contacts of the 
thermal release, and back to the low voltage trans-
former. The relay then closes all four sets of 
its contacts. 

Line current now flows through one pair of re-
lay contacts to the motor and ignition transformer 
to start the burner in operation. If the ignition 
were to be controlled by the system of Fig. 13, the 
extra mercury switch of the type shown in Fig. 13 () would be connected between the ignition trans-
former and relay as noted on the diagram of Fig. 14. 
This ignition switch would be operated from the 
same bonnet or duct thermostat that operates the 
mercury switch shown in Fig. 14. 
When the oil ignites and produces heat to warm 

the thermostat for the mercury switch this switch 
moves to its hot position. The line from the room 
thermostat stiff blade through the thermal re-
lease heater now is opened by the mercury switch, 
but current continues to flow through the relay 
winding because the three auxiliary sets of relay 
contacts are closed and because the relay winding 
circuit is closed through these contacts and the 
right-hand contacts of the mercury switch in its 
hot-position. 
Had the oil failed to ignite, the mercury switch of 

Fig. 14 would not have moved to its hot position. 
Then the circuit would have been maintained 
through the heater element of the thermal release. 
After a few moments this element would get hot 
enough (because of current flow) to open the con-
tacts of the thermal release, thus opening the relay 
winding circuit, allowing the four sets of relay con-
tacts to open, and cutting the motor and ignition 
transformer off the line. With all these circuits 
open there would be no current in the heater of 
the thermal release, and after enough time for the 
heater to cool off the release contacts again would 
close and the whole cycle of events would repeat, 
giving the burner another chance to ignite. This 
on and off action would Continue at intervals until 

elm/ 

the burner ignited or until the system were shut off 
for repairs. 

If the oil fire should go out, as from lack of oil, 
with the room thermostat still calling for heat, the 
mercury switch would return to its cold position 
which places the heater of the thermal release in 
circuit. If there still were no fire the heater would 
open all the circuits as previously explained. 

The high limit control shown in one side of the 
line in Fig. 14 is a switch that opens whenever the 
temperature in the surface exceeds a safe maximum. 
For instance, the system might be adjusted to pro-
duce a maximum bonnet temperature of 175 degrees, 
and if the actual temperature should exceed this 
value by something like 50 degrees the high limit 
control switch would open to shut off the entire 
system. 

VARIATION IN CONTROL SYSTEMS 

The control system just explained is typical of 
those used with oil burners, but there are many 
other types operating with different electrical ele-
ments to produce the same general results so far as 
automatic control is concerned. Switches may be 
of the open contact type instead of the mercury 
type. Any type of switch may be operated by any 
form of thermostat suited for the location where 
heat is to affect the operation. 

With warm air systems the thermostats operating 
the control switches are placed in the furnace bon-
net, the main warm air duct, or sometimes in the 
combustion space or the stack. With hot water 
systems the thermostats are located in the hot water 
riser or in the top of the boiler space, and, of 
course, may be in the stack or the combustion 
space. Control for steam heating systems may be 
by means of temperature, but more often is effected 
by pressure devices which regulate the heating to 
produce certain desired steam pressures. In all 
cases it is possible to make adjustments for the 
temperature or pressure at which heat is turned on 
and off, and to adjust the differential in tempera-
ture degrees or pressure. 

The systems which have been explained are of the 
intermittent operating type, meaning that the heat-
ing plant is placed in operation when heat is called 
for by the room thermostat and is shut off com-
pletely when heat demands have been satisfied. In 
other systems having continuous operation the 
burner remains lighted at all times, the combustion 
rate being increased when the heat is called for and 
decreased as the heat demand is satisfied. Usually 
there are three or four steps of heating, or combus-
tion rates, with these continuous systems. 

CONTROLS FOR GAS BURNERS 

Fig. 15 shows the parts and their connections for 
the simplest possible automatic control for a gas-
fired heating plant. Between the gas meter and 
the gas burner is a magnetic valve or solenoid valve 
which opens when current flows in its winding to 
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sides of the combustion chamber. The ignition elec-
trodes are located near the target wall. 

With any type of burner the ignition spark may 
be turned on only long enough to ignite the oil-
air mixture and then cut off while the burner con-
tinues to operate, or a spark may be maintained 
all the time that the burner is in action. 

OIL BURNER MOTORS 

Motors for driving the fans, oil pumps, and other 
moving parts of oil burners are from 1/12 to 1/6 
horsepower for domestic installation. These 
motors, for alternating-current supply are of single-
phase type, starting by split phase action or some-
times by repulsion-induction. Capacitor-start in-
duction-run motors are quite generally used in the 
larger sizes. 

OIL BURNER IGNITION 

The secondary voltage from oil burner ignition 
transformers may be anywhere between 5;000 and 
15,000, although voltages of 10,000 to 12,000 are 
the most common values. The heavier the oil being 
burned the higher must be the ignition voltage, al-
though for any given oil a higher voltage permits 
using a relatively small gap between electrodes, 
while a lower voltage requires a wider gap in order 
to get enough heat from the sparks. 
Secondary windings of ignition transformers usu-

ally have the midpoint grounded, so that voltage 
to ground from either electrode is only half .the 
full secondary voltage. To reduce radio interference 
the transformer usually is enclosed within a 
grounded steel case, and the high voltage wires are 
run through metal conduit from the transformer 
to the burner tube. 

When oil burners are operated on direct-current 
lines, alternating current for the ignition trans-
former may be taken from extra collector rings con-
nected to the winding of the motor armature. Spark 
coils using vibrating contacts to produce fluc-
tuating current for ignition sparks are not consid-
ered reliable enough in operation to be used in oil 
burner service. 

Fig. 13 shows typical connections for an oil 
burner ignition system with which the ignition is 
turned off after the burner starts. When room 
temperature drops, the thermostat closes to com-
plete the low-voltage circuit through the relay 
winding. The relay contacts close, connecting the 
driving motor across the line and placing the fan 
and oil pump in operation. The relay also closes 
the circuit through the mercury switch (in its 
"cold" position) and the primary of the ignition 
transformer so that sparks pass between the igni-
tion electrodes in the secondary circuit. 

The mercury switch of Fig. 13, if used in a warm 
air heating plant, may be operated by a thermostat 
of the type shown in Fig. 6. As soon as the oil 
flame has continued long enough to furnish heated 

the thermostat- tilts the mercury switch to the 

Fig. 13. Control system for an oil burner. 

"hot" position, thus opening the primary circuit 
of the ignition transformer and cutting off the 
spark. The ignition circuit will not again be closed 
until the fire is out and the switch returns to its 
cold position. In a system having continuous igni-
tion as long as the burner is in operation, the 
mercury switch of Fig. 13 would be omitted and the 
ignition transformer primary connected directly be-
tween the relay and one side of the line. 

SAFETY CONTROLS 

With the arrangement of Fig. 13 there can be no 
ignition so long as parts are warm enough to keep 
the mercury switch in its hot position, so it might 
be possible for oil to be pumped through the burner, 
into the furnace without being ignited. Such a 
possibility is avoided by using continuous ignition 
so that there is an ignition spark whenever the 
oil pump and fan are running. Another method of 
avoiding oil flow without ignition, and of adding 
other safety features, is shown by the diagram of 
Fig. 14. 

Fig. 14. Control system with safety features. 

In Fig. 14 we have a thermostat with flexible and 
stiff blades and two sets of contacts, just as in 
Fig. 5. The motor for driving the fan and oil 
pütnp, also the ignition transformer, are connected 
across' the line when the relay closes its larger 

NOB. 

••••.. 
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batteries. High-voltage systems are those operat-
..., ing at any voltages higher than those just men-

tioned, usually at supply line voltage. Terminals 
inor 6 and 7 in Fig. 8 may supply current to any low-

voltage circuit in the heating system. 

Fig. 8. Internal and external connections of control box with relay. 

OIL BURNERS 

The principal operating parts of a commonly used 
type of oil burner are indicated in Fig. 9. This 
is the pressure atomizing type, often called the gun 
type. Oil from the supply tank passes through the 
oil filter, the oil pump and the pressure regulating 
valve, then to the oil nozzle through which it 
is ejected as a fine spray which almost instantly 
vaporizes in the air. Air is taken in through a *rotary fan or blower driven by an electric motor, 
and is forced through the burner housing into the 
combustion space as it mixes with the vaporized oil. 

Fig. 9. Principal parts of gun type oil burner. 

The mixture of vaporized oil and air is ignited 
by sparks passing between two metal points called 
ignition electrodes, which are just outside the vapor-
izing oil spray. The gap between electrodes is 
abolt 1/16 to 3/16 inch. The spark discharge 
between the electrodes is produced by high alter-
nating voltage from the secondary winding of the 
ignition transformer whose primary winding is con-
nected to the A-C lighting and power line through 
the ignition switch. There are many variations in 
the design of pressure-atomizing oil burners, but 
with all of them we find the electric driving motor, 
the ignition transformer and electrodes, and con-

-- trols for the motor and transformer. 

Ir a second general class of oil burners the oil is 
atomized as it is thrown off the edge of a rapidly 

Fig. 10. Rotary cents ugal atomizing oil burner with vertical shaft: 
A. Atomizer. B. Chamber lines with refractory material. C. Air 
space. D. Electric motor. E. Hollow shaft. 

whirling disc or cup. In one such burner, shown 
by Fig. 10, the cup rotates on a vertical axis with 
the driving motor down below. Ignition electrodes 
are near the edge of the cup. In another type, 
shown by Fig. 11, the cup rotates on a horizontal 

Fg. 11. Horizontal rotary cup type of atomizing oil burner. A. Air 
path. B. Fan. C. Hinged hanger for burner. D. Oil inle . 
E. Air nozzle. F. Rotating automizing cup. G. Flame. 
H. Electric motor. 

axis, which allows placing the driving motor to 
one side of the combustion space—usually out in 
front of the furnace or boiler. In still another 
rotary burner, shown by Fig. 12, oil is sprayed from 
revolving tubes against a target wall around the 

Fig. 12. Rotary burner of "blue flame" type: A. Hearth. B. Re-
volving tubes. C. Igniter. D. Refractory lining. 
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Fig. S. Holding relay used with double-blade thermostat. 

rent continuing to flow in the relay winding. The 
heating plant is turned off only when the temperature 
rises high enough to open the thermostat contacts 
for the flexible blade. The differential is the difference 
in temperatures for closing the stiff blade contacts 
and opening the flexible blade contacts. 

BONNET AND DUCT THERMOSTATS 
In addition to operating the heating plant con-

trols in accordance with temperatures in the heated 
rooms these controls in some cases must respond to 
changes of temperature in warm air ducts and in 
the housings or bonnets of warm air furnaces. 
For use in ducts or bonnets the bimetallic thermo-
stat usually is made in the form illustrated by Fig. 6. 

Fig. 6. The bimetallic helix used as a thermostat in bonnets, duc s 
and stacks: 1. Temperature indicator. 2. Temperature dial. 
3. Differential adjustment. 4. Differential pointer. S. Lock 
screw. 6. Mercury switch. 7. Clip for mercury tube. 

The bimetallic element of Fig. 6 is in the form 
of a long helix or hollow screw fastened at one of 
its ends to the housing of the box containing con-
trol Avitches and at its other end to a rod that 
extends back through the center of the helix to 
inside the control box. As the helix twists more 
closely or opens farther with changes of tempera-
ture around it the rod is rotated one way and the 

other on its axis. To the end of the rod inside the 
box are fastened switch-operating parts through 
which control circuits are closed and opened as 
temperature changes in the heated space carrying 
the bimetallic helix. Fig. 6 also shows a mercury 
switch operated from the helix and rod. 

Instead of having temperature-responsive ele-
ments made of bimetals, heating control thermostats 
frequently employ an expanding and contracting 
bellows such as illustrated in Fig. 7. The bellows 
is partially filled with a highly volatile liquid such 
as some of those used in refrigeration systems. With 
increase of temperature some of the liquid changes 
to vapor and expands to lengthen the bellows, while 
with falling temperature some of the liquid con-
denses and allows the bellows to contract and 
shorten. Such lengthening and shortening of the 
bellows is used to operate the control switch or 
switches in the unit. 

MERCURY 
SWITCH 

POINTER. 

—ADJUSTMENT 
KNOB 

ADJUSTING 
SCREW 

BELLOWS 

Fig. 7. Thermostat operated with bellows. 

It should be noted before leaving the subject of 
thermostats that the simplest test of whether a ther-
mostat is closing its contacts is to temporarily 
connect a short-circuiting wire to the thermostat 
terminals. If this causes the heating plant to start, 
when it failed to start normally, the indication is 
that the thermostat is failing to act. 

Thermostats which operate switches in direct-
current systems have small capacitors or con-
densers connected across their switch contacts in 
order to lessen ralio interference when the contacts 
open the circuit. Sometimes these capacitors be-
come short-circuited so that the equipment acts 
as though the thermostat remained closed all the 
time. 

CONTROL VOLTAGES 

What is called a low-votage control system op-
erates at 25 volts, or less, from a transformer such 
as included in the control box of Fig. 8. A low-
voltage system may use as high as 50 volts from 
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close the contacts on the warm side. With the 
construction of Fig. 3 the contact blade is elec-
trically separated from the bimetallic element by 
insulation that supports the blade, consequently 
current in the control circuit does not pass through 
the bimetallic element. 

Fig. 3. Insulated spiral bimetallic element. 

The two-wire type of thermostat shown in Fig. 3 
is the style generally used for simple controls in 
which an oil burner, gas burner or coal stoker is 
turned on when the temperature falls and turned 
off when the temperature rises enough to open 
the thermostat contacts. The three-wire thermo-
stat of Fig. 2 may be used for operation of both 
heating equipment and cooling apparatus, may be 
used for reversing the direction of rotation of 
damper motors, and for other control systems which 
cannot be handled by simply closing and opening 

• a single circuit. 

IIPIHERMOSTAT DIFFERENTIALS 

With thermostats having only the parts shown 
in Figs. 2 and 3 the contacts would close at the 

• adjusted temperature, heat would enter the space 
from the heating plant and, as soon as the tempera-
ture rose the least bit the contacts would open to 
shut off the heat. Then, with the least fall of 
temperaturè, the contacts again would close to place 
the heating plant in operation. Such rapid turn-
ing on and off of the heating plant is undesirable. 
As actually constructed, thermostats are designed 
to let heating continue until the temperature rises 
slightly above the adjusted temperature, or to let 
the heat source remain turned off until the temper-
ature falls a little below the adjusted temperature. 
The difference between the highest and lowest tem-
perature in the heated space is called the tempera-
ture differential. 

The thermostat itself is designed to close its 
contacts at a certain temperature and to keep them 
closed, and the heat turned on, until the tempera-
ture rises from one to five degrees. The difference 
between the temperature of closing and opening 
the contacts is the thermostat differential. Temper-
ature differential will be somewhat greater than 
thermostat differential because, first, the tempera-
ture in the space continues to fall after the heating 
plant is placed in operation and until added heat 
can overcome the rate of temperature drop, and 
second because with nearly all kinds of heating 
equipment some heat is added to the space after the 

plant is turned off. That is, there is a certain amount 
of additional heat stored in the furnace or boiler, and 
most of this heat will come into the rooms. 

In Fig. 4 the bimetallic element carries a mag-
netic armature together with the contact blade. 
Near the upper end of the armature is rigidly 
mounted a small permanent magnet. As the blade - 
contact and armature move to the left with falling 
temperature the armature comes closer to the mag-
net until finally the attraction overcomes the 
springiness of the bimetallic element and the con-
tacts are pulled closed. \Vhen temperature rises, 
the bimetallic element tends to move the contact 
blade and armature to the right, but cannot do 
so until the force developed in the bimetal over-
comes the attraction between magnet and armature. 
The additional temperature rise required for the 
bimetal force to overcome the magnetic attraction 
forms the thermostat differential. The thermostat 
of Fig. 1 employs a similar system utilizing two 
permanent magnets, one on either side of the con-
tact blade just below the contacts. These mag-
nets act to hold the blade to whichever side it 
is moved by the bimetallic element. 

Fig. 4. Permanent magnet for producing snap action as 
contacts open. 

Permanent magnets used as in Figs. 1 and 4 have 
the further advantage of insuring that the contacts 
separate with a snap when the bimetal force be-
comes great enough to overcome the magnetic at-
traction. This lessens arcing and prolongs the 
working life of the contact surfaces. 

Another method of obtaining a differential is shown 
by Fig. 5. There are two thermostat contact blades, 
one flexible and the other stiff. With falling temper-
ature the contacts of the flexible blade close first, but 
the circuit is not completed by this closing. Further 
movement of the bimetallic element closes the contacts 
for the stiff blade as the flexible blade is bent. This 
completes the circuit through the transformer, the 
motor or other device to be operated in the heating 
plant, the relay winding, and the two sets of contacts 
and blades in the thermostat. The relay closes its own 
contacts, thus completing a path from the relay -wind-
ing to the common terminal of the thermostat. 
When temperature rises the contacts for the stiff 

blade open, but the operating circuit still is completed 
through the upper relay contacts held closed by cur-
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OIL BURNER, GAS BURNER AND STOKER CONTROLS 

I In homes, offices, stores and factories the hea ting 
, during cold weather is coming more and more to be 
controlled automatically so that the desired indoor 
temperatures are maintained without any attention 
having to be given to the heating plant itself. The 
three kinds of fuel in general use are oil, gas and 
coal and for each of these there have been devel-
- oped automatic control systems which increase the 
combustion rate when indoor temperature falls 
below the desired point and which decrease the 
combustion when the temperature rises above this 
point. 

In all the automatic heating controls we require 
first of all a device which closes and opens the 
electric circuits for motors, valves and other ele-
ments when temperature falls or rises. This device 
is the thermostat. No matter what kind of fuel is 
used, changes of temperature cause accompanying 
changes in operation óf the electrical units through 
action of the thermostat. 

THERMOSTATS FOR AUTOMATIC 
HEATING 

A typical "room thermostat" for control of in-
door heating is illustrated in Fig. I. The thermo-
stat is mounted on a wall and is enclosed by a 
cover on the outside of which may be a thermom-
eter, and above or below which is a pointer and dial 
or a rotary member which may be adjusted to the 
temperature that it is desired to maintain. 

Fig. I. The working parts of a room thermostat. 

The part of the thermostat of Fig. 1 which moves 
when temperature changes is the bimetallic element, 
the construction and operation of which are shown 
in Fig. 2. A bimetallic element is a strip composed 
of two different metals welded or brazed together. 

One metal is a kind that expands and contracts 
little or not at all with moderate changes of temper-
ature, while the other is a kind that expands and 
contracts a great deal with the same changes of 
temperature. The non-expanding metal usually is 
invar, an alloy of nickel and iron, and the other 
frequently is brass. 

Fig. 2. The bimetallic element and contacts. 

When temperature rises, the brass expands more 
than the invar and, with the construction of Fig. 
2, the element tends to contract and moves the con-
tact blade to the right. When temperature falls, 
the brass contracts, the element tends to open up, 
and the contact blade is moved to the left. Whe 
the temperature rises a certain amount of the right.e 
hand contacts close and complete a circuit between 
wires 0 and H, and when the temperature falls a 
certain amount the left-hand contacts close to com-
plete a circuit between wires 0 and C. 

\\Then someone moves the graduated temperature 
control of Fig. 1 the bimetallic element and contact 
blade are shifted bodily one direction or the other 
so that the contacts close and open at a temperature 
determined by their new position. The adjustment 
screws inside the thermostat case are used only 
to make the contacts operate at the temperature in-
dicated by the setting of the external adjustment. 
The internal adjustment is made by observing the 
room temperature with an accurate thermometer, 
setting the external control to this temperature, then 
turning the screw so that the contacts just close or 
just open. depending on the kind of adjustment 
being made. 

The bimetallic element is formed into part of a 
circle rather than being left straight so that the 
necessary movement may be obtained within a 
limited overall size of thermostat. As shown in 
Fig. 3, some bimetallic elements are formed into 
spirals having several turns to obtain still more 
motion with a given temperature change. 

In Fig. 2 current flows from wire 0 to wires 
H or C through the bimetallic element. The heating 
effect of the current flowing through the resistance 
of the element tends to heat the element and to 

/1" 
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core is then ready to be wound with the proper 
amount of insulated wire. For this purpose about 
225 turns of No. 12 D. C. C. or larger wire, works 
very nicely. The coil should be carefully wound 
in neat, even layers so that the turns do not criss-
cross one another. 

After the coil is completed, it should be mounted 
on a supporting base and equipped with fuses and 
flexible leads as shown by Fig. 3. 

When using coil for welding purposes, it is simply 
connected in series with one side of the line and 
connected to the electrode holder. The other side 
of the line is connected to the metal to be welded. 

GENERAL WELDING INSTRUMENTS 

There are a few fundamental principles which one 
should understand in order to do successful welding, 
and if you understand these principles, then the 
speed and finer skill in this work will come with 
practice. 

Before starting to weld be sure that the welding 
electrode and the metal piece to be welded are prop-
erly and securely connected to the two terminals of 
the welding power supply, and the transformer or 
generator properly adjusted for correct voltage and 
current. Also be sure that the surface to be welded 
is clean and free from grease, oil, paint, rust or 
scale. 

A wire brush is generally used for removing rust 
and scale. Gasoline can be used to remove oil and 
grease but the gasoline should be wiped off or 
dried off before starting to weld because otherwise 
its fumes will interfere with the arc. 

STRIKING THE ARC 

When starting to weld, the electrode should be 
lightly tapped against the metal and quickly re-
moved a short distance, about 1/16 of an inch. Then 
more slowly draw the arc out to its proper welding 
length. If the electrode is allowed to rest on the 
metal for even a second it is likely to stick or weld 
itself fast to the metal. If this happens, the elec-
trode can usually be broken loose by bending rap-
idly back and forth and pulling. If this does not 
free it, the power should be switched off and the 
rod broken loose with a hammer. 

After practicing striking the arc and holding it 
the right length, start running "beads" by slowly 
moving the electrode and arc alon the metal in a 
stra 
stra 
pra 
imp 
han 
exc 
bon 
it is seing • eposited. The electrode must, of course, 
be steadily moved downward toward the metal  in 
order to keep the arc the same length as the elec-
trode melts away. 

If the electrode is moved along the metal too fast, 
the bead will be spotty or irregular and the penetra-
tion of the weld metal will be poor. The electrode 
must move slowly enough to permit the base metal 
to heat up and become molten, in order for the weld 
metal to fuse or alloy properly with it. A good test 
of penetration is to chisel off the bead, flush with 
the base metal, and see if it easily cracks loose, or 
if it is really welded into and joined thoroughly 
with the metal which was welded. 

If the bead cracks off easily it shows poor bond-
ing, due to dirty surface or insufficient heat and 
penetration. 

If the electrode is moved too slowly the bead de-
posit will be too high and irregular. 
When using welding generators or transformers 

which are adjustable, it is important to adjust them 
for the proper current and voltage, depending upon 
the size of the electrode used. Too much current 
will cause excessive sputtering and an unstable arc. 
Too little current makes the arc hard to hold and 
does not melt or penetrate the base metal properly 
unless the electrode is moved very slowly. 
The electrode should be tilted slightly in the 

direction the bead is to run, in order to cause the 
arc to blow back and deposit the weld metal in a 
bead or ridge to the rear of the electrode tip with 
respect to its direction of travel. 

If you practice these operations until you develop 
ability to make simple welds, this may provide an 
opportunity for you to make money repairing 
broken metal objects, or assembling metal parts by 
means of arc welding. 
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to the positive line and since more heat is required 
on the heavy metal being welded it is desirable to 
make the welding surface positive. The electrode 
is _usually small compared to the welding surface, 
therefore the smaller amount of heat at the nega-
tive.terminal is a desirable feature, unless the metal 
to be welded is very thin. In case the metal to be 
welded is very thin there is less danger of the arc 
burning through the metal when the electrode is 
positive. 

ARC CHARACTERISTICS 
The various characteristics of the arc may be ob-

served by using suitable darkened glass. IT IS 
VERY IMPORTANT NOT TO LOOK DIRECT-
LY AT THE ARC WITHOUT PROTECTION 
TO THE EYES BECAUSE the light given off by 
the arc is so intense that it causes a severe reac-
tion and the eyes may become very painful and 
vision difficult. The fact that this reaction does 
not set in immediately is even more dangerous 
because an individual who is not familiar with the 
effects of the arc may look at the arc repeatedly, 
not realizing the damage that is being done. Sev-
eral hours later the trouble begins and although 
the eyes will respond to treatment and gradually 
come back to normal, it certainly is advisable to 
not take chances of damaging them. ALWAYS 
USE DARKENED GLASS WHEN WELDING 
OR AT ANY OTHER TIME WHEN OBSERV-
ING AN ARC. 
When using a suitable shield the arc may be 

viewed and it will appear something like the draw-
ing shown by Fig. 1. 

ARC LENGTH 
It is difficult to follow any set rule regarding the 

length of the welding arc, but as a general rule 
when welding with the metallic electrode the arc 
should be held as short as possible without caus-
ing the electrode to touch the work and put out 
the arc. This length may vary anywhere between 
1/16 of an inch or less to 5/4 of an inch, depending 
on the diameter of the electrode and the amc ont 
of current used. 
The length of the arc when using the carbon t let.-

trode may vary between 5/4 and inches. 

WELDING CABLE TERMINALS 
During the welding process the positive line lead 

must in some way be connected to the metal to be 

Fig. 2. Heavy copper hooks as shown above may be attached to the 
welding cable for convenience in attaching the cable to the welding 
work. 

welded. This may be accomplished by clamping 
the cable to the metal, or a heavy copper hook as 

shown by Fig. 2 may be attached to the cable for 
use in making connection to the metal to be welded. 
An electrode holder must be attached to the 

other cable to provide a convenient means of attach-
ing the welding electrode, and to enable the oper-
ator to conveniently handle the electrode. 

An electrode holder for light welding may also 
be constructed quite easily from a brass tube about 
12 inches long. The inside diameter of the tube 
should be about 38 inch so that it may be threaded 
to take a thumb screw. A hole is drilled through 
the tube about inch from the end so that the 
welding rod may be inserted. The thumb screw 
is then turned into the end of the rod until it makes 
contact with the welding rod so as to hold the weld-

Fig. 3. The above diagram shows one method which may be used i 
mounting a reactance coil connected for use as a low power welder. 

ing rod firmly in place. A handle is then placed 
on the brass rod and the electrode holder is ready 
for use. The welding cable may be attached by 
means of a heavy clip. 

WELDING EQUIPMENT 

An inexpensive welder may be constructed for 
operation on 110 volts A.C. as shown by Fig. 3. 
This welder although not large enough for heavy 
work may be used for soldering, light brazing, or 
welding. 

This welder consists of a reactance coil which 
serves the purpose of reducing the line voltage 
something like a resistance unit, but it has the 
advantage of helping to stabilize the arc. 

The core for the reactance coil is constructed from 
strips of transformer iron. Strips 15/2 inches by 6 
inches are stacked inches high, so as to form a 
core 13/2 inches by 172 inches by 6 inches. This 
gives a core area of 25/4 inches. The core may also 
be constructed of strip of different widths, as long 
as the approximate area of 234 inches is maintained. 
As an example, strips of 1 inch wide may be used 
by stacking them 234 inches high, or strips 2 inches 
wide will give the proper area when stacked 
inches high. 

The core should be equipped with end collars 
of insulating material such as fiber or wood. The 

e 
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e 
larly to automotive batteries of the lead and acid 
type. and to nickle-iron storage batteries which are 
so extensively used for operation of electrical 
vehicles, and in train lighting, and various classes 
of signal work. 

However, a great many of the principles and rules 
can also be applied to larger storage batteries 

of the lead plate type, which are used in power plant 
work and which have been generally explained. 
A good understanding of the material covered in 

this Section can be of great value to you in various 
classes of electrical work, such as telephone, tele-
graph, railway signal, farm lighting, radio, automo-
tive, and power fields. 
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ELECTRIC WELDING OFFERS OPPORTUNITY 

FOR FULL TIME OR SPARE TIME JOBS 

Among the many uses we have for electricity 
today, Electric arc-welding may be classed as one 
of the most important. Electric welding is being 
used more and more each day, and it is rapidly 
replacing other methods of welding. 

In addition to arc welding, we also have Elec-
tric spot welding and butt welding. All methods 
are valuable for various uses, but arc welding is 
generally used for erecting steel buildings, con-
structing heavy machinery, and repairing broken 
metal parts. 

WELDING POWER 

it Direct current has been generally accepted as 
better than alternating current for welding pur-
poses. However, A. C. may also be used quite 
satisfactorily. 

The voltage required for welding may vary 
between 20 and 60 volts, with an average between 
30 and 40 volts. The current will vary from a 
minimum of 25 amperes to 600 amperes or more. 

The welding arc is drawn lietween the metal to 
be welded, and a metal electrode, or between the 
metal and a carbon electrode. When a metal rod 
is used the process is called METALLIC ARC 
WELDING. When a carbon or graphite rod is 
used for one terminal of the arc the process is 
known as CARBON ARC WELDING. 

For "metallic arc welding" work the electrode 
is simply a metal wire or rod. This rod supplies the 
filler metal as the weld is being made. Therefore, 
the rod must be renewed from time to time as the 
weld progresses. When an arc is struck between 
the work and the metal electrode tremendous heat 
is generated which will fuse both the metal to be 
welded and the tip of the electrode. Metal is car-
ried from the electrode to the metal being welded, 
and because of the tendency of the metal to flow 
from the electrode to the work, it is possible to 
perform a weld with the welding surface in a flat, 
vertical, or overhead position. In fact, the "metal 
arc welding" method is the only method by which 
metal may be succesfully deposited overhead. 

When using the method known as "carbon arc 
welding" the electrode consists of a graphite or 
carbon pencil. This method requires that a metal 
filler rod be supplied to the arc as the weld 
progresses. 
The metallic electrode method is more exten-

sively used because the metal deposited is more 
likely to be homogeneous or uniform and the ap-
pearance of the weld is smoother and more 
desirable. 
The carbon arc method may be used for making 

welds where appearance is not important, but prob-
ably the greatest use for the carbon arc is cutting 
or melting away excess metal. 

THE WELDING ARC 
As previously explained, the arc may be formed 

with either alternating current or direct current, but 
D. C. is the more desirable form of current. 
When using A. C. there is no difference which 

lead from the power is connected to the electrode, 
since the electrode will be negative half of the time 
and positive the other half of the time. 
When using D. C. the positive lead from the 

power is usually connected to the metal being 
welded, and the negative lead is connected to the 
welding electrode. However, in case very thin 
metal is being welded it is sometimes desirable to 
reverse the connections and make the welding elec-
trode positive. 

Electrode 
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Fig. 1. Diagram of the welding arc. 

Practice seems to indicate that there is a greater 
amount of heat concentrated on the metal connected 
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It has already been mentioned that the electrolyte 
in these cells should be renewed approximately once 
every six or eight months, or after the cells have 
been charged and discharged about 30O times. 

The cells should be refilled with standard refill so-
lution obtainable from the Edison Storage Battery 
Company. Don't pour out the old solution until you 
have received the new and are ready to refill the 
cells with it, as they should not be allowed to stand 
empty. 

When renewing the electrolyte, first completely 
discharge the battery at normal rate to zero and 
then short-circuit it for one or more hours. This 
is done to protect the battery elements. Next pour 
out half the solution and shake the cell vigorously, 
and then empty the balance. 
Never rinse the cells with water but instead use 

only the old solution. Never use a galvanized funnel 
or one that has soldered seams, or anything else of 
this nature in handling solution for these batteries. 
Glass, enamel ware, or plain iron funnels and uten-
sils should be used. 

Under good operating conditions and with proper 
care the total life of these cells should be somewhat 
over 1000 complete cycles of charging and dis-
charging. When the electrolyte level becomes too 
low due to evaporation these cells should be refilled 
with pure distilled water, the same as used for lead 
plate storage cells, except that it is well to use 
water that has not been exposed to air for any 
length of time, but which has instead been kept in 
a corked bottle or sealed container after distilling. 

The level of the electrolyte in nickle-iron cells can 
be conveniently tested by lowering a XI inch di-
ameter glass tube vertically into the filler opening, 
until its lower end touches the tops of the plates. 
Then, by placing the finger tightly over the top end 
of this tube, it can be raised out of the cell and 
will hold a small amount of the electrolyte at its 
original level inside of the tube. 

This level can be measured from the bottom of 
the tube, thus determining the height of the electro-
lyte above the plates. 

A small piece of rubber tubing fitted tightly 
around the top end of the glass tube helps to pro-
vide a better air seal when the finger is placed 
again st it. 

The metal containers of nickle-iron cells must be 
kept carefully insulated from each other at all times 
or there will be a small leakage of current betweet, 
them, and the cell containers may become puno 
tured due to electrolytic action. 

The cells and their trays should be kept well 
cleaned and free from collections of dirt and mois-
ture. They can be cleaned by blowing with com-
pressed air, or with a steam hose, but the steam hose 
should not be used on the cells while they are 
located in their compartments. 

It is a good plan to coat the tops of these cells 
with a light coat of rosin-vaseline which has been 
warmed to about 180°, and thinned to paint con-
sistency with benzine. This material can be applied 
with a small paint brush. The outsides of the cell 
containers should be kept painted with some good 
alkili-resisting insulating paint. Nickle-iron bat-
teries should not be operated at temperatures above 
120° F. 

Nap 

53. LOCATION AND CONNECTIONS 

When locating nickle-iron cells in storage or car-
rier compartments, the compartments should be 
lined with wood and constructed to afford ample 
ventilation, good drainage, and ease in cleaning. A 
compartment should be provided with slots about 
an inch wide, running the full length under each 
battery tray where bottomless trays are used, and 
between the trays when trays with bottoms are used. 
These slots are for ventilation. 
Openings should be provided in the sides of com-

partments above the highest point of the battery. 
These openings should have a total area slightly 
greater than the total of the bottom openings and 
they should be located to keep out as much dirt and 
water as possible. 

If the battery is used out-of-doors in cold climates 
these openings should be closed during cold winter 
weather. 

Nickle-iron cells can be connected in series or. 
series-parallel, the connections being made and 
tightened under the nuts provided on the top of 
the terminal poles. Regular steel jumper connectors 
with terminal lugs are provided with batteries of 
this type. These lugs seat firmly on the terminal 
posts if the steel jumper wires are properly bent 
and shaped to allow them to. 
The lugs should never be driven or hammered 

into place, but should have their jumpers so shaped 
and adjusted that the lugs slip easily in place where 
they can be securely locked by means of the nuts. 

It is good practice to slightly grease the threads 
on the terminal posts, after the lugs are in place and 
before the nut is put on. Make sure that all contact 
surfaces between terminal posts and lugs are clean 
before making connections, and always see that all 
connections are kept tight and clean. 
For removing these connector lugs after they have 

been forced tight with the terminal nuts, a small 
disconnecting jack or terminal puller is shipped 
with each battery. This jack can be placed straddle 
of the terminal post so that it engages the lug and 
will then pull the lug loose if the screw of the jack 
is turned. 
One should be very careful never to handle flames 

of any kind around these cells when they are charg-
ing or discharging, as explosive gases are liberated 
from the cells during these periods. 
The material covered in this Section on Storage 

Batteries of common types has been applied particu-

e 
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After about 300 cycles of charge and discharge 
the electrolyte gravity tends to become lower, and 

1.0, the old solution should be emptied out and replaced 
with new solution of the correct gravity. 
During charge the chemical reactions in Edison 

storage cells are as follows: The nickle hydrate or 
active material of the positive plate becomes oxi-
dized and is changed to nickle oxide; while the iron 
oxide or active material of the negative plate is re-
duced to metallic iron. 
Thus, for practical purposes, the charged positive 

plate can be considered to consist of nickle oxide 
(Ni02) and the charged negative plate consists 
of pure iron (Fe). 
During discharge some of the potassium from the 

electrolyte in the cells unites with the nickle oxide 
of the positive plate and reduces it to a lower oxide 
of nickle (Ni304), and some of the oxygen unites 
-.vith the pure iron, changing it to iron oxide 
%Fes 04 ). 
When the cell has been discharged these actions 

.:an be reversed and the plates and electrolyte both 

...hanged back to their original charged condition, 
by passing current through the battery in the direc-
tion opposite to the flow during charge. 

50. CHARGING NICKLE-IRON CELLS 

The charging voltage required for Edison bat-leteries is from 1.7 to 1.85 volts per cell. These bat-
teries can be conveniently charged by means of the 
constant current system, or with the batteries con-
nected in series to the source of direct current of the 
proper voltage. 
They are also sometimes charged by the constant 

potential or parallel method, but the handling of this 
system is very critical, because if the generator volt-
age rises at all above 1.7 volts per cell there will be 
a very heavy current surge through the battery, 
which may cause it to overheat. 

External series resistances are sometimes con-
nected in series with each battery when they are 
to be charged by the constant potential or parallel 
method. These resistances serve to limit the cur-
rent flow and prevent heavy surges and charging 
current through the batteries. 
The open circuited voltage of a fully charged Edi-

son storage cell is about 1.5 volts per cell, but this 
falls off very rapidly as the rate of discharge is in-
creased so the average discharge voltage of a well-
charged cell is about 1.2 volts. 
When the voltage drops to .9 volts per cell these 

batteries are considered to be discharged and should 
be put back on the charging line again. In many 
installations of batteries of this type they are re-
charged as soon as the voltage falls to 1 volt per 
cell. Nickle-iron storage batteries can be completely 
discharged, however, without damaging the plates 
as occurs with lead plate batteries. 
While a hydrometer is of no use to indicate the 

state of charge of the nickle-iron storage cell, it 

should be used occabiona I ly to check the specific 
gravity of the electrolyte to determine whether the 
solution should be changed or not. 

As previously mentioned, the gravity of the elec-
trolyte gradually becomes lower with repeated 
cycles of charging and discharging, and when this 
gravity drops as low as 1.160 it should be changed 
and renewed with 1.200 gravity electrolyte. 

Edison cells should not be operated with electro-
lyte of lower gravity than 1.160, or they become 
sluggish and lose capacity and are also subject to 
breakdown on severe service. 

Caution: When using a hydrometer to test the 
specific gravity of the electrolyte in nickle-iron cells, 
if this device has been used with lead plate cells 
be sure that it is free from all traces of acid. Be 
careful never to use with Edison cells any utensils 
that have been used with sulphuric acid, as even a 
slight amount of acid may cause serious trouble 
or ruin the cells if it gets into the alkaline electrolyte 
solution. 

51. INTERNAL RESISTANCE AND 
EFFICIENCY 

The internal resistance of nickle-iron cells is ap-
proximately three times as high as that of lead stor-
age cells of the same capacity and voltage, and will 
cause a voltage drop of about 7% of the open cir-
cuit cell voltage when the cell is discharging at the 
five-hour rate. 
Edison cells have a rather peculiar temperature 

characteristic in that their capacity falls off very 
rapidly when they are operated at cell temperatures 
below about 50° F. Under normal conditions, how-
ever, the charge and discharge action generally 
keeps the internal temperature of the cells consider-
ably above this point, particularly if the batteries 
are enclosed in a box with temperature insulation 
when they are to be used in cold places. 
The efficiency of nickle-iron cells is considerably 

lower than that of lead storage cells, so they require 
considerably more current in ampere hours to 
charge them than can be obtained from them during 
discharge. 
Their efficiency is about 60% in ordinary opera-

tion. This lower efficiency is more than made up 
for, however, by the many other advantages previ-
ously mentioned which these cells have over lead 
plate batteries. 

52. CARE OF NICKLE-IRON STORAGE 
CELLS 

In order to give the most satisfactory service 
nickle-iron storage cells should be recharged often 
enough to keep their voltage above .9 volt or 1 volt 
per cell, and will give still better service if used in 
such a manner that they can be given frequent 
boosting charges at intervals between the discharge 
periods, in order to keep the voltage up nearly to 
the full charged value. 
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The assembled positive and negative groups or 
cell elements are then placed in containers of nickle 
plated steel with welded seams. Thin sheets of 
hard rubber are placed between the elements and 
the metal container to act as insulators, and after 
slipping a hard rubber washer down over each ter-
minal the metal covers are welded permanently in 
place on the containers. This permanent closing of 
the cell is possible because of the very long life of 
the cells, and due to the fact that they require 
practically no mechanical servicing or attention 
throughout their life. 

The sides of these containers are corrugated to 
give maximum strength with light weight material. 
The terminal posts are insulated and sealed into the 
cover by means of rubber gaskets. 
The cell tops are fitted with combination check 

valves for allowing the escape of gases formed in 
the cell, and a filler cap which can be opened to add 
distilled water to the electrolyte or to change the 
electrolyte when necessary. 

Fig. 49 shows an excellent sectional view of a 
complete Edison alkaline or nickle-iron cell. Note 
carefully the arrangement of all the parts, and the 
general construction of this cell. 

The completed cells are filled with a solution of 
potassium hydroxide and water, the specific gravity 
of which should be 1.200. This electrolyte doesn't 
attack iron or steel the way sulphuric acid does, and 
it is thus possible to use the steel containers and ob-
tain a much more ruggedly built battery. A group 
of cells of the desired number are commonly as-
sembled in trays or frames for convenient handling. 
The voltage of Edison nickle-iron storage bat-

teries when fully charged is 1.2 volts per cell which 
you will note is a little lower than that of lead plate 
storage cells. 

48. ADVANTAGES OF NICKLE-IRON 
CELLS 

The Edison cell has a number of decided advan-
tages, however, which make it much more suitable 
for many classes of work than lead plate storage 
cells. 
Some of these advantages are as follows: 
The all-metal construction provides a cell of maxi-

mum mechanical strength and durability, and the 
construction of the plates makes them much more 
rugged and able to stand severe vibration, such as 
batteries are subjected to when used on electrical 
vehicles or in train lighting service. 
The electrolyte, being of a non-acid nature, will 

not corrode any of the metal parts of the battery 
or other metal parts on which it might be spilled. 
Neither does this alkaline electrolyte solution at-
tack or use up the active material of the plates when 
the battery is not in use, as does occur with lead 
plate storage batteries if they are not frequently re-
charged. For this reason Edison cells can be left 
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Fig. 49. This excellent cut-away view clearly shows the construction 
and parts of an Edison nickel-iron storage cell. Note the very rugged 
construction throughout, and also the strong sheet metal container 
used with these cells. (Courtesy Edison Storage Battery Co.) 

standing idle for long periods in a discharged condi-
tion without injury. 

These cells can be reversed and charged back-
ward, or can be charged and discharged at very 
heavy rates, or even short-circuited without injury. 
The active material of the plates, being encased in 
steel tubes and pockets, doesn't shed so these cells 
do not have to be dismantled for plate repairs or 
cleaning out of sediment. 

Another great advantage is that the plates of Edi-
son cells are not subjected to warping and buckling 
under excessive current rates, and, being equipped 
with hard rubber separating strips, it is almost im-
possible for them to become short circuited as so 
often occurs with plates of lead and acid storage 
batteries. 

49. CHARGE AND DISCHARGE ACTION 

The basic principle of the Edison cell is the re-
duction and oxidation of metals in an electrolyte 
which doesn't combine with or dissolve the metals 
or their oxides. Due to this fact the specific gravity 
of the electrolyte is always constant whether the 
cell is in a charged or discharged condition. 
Hydrometer readings are, therefore, of no use in 

determining the state of charge of Edison storage 
cells. 
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curate records of the amount of energy flow during 
charge and discharge, and to enable the operator to 
see that the right amount of charge is given both on 
normal charging and for the periodic overcharges. 

47. EDISON NICKLE-IRON STORAGE 
CELLS 

Edison storage cells differ from lead plate storage 
cells in that no lead is used in their construction; 
nickle being used for the positive plates and iron 
for the negative. The electrolyte is also different 
and instead of using sulphuric acid the Edison cell 
uses an alkaline solution of potassium hydroxide 
and distilled water. 
The positive plates for these cells consist of a 

layer or group of perforated steel tubes 34 inch in 
diameter and 434 inches long, which are filled with 
alternate layers of nickle hydrate and pure flake 
nickle. The nickle hydrate is a green colored pow-
der-like compound and is the real active material 
in the positive plates, while the flake nickle is put 
in to improve the electrical conductivity and reduce 
the resistance of the nickle hydrate. 
These two materials are packed into the thin per-

forated steel tubes under high pressure. The tubes 
are then banded with eight equally spaced steel 
rings which fit tightly around the thin walled tubes, 
reinforcing and strengthening them, and preventing 
them from bulging with the tendency of the active 

*material to expand. 
The proper number of these tubes, according to 

the size of the plates and cell, are then clamped in 
a steel frame to make up the plate. For plates 

4111 
gar-

Fig. 47. This excellent photo view clearly shows the construction of the 
...aitive plate and individual positive tube for an Edison nickel-iron 
storage cell. Note the rugged construction of these parts. (Courtesy 

of Edison Storage Battery Co.) 
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Fig. 48. 48. Photo of complete negative plate and one separate negative 
pocket used in nickel-iron storage cells. The active material is con-
tained within these pockets which are all grouped together in a steel 
frame. (Courtesy of Edison Storage Battery Co.) 

longer than inches two or more sets of tubes 
are arranged end to end and held in a nickle plated 
steel frame, as previously explained. 

Fig. 47 shows a complete positive plate for an 
Edison storage cell and also one of the separate 
positive tubes from which the plate is made up. Note 
the manner in which the tube is constructed of a 
spirally-wound, thin steel ribbon, and also note the 
numerous small perforations to allow the electro-
lyte to penetrate through the active material in the 
tube. 
The negative plates in Edison storage cells consist 

of a group of perforated flat steel pockets which 
are filled with iron oxide as the active material of 
these negatives. Iron oxide is also cominonly called 
"black iron rust". 
A group of these small pockets are then arranged 

edge to edge and clamped in a steel frame to make 
up the complete negative plate, as shown in Fig. 48. 
These positive and negative plates are then assem-
bled in groups by clamping them securely on a 
threaded steel rod with nuts which draw them tight, 
the plates being equally spaced by means of steel 
washers between their lugs where they attach to 
the rod. A vertical terminal post is also securely 
attached to this rod. 

The positive and negative plate groups are then 
meshed together similar to those of lead plate stor-
age cells, except that in the Edison cells slender, 
hard rubber rods called "pin insulators" are placed 
vertically between the positive and negative plates 
to act as separators and insulators. 
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The following is a list of tools and equipment 
needed for a small shop: 

1 10 or 20 battery Tungar charger 
1 battery steamer and still 
1 lead burning outfit 
1 plate burning rack 
1 hot-plate and compound pot 
1 6-in. vise 
1 low-reading voltmeter (Cadmium type) 
1 temperature correction thermometer 
9 hydrometers 
1 pair of terminal tongs 
2 pair nut pliers 
1 10-in, screw driver 
1 6-in, screw driver 
1 battery carrier 
1 putty knife 
1 Cherokee tool for reaming down size of tap-

ered posts 
1 set of post builders 
1 set of steel number stamps 
1 set of positive and negative stamps 
1 paint brush 
2 wire scratch brushes 
1 separator trimmer 
1 triangular lead scraper 
2 Vixen lead files 
1 pair of end cutters 
1 drill press and drills Y2", 5/8" and 
1 plate press 
1 high-rate discharge set 
1 cycling set 
1 acid container 
1 funnel. 

Other tools such as saw, hammer, etc., will be 
found convenient. If a lead pot is used to melt lead 
for molding posts, straps, etc., in the shop, a set of 
assorted molds can be added. 

Battery plates, separators, posts, straps, battery 
jars and cases, etc., can all be purchased from any 
regular battery supply company. 

If you plan to open a shop of this kind at any 
time, remember at all times that courtesy, prompt-
ness, and first class workmanship are the essentials 
in building up trade and holding customers once ob-
tained. 
A sign on your place of business and some dis-

play of your work or supplies, along with some 
novel window attraction in the front of the shop, 
are great helps in getting attention and business. 

Small ads placed in the local newspaper or little 
folders left at the homes of car owners in the local-
ity will also help obtain business. 

In many cases co-operative arrangement can be 
made with other local garages which may not have 
a battery shop, they sending their customers who 
need battery service to you, and you sending your 
customers who need general ignition or mechanical 
çervice to them. 

46. GENERAL 

Most of the material on lead plate batteries so 
far covered has been applied to the common 
small storage battery, such as used by the millions 
for automotive and radio work, as this is the field 
in which you will be most likely to have opportun-
ity to make profitable use of storage battery knowl-
edge. 

However, it is well to keep in mind that there 
are numerous installations of large lead plate stor-
age cells in power plant batteries, and that most of 
the general information covered in this Section can 
be applied to these batteries also. 

Large cells such as shown in Fig. 2 and having 
plates with a surface area of several square feet 
are quite commonly used. These plates are gen-
erally set on porcelain bars or insulators laid in the 
bottom of lead-lined wood boxes. 

Dozens or hundreds of these huge cells are then 
connected in series or series-parallel by means of 
heavy lead bus bars or lead coated copper cables, 
and kept in well-ventilated battery rooms at power 
plants or substations where they are used. 
Such batteries are generally kept charged by 

means of motor-generator sets supplying D. C. at 
the proper voltage. In some cases the batteries are 
kept normally connected across the D. C. power 
busses, so that they are kept constantly charged up 
to the bus voltage, and ready to supply or feed cur-
rent to the busses and load, as soon as any failure 
of the generators or any voltage drop on the system 
occurs. 

In other cases special motor-generator sets known 
as boosters are kept connected to the batteries and 
are equipped with special relays or field connections 
so that they start charging the batteries at any time 
their voltage drops a certain amount. 
Some large battery installations are equipped with 

additional cells known as end-cells, which can be 
manually or automatically cut in series with the 
main group as the voltages of the main battery 
drops slightly during discharge. By cutting in these 
end-cells one at a time the line voltage can be kept 
constant. 
When charging batteries equipped with end-cells 

the steps of the switching process are just reversed, 
and the cells cut out one at a time after each has 
been charged the right amount. This gives the 
longest charge to those cells which were longest 
in service. 
The voltage, electrolyte gravity, and the tempera-

ture are all kept carefully checked on such large 
battery installations. 

It is well to give any storage battery about 10 to 
15 per cent overcharge at regular periods to keep 
them in best condition. 

Reversible ampere-hour meters are often used 
with batteries in power plants, farm lighting plants, 
emergency lighting installations. etc., to keep ac-
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to cool them, repeating this as long as they tend to 
heat, and then drying them thoroughly. 

6. If the old separators are wood they should be 
discarded; if rubber they may be saved if they are 
in good condition. Clean the cell covers and all 
parts thoroughly and allow to dry. 

7. When plates are perfectly dry put the positive 
and negative groups together, using cardboard in-
stead of regular separators, and replace them in the 
jars or case in their proper positions. 

8. Replace covers and vent plugs but do not seal 
the covers. Store in a dry place until ready to be 
put into service again. 

9. To put the battery in service install new sep-
arators and reassemble the plate groups in the cells, 
replace the covers and seal them. Fill the cells with 
1.320 specific gravity electrolyte, and allow the bat-
tery to stand for ten to twelve hours before putting 
it on charge. Then place the battery on charge at 

Fig. 46 Several di: e7ent styles of no'sts cutlers or trimmers for clipping 
o.. the tops of battery posts. 

the normal rate of 1 ampere per positive plate until 
the gravity stops rising and remains stationary for 
five hours. At the end of the charge the gravity 
should be between 1.280 and 1.300. If the gravity is 
not between these limits it should be adjusted by 
withdrawing some of the electrolyte and replacing it 
with 1.400 electrolyte if the gravity is too low, or 
with distilled water if the gravity is too high. 
For placing a batiery in wet storage, first give it 

a complete charge and then remove it from the 
charging line, and clean the outside of the battery 
thoroughly. Apply vaseline or light cup grease to 
the terminals and check the level of the electrolyte, 
adding distilled water if necessary. 

Store the batteries on dry shelves, allowing a 
little air space between each battery and the next. 
Once each month replace with distilled water any 
electrolyte lost by evaporation and then give the bat-
tery a charge in the usual manner. 

Before putting back in service batteries which 
have been in wet storage give them a thorough 
charge and make a high rate discharge test. 

44. CHARGING NEW BATTERIES 
After the parts for a new battery have been as-

sembled and the battery is ready to be charged the 
procedure should be as follows: 

First fill the battery with 1.250 specific gravity 
electrolyte. If stronger electrolyte is used the plates 
may overheat and become damaged. 

After filling let the battery stand from six to 
twelve hours to allow the electrolyte to soak well 
into the plates and separators. 
Next put the battery on charge at 1 ampere per 

positive plate. (5 amperes for 11-plate batteries, 6 
amperes for 13-plate batteries, etc.) Keep the bat-
tery on the charging line until the voltage reaches 
from 2.4 to 2.5 volts per cell, with voltage test being 
made while charging. This voltage indicates that 
the active material on the positive plates is pure lead 
peroxide and that on the negative pure sponge lead. 
A gravity reading at this stage would be slightly 
below 1.250 if wet separators were used in assem-
bling the battery. 
The next step is to "set" the gravity by emptying 

out the electrolyte and replacing it with an equal 
amount of 1.350 specific gravity electrolyte. Then 
put the battery back on charge at 1 ampere per posi-
tive plate to equalize the electrolyte, and take the 
gravity reading after the battery has been on the 
charging line 30 minutes. The gravity should then 
be between 1.280 and 1.300. If it is below 1.280 
withdraw some electrolyte and replace it with 1.400 
specific gravity acid and put the battery back on 
the charging line again for 30 minutes, before tak-
ing another reading. If the gravity is above 1.300 
remove some of the electrolyte and replace it with 
distilled water. 

Correcting the gravity of a battery in this man-
lier is sometimes known as "balancing", and it can 
be done while the battery is on the line and 
charging. 
When the battery is ready to be removed from 

the line each cell should have a voltage of 2.4 to 2.5 
volts, and the gravity should be between 1.280 and 
1.300. Caution: Be sure that the battery is charg-
ing at the correct rate when making a voltage test. 
Otherwise the above mentioned voltages will not be 
obtained. 

45. SHOP EQUIPMENT 
You may desire at some later date to start a shop 

and enter into a battery repair business of your own. 
It doesn't require a great deal of capital or material 
to start a shop of this kind. 
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Fig. 44. Above are shown two types of strap or connector molds for 
molding lead straps of different lengths to be used in connecting 
together the sepaiate cells of automotive battedes. 

Fig. 43 shows several terminal posts which have 
been cast from lead and are ready for attaching to 
plate groups. The one on the upper left is a plain 
post for a positive group, and the one on the upper 
right a plain post for a negative group. The one 
shown below is called a "threaded type post" and 
has a cast lead nut which screws down on top of 
the cell cover after it has been slipped over the post. 

Battery terminal posts and connector straps can 
be purchased from various battery supply houses, or 
they can be molded and cast from hot lead by means 
of special molds right in the battery shop. 

Fig. 44 shows two types of strap molds, the one in 
the upper view being made for molding single straps 
of a certain length and the gang mold in the lower 
view is made for molding straps of three different 
lengths. 

These molds are simply clamped in a vise in an 
upright position and the molten lead poured from a 
lead ladle into the funnel-shaped openings at the top 
of the mold. 

When the mold is full and the lead has been given 
time to cool enough to set or harden, the mold is 
then removed from the vise or clamp and pried care-
fully apart. The straps can be removed by tapping 
on the back of the mold, or by prying up the filler 
tips and pulling them out with a pliers. 

Carbonizing or blackening the surface of the mold 
with a plain gas flame torch will help to remove the 

straps more easily and prevent them sticking in the 
mold. 
The upper view in Fig. 45 shows a combination 

mold for casting threaded posts and lead nuts to go 
with them, while the lower view in this figure shows 
a simple mold for pouring straight slender bars of 
lead which are used for filling strap lugs and making 
cell connections. 

Fig. 46 shows several types of post cutters which 
are used for trimming off the tops of battery posts 
that are too long, in order to make them properly fit 
the strap lugs and to keep the straps down close to 
the top of the battery. 

43. PREPARATION OF BATTERIES FOR 
STORAGE WHEN NOT IN SERVICE 

There are two common ways of storing batteries 
when they are not in service, one known as the dry 
storage method and the other as the wet storage. I f 
a battery is to be taken out of service for a long 
period of time, and if it is not possible to give it a 
monthly charge it should be stored dry. 
For dry storage the following procedure should be 

taken: 
1. Give the battery a thorough charge. 
2. Remove the cell connectors and draw out the 

elements. 
3. Remove the covers from the elements and se 

arate the positive and negative groups. 
4. Immerse the plates in distilled water for 10 t 

12 hours keeping the positives and negatives 
separate. 

5. Remove the plates from the water and allow 
them to dry. If the negatives heat up when exposed 
to air they should be immersed in the water again 

Fig. 45. Above is shown a combination mold used for casting threaded 
type posts and nuts, while below is a simple mold used for casting 
plain lead bars to be used in fillirg lugs when burning on connections. 
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Fig. 42. Convenient racks of the above type are used for grouping and 
holding plates when burning on the terminal lugs on plate connectors. 

into the cup, or it may cause molten lead to be blown 
into one's face when the lead burning is resumed. 

When the post has been built up flush with the 
top of the lug or ring on the strap a very neat job 
can be done by adding a little more lead, and slightly 

4 ounding off the top of the connection. 
This is a very critical operation and requires con-

siderable skill and accuracy to avoid running the 
lead over the edge and melting down the side of the 
strap lug. Before placing this little additional cap 
on the connection it is well to let the work cool 
somewhat and brush off the top surface with a wire 
brush so that it is bright and clean. 

The very center of this spot can then be slightly 
melted with the torch and a medium sized drop of 
lead run onto it. Then by raising the torch slightly 
and using a part of the flame which is not quite so 
hot, and running this flame quickly around in a cir-
cle the drop of molten lead can be pushed out just 
to the edge of the connection, making a very smooth 
and neat-appearing cap. 

One should always be very careful not to jar or • 
move a lead burned connection until the lead has 
had time to cool and harden, or otherwise the lead 
may be caused to crystallize as it sets, making a 
very weak and high-resistance joint. 

41. CAUTION 

Extreme care should be used when working with 
a torch on batteries that have just been removed 
from the charging line, as the cells may have quite a 
little hydrogen gas under their covers. This gas 
is highly explosive, and if a flame is brought near 
the small vent openings in the cell caps it is likely to 
blow the caps or covers completely off the cell. 

It is, therefore, best to remove the vent caps and 
blow out each cell with compressed air if it is avail-

able. If no air pressure is available gas may be 
burned out by removing all vent caps, examining the 
electrolyte to see that it is below the lower edge of 
the vent hole tubes, and then using a soft flame with 
all, oxygen turned off. 

Standing at arm's length from the battery direct 
this flame into each vent hole for a second or two, 
and any gas will be safely burned out. 

After the gas has been removed in this manner the 
battery may be safely worked upon. It is good pol-
icy, however, to have all vent plugs out when using 
a flame on the top of a battery, even after the gases 
have been removed, because it is still possible that 
some additional gas might form within the cells. 
This same precaution of removing vent caps should 
also be observed when batteries are placed on a 
charging line, or otherwise the hydrogen gas gen-
erated while they are charging may be ignited by a 
spark at one of the clips or charging connections. 

Battery rooms in which large power plant batter-
ies are located, or rooms in which a large number of 
small batteries are being charged or plates being 
formed, should always be kept well ventilated to 
avoid the accumulation of large quantities of hydro-
gen gas and the danger of serious explosions. 

42. ASSEMBLING PLATE GROUPS. MOLD-
ING STRAPS AND POSTS 

The lead burning torch is also used when assem-
bling plate groups, for welding on or attaching the 
terminal posts to the tops of the plate lugs. 

Fig. 42 shows a burning rack used for spacing and 
holding the plates in a vertical position while the 
terminal posts are burned on to them. The small 
square bars shown beneath this rack are used for 
lengthening the lugs on plates, by laying the plate 
flat on a piece of hard asbestos or similar material, 
and using the little bars around the lug as a form in 
which to melt additional lead and run it together 
with the lead of the plate lug. 

Fig. 43. Plain and threaded terminal posts and plate connectors for 
attaching positive and negative plates together in groups. 
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r8 t 0 72 inch in length, with its tapered sides fairly 
straight or slightly full, and its tip very slightly 
rounded. 

If too much oxygen is admitted the blue flame 
becomes very small and sharp-pointed as shown at 
"D" in Fig. 40, and the flame will be too hot and 
will tend to oxidize the lead. Admitting still more 
oxygen will often cause the flame to blow complete-
ly out on the ordinary small lead burning torch. 

\\Then the flame is correctly adjusted as at "C" in 
Fig. 40, it is then ready to use for lead burning. 
The hottest part of the flame from a torch of this 

kind lies just beyond the tip of the blue cone, so the 
flame should be held in such a position that the blue 
cone almost touches the surface of the lead to be 
melted. Experience and practice will soon show the 
correct position for holding this flame. 

It is very important to remember that to perform 
a good lead burning job all of the lead surfaces that 
are to be welded together must be absolutely clean 
and free from dirt, scum, or grease of any kind. 
The inner surface of the openings in the connector 

straps can be cleaned and also reamed to fit the 

1 

Fig. 41. Above is shown a convenient type of combination lead scraper 
and reamer, and below is a wire brush such as used in connection 
with lead burning on storage batteries. 

posts by means of a hand reamer, such as shown in 
the upper view in Fig. 41, while the tops of posts and 
various other surfaces can be cleaned with a wire 
brush, such as shown in the lower view in Fig. 41, 
or with a coarse file. 

40. PROCEDURE FOR BURNING A CONNEC-
TION 

Before starting to burn a connector strap in place 
on the terminal posts of a battery one should see 
that the tops of the posts properly fit the circular 
lugs of openings in the strap ends, so that there are 
no large openings between the post and strap, or 
otherwise the molten lead will run through on to the 
ton of the battery. 

Ile top of the post should project only about half 
way up through the opening in the strap. If the 
crack around the edge of the post is practically 
closed or only very small, the top of the post can 
be softened with a torch flame, and by pointing the 
tip of the flame into this corner between the post 
and strap and working the flame round and round 

in the cup-like depression, the lead of the post and 
strap will be melted and run together in a smooth, 
rounded joint. 

The torch should then be removed quickly by rais-
ing it straight up. Additional lead melted from the 
tip of a slender lead filler stick or bar can now be 
run into the cup to build up the post a little at a 
time, thoroughly welding each added bit of lead to 
the top of the post and to the strap. 

Right here is a point on which many inexperienced 
battery men fail to produce a good lead burning job. 
A good permanent connection can be made only by 
having the built up top of the post and the upper 
half of the strap connection melted together as one, 
so it will not do at all to merely run or drip hot lead 
from the "filler stick," or bar, onto the hardened or 
cold metal of the cup as the hot lead will not unite 
with cold lead that has been allowed to harden. 

There is always a slight, almost invisible, film or 
scum which forms on the surface of the lead almost 
immediately when it cools and this film will prevent 
additional molten lead from properly uniting with 
the lead beneath, making a very weak joint and one 
that offers very high resistance to the flow of cur-
rent through the battery connections. 

For this reason the surface of the lead in the bot-
tom of the cup must first be melted by momentarily 

applying the torch, before additional molten lead is. run in. This requires a sort of double operatio 

with the torch flame that can be acquired only by 
practice. 

In order to get the molten lead from the filler stick 
into the cup before the molten spot in the bottom 
cools, it is necessary to keep the torch play lug on the 
molten spot and feed the end of the filler bar into the 
flame at the same time. This requires plenty of 
practice because there is quite a tendency for the end 
of the strap to become overheated and melt down, 
making it very difficult to complete the connection 
because the solid ring or lug on the strap end is 
needed as a form or mold to hold the molten lead 
and build up a good connection. 

If the strap edge is accidentally melted down in 
this manner it is often better to remove the strap 
entirely and replace it with a new one. This trou-
ble can be avoided by being very careful to keep the 
torch flame directed into the center of the lug and 
not allow it to play for any length of time over the 
edges of the strap lug. 

It is also a good plan to build one post only part 
way up and then work on another post for a short 
time, giving the strap on the first one time to cool. 
By working from one connection to another, and 
building each one up a little at a time in this man-
lier. none of the terminals is as likely to overheat. 
Where only one or two connections are beinge„, 

worked upon the strap can be cooled occasionally by 
placing a wet cloth around it. When doing this, 
however, be extremely careful not to get any water 
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ders and used with this gas. In other cases both 
oxygen and acetylene can be purchased in cylinders. 
and the two gases used together by means of a mix-
ing valve and light weight torch, such as shown on 
the left in Fig. 38. 

On the right in this figure is shown a complete 
lead burning outfit with the exception of the gas 
cylinder. This outfit consists of the torch and mix-
ing valve, pressure-regulating valve and gage, a 
trap and valve for the city gas line, extra tips for 
the torch, and a length of small flexible rubber tub-
ing for connecting the torch to the gas cylinder and 
gas line. 

Both of the torches shown in Fig. 38 have the 
gas mixing valves with their adjusting screws at-
tached directly to the torch. Mixing valves can also 
be obtained for mounting on the bench so that one 
tube will carry the mixed gases to the torch, thus 
providing a little more flexibility in handling the 
torch. 

Fig. 39 shows a torch of slightly different type. 
with one of its tubes connected to the water trap on 
the gas line and the other tube connected to the 
pressure-regulating valve on the oxygen cylinder. 

Fig. 39. This view shows the method of connecting a lead burning torch 
to the gas cylinder and piping, and also shows the mounting of the 
pressure regulating valve on the gas cylinder. 

39. ADJUSTING THE LEAD BURNING 
TORCH 

In order to do a good job of lead burning it is 
very important to have the correct pressures and 
mixtures of the different gases. The gases which 
are obtained in steel cylinders are stored in these 
cylinders under very high pressure, and this is the 
reason for the necessity of the pressure-regulating 
valve, shown in Figs. 38 and 39. 

This valve when properly adjusted allows the gas 
to escape very slowly from the cylinder, and keeps 
it supplied at the proper pressure to the mixing 
valve and torch. When oxygen and hydrogen, or 
oxygen and acetylene are used each gas should be 

deit at a pressure of about 2 lbs. per square inch. When 
ges.using oxygen and illuminating gas the oxygen 

should be at about 10 lbs. pressure and the illumi-
nating gas at whatever pressure it is supplied, which 
is generally about 8 ounces. 

Fig. 40. The above sketch clearly shows the various steps in adjusting 
a lead burning torch. Examine each of these views very carefully. 
while reading the accompanying explanation. 

\Vith these pressures right it is a comparatively 
simple matter to mix the gases in the right propor-
tions with a mixing valve. This adjustment, how-
ever, is of the greatest importance in obtaining the 
proper kind of a flame for a good job of lead burn-
ing. 

If too hot a flame is used the lead will oxidize rap-
idly on the surface and make the welding or uniting 
of the strap and post very difficult or next to impos-
sible. If the flame is not hot enough the work is 
very slow and before melting temperature is ob-
tained at the desired points, the entire terminal may 
be heated too much by the spread of heat and may 
melt down and run on to the battery. 

The illuminating or acetylene gas is used to sup-
ply the body of the flame, and the oxygen is used 
to increase the heat of the flame. If too much gas 
or too little oxygen is used the flame will be yellow 
and will tend to carbonize and blacken the surface 
of the lead, making the burning or welding job very 
difficult. A plain gas flame doesn't give sufficient 
heat for this work. 

If too much oxygen is used the flame will be too 
hot and the excessive heat and excess of oxygen will 
tend to oxidize the surface of the lead, giving it a 
yellow or sort of rainbow color, and producing a 
wrinkled and rather tough skin on the surface. 
When a torch is first lighted with only the gas 

turned on, the flame will be long and yellow, with a 
soft brushy tip shaped as shown at "A" in Fig. 40. 
Then when the oxygen is first admitted, by means of 
the mixing valve, a slender blue flame will appear 
within the yellow flame near the tip of the torch, 
as shown at "B" in Fig. 40. This greatly increases 
the heat of the flame but doesn't yet produce suffi-
cient heat for satisfactory lead burning. 

As the proportion of oxygen is increased the blue 
flame gets shorter and hotter, forming a small blue 
cone which will be shaped as shown at "C" in Fig. 
40. With the ordinary lead burning torch the oxy-
gen should be adjusted until this blue flame is from 
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When either set of plates are badly worn or have 
lost considerable of their active material they should 
be replaced with new plates. Badly warped nega-
tive plates should either be straightened in a plate 
press or replaced with new ones. Granular plates 
or badly sulphated plates should also be replaced, 
unless perhaps in the case of sulphated plates the 
sulphation is not so bad but that it can be corrected 
by a prolonged charge and cycling. 
The positive plates usually wear out somewhat 

faster than the negatives, and in some cases 
where the positive plates are in very bad condition, 
and the negatives still comparatively good, a new 
set of positives may be used with the old negatives 
and considerable service obtained from a battery 
rebuilt in this manner. 
However, a battery which has had all of the plates 

replaced will be likely to give much more depend-
able and considerably longer service. A good point 
to remember in this connection is that it seldom 
pays to put back any parts into a battery if their 
life or service would be questionable, because even 
if your work is well done on the part which you 
repaired and some other part fails very shortly 
after the battery is back in service the customer is 
likely to blame your work for the failure. 

In many cases, where all the plates are in bad con-
dition, it is just about as cheap for the customer 
and much more profitable for the battery man to 
sell a new battery. This is particularly true where 
labor costs and wages are rather high and where 
factory made batteries can be obtained at low cost. 

In other cases, however, where labor costs are low 
it may pay to replace the plates and rebuild the bat-
tery, using the case or jars and covers over again. 
Where a new battery is sold to the customer the 

best of the used plates can be saved and used in re-
built batteries for loan service. A small allowance 
can be made to the customer on his purchase of a 
new battery if the parts from the old one are worth 
it. 
Very often the only thing wrong with a battery 

or the cell will be the separators, in which case they 
should all be replaced with new ones, and the cost 
of this repair job is low enough to be very practical. 

37. REASSEMBLING REPAIRED 
BATTERIES 

After repairs have been made on a battery it can 
be reassembled in the following manner. First as-
semble the positive and negative groups with the 
separators between the plates. Then place the 
groups in the jars or cell compartments of the bat-
tery case, taking care to arrange them according to 
polarity, or so that positive and negative terminals 
are in the proper position for conveniently connect-
ing the cells in series for the battery. 
When replacing the covers if there is any diffi-

culty in forcing them onto the cells the covers 
should be steamed or heated until slightly softened, 
after which they will go in place very readily. 

After the elements and covers are all in place the 
cells must be sealed with hot compound, the sealing 
compound being heated in a small pot over a gas 
flame, or in an electrically heated dipper which can 
be obtained for this purpose. 
Before pouring the compound make sure that the 

covers fit snugly all around so that no compound 
will be allowed to run into the cell and also make 
sure that all surfaces are dry, as compound will not 
stick to wet spots. 

The cover channels can be dried out by passing 
a soft-flame torch quickly and lightly over them. 

After the battery is sealed the freshly poured 
compound can be given a much neater and better 
finished appearance by passing the torch flame 
lightly back and forth over it. 

Fig. 38. On the right is shown a complete lead burning outfit, with the 
exception of the gas cylinder, and on the left is shown a larger view 
of the torch with its adjusting screws and extra tips for obtaining 
various sized flames. 
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38. LEAD BURNING 

After the cells are back in place and the covers 
sealed, the next step is to connect the cells together 
in series by means of connector straps running from 
the positive post of one cell to the negative of the 
next, attaching these straps to the terminal posts by 
a process known as lead burning. 

This is not really a burning process but merely 
refers to the melting or welding the lead of the 
straps and posts together, to make a very rugged 
and low-resistance joint that will carry the heavy 
battery currents at low voltage. 

Connections that are properly made in this man-
ner are mechanically strong and will not become 
loosened by vibration. They will also resist cor-
rosion much better than bolted connections would. 
For lead burning a small and intensely hot flame 

is required. These flames are generally obtained by 
a combination of two gases such as oxygen and 
acetylene, oxygen and hydrogen, or oxygen and il-
luminating gas. 
Compressed air instead of oxygen is sometimes'',  

used with illuminating gas or acetylene. 
Where regular city gas or illuminating gas is 

available, oxygen can be purchased in steel cylin-
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sary to open any automotive battery and these are 
as follows:— 

VI 1. Cell connectors or straps must be removed. 

2. The sealing compound and cell covers must 
be softened and removed. 

3. The elements or plate groups must be drawn 
from the cells. 
The cell connectors or straps can be removed 

from the terminal posts by means of a large drill of 
about the same diameter as the top of the post. First 
mark the exact center of the posts and connectors, 
and then using a Y2", ye, or X" diameter drill, de-
pending on the size of the post, drill about half way 
through the welded or burned-on portion of the 
strap and post connection, as illustrated in Fig. 35. 
The connector straps can then be easily removed 

by means of a heavy pair of gas pliers. 

Another way in which these connector straps are 
often removed is by using a lead burning torch to 
melt or soften the top of the strap directly over the 

Fig. 36. This view shows a convenient type of cell puller used for 
lifting plate groups or elements from cell jars when taking down a 
battery for repairs. 

post connection, while keeping an upward pressure 
exerted cn the strap by prying from underneath 
with a screw driver. 
As soon as the top of the strap has become melt-

ed or softened about half way through it will re-
lease from the post and pry upward. 
The sealing compound and covers can be softened 

and loosened by heating or steaming. This is usu-
ally done by means of a regular battery steamer, 
such as shown in Fig. 35-A, and which supplies 
steam under low pressure through several rubber 
tubes which can be inserted into the cells through 
he vent openings. 
This method requires from five to ten minutes to 

soften the compound so that the cell covers can be 
removed and the elements taken out. The device 

shown in Fig. 35-A is a combination steamer and 
still. 
By boiling water in this container placed over 

the gas flame, pure distilled water can be obtained 
from the hose on the right, which is shown placed 
in the top of the glass jar, and the unit also supplies 
steam from the tubes on the left for opening bat-
teries. 
When not in use for opening a battery these 

steam tubes can be shut off by means of small cocks 
or valves, and the steam allowed to condense in the 
upper part of the still and drip from the right hand 
tube into the jar in the form of distilled water. 
The compound can also be softened by lightly 

playing a soft torch flame over the top of the bat-
tery in case no steamer is available. 
When opening a battery it is not necessary to re-

move all of the electrolyte from the cells, but it is 
advisable to drain it down to the top of the sep-
arators by means of a filler syringe or hydrometer, 
as the steam process will add some distilled water 
to the cell and might cause it to overflow if the elec-
trolyte level was high. 

After softening the compound the elements, in-
cluding the covers, are removed by taking hold of 
the cell posts with two pairs of pliers or with a reg-
ular cell group puller, such as shown in Fig. 36, and 
pulling upward. The elements can then be left set-
ting in a slanting position on top of the jars, to per-
mit them to drain and allow the electrolyte which 
runs from them to drip back into the jars. 

After draining all compound should be carefully 
cleaned off from the covers and jar tops by means of 
a heated putty knife or scraper, both of which are 
shown in Fig. 37. 

PUTTY KNIFE 

SCRAPER 

Fig. 37. A putty knife and scraping tool such as shown above are very 
convenient tools for removing or trimming sealing compound on 
storage batteries. 

36. REPLACING DEFECTIVE PLATES AND 
SEPARATORS 

After the elements are removed and the positive 
and negative plate groups separated, it is easy to tell 
by examining them and the separators what repairs 
are necessary. 

If the separators are cracked, worn thin, or punc-
tured they should be replaced with new ones, and if 
both sets of plates are in good condition they may 
not need to be renewed. 
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ings where it will leak or splash out through the 
small openings in the filler or vent caps. 
Water or acid spilled on the top of an automobile 

battery tend to collect dust and create a muddy 
condition, and also tend to cause the battery ter-
minals and connections to corrode. 

Fig. 34 shows a convenient form of battery filler 
outfit consisting of an inverted one gallon glass 
bottle mounted in a carrier frame and stand which 

Fig. 34. Above is shown a very convenient type of battery filler used 
for adding distilled water to the cells of lead plate batteries for 
automotive or radio use. 

has a cork to fit the neck of the bottle, and a flex-
ible rubber tube for running the water into the cell 
openings. 
These devices provide a small stream with which 

it is easy to fill the cells and yet easy to avoid spill-
ing the water. They also permit the operator to 
see the level of the electrolyte inside the cell, which 
cannot be done if a funnel is used. \Vhen the cell 
is filled to the proper level the water can be imme-
diately shut off by merely pinching the rubber tube. 
If a cell is too full some of the electrolyte can be 
removed by sucking it out with a hydrometer, or 
with a regular syringe made for this purpose and 
having a large rubber bulb and a slender rubber 
stem. 
The operator in a battery shop should always 

encourage his customers and local automobile own-
ers to come in regularly for this inspection and 
service on their battery, as the small amount of time 
required will be much more than repaid by the 
longer and more satisfactory service obtained from 
a battery that is kept properly filled. 
A small charge can be made for this service if 

desired, or in many cases giving this service free 
will bring in a great deal of profitable battery busi-
ness in the form of other repairs from customers 
whose good will and regular patronage has been ob-
tained through this free service. 

Fig. 35. Diagram showing the method of drilling out the tops of post 
to remove connector straps when taking a battery apart. 

Another test that is commonly made on the bat-
teries while in the cars is the test of the battery 
voltage and of the specific gravity of the electro-
lyte. This test is also very easy to make with a 
portable voltmeter and a battery hydrometer. 

In many cases the car owner's battery may be 
giving fairly good service in the operation of the 
lights and starter, and yet be getting very close to 
the discharged condition, where it will fail him just 
at some time when he most needs it. 
This can be avoided by testing the voltage and 

gravity regularly and keeping the generator charg-
ing rate adjusted so that it will keep the battery 
well charged. In the Winter time these tests ar•* 
particularly useful in avoiding frozen batteries, asnale 
frozen batteries are always due to having allowed 
the batteries to operate in a nearly discharged con-
dition. 

Leaky cells, and cells with shorted plates or other 
defects can also be detected by these tests in time 
to correct the trouble before all the plates of the 
cell are ruined by sulphation, due to low electrolyte, 
or badly damaged by short circuiting. 

35. STORAGE BATTERY REPAIR 

When a battery needs to be removed from the car 
and taken into the shop for repairs one of the first 
problems in the shop is to properly open the battery 
with the least loss of time, and without damaging 
any of its parts. There are three operations neces-

Fig. 35A. Common and convenient type of battery still and steamer, 
used both for steaming and softening compound when disassembling 
batteries, and for supplying distilled water for use in mixing elec-

trolyte for refilling battery cells. 
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meats is filled nearly to the top with weak electro-
aklyte and tests made with the electrodes on each 
Wside of both partitions. 

The lamp will indicate a leak in either partition by 
lighting when the electrodes are placed on opposite 
sides of the cracked rubber wall. 

33. BATTERY CARE 

A few general rules that can be followed by the 
battery repair man and also by the car owner to 
avoid many of the common battery troubles are as 
follows: 

1. Keep the battery well charged and frequently 
test the voltage and gravity. Also keep the electro-
lyte one-fourth inch or more above the tops of the 
plates at all times. 

110 E. 

to W. LAMP 

= 

TESTING RUBBER 
CASE FOR LEAKS 

—•---- 77 : BETWEEN CELLS _ - 

Fig. 33. The above two sketches illustrate the method of testing single 
cell jars or complete rubber battery cases for possible cracks or 
leaks. 

2. Use only pure distilled water for refilling the 
battery and replacing evaporated water from the 
electrolyte. 

3. In cold weather be particularly careful to keep 
the battery fully charged to prevent its freezing. 

4. Inspect the battery every two or three weeks 
during the Winter and weekly in the Summer. Sev-
eral times a week is not too often during long, fast 
trips in hot weather. 

5. Do not allow the battery to overheat by ex-
cessive charging but instead reduce the charging 
rate either by adjusting the generator third brush 
or by burning the headlights while driving. 

6. Do not overload the battery by using too many 
extra electrical accessories or light bulbs that are IV° large. 

7. Do not use the starter excessively. 

8. Keep the battery terminals tight and free from 
corrosion. Clean off any corrosion that may have 

§pecific Gravity 
Should:cad from 1280 to .300 

Fig. 33A. This view shows the use of a hydrometer for testing the 
gravity of a battery right on the car. This test is very important 
and should never be neglected when inspecting a customer's battery. 

formed by wiping terminals with a cloth soaked in 
ammonia or strong soda water, and prevent further 
corrosion by coating terminals with vaseline. 

9. See that the generator charges at the proper 
rate to keep the battery well charged but not high 
enough to overheat it. 

10. If the gravity fails to come up to full charge 
reading when the car is in service, check the gen-
erator charging rate and increase it if necessary. 

11. Keep the top of the battery dry and clean at 
all times. 

12. Always remember to switch off the ignition 
even though the engine may have stopped due to 
stalling, and also remember to turn the light switch 
to the parking position when the car is idle at night, 
and thus prevent excessive drain on the battery. 

34. STORAGE BATTERY SERVICE 
In working in an automotive battery service sta-

tion or operating a shop of your own, there are a 
number of common repairs and service operations 
which are most frequently performed. Some of 
the most common of these jobs and the methods of 
performing them are explained in the following 
paragraphs. 

The battery service man is frequently called upon 
to inspect batteries on the cars, to determine the 
level of the electrolyte, and refill the battery with 
distilled water if necessary. This is an extremely 
simple operation but one which should be carefully 
done in order to be sure that all three cells of the 
battery are properly filled. 

As previously explained the level of the electro-
lyte should be brought up to between X and X inch 
above the tops of the plates, but care should be 
taken not to fill the cells too full, so that the elec-
trolyte will not be up to the tops of the filler open-
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Fig. 32. Two types of plate presses used for straightening negative 
plates which have been warped or buckled out of shape, but are 
otherwise in fair condition. 

the battery constantly appears weak and low in volt-
age. Sulphation may be caused by allowing the elec-
trolyte to evaporate to a very low level. It may also 
be caused by the battery never having been fully 
charged or by overrich electrolyte. 

Sulphation tends to reduce the ampere-hour ca-
pacity of the battery and in many cases causes the 
plates to warp or buckle. The only remedy for a 
sulphated battery is a prolonged charge at a low rate 
of between two to six amperes after which it should 
be cycled or discharged and recharged a couple of 
times as explained in Lesson 83. 

32. BUCKLED PLATES 

Buckled plates are quite often the cause of sep-
arator failure and defective battery operation. Warp-
ing or buckling of the plates may be due to over-
heating, over-discharging, or allowing the battery 
to stand a long time in a discharged condition. 

When the plates warp or buckle in this manner 
their corners exert excessive pressure on the sep-
arators and, due to the vibration of the battery in 
the car, will soon wear completely through the sep-
arator and short circuit the cell. 

If the negative plates are in good condition other-
wise except for being warped they may be straight-
ened by pressing them in a plate press, and put back 
into service. To straighten plates in this manner the 
positive and negative groups are separated and thin 
boards inserted between the plates of the group 
that is to be pressed. 

This whole assembly is then placed in the plate 
press and pressure applied very gradually until. 
plates are again straight and flat. Positive plates 
cannot be straightened successfully by pressing, as 
the active material cracks and drops from grids. 

Fig. 32 shows two styles of plate presses which 
are commonly used in battery shops for this work. 
Another trouble that is often caused by allowing 

batteries to become overheated is known as gran-
ular plates. When the temperature of batteries is 
allowed to become higher than 110° F. the plates 
gradually become soft, the positives loosening or 
shedding their active material and the negatives 
tending to swell up and become spongy or sandy ap-
pearing. The only remedy for granular plates is to 
replace them with new ones. 

Lead plate batteries will freeze in cold weather if 
the electrolyte is allowed to become too low in spe-
cific gravity by operating the battery in a nearly 
discharged condition. Frozen plates can be readily 
detected when the plate groups are separated as the 
active material will fall off the positive plates in 
hard flakes, having been forced loose from the grid 
by the expansion of the electrolyte when it froze. 

Frozen plates are always an indication that the 
battery was not fully charged, because it requires a 
temperature of 94° F. below zero to freeze electro-
lyte at 1.300 specific gravity. 

The only remedy for frozen plates is, of course, te 
replace them with new ones. 

Sometimes a battery will develop a cracked case 
or jars due to vibration, buckled plates, or freezing. 
The indication of a cracked case or jar is excessive 
loss of electrolyte in one cell, making it necessary to 
fill this cell more frequently than the others to keep 
the electrolyte at the proper level. 

Where a rubber case is used electrolyte will also 
be noticed on the outside of the case if it is cracked. 
Where rubber jars are used in a wood box the bot-
tom of the box will be wet with electrolyte and if the 
condition has existed for some time the wood may 
be badly rotted and softened by the action of the 
acid. 

Fig. 33 shows how to test single battery jars or 
rubber battery cases for leaks. The method shown 
in the upper sketch is used for testing a rubber jar, 
by filling the jar with weak electrolyte and immers-
ing it in electrolyte as shown. A pair of metal elec-
trodes connected in series with a 10-watt lamp and 
to a 110-volt D.C. or A.C. line are then placed as 
shown, one in the electrolyte within the jar and the 
other in the electrolyte around the jar. 

If the jar is cracked the lamp will light, but if the 
jar is good the lamp will remain dark. In making 
this test be sure to keep the upper edges of the ja\if-fb 
slightly out of the electrolyte so that the whole ja 
is not immersed. 
For testing rubber battery cases, as shown in the 

lower sketch in Fig. 33, each of the cell comport-
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Fig. 31. The above sketch shows method of using an ordinary factory 
made rheostat and ammeter for charging batteries from 110-volt 
D. C. line. The sketch below shows a home made water rheostat 
used in place of the commercial rheostat, 

that the liquid doesn't over-heat or boil away. It is 
a good plan to place a strip of wood or some other 
porous insulating material between the electrodes 
of a water rheostat to prevent them from accident-
ally becoming shorted together. Be careful to see 
that the insulator does not form a complete barrier 
and tend to prevent current flow from one electrode 
to the other. 

ia The advantage of a water rheostat is that it can 
e quickly and easily made up from ordinary parts 

around a battery shop and used for emergency 
charging from 110-volt D. C. lines. In general, how-
ever, the lamp bank or commercial form of rheostat 
will'be found more dependable and will require less 
attention. 

31. BATTERY TROUBLES AND REMEDIES 

Because of the very severe conditions under which 
the average automobile battery operates they re-
quire frequent inspection and occasional repairs. 
Automotive batteries are subjected to severe vibra-
tion, very heavy discharge rates, and very often ex-
cessive charging rates, and they are also quite gen-
erally subjected to neglect on the part of the car 
owner. These things will tend to shorten the life 
of a battery and to cause it to give unsatisfactory 
service, unless some battery service man who knows 
how, is frequently inspecting the battery and mak-
ing the necessary repairs from time to time. 

If given proper care, which simply means keeping 
it well charged, filled, and cleaned, a good grade of 
battery should ordinarily last from 2 to 3 years. On 
the other hand, a very good battery can be ruined or 
put in bad condition within a few months by abuse 
and improper care. ea One of the most common abuses to which the 
verage automobile battery is subjected is low elec-

trolyte level caused by neglecting to inspect and re-
fill at proper intervals. Many car owners forget 
that the water in their battery electrolyte is con-

stantly evaporating and thereby lowering the elec-
trolyte level. This evaporation is particularly rapid 
during hot weather and the battery should be in-
spected and refilled with distilled water at least 
every 2 weeks in Summer and 4 weeks in Winter, 
or oftener in case of heavy use. 
Another common abuse of automotive batteries is 

operating them in a semi-discharged condition, 
which causes the plates to sulphate and the battery 
to give poor service. This can be prevented by sim-
ply removing the battery from the car and having 
it fully charged in the shop, or by slightly increas-
ing the charging rate of the car generator. 

In many cases batteries are also damaged by 
maintaining an excessive charging rate which 
causes gassing and overheating. This can be avoid-
ed by simply adjusting the charging rate of the auto-
mobile generator. Some of the more common bat-
tery troubles with their symptoms and remedies are 
given in the following paragraphs. 
When a battery will not hold a charge but runs 

down immediately after being fully charged this is 
generally due to broken down insulation caused by 
failure of the separators between the plates. Or, in 
some cases, it is caused by high sediment in the bot-
tom of the jars due to the shedding of active mate-
rial from old or abused plates. 

In either case the cells will have to be opened and 
either new separators installed or the sediment re-
moved. 

Separator troubles or failure may be due to a num-
ber of causes such as wearing thin or completely 
through due to normal wear or buckled plates; car-
bonizing of the wood due to strong electrolyte, or 
overheating; cracks sometimes caused by low elec-
trolyte exposing the upper portion of the separators 
to the air; poor quality of wood used in the separa-
tors. The only remedy for any of these faults is to 
replace the old separators with new ones. 
When the battery appears weak and fails to oper-

ate the starter or lights properly the trouble may be 
either in the battery itself or in its connections. It 
may be that the battery is not fully charged due to 
too low a charging rate, or to excessive use of lights 
and starting motor. The trouble may be due to low 
electrolyte which allows only part of the plate sur-
face to be active, or it may be due to worn out plates 
or broken plate connections. It may also be due to 
loose or corroded terminals or to the battery being 
too small in capacity for the load of drain placed 
upon it by the electrical equipment of the car. 

Sulphation is quite a common cause of battery 
trouble. This condition occurs when the lead sul-
phate on the plates has had a chance to harden 
into a white crystal formation, which is a very poor 
conductor of electricity and tends to clog or seal 
the pores of the plates, reducing their porosity 2nd 
activity. 

Sulphated plates will not take a charge properly 
and even though the charging rate may be normal 
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2. When- starting the machine the motor of the 
M-G set is first started and allowed to come up to 
speed. The voltage is then regulated by means of 
the generator rheostat and is set at 7.5 volts for 
charging 6-volt batteries. This voltage adjustment 
is very important and must not be neglected. 

3. When the voltmeter registers 7.5 volts the 
main switch on the control panel can be closed, com-
pleting the charging circuit and starting the bat-
teries charging. 

4. If it is necessary to stop the set for any reason, 
first open the main switch on the control panel in 
order to prevent the batteries from feeding current 
back through the idle armature of the generator. It 
is also advisable to disconnect the battery leads or 
jpen the individual battery switches when provided, 
and thus disconnect the batteries from the bus bars, 
or otherwise current will circulate between the bat-
teries. This is caused by the ones which are of 
higher voltage or nearer to full charge discharging 
through the ones that are of lower voltage or have 
not been on charge as long. 
The ammeter on the control panel will indicate 

the total charging current passing through all bat-
teries. Each battery will take current according to 
its state of charge and condition, and if it is desired 
to know the charging current of any individual bat-
tery this can be obtained by connecting a small 
ammeter in series with one of the leads to that 
battery. 

I TO a 310. VOLT ISATTENIES 
CONNECTED IN 3ERIEO 

Fig. 30. Diagram showing the connections for using a lamp bank to 
charge from one to twelve six-volt batteries directly from a 110-
Volt D. C. line. 

Caution: Be very careful never to accidentally 
connect a charging lead across the bus bars or from 
positive to negative bus, as this short-circuits the 
D. C. generator and you may receive a severe burn 
due to the heavy rush of current. 
30. CHARGING DIRECT FROM D. C. LINES 

WITH RHEOSTATS 
We have already mentioned that when a supply 

of 110-volt direct current is available, batteries can 
be charged directly from such a line by connecting 
a proper resistance in series with them. For charg-

ing in this manner the batteries are all connected 
in series, as with the constant current or Tungar le 
charger systems. 

Very economical charging resistances in the form 
of lamp banks, consisting of a number of lamps in 
parallel, can be made for this use or a simple water 
rheostat can be used. Adjustable factory-made rheo-
stats can also be purchased for this use. 

Fig. 30 shows a diagram of the connections for 
charging several automotive batteries with a lamp 
bank. 
Any ordinary 110-volt incandescent lamps can be 

used for such lamp banks but it is quite common 
practice to use 32-candle-power, carbon filament 
lamps as they are very rugged and low in cost. A 
32-C.P. lamp offers 110 ohms resistance and will 
allow 1 ampere to pass through it when connected 
directly across a 110-volt line. 
However, when these lamps are used in a lamp 

bank and a string of batteries connected in series 
with them, the current through each lamp will 
naturally be a little less than 1 ampere due to the 
counter voltage and internal resistance of the bat-
teries. 

It is, therefore, necessary to use a number of 
lamps in parallel in order to obtain the desirable 
charging rate. The charging rate can be easily 
regulated by turning on or off one or more of the 
lamps by means of switches placed in series wit. 
them. With a lamp bank adjusted for a chargin 
rate of 6 amperes the average automotive battery 
will be fully charged in 24 hours. 
The diagram in Fig. 30 shows a sufficient number 

of lamps in the charging bank to enable a line of 
10 or 12 batteries to be charged at a fairly good rate. 
It is, of course, not necessary to use all of these 
lamps when only charging a few batteries. The 
knife switches shown can be used to turn on or off 
complete groups of lamps, and the small snap 
switches shown in series with each of the lamps in 
the right-hand group can be used to turn on or off 
individual lamps of this group for final regulation 
of the charging rate. 
The upper view in Fig. 31 shows a method of 

connecting a rheostat in series with a group of bat-
teries for charging them directly from a 110-volt 
line, and the lower sketch in this figure illustrates 
the use of a water rheostat for the same purpose. 
A simple water rheostat is a very convenient de-

vice for occasional charging of batteries, and can 
be made from a large earthen jar filled with water 
to which a small amount of sulphuric acid or salt 
has been added, to increase its conductivity and re-
duce its resistance. 

The electrodes can be made of a couple of oldii 
battery plates or most any flat pieces of metal, an 
the charging rate can be varied by raising or lower-
ing one or both of the electrodes in the solution. 
Care must be taken with a water rheostat to see 
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Fig. 27 shows a compact motor-generator charger 

of this type; the motor and generator units both 
being built into one frame. This machine is equip-
ped with a panel on which are mounted the volt-
meter and ammeter, voltage-regulating rheostat by 
which the charging rate is controlled, and a knife 
switch for closing the circuit to the bus bars and 
batteries. 

Fig. 28 shows a neat charging bench equipped 
with a constant potential charger and the bus bars 
and batteries can be clearly seen in this view. 
You will note that the batteries are all connected 

to the bus bars in parallel by means of flexible leads 
and battery clips, and the small knife switches are 
provided for disconnecting individual batteries. 
Constant potential charging differs considerably 

from constant current or series charging in that 
with constant potential charging each battery regu-
lates its own charging rate to quite an extent by 
its voltage and condition. 

• --
Fig. 28. Neat type of charging bench equipped with constant potential 

motor generator charger and convenient busses and switching ar-
rangement for connecting and disconnecting the various batteries. 

When a battery is first connected across the bus 
bars it charges at a very high rate due to its volt-
age being considerably lower than that of the gen-
erator, but this charging rate gradually decreases or 
tapers off as the battery voltage comes up to full 
charge. 
When a completely discharged battery is placed al a constant potential system the charging current 
t the start may be as great as 20 amperes but will 

rapidly taper off as the battery voltage increases, 
dropping down to as low as 2 or 3 amperes when the 
battery becomes fully charged. Because of this 

action this form of charging is sometimes called a 
tapering charge. It is also very often referred to 
as "eight-hour charging service." 
From this we can see that it is possible to have 

a number of batteries connected in parallel to one 
of these chargers and each of the batteries charging 
at a different rate, according to their state of charge 
and condition. 
The charging rate is limited only by excessive 

heating, and when any battery overheats the charg-
ing rate should be reduced by connecting a resist-
ance in series with one of the leads to that particular 
battery. Convenient small resistance units equipped 
with a clip at the lower end for attaching direct to 
the battery terminal are obtainable for this use. 
The temperature of the batteries should never be 

allowed to exceed 110° F. during charging and 
temperature tests should always be made on a cell 
in the center of the battery, as these cells tend to 
heat more than the outer ones because of poor 
ventilation, due to the fact that they are between 
the outer cells. 
Where both 6 and 12-volt batteries are to be 

charged two 7.5-volt generators can be connected 
together in series and their terminals connected to 
three bus bars, as shown in Fig. 29. 
This makes it possible to obtain two different 

voltages from the bus bars, 772 volts between the 
center bus and either of the outside ones and 15 
volts across the two outside busses. Six-volt or 
twelve-volt batteries can be connected as shown in 
the diagram and both types charged at the same 
time. 

29. OPERATION OF CONSTANT 
POTENTIAL CHARGERS 

When operating constant potential battery charg-
ers the following simple rules would be well to 
keep in mind: 

1. Batteries must be connected in parallel across 
the bus bars, with the positive terminal of each bat-
tery connected to the positive bus and negative ter-
minals to negative bus. When the generator is idle 
the main switch on the control panel must be opened 
before connecting batteries. 

Fig. 29. This sketch shows the method of connecting two low voltage 
D. C. generators for charging both 6E and 12E batteries at the 

same time. 
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wave type for wall mounting, and the one below is 
a smaller charger of the single wave type for shelf 
mounting or portable use. Note the ammeters for 
indicating the charging rate and the knob controls 
for adjusting the transformer taps to vary the charg-
ing rate. 
A complete description of the operating principles 

and circuits of Tungar rectifiers was given in Alter-
nating Current, Lesson 59, and it would be very 
well for you to review this material at this point. 

27. OPERATION OF BULB TYPE 
CHARGERS 

While these rectifiers are very simple in design 
and easy to operate, there are a few rules that must 
be observed to secure best results with them. Half 
wave rectifiers may be equipped with one or two 
control dials, but full wave rectifiers are generally 
equipped with four controls, two for each bulb. 

Where two controls are used for each bulb one 
is used to raise or lower the voltage in large steps 
while the other is used to regulate the voltage in 
smaller steps. The regulation of the voltage, of 
course, regulates the charging current sent through 
the battery or batteries. 

The following simple rule should be followed 
when starting Tungar chargers. 

First be sure all controls are turned back to zero, 
then turn on the starting switch and observe the 
bulb to see if it lights or burns. Now with the bat-
teries properly connected turn the lower or close-
regulating dial clockwise until the proper current 
value is shown on the ammeter. If the ammeter 
fails to show a reading turn this dial back to zero 
and try the upper or coarse-regulating dial. Bring 
the charging rate as close as possible to the proper 
value with this coarse dial, and then use the lower 
dial for final adjustment. 

Fig. 26. Diagram showing the connections for charging up to ten bat-
teries in series by means of a bulb type rectifier or the constant 
current system. Knife switches are used to close the circuit when 
a battery is removed from the line. 

As more batteries are added to the line the charg-
ing rate drops so it will be necessary to readjust 
the controls to maintain the same current value. If 
a battery is accidentally connected backwards on a 
constant current charging circuit the charging rate 
will increase instead of decrease. 

• 

Fig. 27. This photo shows a neat, compact type of motor generator with 
its control and panel, for use in charging batteries by the constant 
potential method. (Courtesy of Roth Bros. Manufacturing Co.) 

When part of the batteries are removed from the 
line the charging rate will automatically increase 
and if the controls are not readjusted the fuses will 
be blown. If the fuses are not of the proper size 
the bulb may be burned out instead. Ten-ampere 
fuses will generally give the proper protection. 

If the Tungar charger fails to operate you care 
look for the following common troubles: 

1. Examine supply line fuses. 
2. Bulb filament may be open or burned out. Test 

bulb for open circuit or try a new bulb. 
3. Make sure that the bulb is screwed tight in its 

socket. 

4. If points of contact on bulb or in socket are 
dirty, clean them with sandpaper. 

5. If the bulb glows but the ammeter fails to 
register examine the battery connections. Most 
troubles or interruptions with chargers of this 
type are caused by poor connections at the bat-
teries. 

6. Some chargers are provided with one fuse in 
series with the battery and if this fuse is blown 
no charging current will flow even though the 
bulb is glowing. 

7. The rectifier bulb may fail to operate due to a 

slow leak in the glass having destroyed its 
vacuum, or due to a badly sagged filament. 

8. Control contacts may be loose or dirty and not 
making proper connection in the circuit. 

28. CONSTANT POTENTIAL CHARGERS 
As already explained a constant potential charger 

consists of a motor-generator set, the motor being 
either D. C. or A. C. and designed for 110 or 220 j u o 
volts, according to the available supply, and the 
generator producing direct current at 7y2 volts for 
charging 6-volt batteries, or 15 volts for charging 
12-volt batteries. 
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opposition it offers to the current flow from the gen-
erator, is it's internal resistance. 
As the battery becomes charged its voltage gradu-

ally increases and opposes the voltage of the gen-
erator, thereby causing the charging rate to decrease 
or taper off. 
Constant potential charging is also often referred 

to as 8-hour charging, because the rather high rate 
of charge used with these systems generally charges 
the average battery in about 8 hours. 

25. CHARGING RATES 

Charging rates depend largely on the size of the 
battery and the type of equipment used. In com-
mercial charging it is not always practical to regu-
late the current to suit each individual battery and 
in cases of this kind a rate is used that best suits 
the average battery. 

\Vhere the charging current can be regulated a 
good rule to determine the charging rate for any 
certain battery is to start charging at 78 of its rated 
capacity in ampere hours, and when it is a little 
over one-half charged reduce this rate to one-half 
the starting rate. 

For example, if the capacity of a battery is 80 
ampere-hours, the charging rate at the start would 
be 78 of 80, or 10 amperes and the finishing rate 
about 5 amperes. The reason for reducing the ilicharging rate toward the finish of the charge is to 
prevent overheating of the plates, as the amount of 
lead sulphate and acid in the plates and being 
worked upon by the charging current is gradually 
being reduced, and the heavy charging current 
would develop too much heat. 

In constant current or series charging it is not 
possible to regulate the current to suit individual 
batteries, since they are all connected in series and 
the same amount of current flows through each. 

A commercial charging line may have connected 
to it batteries of different capacities, ranging from 
80 to 120 ampere hours. In addition to having dif-
ferent ampere-hour capacities these batteries will 
probably vary a great deal as to their state of 
charge, so it is necessary to select a rate suitable 
for the group. 

26. ELECTRON BULB CHARGERS 

A very popular type of battery charger used for 
rectifying or changing A. C. to D. C. and for charg-
ing batteries on constant current systems is the 
electron bulb rectifier, also commonly known as the 
Tungar bulb charger. 

Due to the low current capacity of ordinary elec-
tron bulbs these chargers are generally used with 
constant current or series charging systems. Bulb 
type chargers are made in two types known as half 
wave and full wave chargers. 

A half wave charger is equipped with one bulb 
and has a maximum current output of 6 amperes of 
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Fig. 25. Above are shown two common makes of bulb type rectifiers or 
battery chargers. The one above is a full-wave type, while the one 
below is a half-wave type. 

pulsating D. C. from one-half of the A. C. wave, or 
every other alternation only. 
Although the current output is low the voltage 

on the D. C. side ut these chargers can be raised 
high enough to charge from 10 to 15 six-volt bat-
teries in series. The voltage is regulated by means 
of a tap changing control which increases or de-
creases the number of turns in the winding of an 
auto transformer. 

Full wave Tungar chargers use two rectifier bulbs 
and rectify both sides of the A. C. wave. The cur-
rent output of these units is double that of the 
single wave chargers or about 12 amperes maximum. 
The voltage is controlled in the same manner as 
with single wave type. These chargers can, of 
course, be made to deliver more than the above 
mentioned amounts of current for short periods, 
but this will shorten the life of the rectifier bulbs 
much below their rated life which is between 800 
to 1000 hours of operation. 

For this reason their rated current capacity should 
not be exceeded. Vibration of the charger will also 
tend to reduce the life of the bulbs so these units 
should be mounted where they are free from exces-
sive mechanical vibration. The efficiency of a well 
designed Tungar rectifier on full load is about 75%. 

Fig. 25 shows two types of electron bulb chargers, 
the one at the upper left being the larger size full 



790 Storage Batteries. Cycling and Charging. 

A battery that has been neglected and allowed 
to become sulphated by standing for long periods 
in a discharged state will often fail to come up to 
full gravity and voltage when charged, due to the 
fact that one ordinary charging cannot convert all 
of the lead sulphate back into active material. Such 
a battery if given only the ordinary charge will not 
deliver its full rated capacity in ampere-hours and 
its performance will be rather poor. 

Cycling a sulphated battery will convert more of 
the lead sulphate back into active material, thereby 
increasing the capacity and improving the perform-
ance of the battery. The rate of charge or discharge 
for cycling a battery should be about the ordinary 
8-hour rate, or a little slower generally, so that the 
battery can be discharged during the day and put 
back on the charging line throughout the evening. 
As a rule the rate of discharge for cycling is be-

tween 2 and 3 amperes per positive plate in each 
cell. For example an 11-plate battery having 5 posi-
tive plates per cell would be discharged at about 
10 to 15 amperes. 
The same rheostat and ammeter used for making 

capacity tests can also be used along with a battery 
charger for cycling. However, as it is not necessary 
to keep the discharge rate constantly at the same 
value when cycling, a very simple and low cost 
discharge resistance can be made up from several 
automobile lamps connected in parallel and an ordi-
nary automobile dash ammeter in series with them, 
as shown in Fig. 24. 

If desired several small switches can be arranged 
to quickly connect more or less lamps in parallel, 
to vary the discharge rate for cycling different sized 
batteries. 

Fig. 24. This sketch shows the connections for using an ammeter and a 
group of automobile lamps for discharging a storage battery during a 
cycling process. 

24. BATTERY CHARGING 

As previously stated whenever the voltage of a 
lead plate storage battery drops down to 1.7 volts 
per cell the battery must be recharged. For charg-
ing storage batteries direct current is required be-
cause, in order to convert the lead sulphate back 
into active material on the plates and drive the acid 
from the plates back into the electrolyte, we must 
pass current constantly in one direction opposite 
to that of the discharge current. 

This means that when connecting a storage bat-
tery for charging, the positive battery terminal must 

be connected to the positive side of the charging 
line or direct current source, so that the charging e 
current will be forced into the battery at the posi-
tive terminal and out at the negative. 

If there is any doubt about the polarity of the 
charging line wires, a simple test can be made by 
immersing the wire ends in a small glass of water 
to which has been added a small amount of acid. 
When the wire ends are held about an inch apart 
bubbles will rise from each, and the wire at which 
the most bubbles are formed is the negative. Some 
resistance, such as a 100-watt lamp or similar de-
vices which will limit the current to about 1 ampere 
should he connected in series with the line when 
making this test. 
The polarity can also be determined by a com-

pass test with current flowing in the line, as ex-
plained in an earlier lesson. 
Where only alternating current is supplied it can 

be rectified or changed to direct current for battery 
charging purposes, by means of bulb type rectifiers 
or motor-generators. If 110-volt D. C. is available 
all. that is required is suitable resistance connected 
in series with the battery to reduce the voltage of 
the line and regulate the charging current. 

There are two general methods in use for charg-
ing batteries, one known as the constant current 
method and the other as the constant potential 
method. 

The constant current method is sometimes known. 
as series charging, because all of the batteries are 
connected in series and are all charged at the same 
current rate regardless of their size or condition. 
With this system about the same charging rate in 
amperes is maintained from start to finish of the 
charging period. 

Constant potential charging systems generally 
use a motor-generator set for changing A. C. to 
D. C., and all of the batteries are connected in paral-
lel directly across the low voltage D. C. generator 
bus bars. This system is sometimes called parallel 
charging, as the batteries are all connected in paral-
lel and each battery forms an individual or separate 
circuit between the positive and negative busses. 

The motor-generator consists of either an A. C. 
or D. C. motor, according to the available current 
supply, driving a low-voltage D. C. generator which 
connects to the charging busses, and supplies a con-
stant potential of about 7.5 volts for charging 6-volt 
batteries or 15 volts for charging 12-volt batteries. 

With the batteries connected across the bus bars 
in parallel and a constant voltage maintained by the 
generator, the current through each battery will be 
governed by the voltage and condition of that bat-
tery. 

If a completely discharged battery is connecteds—L..ø 
across the bus bars the charging current through 
that battery will be quite high at the start, since the 
voltage of the battery is very low and about the only 
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• 
These plates can also be had in three different 

thicknesses as follows: 
Type Symbol 

Thin T 3/32" thick 
Regular R " 
Thick T.T. 5/32" " 

22. CAPACITY TESTS 
The purpose of a capacity test on a battery is to 

determine the amount of work that it is capable of 
doing before its voltage drops to 1.7 volts per cell, 
or the normal discharged condition. 
While formulas give us a theoretical idea or ap-

proximate knowledge of what the rated capacity of 
a battery should be, the actual capacity can be much 
more accurately determined by a test. 

This test is performed by charging the battery 
fully and then discharging it through a variable 
resistance and ammeter until the battery reaches 
the normal discharged condition. 

In order to obtain accurate results from a capac-
ity test of this kind the following two factors must 
be carefully watched and checked: 

1. Discharge rate must be maintained constant 
from start to finish. 

2. The time required for the battery to reach 
normal discharged condition must be noted. 

In order to maintain a constant rate of discharge 
throughout the entire test period an ammeter and *some form of variable resistance are necessary; the 
ammeter to check the amount of current flow and 
the rheostat to keep it adjusted to a constant value. 
When the battery is first put on test its voltage 

is high but as the test progresses the voltage gradu-
ally drops and the discharge rate would tend to de-
crease. It is, therefore, necessary to cut out a little 
resistance about every 15 minutes in order to keep 
the discharge rate in amperes constant. 

Fig. 23. Diagram showing construction and connections of a simple 
capacity test discharge resistance, which can be easily and cheaply 
made of carbon rods supported in an insulating frame of heat resist-
ing material. 

Fig. 23 shows a diagram of a simple capacity 
diaa test arrangement, the equipment for which is very 
inl.—low in cost and simple to set up for any battery 

shop. The battery is connected in series with an 
ordinary ammeter of the proper capacity and sev-
eral carbon rods such as ordinary arc carbons. 

These round carbon rods can be mounted in strips 
of heat-resisting material of an insulating nature, 
such as asbestos, marble, or slate with their ends 
securely connected together in series as shown. A 
heavy test clip can then be used to vary the resist-
ance in the circuit by sliding the clip along the rods 
or moving it from one rod to another. 
Convenient carbon pile rheostats can also be ob-

tained for this work but are, of course, a little more 
expensive than the simple shop tester shown in 
Fig. 23. 
The discharge rate at which to start a capacity 

test on an automobile battery can be determined by 
dividing the assumed or approximate ampere-hour 
capacity of the battery by 8, because as previously 
stated these tests are generally made at the 8-hour 
discharge rate. 
For example, if we wish to run a capacity test on 

an automotive battery which we assume from the 
number of plates used is an 80 ampere-hour battery, 
the discharge rate would be obtained by dividing 80 
ampere-hours by 8 hours, or 80 H— 8 = 10 amperes 
discharge rate. 

If this battery when placed on capacity test can 
maintain a discharge rate of 10 amperes for 8 hours 
or more before the voltage drops to 1.7 volts per 
cell, and the gravity drops to 1.150, then the capac-
ity is actually known to be 80 ampere-hours or more. 

For example, if it required hours at the 10 
ampere rate to bring the voltage and gravity down 
to the above mentioned figures then the capacity 
would be 83/2 X 10, or 85 ampere-hours. 
The ampere-hour efficiency of a storage battery 

can be determined by dividing the discharge in am-
pere-hours by the charge in ampere-hours required 
to bring it back to the same state of charge as the 
test was started from. This efficiency of ordinary 
lead plate batteries often runs as high as 90% or 
over. 

23. CYCLING STORAGE BATTERIES 

Before putting into service a new lead plate bat-
tery or one that has been recharged and has had 
some of the old plates replaced with new ones the 
battery should be cycled, or charged and discharged 
several times. 
This process more completely forms the new 

plates and greatly improves their condition and 
efficiency by more completely converting the paste 
into active material. 
New batteries are generally cycled two or three 

times at the factory before being shipped out and 
this considerably increases their capacity and serv-
iceability. 
The original forming process described in an 

earlier article doesn't always change all of the paste 
into active material, and unless a new battery or 
one in which new repair plates have been installed 
is cycled, it will not deliver its rated capacity and 
may give trouble when first put in service. 
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high rate discharge can be used to very good ad-
vantage to locate defective cells in batteries that 
are being brought in to a shop to be charged. 
The exact readings obtained on this test are not 

as important as the difference in readings between 
the several cells. A cell that gives a reading of 
more than .1 volt less than the other cells is gen-
erally defective and should be opened and examined. 
Sometimes a high rate discharge test will cause 

one cell to give a reverse reading which indicates 
that the cell is shorted. 

21. STORAGE BATTERY CAPACITY 

The capacity of storage batteries or individual 
cells is rated in ampere-hours. This term refers to 
the product of the discharge current multiplied by 
the number of hours that the discharge can be 
maintained. 
Capacity ratings for storage batteries of the auto-

motive type are based on a discharge started from 
a fully charged condition, and continued until the 
battery reaches normal discharged condition with 
its voltage down to 1.7 volts per cell. 
The discharge rate for capacity tests on automo-

bile batteries is generally based on an eight-hour 
discharge period. For example, a battery rated at 
80 ampere hours should be able to deliver 10 am-
peres for eight hours. The capacities of stationary 
batteries and those for use in electric vehicles are 
generally figured on a five-hour discharge rate. 
One of the characteristics of storage batteries 

which it is very important to remember is that their 
capacity is affected by the rate of discharge, the 
capacity in ampere hours decreasing as the rate of 
discharge is increased. 

For example, an 80 ampere-hour battery will not 
discharge at the rate of 80 amperes for one hour, 
but will deliver 4 amperes for considerably more 
than 20 hours. In other words, they will deliver 
more energy and show a higher efficiency at low 
rates of discharge than at high discharge rates. 
The ampere-hour capacity of the storage battery 

depends upon several factors among which are: (a) 
plate area (b) porosity of active material (c) 
strength of electrolyte. 
For all practical purposes the plate area is the 

most important factor, and principally controls the 
capacity of the battery. Therefore, all capacity 
formulas are based on plate area. 
The chemical activity of a battery is always great-

est at or near the surfaces of the plates where the 
active material and the acid are in contact with each 
other. This is particularly true during high rates 
of discharge when the acid is being used up very 
rapidly. So by increasing the plate surface exposed 
to the electrolyte we increase the amount of active 
material in contact with the acid, and thereby in-
crease the capacity of the cell. 
A simple formula for determining the approxi-

mate ampere-hour capacity of storage batteries ac-

cording to the plate area is as follows: 

WXLX 2 XP.P. 
X 50 = ampere hour (A.H.) 

144 capacity. 

W .= width of the plates 
L = length of plates 
2 = number of sides on each plate 

P. P. = number of positive plates in 
one cell 

144 = square inches in 1 sq. ft. 

The average positive plate for use in automobile 
batteries is approximately 472 X 572 inches. So if 
we apply this formula to an ordinary 11-plate, 3-cell 
automobile battery the problem would be as 
follows: 

4.5 X 5.5 X 2 X 5 
144 X 50, or approximately 85.5 A.H. 

This battery would be rated in round figures as 
an 80 ampere-hour battery, allowing the slight ex 
cess capacity for reduction in efficiency with age 

In which: 

• 
The thickness of battery plates has very little 

effect on the ampere-hour capacity of the battery 
as under normal conditions a plate doesn't discharge 
actively clear through the plate, but discharges 
mainly on and near the surface. This is due to the 
fact that the pores in the active material soon be-
come clogged and choked with lead sulphate. 

When a battery is discharged down to the normal 
discharged condition it is very seldom that more 
than 25% of the active material is used, and that 
is largely at the surfaces of the plates. 

While the plate thickness doesn't materially af-
fect the ampere-hour capacity it does affect the dis-
charge capacity or rate in amperes at which a cell 
or battery can be discharged. 

Surprising as it may seem, thin plates always 
have a higher discharge capacity in amperes than 
thick plates. This is due to the fact that the elec-
trolyte will diffuse through the thin plates much 
more rapidly and will quickly replace the acid used 
up by the active material during the discharge 
action of the plates. 

Plates for automobile batteries are made in 
slightly different sizes in order to fit different styles 
of battery cases and to provide more or less capac-
ity, according to the requirements of the car. This 
is well to remember when ordering plates for re-
pairing various batteries and a good plan is to 
carefully measure or check the size of those re-
moved when ordering the new ones to replace them. 

Three common plate sizes are as follows: 

Type Symbol 

Small S 
Medium M 
Large 

Dimensions 

472' high X 55e wide 
4e4- to 5et" high X 5W wide 
6' high X 5W wide 

• 

• 
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tive reading. Such a test would indicate that the 
Ank negative plates are in bad condition since they are 
ernot charged while the positives are. 

The cadmium test is the most reliable test that 
can be made and determines if both the positives 
and negatives are at the same state of charge, as 
they should be if both groups of plates are in good 
condition. 

20. HY-RATE DISCHARGE TEST 

The hy-rate discharge test is made on storage 
batteries by taking voltmeter readings across the 
individual cells while the battery is discharging at 
a heavy rate. 

This test is particularly valuable in determining 
the condition of the various cells of a battery and 
is very commonly used in testing automobile bat-
teries, as these batteries must maintain their volt-
age without excessive voltage drop while operating 
the starting motor which, as we have already 
learned, may draw several hundred amperes during 
starting of the engine. 

For making this test some form of high rate dis-
charge test set is generally used. These sets con-
sist of a variable resistance, generally of the carbon 
pile type, an ammeter of sufficient capacity, and a 
voltmeter. 
On some of these test sets three voltmeters are 

used, one being connected across each cell to elimi-s ate the necessity of shifting the meter terminals 
from one cell to the next. 

Fig. 22 shows three types of high rate discharge 
testers. The one above has a long tube filled with 
carbon disks and equipped with a knob and threaded 
rod at the right hand end to vary the pressure ap-
plied to these disks, and thereby vary their resist-
ance and the rate of discharge of the battery con-
nected to the set. The ammeter and voltmeter are 
also mounted on the base with the variable resistor. 
On the lower left in Fig. 22 is shown another type 

of high rate discharge set with the meters and rheo-
stat handle located on a vertical panel and equipped 
with both heavy-duty terminal clips and test prongs. 
On the lower right in Fig. 22 is shown a conven-

ient portable test device for making high rate dis-
charge tests on individual cells. This device consists 
of a pair of heavy test prongs with a resistance 
element shunted across them, and the meter also 
connected across the prongs to read the voltage 
during the test. 
This tester is conveniently portable and can be 

used right at the battery either on the charging 
bench or in the car, by merely pressing the sharp-
ened test points down against the terminals or 
straps of the cell to be tested. 

-sok The discharge rate for making these tests is based 
iese—on the number of plates per cell, the usual rate being 

20 to 25 amperes per positive plate, figuring only the 
positive plates in one cell. 

For example an 11-plate battery having eleven 

plates per cell would have 6 negatives and 5 posi-
tives in each cell. As the discharge rate is based on 
the number of positives the high rate discharge 
current for testing such cells would be 5 X 20, or 
5 X 25, or 100 to 125 amperes. 
While the battery is discharging at this rate the 

voltage of each cell is measured separately, and if 
the battery is in good condition and fully charged 
the voltage should not drop below 1.75 or 1.78 volts 
per cell during the test. This voltage drop is caused 
by the heavy current flowing through the internal 
resistance of the cell. 

If the cell's internal resistance is normal the volt-
age drop will not be excessive but if the cell is in 
bad condition the voltage drop will be much higher 
than usual. 
The internal resistance of a cell is due to the 

resistance of the several parts and materials in the 
internal circuit of the cell. When the cell is dis-
charging through some load the discharge current 

Fig. 22. Several styles of by-rate discharge test sets. The one above 
is for either portable or bench use. The one at the lower left for 
bench use, and the one at lower right for portable use for testing 
individual cells. 

also flows through the internal circuit and must pass 
through the plates, separators, and electrolyte; so 
the resistance of these materials determines the in-
ternal resistance of the cell. 

Excessive voltage drop may be due to several 
causes such as spongy or worn out plates, clogged 
separators, or wrong specific gravity of the elec-
trolyte. 
Thin and worn separators may also be the cause 

of large voltage drop by allowing the plates to be 
short circuited during heavy discharge tests. A 



786 Storage Batteries. Cadmium Tests 

Fig. 20. Convenient portable voltmeter with special scale for making 
Cadmium test on kart plate batte:y. (Courtesy of Jewel Electlical 
Instrument Co.) 

Fig. 19 shows a pair of voltmeter leads and test 
points for use in making cadmium tests. You will 
note the small round rod or stick of cadmium metal 
attached to the test point on the left. 
This cadmium is a metallic element and not a 

mixture or alloy, and convenient small rods or 
cadmium sticks can be purchased from any battery 
material supply house. 

When the cadmium stick is placed in the elec-
trolyte of a cell with a voltmeter connected between 
the stick and one of the cell terminals, a definite 
voltage will be set up due to the difference in chemi-
cal action of the acid on the cadmium stick and 
the battery plates. 

If the voltmeter is connected between the cad-
mium stick and the negative plates or terminal the 
voltage reading will vary a:cording to the condition 
of the plates. If the plates are pure sponge lead or 
fully charged the voltage will be about .1 volt, the 
cadmium stick being positive and the plates nega-
tive in polarity. In this case the reading will be to 
the left side of zero on the voltmeter scale. 

If the voltmeter is connected between the cad-
mium stick and the positive plates or terminals a 
different reading will be obtained. If the plates are 
pure lead peroxide or fully charged the voltage read-
ing will be 2.4 vol.ts and the cadmium stick will now 
be negative to the lead peroxide or positive plate. 

When the cadmium stick is used in combination 
with lead sulphate or discharged plates a still differ-
ent voltage will be obtained, all depending on the 
amount of lead sulphate on the plates tested. 

Fig. 20 shows a voltmeter with a specially marked 
scale for cadmium tests, and Fig. 21 shows an en-
larged drawing of the scale of a meter of this type. 
Voltmeters for this work should be of high re-

sistance for cadmium tests and should have a scale 
calibrated from 0 to 2.7 volts to the right of zero, 

and .3 volt to the left of zero. These same volt-
meters can also be used to make all ordinary bat- e 
tery voltage tests, but they should never be con-
nected across more than cne cell because their volt-
age capacity is low. 
Cadmium tests should only be made with the bat-

tery on charge at the regular charging rate. The 
test lead to which the cadmium stick is attached 
should always be connected to the negative terminal 
of the voltmeter, while the plain test lead to be used 
on the cell terminals is to be connected to the posi-
tive terminal of the meter. 
With the battery on charge the cadmium stick is 

inserted through the vent hole of the cell cover un-
til it makes good contact with the electrolyte. The 
cadmium stick must not touch the plates and for 
this reason many of these sticks are equipped with 
insulating tips or with a perforated rubber tube over 
their ends. 
The cadmium should remain in the electrolyte 

Fig. 21. Diagram showing the scale of a Cadmium test meter with the 
important test readings marked. 

for a minute or two before taking the readings so 
that a thin coating of cadmium sulphate will form 
on the stick. The other test point can then be 
shifted between the positive and negative cell ter-
minals to make the tests. 
By attaching it to the negative terminal the con-

dition of the negative plates can be determined, and 
when it is in contact with the positive terminal the 
condition of the positive plates can be determined 
by the voltmeter readings. 
With the battery on charge the voltage reading 

between the cadmium stick and the positive terminal 
will be about 2.4 volts if the positive plates are pure 
lead peroxide or fully charged. 
With the free test point on the negative terminal 

a reading of .1 volt to the left of zero will be ob-
tained if the negative plates are pure sponge lead 
or fully charged. 

If these two readings are added together their 
sum should equal the reading of a voltage test taken 
from positive to negative terminals. These volt-
ages would indicate that both positive and negative 
plates are fully charged and in good condition. 

If when making such a test the positive readine"...-
was 2.4 volts and the negative reading to the right 
of zero, the voltage of the cell would be obtained 
by subtracting the negative reading from the pou-
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It is not advisable to attempt to correct the dens-•:y or gravity of the electrolyte before bringing the 
oltage up to maximum by charging. 

18. OPEN CIRCUIT VOLTAGE TEST 

As soon as a battery is removed from the charg-
ing line the cell voltage drops rapidly until it 
reaches 2.1 volts in from 5 to 10 minutes. This is 
caused by a thin layer of lead sulphate forming on 
the surface of the negative plates and between the 
grid and lead peroxide of the positive plate, due to 
a slight chemical or discharge action which occurs 
within the cell as soon as the charging circuit is 
broken. 
Once this thin layer of lead sulphate is formed the 

rapid voltage drop ceases due to the resistance of 
the lead sulphate film. This discharge or local action 
doesn't cease entirely, however, and a lead plate 
cell will not stay charged indefinitely but will 
gradually become discharged even though not con-
nected to any circuit or load. An idle lead plate 
battery will become discharged in about 100 days 
of idleness if not charged during the idle period. 
During discharge of the battery, lead sulphate is 

formed on both groups of plates and causes the open 
circuit voltage to drop. Theoretically a cell can be 
discharged to zero voltage, but for all practical pur-
poses the discharge should be stopped when the 

Fig. 18. Convenient type of portable voltmeter for testing the voltage of 
single cells. (Courtesy of Weston Electrical Instrument Co.) 

cell voltage drops to 1.7 volts as indicated by a volt-
meter test made with the battery discharging at 

8 hour rate. 
If the discharge is carried beyond this point, so 

much of the active material will be converted into 
lead sulphate that the plates will be almost useless. 
The plates are then said to be sulphated. Plates 

which have been allowed to get into this condition 
require a long slow charge to free them of all the 
lead sulphate. 

Fig. 17 shows a D. C. voltmeter of the type which 
can be conveniently used for testing storage bat-
teries. You will note that this meter has a low 
reading scale so that quite accurate tests can be 
made on one cell or on several cells of a complete 
three-cell battery. This meter can be equipped with 
flexible test leads and points and either mounted on 
a wall or bench, or carried to a car to make tests 
on the battery before removing it. A portable meter 
in a wood case is also very convenient for testing 
batteries while in the car. 

Fig. 18 shows another type of battery voltmeter 
particularly adapted for portable use. This instru-
ment has a test point or prod directly attached to 
its lower side and forming one terminal of the meter. 

Fig. 19. This view shows a pair of test leads, one of which is equipped 
with a Cadmium stick for making Cadmium tests on storage 
batteries. 

The other terminal on top of the case can be fitted 
with a flexible lead and test point. This meter has a 
scale which will allow the needle to read in either 
direction and only up to a maximum of 3 volts, thus 
giving very accurate readings on the low voltage of 
single cells. 

19. CADMIUM TEST 

The Cadmium method of testing a battery is very 
reliable as it reveals the actual condition of the 
plates better than any other test. With the 
Cadmium test we can determine two important 
facts regarding the condition of the battery. 

1. Whether or not the capacity of both positive 
and negatives are equal. 

2. Whether the battery is charged or discharged. 
This test also serves as a check on both the volt-

age and specific gravity. The Cadmium test derives 
its name from the fact that a stick of cadmium metal 
is used in place of the usual negative voltmeter test 
point. 
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Fig. I6A. This drawing clearly shows how to read an ordinary battery 
hydrometer. Study each of the three views very carefully while 
reading the accompanying explanation. 

three samples of electrolyte taken from charged, 
half charged, and discharged batteries. Careful ob-
servation of the hydrometer sketches in this figure 
will be of great assistance in learning to properly 
read these devices. 

16. VOLTAGE TEST 

While the hydrometer test must be used to de-
termine the condition of the electrolyte and is gen-
erally a rather good indication of the state of charge 
of a battery, it is not altogether reliable for this 
latter purpose. 

We know that there should always be a definite 
relation between the voltage of a cell and the specific 
gravity of its electrolyte, but in some cases the 
gravity of the electrolyte may have been altered 
by adding strong acid or by replacing a large 
quantity of spilled electrolyte with distilled water. 

In either of these cases a gravity reading would 
not be an accurate indication of the true condition 
of the cell. So a voltage test made by connecting 
the terminals of a low-reading voltmeter across a 
cell or battery is a more reliable means of determin-
ing whether the battery is fully charged or not, and 
whether the positive and negative plates have been 
made as unlike as possible by the charging current; 
because it is only when the active material of these 
plates is fully converted back to its original charged 

state that the voltage between the positive and 
negative terminals will be at maximum. 
Comparing such a voltmeter reading with the by-

drometer reading will also indicate whether the 
electrolyte is overrich or weak. For example, if the 
electrolyte shows a S. G. of 1.280 or 1.300 and a 
voltmeter only shows a reading of 1.8 volts per cell, 
this indicates that the electrolyte is too rich in acid 
and should be diluted with distilled water. 
On the other hand if the voltmeter indicates a 

cell voltage of 2.2 and the hydrometer reading shows 
the gravity of the electrolyte to be only 1.230, this 
indicates that the electrolyte is too weak and should 
be slightly strengthened by adding more acid. 

17. ON-THE-LINE VOLTAGE TEST 
Voltmeter readings obtained when testing a bat-

tery will vary somewhat according to whether the 
battery is charging, is open-circuited and discon-
nected from the charging line, or is discharging 
under load. 
The on-the-line voltage test is made while the 

battery is connected in the charging line and charg-
ing. At the end of the charge or when the cell is 
about fully charged the maximum cell voltage on 
this test will be about 2.5 volts. This voltage indi-
cates a complete chemical change of the material in 
the plates. Old batteries often do not rise above 2.3 
volts per cell on this test due to the negative plates 
retaining some of their lead sulphate. 
Once the voltage of the cell reaches 2.5 volts there. 

can be no further rise of gravity since the plates 
are free from lead sulphate. If the gravity is below 
or above the full charge specific gravity of the cell 
it should be corrected by adding acid or water ac-
cordingly. 

Fig. 17. Popular type of low reading voltmeter which can be mounted 
on a bench, panel, or portable test panel, and used for testing the 
voltage of storage cells or batteries. (Photo courtesy of Weston 

Electrical Instrument Co.) 

• 
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discharging. This causes the sulphuric acid to be 
Anw driven out of the plates back into the electrolyte, 
Wthus raising the density or specific gravity again. 

At the same time the lead sulphate in the positive 
plates is changed back into lead peroxide and the 
lead sulphate on the negative plates changed back 
into sponge lead. 
When practically all of the acid has been driven 

out of the plates and the lead sulphate converted 
into lead peroxide and sponge lead the cell is said 
to be fully charged, and should show a specific 
gravity reading of between 1.280 and 1.300 and a 
cell voltage of 2.1 and 2.2 on open circuit test. 
When the cells are fully charged some bubbling 

or "gassing" of the electrolyte will be noticed. This 
is due to the fact that when the charging current 
has no more lead sulphate to work on, it will con-
vert the water in the electrolyte into hydrogen and 
oxygen gas which will come to the surface of the 
electrolyte in the form of small bubbles, thus indi-
cating that the cell is about fully charged. 

14. CHEMICAL TERMS AND FORMULAS OF 
BATTERY ACTION 

While it is of no great importance to the average 
battery service man to know the exact chemical re-
action that takes place within the batteries during 
charge and discharge, it is often very interesting to 
know this action as described in chemical terms. ID The chemical reaction which takes place in the 
cell during charge and discharge can be described 
as follows: 

\Ve know that the electrolyte is composed of 
sulphuric acid and water, or H2SO4. the H2 
representing two parts of hydrogen gas, S one part 
of sulphur, and 04 four parts of oxygen. The lead 
peroxide on the positive plates consists of Pb02, 
in which Pb represents one part of lead and 02 
represents two parts of oxygen. The sponge lead 
on the negatives can be represented by the chemical 
symbol Pb which is one part of lead. 
The lead sulphate which is formed on both posi-

tives and negatives during discharge is designated 
by the symbol PbS0 1, in which Pb represents one 
part of lead, S one part of sulphur, and 04 four 
parts of oxygen. 
The action which takes place in the positive plate 

during discharge, or the uniting of the lead peroxide 
with hydrogen and sulphuric acid from the electro-
lyte, can be chemically explained as follows: 
Pb02 H2 + H2SO4 = PbSO4 -I- 2 F120. 
The action on the negative plates during dis-

charge, or the uniting of sponge lead with sulphuric 
acid to form lead sulphate, is described as follows: 
Pb -I- SO4 = PbSO4. 

rink The action on the positive plate during charging 
when current is sent backwards through the 

solution and plates, causing the chemical elements 
to reunite into their original form, is as follows: 
PbSO. + 2 H.0 + Pb0. + H.SO. + H.. 

The action on the negative plate during charge is 
PbSO. + H. — Pb 4- MO. +0. 
As previously stated no particular effort needs to 

be made to study these chemical formulas, and 
they are given here only for convenient reference 
in case special questions arise regarding them. 

15. BATTERY TESTS 

There are a number of different tests which can 
be made easily with hydrometer, voltmeter, am-
meter, etc., to determine quite accurately the con-
dition of lead plate storage batteries. These are of 
particular value for the practical battery service 
man to know. 
This lesson should be carefully studied until you 

are sure you are thoroughly familiar with methods 
of making each test and the battery conditions in-
dicated by them. 
One of the most commonly used tests on storage 

batteries is the gravity test which is made with a 
hydrometer as previously described. In the preced-
ing article we found that the specific gravity of the 
electrolyte in a battery changes considerably as the 
battery charges or discharges. 
The gravity increases as the acid is driven out of 

the plates and into the solution during charge, and 
decreases as the acid is absorbed from the electro-
lyte by the plates during discharge. So we can 
readily see that a hydrometer reading taken at any 
time will indicate the approximate condition of 
charge or discharge. 
Automotive batteries are commonly made so that 

when they are fully charged the specific gravity of 
the electrolyte will be 1.280 to 1.300, and when the 
gravity drops to 1.150 they are considered to be 
practically discharged and should be put on charge 
immediately as it is very harmful for a battery to 
stand in a discharged condition. 
Automotive batteries built for use in tropical cli-

mates are made so that they are fully charged at 
about 1.200 S. G. The reason for this is that in 
such climates there is no danger of freezing, and 
the electrolyte being always warm is more active. 

Furthermore electrolyte of the same acid strength 
will give a lower gravity reading because of its ex-
panded and less dense condition at the warm 
temperatures. 
The convenient chart in Fig. 16 shows the con-

ditions indicated by various gravity readings. Fig. 
16-A shows the position of a hydrometer float in 

BATTERY CONDITIONS INDICATED BY GRAVITY TESTS 

1.150 Sp -   - DEAD 

1.215 Sp. ------ - - - Vs CHARGE 

1.280 -1.500 4. Gm; - - - -FULL " 

1.200 Sp. ----- -FULL CHARGE ) ANUTOTROPI ---C-S- RIU 
I  

1.225 5p. Gm 

AUTO OATTERICS 
IN TEHIPLRATIL 
CL.IMATES 

STATIONARY ANO H 
VEHICLE BATTERIES 

ELECTROLYTE 
TEMPE...Tug( 

AT 70.P. 

Fig. 16. Chart showing conditions of charge indicated by various hy-
drometer readings on lead plate storage batteries in different climates. 
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fled to be 70* F. This temperature is mentioned 
because all hydrometer readings are based on an 
electrolyte temperature of 70° F., due to the fact 
that at other temperatures the readings will change, 
because the liquid expands and becomes lighter for 
a given volume when heated and contracts and be-
comes heavier when cooled. 
As the weight or density of the liquid determines 

the height at which the hydrometer float will rest 
in the liquid and the reading which will be obtained, 
we can readily see that the temperature of the elec-
trolyte will affect the hydrometer readings. 
This is a very important point to remember when 

making hydrometer tests on electrolyte during mix-
ing, or on the electrolyte of batteries that may have 
become overheated during use or charging, or that 
may be extremely cold or warm due to climatic 
conditions. 
For correcting hydrometer readings according to 

the temperature of the electrolyte a device called a 
correction thermometer is commonly used. Fig. 15 
shows a thermometer of this type which can be in-
serted in the electrolyte when mixing or into the 
electrolyte of the battery through the vent opening. 

This correction thermometer has two scales. The 
scale on one side being used for the temperature 
readings and the one on the opposite side is the 
correction scale. 
The reading on the correction scale at the point 

where the thermometer indicator line rests will give 
the number to add to or subtract from the hydrome-
ter readings to get the corrected reading. The 
scale also shows by a --1-- or — sign before each 
figure whether the number should be added to or 
subtracted from the hydrometer reading. 
A convenient rule to use in making temperature 

corrections when a correction thermometer is not 
available but the temperature of the battery or elec-
trolyte is known is as follows: 
For every three degrees above 70° F. one point is 

added to the hydrometer reading, and for every 
three degrees below 70° F. one point is subtracted 
from the hydrometer reading. 
For example, if we have electrolyte at a tempera-

ture of 100° F. and the hydrometer shows a reading 
of 1.270, then the electrolyte temperature being 100°, 
or 30° above 70°, we will divide 30 by 3 and find 
that 10 points must be added for correction of the 
hydrometer reading. Then 1.270 plus 10 — 1.280 or 
the correct gravity reading. 

13. CHEMICAL ACTION IN CELLS DURING 
CHARGE AND DISCHARGE 

In order that you may more fully understand 
some of the tests used with storage batteries and 
be able to recognize certain trouble symptoms and 
give the batteries the proper care, it will be well 
at this point to consider the action that takes place 
within the cells while they are charging and dis-
charging. 

It is also particularly valuable to know the con-
dition of the plates•and electrolyte both in charged 
and discharged condition. Let us start first with a 
new battery that is fully charged and consider the 
action that takes place during discharge. 
When a lead plate battery is fully charged the 

active material in the positive plates is in the form 
of lead peroxide and is brown in color. In the nega-
tive plates the active material is in the form of 
sponge lead which is gray in color. The electrolyte 
will be at maximum density which is between 1.280 
and 1.300 S. G. for automotive batteries. 
With the battery in this condition the open cir-

cuit voltage of each cell will be between 2.1 and 2.2 
volts. Now if the cell is connected in a closed elec-
trical circuit current will flow due to this voltage 
or pressure, from the positive terminal of the cell 
through the circuit, and back to the negative ter-
minal. 
As the cell discharges certain chemical changes 

take place within it. The acid in the electrolyte is 
gradually absorbed by the plates in the process of 
changing the lead peroxide and sponge lead into 
lead sulphate. Thus the plates which were unlike 
when the cell was charged tend to become alike on 
discharge, or both change to lead sulphate. 
The specific gravity or density of the remaining 

electrolyte decreases in proportion to the acid ab-
sorbed by the plates, so as the discharge progresses. 
the electrolyte becomes weaker and weaker. When 

Fig. 15. Convenient type of battery thermometer for making corrections 
in hydrometer readings according to temperature of electrolyte. 

• 

the specific gravity shown by the hydrometer read-
ing drops to 1.150 if we test the cell voltage with a 
voltmeter, while the cell is discharging at the nor-
mal eight hour rate, you will find that it is down 
to about 1.7 or 1.8 volts, and we then consider the 
cell discharged. 
So we find that in a discharged cell we have two 

conditions to observe. First, the active material on 
both plates has been changed to lead sulphate. 
Second, the density or specific gravity of the elec-
trolyte is very little above that of pure water. It is, 
of course, possible to obtain considerable current 
from a battery after the cell voltage has dropped 
below 1.7, but it is generally not considered practical 
and is not good for the battery to discharge it much 
below this point. So when the voltage drops this 
low and the hydrometer readings show about 1.150 
the batteries should be recharged. 
During charging a reverse action to that which.. 

occurred during discharge takes place. To charge 
a cell direct current is sent through it in a direction 
opposite to the flow of current when the cell was 
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tube is filled with liquid which has been drawn in 
by the rubber bulb. The upper end of the float is 
marked with a graduated scale from 1.100 to 1.300 
for ordinary automotive battery testing. 

In speaking of specific gravity or hydrometer 
readings for battery electrolyte, instead of 
stating the figure in full as a fraction, we generally 
drop the decimal and shorten the expression. For 
example the reading 1.200 would be called twelve 
hundred, and the reading 1.275 called twelve 
seventy-five, etc. The decimal is also commonly left 
out of the figures marked on the scales of battery 
hydrometers. 

In order to indicate the specific gravity of the 
liquid which is drawn into the hydrometer tube, the 
float is weighted just the right amount so that it 
would float in water with the mark 1 just at the 
surface of the water. Sulphuric acid being heavier 
than water the float will not sink as far in the acid 
but will float higher, and the specific gravity of the 
acid can be read at the float mark which is at the 
surface of the acid. 

In using a hydrometer the bulb is depressed and 
the syringe tip immersed in the liquid to be tested. 
Releasing the bulb then draws the large glass tube 
partly full of liquid and causes the float to rise. 
Care should be taken to see that the float doesn't 
stick to the glass tube but rises freely in the liquid. 
If too much liquid is drawn into the hydrometer the 
top of the float may be held against the top of the 
syringe tube or up in the bulb, and some of the 
liquid should be forced out so that the float will ride 
freely at a convenient level for reading. 
As the amount of acid in the electrolyte of a stor-

age battery varies during charge and discharge and 
thereby varies the gravity of the electrolyte, hy-
drometer readings are a good indication of the state 
of charge. This method of testing will be explained 
later. 

11. PREPARATION OF ELECTROLYTE 

In preparing electrolyte for lead plate storage bat-
teries for automobile use sufficient water is mixed 
with the sulphuric acid to bring its specific gravity 
to about 1280 or 1.300 according to the strength de-
sired. Sulphuric acid can be obtained in the con-
centrated form (1.835 specific gravity) but is more 
generally supplied partly diluted to 1.400 specific 
gravity for use in preparing battery electrolyte. 
When mixing concentrated or 1.835 S. G. sul-

phuric acid and distilled water always add the acid 
to the water slowly, and stir the solution continu-
ously while adding the acid. 

If the water is added to the acid the mixture will 
heat up so much that it may break the container and 

ell injure the operator, or the violent boiling may 
splash acid in one's eyes. 

Sulphuric acid even in its diluted form in battery 
electrolyte is very injurious to clothing and will 
burn the skin of the hands if not immediately 

washed off. Strong sulphuric acid is very dangerous 
if carelessly handled and allowed to splash into the 
eyes or on the face and hands of the operator. Am-
monia and strong soda water are good neutralizers 
for this acid, and should always be on hand and 
immediately used to wash off any acid from the 
flesh or clothing in case of an accident. 
Mixing of electrolyte should be done in an acid-

proof container of hard rubber, glass, earthenware, 
or lead. A wooden paddle or glass rod should be 
used to stir the solution. Don't use metals for this 
purpose. 
The electrolyte should be allowed to cool below 

90* F. before being put in battery cells. 
When preparing electrolyte with prediluted sul-

phuric acid of 1.400 S. G. and distilled water it 
doesn't matter which one is poured into the other, 

MIXING ELECTROLYTE BY VOLUME 

WATER DILUTED ACID 35 GA or ELECTROLYTE 

ADD 3,5 PINTS OF DISTILLED WATER TO 1 OAL, OF 1.4100 ACID FOR 1.300 ELECTROLYTE 

5 " 

5'4 

Fig. 13. This convenient small table shows the amount, by volume, of 
water and acid to be mixed together to produce battery electrolyte 
of four different strengths. 

but care should be used not to mix large quantities 
too fast and it is well to stir the solution while 
mixing. 
A convenient table for preparing battery elec-

trolyte from 1.400 S. G. acid is shown in Fig. 13. 
This table shows the number of pints of distilled 
water to be added to each gallon of 1.400 acid to 
produce electrol) te ranging from 1.300 to 1.260 S. G. 
Another convenient table for mixing electrolyte 

ranging from 1.120 S. G. to 1.400 S. G. from con-
centrated acid of 1.835 S. G. is shown in Fig. 14. This 
table gives the amounts of water both by volume 
and by weight so that either method of measuring 
can be used according to which is most convenient 
The table also gives in the last column the percent-
age of sulphuric acid in the electrolyte solution. 

12. TEMPERATURE CORRECTION 
You will note that in the table in Fig. 14 the 

temperature of both the acid and electrolyte is sped-

MIXING TABLE 

SPICIFIC GRAVITY 
OF SOLUTION 
OR ELECTROLYTE 
AT '70 ° F. 

PARTS OF WATER TO 1 PART 
or C.P. SULPHURIC ACID 
1.835 SP. GR. AT 70*F. 

BY VOLUME BY VVEIGHT 

PERCENTAGE 
OF SULPHURIC 

ACID I NI 
SOLUTION 

.120 

.150 

.180 

.200 

.220 

.250 

.270 

.280 

.300 

.350 

.400 

8.00 

6.15 

4.95 

4.33 

3.84 

3.22 

2.90 

2.75 

2.47 

1.95 

1.56 

4.40 

3.35 

2.70 

2.36 

2.09 

1.76 

1.57 

1.49 

1.34 

1.06 

0.04 

17.40 

21.40 

z5.eo 
27.70 

30.20 

33.70 

36.10 

37.30 

39.65 

45.20 

50.50 

Fig. 14. This table shows the amounts, both by volume and by weight, 
of water and full strength acid which should be mixed together to 

produce electrolytes of different specific gravities. 
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In Wood Case 

In Hard Rubber Case 

Fig. 11. Top view shows a completed wood case battery of the 3-cell, 
6-volt type, and below is shown a complete battery of the same type 
but in a rubber case. 

8. ELECTROLYTE 

After a new battery is completed or an old one 
repaired each cell must be filled with electrolyte, and 
the level of this electrolyte should always be kept 
from 3/8 to 1/2 inch above the tops of the plates. 
The electrolyte used in lead plate storage batteries 

consists of chemically pure sulphuric acid (H2 S 
04) and distilled water. A commercial grade of acid 
should never be used, as it contains certain impuri-
ties which may cause local action and rapid deteri-
oration of the battery plates even when the battery 
is not in use. For the same reason distilled water 
only should be used, as ordinary well water or water 
from a faucet contains chemicals that are detrimen-
tal to battery action and life. You will recall from 
an earlier article on primary cells that local action 
is caused by impurities in the plates or electrolyte, 

setting up local short circuits or small active cells 
at various spots on the plate surface wherever the 
impurities lodge or collect. 

9. SPECIFIC GRAVITY 
The term specific gravity has already been men-

tioned and is one with which we should become 
thoroughly familiar at this point. Specific gravity 
refers to specific weight of any liquid or substance 
compared to the weight of an equal volume of pure 
water, or, in other words, the ratio of the weight 
of the substance to the weight of an equal volume 
of water. 
The specific gravity (S. G.) of pure water is as-

sumed to be 1, usually written 1.000, and is used as 
a standard for comparing the weights of similar 
volumes of other materials and thus establishing 
their specific gravity. 
One pint of water weighs approximately one 

pound and one pint of sulphuric acid weighs 1.835 
pounds. So we say the specific gravity (S. G.) of 
sulphuric acid is 1.835. This shows us the acid is 
about 1.8 times heavier than water. 

10. HYDROMETERS 
The specific gravity of any liquid can be easily and 

quickly determined by means of a device called a 
hydrometer. 

Fig. 12 shows a hydrometer on the left, and in 
the view on the right one of these devices is showak  
in use to test the specific gravity of the electrolyfilI 
in a battery. 
A hydrometer consists of a glass tube syringe con-

taining a small float inside of the glass tube as 
shown in Fig. 12. The float is weighted at the bot-
tom end so that it will float upright when the outer 

F4. 12. On the left is shown a common battery hydrometer. Note the 
small float within the glass barrel of the hydrometer and also the 
rubber bulb on the top for drawing in the electrolyte. The view on 
the right shows the method of using a hydrometer for testing the 
electrolyte of a battery. 
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through the separators where the plate corners 
would otherwise become warped against them. 
When a separator becomes worn through by pres-

sure from warped plates it allows the plates to 
short circuit and puts the cell out of commission. 
The view on the left in Fig. 8-A shows an element 

or group of positive and negative plates equipped 
with isolators, and on the right in this same figure 
is a group of badly warped plates showing what 
may happen to a plate group that is not equipped 
with isolators. 
The position of the wood separators and the man-

ner in which their tops are allowed to project 
slightly above the plate tops are also shown in the 
left view of Fig. 8-A. 

Isolators were formerly made from celluloid, but 
the disadvantage of this material was its tendency 
to melt or dissolve at high temperatures, so hard 
rubber is the material now used. 

7. CELL CONTAINERS AND BATTERY 
CASES 

After an element or group of positive and negative 
plates has been assembled with separators it is ready 
to be placed in the cell container. Each cell must, 
of course, be insulated and separated from the other 
cells in the battery, and the containers used for this 
purpose must be acid-resistant and able to with-
stand a certain amount of mechanical abuse and 
eibration. 

Hard rubber meets this condition very well as it 
resists the action of the acid and is fairly tough and 
strong. Glass is also acid resisting and can be used 
in the construction of batteries for stationary use 
where they are not subjected to any mechanical 
abuse or severe vibration. 

Fig. 9 shows a hard rubber jar or cell container 
on the left and a rubber jar cover on the right. Ribs 
or ridges about one inch high are provided in the 
bottoms of these jars to strengthen them and also 
to keep the plates up off the bottom of the cell, and 
prevent their being shorted by any active material 
which may shed from the plates during use and 
settle to the bottom on the container. The ribs in 
the jar bottoms form spaces in which this loosened 
active material settles and prevent it from reaching 
the lower edges of the plates. 

Until recent years automotive battery cell groups 

Fig. 9. This view shows a common type of hard rubber cell jar and 
cover such as used in automobile batteries with wood cues. 

Fig. 10. Above are shown two types of cases commonly used with auto-
mobile batteries. The one on the left is made of wood and the one 
on the right is made of molded hard rubber. Two-cell covers are 
shown beneath the cases. 

or elements were all placed in individual jars of this 
type and the three or six jars, or complete cells, then 
mounted in a wood box such as shown on the left 
in Fig 10. 
Wood battery cases have the disadvantage of 

being subject to rotting and rapid deterioration due 
to the action of the acid fumes or any acid spilled 
upon them. Their life can be greatly prolonged by 
coating the wood with acid-proof paint, but even 
then wood cases are not very satisfactory for auto-
motive batteries or other uses where they receive 
rough treatment. 
A much better battery case which has come into 

very general use for automotive and radio batteries 
in the last few years is the hard rubber case, such 
as shown on the right in Fig. 10. These cases are 
not affected by acid and, therefore, last much longer 
than wood cases and they are very strong and 
compact. 
You will note that the cell partitions of hard rub-

ber are built right into these cases so they do not 
require separate cell jars but are complete when 
fitted with rubber cell covers, such as shown beneath 
the cases in Fig. 10. These covers are used to close 
the tops of the cells and keep out dirt, water, etc., 
and to prevent spilling of the electrolyte. 
The covers are each provided with three openings. 

One in the center for the vent and filler cap and one 
near each end for the terminal posts of the plate 
groups to project out to the connectors. The sides 
of the covers are so shaped that when they are in-
stalled in a jar or case a V-shaped space or groove 
is formed all around their edges between the cover 
and the side of the battery. Into this groove is 
poured hot sealing compound which hardens as it 
cools and forms an acid-resistant seal between the 
cover and container. 

Fig. 11 shows two complete automobile batteries. 
The one above being built in a wood case and the 
one below in a rubber case. 



778 Storage Batteries. Separators, Retainers and Isolators. 

After being sawed and grooved, cedar and cypress 
separators are always treated in a hot alkaline solu-
tion and then washed thoroughly. The purpose of 
this treatment is to remove certain substances from 
the wood which would otherwise form acetic acid 
if not removed. Acetic acid interferes with proper 
chemical action in the battery and may also damage 
the battery as it tends to corrode the lead. Some-
times plate lugs are so weakened and corroded due 
to presence of this acid that the plates drop off the 
lugs. The treatment also tends to increase the 
porosity of the separators and thereby reduce their 
resistance to the passage of current through the cell. 
As the separators are treated at the factory where 

made they are shipped wet or damp and must be 
kept damp until they are put into service. If they 
are kept in water a small quantity of sulphuric acid 
should be put in the water to prevent the separators 
from becoming slimy or moldy. 

Fig. 8 shows several different styles of wood 
separators with grooves of different sizes and vari-
ous spacings. 

[ffr 

Fig. 8. Several different sizes of wood separators with different types 
of grooves. These separators are used to insulate the positive and 
negative plates from each other and prevent them from short circuit-
ing within the cells. 

\Vhen separators are fitted between the positive 
and negative plates they should be trimmed and set 
so that their tops will come at least 3/16 or of an 
inch above the tops of the plates, in order to prevent 
short circuits that might otherwise be caused by 
foreign material dropping in the cell through the 
vent opening when the vent plugs are removed. 

Special cutters or separator trimmers can be ob-
tained for trimming wood separators to proper size. 
A separator trimmer consists of a flat board with a 
knife attached to its edge by a hinge, so that sepa-
rator edges can be sheared off by placing them on 
the board under the knife. 
Another type of separator developed by the Wil-

lard Storage Battery Company is known as the 
threaded rubber separator. This separator is made of 
a thin sheet of hard rubber which has a large num-
ber of short threads placed crosswise through the 

rubber when the separator is molded. These threads 
number over 6000 to the square inch and serve as 
wicks to allow the electrolyte to circulate through • 
the separator, and also to afford a path for the pass-
age of current through the acid soaked threads. 
The threaded rubber separator has ribs or corru-

gations on one side which correspond to the grooves 
on wood separators. When installed between the 
plates the ribbed side of the rubber separators must 
be placed next to the positive plates with the ribs 
running vertically, or up and down. 

6. RETAINERS AND ISOLATORS 

Some battery makers use thin perforated sheets 
of hard rubber about 1/64 of an inch thick, which 
are placed between the ribbed side of the wood 
separator and the positive plates. These thin rub-
ber sheets are called retainers and are used to pre-
vent the active material from shedding or falling out 
of the grids of the positive plates. 

These retainers, however, have the disadvantage 
of a tendency to clog up, and thus increase the in-
ternal resistance of the cell. 
One large battery manufacturing company uses 

additional notched strips of hard rubber which are 
fitted into slots cut in the edges of the grids. These 
strips are called Isolators and are for the purpose 
of locking the edges of the plates rigidly in position 
to prevent warping and distortion of the plates with. 
age or severe use. 
The use of these isolators doesn't eliminate the 

necessity for separators but the isolators give a 
great deal of added strength and rigidity to the plate 
groups, and prevent the plates buckling and cutting 

Fig. 8A. This photo shows on the left an excellent view of a cell ele 
ment equipped with isolators for holding the plates in position an( 
preventing warping or buckling; and on the right is shown a group 
of badly warped plates which were not equipped with isolators of 

this type. (Courtesy of Vesta Battery Co.) 
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• 
gether by burning or welding them to a lead con-
nector strap equipped with a terminal post, as 
shown in the lower left view of Fig. 5. 

The number of plates selected depends on the size 
and capacity of the cell to be built. The greater the 
number or total area of the plates the greater will 
be the capacity of the cell. 
A group of negative plates consisting of one more 

than the number of positives is then fastened to-
gether in the same manner and the positive and 
negative groups meshed together, as shown in the 
left foreground of Fig. 6. 

The reason for always having one more plate in 
the negative group of a cell than in the positive 
group is because the capacity of cells is rated and 
determined according to the number and size of 
positive plates, and in order to work both sides of 
the positives it is necessary to have a negative plate 
on each outer side of the positive group, and this 
requires one additional negative in each cell. 

The voltage of any single cell or group of posi-
tive and negative plates is slightly over 2 volts in 
the ordinary lead plate battery when fully charged. 
Lead plate cells are usually classed as 2 volt cells. 
The standard automobile battery consists of three 
such cells connected in series, and develops 6 volts. 
Twelve-volt batteries have been used to some extent 
for automotive work but are rapidly becoming obso-

0ete, because of the tendency of car manufacturers 
o standardize on six-volt starting and lighting 
systems. 

Fig. 7 shows three groups of positive and nega-
tive plates assembled together for a three-cell bat-

•  

! Positive Plate 

I Positive Group 

'Negative Plate 

"11- Lug 

I Negative Group. 

Fig. 5. The above views show completed or pasted plates of both pos-
Cive and and negative types. Single plates are shown above, and below 
the plates are shown grouped or connected together to the cell 

terminals. (Courtesy of Electric Storage Battery Co.) 

Fig. 6. This view shows the more important parts of a lead plate 
storage battery fcr automotive use. Note carefully these various 
parts when reading the accompanying paragraphs. (Courtesy of 
Universal Battery Co.) 

tery. Such positive and negative groups are called 
elements. 

5. SEPARATORS 
After the positive and negative groups are fitted 

together as explained, the positives must be in-
sulated from the negatives by inserting thin wood 
or rubber separators between them. 
These separators are used to keep the plates from 

touching each other and thereby forming internal 
short circuits. The separators must be porous so 
the electrolyte can pass through them and so that 
they will offer the least resistance to the passage 
of current. They must also be designed to allow 
free circulation of electrolyte over the surface of 
the positive plates. 
Although separators are made of both wood and 

rubber the wood separator is most generally used. 
Cedar and cypress separators are generally used be-
cause of their porosity which reduces the internal 
resistance of the cell, and because of their ability to 
resist the action of the acid in the electrolyte. 

:iew:%, 

Fig. 7. Above are sown three groups of positive and negative plates 
assembled together and ready for separators before being placed in 
the cells of a battery. 

Separators made of basswood and of hardwood 
are also sometimes used. 

Separators are provided with grooves on one side 
and when inserted between the plates they should 
always be placed with the grooved side next to the 
positive plates and with the grooves running verti-
cally, or up and down, so as to provide free circula-
tion of the electrolyte. 
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Fig. 3. The above drawing shows the construction of one common type 
of grid used for pasted plates. This drawing shows the grid before 
the paste has been applied. 

either by hand or by special machines made for this 
work. When done by hand the pasting is generally 
done on a glass or marble covered table with sheets 
of blotting paper being placed between the grids 
and the table top. The paste is then applied to the 
grids from the top by means of a trowel, pressed 
firmly into the grid, and smoothed off flush with 
the surface. 

After pasting, the plates are dried in a rack by 
circulating air over and around them at room 
temperature. The drying causes the paste to set and 
become hard and at the same time cements it firmly 
to the grid. As soon as the plates are dried they are 
ready for forming. 

3. FORMING OF PLATES 

We mentioned previously that it was necessary to 
form or condition lead plates of the Planté type by 
charging and discharging them. It is also necessary 
to form pasted plates by giving them one prolonged 
charge that changes the oxides of the paste into 
active material. 

For forming the plates are assembled into groups, 
the positives together in one group and the nega-
tives in another, and the plates separated far enough 
apart so that separators are not necessary between 
them. 
These two groups are then placed in a tank filled 

with 1.150 specific gravity electrolyte, with the posi-
tive and negative plates in alternate positions, or 
one negative between each positive and the next, 
the same as they are arranged in the finished 
battery. 

Direct current from a D. C. generator or line is 
then passed through the forming tank, being careful 
to connect the terminals so that the current flows 

into the tank at the positive plates and out at the 
negative plates. In other words connect the positive 
terminal of the line or generator to the positive platee 
group. 
The paste in the positive plates where the current 

enters will be changed to lead peroxide or Pb02, 
while the paste on the negative group at which cur-
rent leaves will be changed to sponge lead or Pb. 

‘Vhen the electrolyte begins to gas or bubble quite 
freely and the voltage between the positive and 
negative groups tests between 2.1 and 2.2, the plates 
are fully formed. 
When the forming process is completed the plates 

are dried and are then ready for use in a battery. 

4. STORAGE BATTERY CONSTRUCTION 
AND PARTS 

So far we have discussed only the plates, which 
are the most important part of any storage battery. 
To complete the battery, however, requires a num-
ber of additional parts, such as container, jars, sepa-
rators, connector straps, terminals, cell covers, etc. 
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Fig. 4. Photo of another type of grid of the diamond type construc-
tion. The lead bars serve both as a frame to hold the paste or 
active material and as conductor to carry the current from the active 
material to the plate lug. (Courtesy of Philadelphla Battery Co.) 

Fig. 6 shows a number of these parts required for 
a complete battery. On the extreme left and in the 
background is a complete cell and in front of this 
and to the right are shown two more positive and 
negative plate groups assembled together. In the 
center is shown a wood battery box or case and in 
front of it a stack of wood separators and two cell 
connector straps. On the right are shown twe 
empty cell containers or jars with their covers ant 
vent caps. 

In constructing a storage battery of the lead plate 
type a number of positive plates are connected to-
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Fig. 1. This photo shows a large group of lead plate storage cells in 
glass jars. This battery installation is typical of those used for 
emergency lighting or farm lighting se:vice, or for signal work. 
(Courtesy of Electric Storage Battery Co.) 

with the lead to increase its mechanical strength 
and also to prevent the chemical action during 
charging and discharging from converting the grid 
into active material, as it would if pure lead only 
was used. 
e Fig. 3 shows a standard grid with a square mesh, 

nd Fig. 4 shows a grid of the diamond type as used 
by one of the leading battery manufacturers. 
The original Fauré plates had both positive and 

negatives pasted with red lead. In modern batteries 
litharge is also used with the red lead. The chemi-
cal term for red lead is: Pb304. and that for litharge 
is Pb0. These terms or symbols are more fully ex-
plained in Article 14. 
The paste commonly used for positive plates con-

tains a large percentage of red lead while that used 
for the negative plates contains a large percentage 
of litharge. Lamp black is often added to the nega-
tive plate to make it more porous, as the negative 
plates tend to be rather dense on account of the 
large amount of litharge used in the paste. 
The finished positive and negative plates are gen-

erally distinguishable by their difference in color, 
the positives being of a dark brown color and the 
negatives dark gray in color. 
The upper part of Fig. 5 shows a positive plate 

on the left and a negative plate on the right. Note 
the difference in their color and also note the man-
ner in which the paste is pressed into the grid flush 
with the surface so that both sides are smooth. 
The lugs provided on the top corners of the plates 

are for attaching the terminals or group connectors 

as the cell. 
In the lower part of Fig. 5 are shown a positive 

plate group and a negative plate group attached to-
gether by their connectors and terminal posts, and 
ready to place in the cells. 

New battery plates for repairing worn out ones 
are generally purchased from some battery supply 
company, as the plates can be made much cheaper 
in factories equipped for this work than they can in 
the average repair shop. However, a general knowl-
edge of plate construction and manufacture will be 
found interesting and possibly very valuable at some 
time or other; particularly if you should obtain a 
position in a battery manufacturing concern. 
The following formula gives the materials com-

monly used in making the paste or active material 
for lead plates: 

PLATE PASTE FORMULA 
(Parts by weight) 

POSITIVE NEGATIVE 
Red lead, 5 parts Litharge, 5 parts 
Litharge, 1 part Red lead, 1 part 
1.120 S. G. electrolyte, 1.150 S. G. electrolyte, 1 
1 part part 

1 ounce of lamp black per 
100 lbs. of litharge. 

As lead oxides are dry powders some liquid must 
be used to mix them into a paste so they can be 
applied to the grids. Dilute sulphuric acid is gen-
erally used for this purpose. When mixed with the 
lead oxides the sulphuric acid causes a chemical 
action to take place which changes part of the oxides 
to lead sulphate, causing the paste to harden rapidly, 
so that it is necessary to work fast when applying 
paste to the grids. 

In making battery plates the paste can be applied 

Fig. 2. Large lead plate storage cell in which the plates are supported 
inside of a lead lined wood tank which is in turn supported on 
insulators. Cells of this type are commonly used for emergency 
•power and for D. C. control busses in power plants. (Courtesy of 
Electric Storage Battery Co.) 
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ELECTPC STORAGE BATTERIES 

Storage batteries are used che millions in auto-
mobiles, radios, telephone eid telegraph systems, 
railway signal systems, ‘ectric trucks, train light-
ing, farm lighting plan", and for emergency power 
reserve in substation'and power plants. 
These batteries rPluire charging, testing and care, 

and although the, are very rugged in their con-
struction, they equire occasional repair due to the 
natural wear c,:curring on their elements by charg-
ing and disdarging in normal use. So there are nu-
merous owortunities for trained men in electric 
storage battery work. 

It is also very easy for one to start a nice, profit-
able, small business of their own with very little 
capita/ in the repairing and servicing of automobile 
and radio batteries. 

Fig. 1 shows a neat installation of storage batter-
ies such as used for emergency lighting in public 
buildings, or with farm lighting plants. 

Fig. 2 shows a single cell of a large power storage 
battery such as used in substations and power plants 
for supplying thousands of amperes during short 
periods. 
You have already learned the principles of pri-

mary cells or batteries and how electric current can 
be produced by immersing unlike metals in an acid 
solution. It has also been explained previously that 
storage batteries are different from primary bat-
teries in that they require charging before they are 
ready to supply electricity. 

1. LEAD-ACID CELLS. PLANTE PLATES 

One of the most common types of storage batter-
ies is known as the lead plate battery. This is the 
type that is used very extensively in automobiles, 
for battery operated radio sets, and in large power 
plant batteries. 

In 1860 a Frenchman named Gaston Planté dis-
covered the principles of the lead plate storage cell. 
He found that if two strips of pure lead were im-
mersed in an electrolyte of dilute sulphuric acid, a 
thin coating of lead sulphate would soon be formed 
on the surfaces of these plates. 
He then discovered that by passing current 

through the cell the lead sulphate on the plate 
at which the current entered the solution would be 
changed to lead peroxide, or a compound of lead and 
oxygen. The lead sulphate on the other plate at 
which the current left the solution changed to pure 
lead in a spongy form. The term sponge lead is 
generally used in describing lead in this condition. 

Thus the unlike materials required to produce the 
action in a cell were created by electrolytic action 
on lead plates which were formerly both alike. 

• 
After thus charging the cell, Planté found that it 

would give off current in the opposite direction 
While discharging, the lead peroxide on one plate 
and the sponge lead on the other are again changed 
back to lead sulphate, and when all of the lead 
peroxide and sponge lead are changed back to lead 
sulphate, the plates are alike again and will not 
supply any more current. 
However, if charged again by having current 

passed through them in the same direction as at 
first, the plates can again be made unlike and the 
cell brought back to charged condition, ready to 
produce current once more. 
The lead peroxide plate from which the current 

flows during discharge is called positive, while the 
sponge lead plate at which the current enters dur-
ing discharge is called negative. 
From this we see that when charging a lead plate 

storage cell the charging current does not store 
electricity in the cell but merely makes the plates 
unlike by changing them chemically. 
When a load or closed circuit is connected across 

the terminals of such a cell, current flows in think 
opposite direction to that in which the charginW 
current flowed, and as the unlike material on the 
lead plates is gradually changed back to lead sul-
phate the voltage across the cell terminals becomes 
lower and lower, reaching zero when all of the mate-
rial is reduced to lead sulphate and both plates are 
again the same. 

The positive and negative plates for storage cells 
of the Planté type both consist of a sheet of pure 
lead, with grooves or corrugations on each side to 
increase the active area in contact with the elec-
trolyte and thereby increase the capacity of the cell. 

2. PASTED PLATES 

One of the disadvantages of the Planté plate stor-
age cell was the fact that the lead plates being 
non-porous had to be charged and discharged a con-
siderable number of times before the coating of 
active material was of sufficient thickness to give 
the required capacity. This charging and discharg-
ing process was known as forming and was too 
lengthy and costly a process to make batteries of 
this type commercially practical. 

To overcome this difficulty another Frenchman 
named Camile Fauré produced battery plates of 
pasted construction in 1880, and these plates turned 
out to be so much more efficient that they are t 
type still used in modern lead plate storage batterie.,.,_,. 

Pasted or Fauré plates consist of a grid or frame-
work of lead and antimony, upon which is ap-
plied a paste of lead oxide. .The antimony is used 
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also be of great value to anyone planning to enter 
the radio field, because radio equipment utilizes 
high-frequency alternating current, and many of 
the fundamental principles of alternating current 
and A.C. power machinery are so closely related to 
those of radio circuits and equipment. 
A great deal of time, effort and expense have 

been devoted to this section on alternating current 
and we would certainly advise every student to 
make an occasional review of these sections in order 
to keep himself thoroughly familiar with the very 
important material covered in them. 
Keep in mind at all times that this Reference Set 

is just what its name implies, and that it should 
be used for frequent reference to refresh your me 
ory on any principle of which you are in doubt,. 
to obtain specific help and instruction on any prob-
lem of electrical construction, operation, mainte-
nance, or trouble shooting which you may ever 
encounter. 
The more frequently and constantly you refer 

to this set for help of this kind the more familiar 
you will become with the exact location of each 
subject and the more quickly and easily you will be 
able to locate practically anything you wish to find 
within these pages. 

• 
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and external connection diagrams; instructions for 
nstallation, care and operation; data and prices on 

logpare parts; or even to supply one of their expert 
engineers to help solve certain operating or repair 
problems with which the maintenance man may 
have exceptional difficulty. 

In writing to manufacturers for any information 
of this kind you should always give complete name-
plate data on the machines or devices for which 
the information is requested. 
Never hesitate to ask the manufacturers any ques-

tions about their equipment because they are usually 
glad to help the maintenance man or operator pro-
duce the best possible results with their machines. 

453. KEEP UP-TO-DATE 
It is also exceedingly well worth while to keep 

up-to-date as to modern operating and maintenance 
practice in different plants throughout the country. 
One way to do this is to subscribe to one or more 
of the best trade journals covering the class of work 
you may be doing. 
These journals contain interesting articles by 

leading operating and maintenance engineers and 
by practical men of long experience in the field. 
The articles often show actual photographs and 
illustrations of certain installations and machines, 
and in many cases they give excellent shop hints 

Fig. 474. This photo shows the use of a modern gas type fire «-
doggish« ier fire protection in electric plant& 

goi 
Fut. 475. This photo shows an installation of A. C. motors in a copper 

mill. Hundreds of thousands of motors in thousands of electrified 
factories and plants require the services of trained electrical main-
tenance men. 

and suggestions for improvements, and tools and 
devices with which a great deal of time can be 
saved in making certain repairs. 

Keeping yourself up-to-date in this manner and 
always looking for new ideas to use to the advan-
tage of your employer is bound to result in more 
rapid promotion both in responsibility and in salary. 

454. OPPORTUNITIES 

Always use your head as well as your hands con-
tinually on any electrical work you may be doing, 
and in this manner you will get a great deal more 
enjoyment out of your work each day; and you are 
also sure to get more pay out of your envelope if 
you strictly follow this practice. 
The field of electrical construction, operation, and 

maintenance in all of the various lines such as 
power plants, industrial plants, telephone corn 
panies, railroads, and also in radio, automotive igni-
tion, air craft ignition, etc., offers splendid oppor-
tunities to the practically trained man. Very 
few people fully realize or appreciate these oppor-
tunities when they are told about them, and usually 
not until they have obtained training and made 
the necessary effort to establish themselves in this 
great field of fascinating and profitable work. 

A knowledge of the principles of alternating cur. 
rent and A.C. devices covered in this section will 
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Fig. 471. Convenient plug type thermal relay for protection of circuits 
to small motors and other equipment. 

help to quickly select the proper part for a certain 
machine. 
A few of the small parts more commonly required 

may be carried in the tool kit of the maintenance 
man. 
What spare parts should be kept on hand de-

pends a great deal upon the amount and type of 
equipment in use in the plant. They may range all 
the way from small screws, springs, bolts, nuts, 
pig tails, contact shoes, brushes, relay coils, field 
coils, fuses, etc. to complete spare rotors or arma-
tures, or even complete spare motors, transformers, 
oil switches, etc. 

Small companies could not, of course, afford to 
carry these larger spare parts and machines; but 
in large plants, where dozen or hundreds of ma-
chines of one type may be in use, having on hand 
a spare motor or controller which can be used to 
quickly replace one of the others which has become 
defective, allows the defective unit to be taken out 
of service and repaired at leisure without very much 
loss of time due to shut-down of the driven equip-
ment. 
Some of the parts most commonly carried in 

stock are as follows: 
1. Bearings 
2. Controller and switch contacts 
3. Brushes 
4. Bearing oil 
5. Oil for starters and oil switches 
6. Fuses (plug and cartridge type) 
7. Supply of the most commonly used 

sizes of wire 
8. Cable lugs 
9. Insulators and pins 
10. Solder, flux and tape 
11. Fish paper and varnished cloth 
12. Air-dry insulating varnish 
13. Wire for rewinding coils, or spare 

factory-made coils 
14. A few lengths of most commonly used 

sizes of conduit 

15. Sandpaper and crocus cloth 
16. Screws, nuts, bolts, springs, etc. 
17. Condulets, outlet boxes, lock ,nuts, and 

bushings 
IS. Lamps and sockets 
19. A few feet of copper bus bar 
20. Brush holders. 

• 

451. FIRE PROTECTION 
The maintenance man should also give some 

thought to proper fire protection of at least the 
electrical equipment in his charge. Small portable 
fire extinguishers located at points near equipment 
using quantities of oil, or equipment which may 
cause a certain amount of sparking or flashing, will 
generally be sufficient protection. 

Carbon-tetra-chloride extinguishers can be safely 
used to extinguish fires on live electrical parts be-
cause this liquid is not a conductor of electricity. 
Most other extinguishers, such as the soda and acid 
type, and also any water bucket or water hose 
should never be used until you are absolutely cer-
tain that all wires and machine parts have been dis-
connected and grounded. 

Fig. 472. Revolution counters or speed indicators of the above type are 
very convenient for checking the speeds of motors and generators. 

One of the most modern and efficient methods of 
fighting fire around electrical equipment is the use 
of fire-extinguishing gases contained under pressure 
in metal cylinders equipped with a short length of 
hose and a tube for directing the gas into the fire 
or machine which may be burning. 

Fig. 474 shows an extinguisher of this type being 
used to put out a fire in the oil pan of a voltage 
regulator. 

452. SECURING HELP FROM 
MANUFACTURERS 

A great deal of cooperation can be secured from 
the manufacturers by any maintenance man who 
will take the trouble to write to them for it. Manu-
facturers are generally very glad to cooperate with 
users of their equipment and will furnish internal 

Fig. 473. Convenient trouble lamp with hook, guard, and 
insulating handle. 
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Fig. 469. Photo of contactor panel of an A. C. motor controller. These 
contacts and their connections require frequer.t attention by the 
maintenance electrician. 

bility of efficient repair by this method the contact 
faces or shoes should be replaced with new ones. 

Flexible connections and pig tails to movable con-
troller contacts should be inspected frequently to 
see that they are not partly or wholly broken off 
due to repeated bending. These flexible connections 
can easily be replaced with new ones obtained from 
the manufacturer or by short pieces cut from a stock 
of flexible copper braid of the proper sizes, which 
a mid be kept on hand for just this purpose. 
'Contact springs, arcing tips, arc barriers, etc. 
should also be given frequent inspection and re-
paired when necessary. 

It is particularly important that all overload-
release coils, no-voltage coils, time-element devices, 
and other protective relays and equipment on con-
trollers be kept in good adjustment and condition, 
in order to protect both the contraer and the motor 
which it operates. 
On starters of the remote control type the push 

buttons and their contacts should also be inspected 
and kept properly maintained, as these little devices 
may otherwise be the source of considerable trouble 
and may cause the controller and motor both to fail 
to operate, just because of some dirty contact or 
loose connection at the push button station itself. 

449. GENERAL 

Some form of convenient speed indicator or revo-
lution counter such as shown in Fig. 472 should be 
kept on hand among the maintenance man's tools 
for the purpose of checking the speed of various 
motors and driven machinery. 
Reduced speed below that of the name-plate rat-

ing is often an indication of an overloaded motor, 
reduced line-voltage; or of some trouble which may 

indeveloping in the machine. 
convenient portable trouble lamp with an insu-

lated handle, lamp protecting guard, and extension 
cord as shown by Fig. 473 should also be available 
for making emergency repairs on machines located 

in dark corners and for examining the insides of 
controllers or large motors. 
The small hook shown on the end of the guard 

provides a convenient means of supporting the 
lamp in places where work is to be done. Lamps 
of this kind are often provided with an extra wire 
on the extension cord for grounding the lamp socket 
and guard, thus affording added protection from 
shock hazard in case of a defect in the socket. 
Another very convenient device for the electri-

cian to have is one of the small pocket-size circuit 
testers of either the magnetic or neon tube type, 
for testing to see if low-voltage circuits are alive 
or not and approximately what their voltage is. 

450. STOCKING OF SPARE PARTS 

A maintenance man should always give considera-
ble thought to stocking or keeping on hand at least 
a few of the spare parts most commonly needed for 
repairs and replacement on the motors, controllers, 
and other devices which he may be maintaining. 
Even in plants where this has not been the practice 
a trained man can make his services much more 
valuable and save a great deal of time and money 
for his employer by determining as quickly as pos-
sible what parts are most often needed for repairs 
and replacement, and then recommending the pur-
chase of a small supply of these parts to have on 
hand at all times. 
This is a particularly great advantage when the 

plant or equipment is located at some distance 
from the supply house or manufacturers from whom 
repair parts can be obtained, as in such cases having 
the parts on hand saves considerable time in repair-
ing and putting the machines back into service. 

In large plants such stock parts should be neatly 
and systematically located and arranged in bins or 
shelves which are marked so that any particular 
part can lee located. 
Attaching to the repair parts themselves proper 

tags with complete markings and data will often 

Fig. 470. Push button station with cover removed to show contacts 
and relay magnet. 
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closure around them and placing heaters of some 
sort inside this enclosure. Sheet metal will serve 
very well for such enclosures and asbestos board is 
excellent because of its heat-resisting and insulat-
ing qualities. 
Never fail to have plenty of clean, dry air circulat-

ing through any ovens or enclosures used for drying 
out electrical equipment, as this circulating air is 
necessary to carry away the evaporated moisture. 
New machinery or machines which have not been 

running for some time should always be carefully 
watched for unusual sounds or vibration which may 
be caused by single phasing; reversed phases; loose 
mechanical parts such as end shields, bearings, pul-
leys, rotor bars, coil wedges, etc. Loose laminations 
in stator or rotor cores will often set up loud hum-
ming noises. 

Excessive vibration of the entire machine may be 
caused by improperly balanced rotating parts. Un-
usual vibration and noises are often caused by 
shorted coils or other defects in the windings on 
either rotors or stators. 

All machinery should be carefully and frequently 
observed for signs of overheating. Overheated 
windings or bearings will generally give off an odor 
of hot or burning insulation or oil, and when any 
odors of this nature are first noticed the machine 
should immediately be shut down and the source of 
trouble located and corrected. 
By shutting down motors and feeling the various 

parts of stator and rotor windings any spots which 
are particularly hotter than others can be located, 
thus helping to determine where the trouble is. 

446. USE OF TEST INSTRUMENTS 
We have previously mentioned and will again 

emphasize here, the fact that any up-to-date plant 
should have a sufficient number of proper meters 
for testing and checking electrical machinery and 
circuits, and the electrical maintenance man should 
do everything in his power to see that these instru-
ments are on hand and in good condition. 
Much trouble and lost time can be saved by mak-

ing the proper tests on new machinery and its cir-
cuits when the machines are installed, and also by 
testing machines for overloads and abnormal cir-
cuit conditions after they are running. Additional 
money can also be saved by making occasional effi-
ciency and power factor tests on various machines 
and circuits, if the proper meters for this work are 
available. 

447. IMPORTANCE OF CLEANING 
Always remember that it is very important to 

keep all electrical machinery well cleaned and free 
from collections of dust, dirt and oil. Regular and 
thorough cleaning will greatly prolong the life of 
insulation and will help to reduce operating tem-
peratures and increase the efficiency of any electrical 
equipment. 
Dust can be blown out of windings by means of 

portable electrical blowers such as shown in Fig. 
468; or, if blowers are not available, by wiping and 
brushing out windings with rags and soft brushes 
having long insulated handles. 

Oil or grease can be wiped off windings with rags 
or waste, and the windings can then be washed 
with gasoline or benzine to thoroughly cleanse 
them of all oil or grease which may have started to 
soak into the insulation. 
Mixing carbon-tetra-chloride with gasoline or ben-

zine in mixtures of about half and half, will greatly 
reduce the fire hazard and the possibility of an explo-
sion when using these solutions for cleaning. 

After washing with such solutions to remove 
grease and oil, windings should be thoroughly dried 
and then given one or more coats of good air-dry 
insulating varnish. Varnish of this kind can be 
obtained in small or large cans from electrical sup-
ply houses and should always be kept on hand in 
any electrical maintenance shop. It helps to fill 
small cracks which develop in the insulation and 
thereby keeps out dirt, oil, and moisture and thus 
greatly increases the life of the equipment. 

Fig. 468. Convenient portable electric blowers of the type shown above 
are often used for cleaning dust from electrical machines. 

448. CONTROLLERS 

In order to secure proper starting and operation 
of A.C. motors it is necessary to keep their starters 
and controllers in good condition. Controllers 
should be given the same regular inspection as 
motors, and a regular form similar to the one shown 
for motor inspection can be used to cover the in-
spection of all moving or wearing parts, contacts, 
terminals, relays, overload protective devices, etc. 

Controller terminals should be frequently in-
spected to see that they have not worked loose by 
vibration, and all contacts at which circuits are 
made and broken should also be frequently inspected 
to see that they are not partly burned and makinte  
poor or high-resistance connections. 
As soon as contacts become severely burned or 

pitted they should be carefully filed smooth and 
bright, and when worn or pitted beyond the possi-
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the motor would probably not start in either direc-
tion. With the brush yoke shifted until the "R H" 

dlimark lines up with the mark on the frame, as shown 
nniF in the center sketch, the motor should rotate in a 

right-hand direction and should give its full rated 
speed and torque. 
When the brush yoke is shifted so that the "L H" 

mark lines up with the mark on the frame, as shown 
in the lower sketch, the motor should run in a left-
hand direction. 
Other troubles, such as dirty brushes, poorly 

fitted brushes, brushes stuck in the holders, poor 
brush tension, loose pig tails or connections, high 
mica, etc., apply to commutator type A. C. motors 
as well as to D. C. machines. 
The centrifugal switches of fractional horsepower, 

single-phase, split-phase motors often cause failure 
of these motors to start or run properly, due to 
these switches becoming stuck with dirt and grease, 
developing loose or burned contacts, improper 
spring tension, broken or bent parts, etc. 

Fig. 467. Diagram illustrating connections and methods for convenient 
trouble tests on single-phase split-phase A. C. motors. 

444. TESTING SINGLE-PHASE, SPLIT-
PHASE MOTORS 

A convenient method of testing single-phase, 
split-phase motors to locate most of their common 
troubles is shown in Fig. 467. A set of test lamps 
and fuses are shown connected to a pair of test 
leads, "X" and "Y", with insulated handles. 

The test lead "Y" should be connected in series 
with a fuse to the ground wire of the single-phase 
system, and the test lead "X" should be connected 
in series with a pair of test lamps and a fuse to the 
"hot" wire. 

In testing for grounds, place Y on the frame of 
the motor making sure that it is not insulated from 
the iron by paint or grease. If the motor is not 
grounded the lamps should not light when X is 
touched to either A, B, C, D, or E. 

If the lamps do light when X is touched to A or 
it indicates that the running winding is grounded. 
f the lamps light when X is touched to C, D, or E, 

it indicates that the starting winding or switch is 
grounded. 

In testing for crosses or shorts between the start-
ing and running windings, connect Y to either A or 
B. When X is touched to C, D, or E, the lamps 
should not light. If they do, it indicates a cross or 
shorted connection between the two windings. 

In testing for "opens" in the running winding, 
connect Y to A and X to B. If the lamps fail to 
light it indicates that the running winding is open-
circuited. 

In testing for opens in the starting winding, first 
test the entire winding circuit by connecting X to C 
and Y to D. If the lamps do not light the circuit 
is open. 
Next connect X to C and Y to E. If the lamps 

light the centrifugal switch is closed as it should 
be when the motor is idle. Then connect Y to D 
and X to E, and if the lamps do not light it indicates 
that the starting winding is open regardless of the 
position of the switch. 

445. PRECAUTIONS IN STARTING 
NEW MACHINES 

When starting up for the first time, new machines 
such as motors, generators, converters, transform-
ers, etc., you should exercise particular care and 
observe carefully a number of important items. No 
properly trained electrician with any respect for 
his job or the equipment of which he is in charge 
will ever start up a new machine and leave it to 
run unobserved. 

Before the machine is started its entire circuit 
and all switches and connections should be care-
fully checked over, and care should be taken to see 
that no foreign objects or dirt are anywhere in the 
machine. 
Check carefully the oil in bearings, the movement 

of oil rings, and also the ventilating air or cooling 
water supply to the machine. If these things are 
not carefully done it may result in considerable 
damage to the new equipment as well as danger to 
yourself or other workmen. 

All new electrical machinery that has had any 
chance to become damp, and particularly that of 
high voltage and large capacity, must be thoroughly 
dried out before operating. This applies also to 
old equipment which has not been used for some 
time and may have absorbed considerable moisture. 
The windings may be dried out by means of 

electrical heaters or steam coils and fans, or by 
allowing current not much in excess of full load 
value to flow through the windings at low voltage 
until the heat thus caused has evaporated the 
moisture. 

One or more electric fans used to circulate the 
warm air from heaters through and around the 
windings will greatly reduce the time required for 
drying. Small machines or windings can be dried 
out conveniently in ovens, if they are available. 

In some cases the drying out of large machines 
can be speeded up by building a temporary en-



766 A. C., Section Eight. Maintenance. Insulation Tests. 

As the insulation resistance should depend on 
the size and voltage rating of any machine, these 
factors should be considered in determining the 
proper resistance standard with which to compare 
test readings. 
The following simple formula can be used for 

this purpose: 

Megohms should 
rated voltage 

kw. rating + 1000 
For example, a 20-h. p., 440-volt motor with good 

insulation should test .433 megohzns or 433,000 
ohms or more. 
As: 
20 h. p. = 20 X 746, or 14,920 watts, or 14.92 kw. 

then, 
440 440 

Megohms —  , or  , or .433+ 
14.92 + 1000 1014.92 

As previously explained, if megger readings taken 
at successive inspection periods show continually 
decreasing insulation resistance on a certain ma-
chine, it indicates failing insulation due to aging, 
overheating, moisture, oil, or some such cause. 

When drying out machines with damp windings, 
megger tests should show higher and higher resist-
ance readings as the moisture is removed. 
When further drying will not increase the insula-

tion resistance any more, it indicates that the mois-
ture is practically all out of the windings. 
Megger tests are made by connecting one lead 

of the instrument to the machine winding and the 
other lead to the frame. Then turn the hand gen-
erator crank until the voltmeter element indicates 
proper D. C. voltage, and read the resistance in 
megohms from the ohmmeter scale. 

442. DIELECTRIC TEST 
Another common test for the insulation of elec-

tric machines is the dielectric test, which is made 
by applying a certain excess voltage to the wind-
ings and frame of the equipment to see if the in-
sulation will break down and ground the winding, 
or if it is good enough to stand the voltage without 
puncturing. 
The standard voltage to use for the dielectric 

test is found as follows: 

2 X rated voltage 1000 

For example, the voltage to use for the dielectric 
test on a 20-h. p., 440-volt motor, would be: 

2 X 440 + 1000 = 1880 volts. 

Small portable test transformers with adjustable 
taps or rheostats used in their primary circuits to 
vary the secondary voltage can be used for making 
dielectric tests. 

443. SINGLE-PHASE MOTOR TROUBLES 
As certain types of single-phase motors use com-

mutators and short-circuiting devices, centrifugal 
switches, etc., their failure to start or operate prop-
erly may be due to defects in one of these devices 

as well as to faults in the windings or failure of 
line supply. 
On single-phase motors of the repulsion-induction. 

type the centrifugal commutator short-circuiting 
device is supposed to leave the commutator free of 
the short circuit during starting and then to short 
circuit the commutator when the motor is fairly 
well up to speed. 

If this short-circuiting device fails to operate 
properly the motor may not start or it may not 
come up to full speed. Failure of the short-circuit-
ing device may be due to its becoming clogged with 
hardened oil and dirt, to worn out parts, burned or 
pitted contacts, dry or unlubricated moving parts, 
or the weakening or breaking of springs. 

All single-phase commutator-type motors use 
brushes which are subject to the same troubles as 
those of D. C. machines. These troubles and their 
remedics were thoroughly covered in the Direct 
Current Section. 

Repulsion-induction motors are the most com-
mon type which have commutator and brushes, and 
on these machines the brushes are short-circuited 
together and must be placed at a certain definite 
setting. 

If loose or high resistance connections develop in 
the short-circuit path between these brushes or if 
the brushes slip out of their proper setting, the 
motor will not operate properly or may not eve. 
start. 
The proper brush setting for these machines is 

usually marked on the frame and brush-holder yoke. 
One common type of marking is as shown in Fig. 
466. In the upper sketch there are shown two small 
marks, "R H" and "L H", on the brush holder yoke; 
and one small mark on the frame. 
When these marks bear the relative positions 

shown in this sketch the brushes are at neutral and 

Fig. 466. The above sketches show markings on motor frame and 
brush yoke, for setting repulsion motor brushes for right or left-

hand rotation. 
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stator, because the voltage drop due to current 
owing through the windings from the live phase 

will cause voltmeters or test lamps to give an indi-
cation on the dead phase as well. (See Fig. 465). 
While the voltmeter on the left would give higher 

readings than the others, they would all indicate 
some voltage. For this reason an ammeter test is 
the most dependable. 

440. REASONS FOR MOTORS OVER-
HEATING 

Winding troubles, such as shorts, grounds, opens, 
reversed coils, oil soaked coils, etc., which cause 
overheating of A. C. motors, have been covered in 
Section Two of Armature Winding. 

In addition to these troubles within the windings, 
motors may be caused to overheat by any of the 
following: 

(a) Low voltage 
(b) High voltage 
(c) Improper frequency 
(d) Single-phasing of three-phase motors 
(e) Overloaded motors 
(f) Poor ventilation. 

If the voltage applied to the terminals of an A. C. 
motor is either considerably below or considerably 
above that for which the motor is rated the ma-
chine will overheat. 'P As the torque of an A. C. induction motor is 
roportional to the square of the applied voltage, 
when the voltage is low the machine cannot pro-
duce its rated torque and drive the load without 
drawing excessive current. 

If the line voltage is too high it will force an 
excessive amount of current through the motor 
windings, whether the machine is loaded or not. 
A voltmeter can be used to easily determine whether 
the line voltage is correct for the design of the 
motor, by comparing the meter reading with the 
voltage marked on the name-plate of the motor. 

Attempting to operate a motor designed for one 
frequency on a line of another frequency will cause 
the machine to overheat if the difference in fre-
quency is more than five or ten per cent. 
Frequency can be checked by comparing the read-

ing of a frequency meter, or the name-plate fre-
quency ratings of other motors on the line, with 
the frequency given on the name-plate of the motor 
which is heating. 
A three-phase motor which is operating on single-

phase due to some defect in the line or stator 
winding will overheat considerably if the load on 
the machine is much more than 50% of its full load 
rating. This fault sometimes occurs because of 
defective running contacts on the controller or 

Ilearting compensator. 
If the starting contacts are in good condition they 

may supply three-phase energy during starting and 
thus bring the motor up to speed. If the running 
contacts are defective the motor may receive only 

single-phase energy when the controller is thrown 
to running position. 

If the load is not too heavy the motor may con-
tinue to run at slightly reduced speed, but it is very 
likely to overheat in a short time. The test for 
locating an open phase or determining whether or 
not the machine is running single-phased has al-
ready been explained. 
Motors are designed for a certain normal operat-

ing temperature at fun load, and the full load cur-
rent is practically always stamped on the name-
plate. If this name-plate current rating is exceeded 
by placing too great a mechanical load on the motor 
the heating effect will increase approximately with 
the square of the current increase. 
Ammeters placed in the line leads to a motor will 

quickly show whether or not it is overloaded, by 
comparing the meter readings with the name-plate 
current rating. 

Fig. 465. Sketch illustrating wrong method of testing for an open phase. 
Ammeters provide a more dependable indication. 

Badly worn bearings which allow the rotor to 
rub or run very close to the stator teeth on one side 
will also cause overheating. 
As all motors develop a certain amount of heat 

during normal operation this heat must be allowed 
to escape by radiation or be carried away by circula-
tion of air through the machine, in order to prevent 
building up excessively high temperatures. If either 
the radiation of heat from the machine or the 
circulation of air through it are interfered with, the 
motor will overheat seriously. 
Sometimes, in an attempt to keep moisture or 

dirt from a motor, the machine is improperly cov-
ered in a manner that also prevents the circulation 
of air and the radiation of heat. In other cases, the 
ventilating ducts through the winding and core may 
have become badly clogged with dirt, thus prevent-
ing the proper circulation of cooling air. 

441. INSULATION TESTS WITH MEGGER 

A megger test of the insulation resistance of any 
electrical machine is usually a fair indication of the 
condition of the insulation. 
Machines on which the windings are soaked with 

oil or moisture or have old and defective insulation 
will give a much lower reading in megohms than 
machines of the same type and size with good new 
insulation. 



764 A. C.. Section Eight. Maintenance. Stator Troubles. 

Fig. 463. The above sketches show connections for voltage tests on 
leads of three-phase squirrel cage motors. 

minais too much. This can be corrected by chang-
ing the taps on the auto transformer or, in the case 
of rheostat starters, by cutting out more resistance. 

Badly unbalanced voltages will considerably re-
duce the starting torque, running torque, and effi-
ciency of a polyphase motor. A voltmeter can be 
used to detect this condition by a test across each 
phase as shown at 463A. 

Unbalanced voltages may be caused by any of 
the following: 

1. Unequally distributed single-phase loads on a 
three-phase system. (See Fig. 464-A.) 

2. Entire system supplied with single-phase 
power but alive with three-phase power, due 
to phase converter action of three - phase 
motors. Fig. 464-B shows how this may occur 
with an open in one phase as shown and a 
three-phase motor operating lightly loaded 
from one phase. The phase wire which is open 
will be supplied by a certain amount of volt-
age through the stator windings of the running 
3 phase motor. 

3. Transmission-line voltage unbalanced because 
of no transpositions. 

4. Wrong connections on transformers or use of 
transformers having widely different character-
istics. 

Improper frequency is not very often the cause 
of motor failure, except in cases where motors have 
just been installed and are being started for the 
first time. In such cases motors of one frequency 
may hase been installed on a supply line of another 
frequency. 

Check the name-plate frequency of the new 
motors with that of older motors which have been 
successfully operated on the system, or make a fre-
quency meter test on the line. 

439. OVERLOAD AND SINGLE-PHASING 

A motor suspected of not starting on account of 
overload should be tested for other troubles to make 111, 
sure that the cause actually is overload. If the 
motor tests okay in other respects and is supplied 
with the proper voltage and frequency it will make 
a good attempt to start and will generally produce 
a loud humming noise. 

Place an ammeter in each phase lead to the motor. 
If these instruments register currents considerably 
greater than the full load current rating of the 
machine it is fairly safe to assume that the motor 
is overloaded. Try to turn the load by using a 
wrench on the shaft, and compare the pressure re-
quired on a one-foot wrench handle with the rated 
starting torque of the motor in foot pounds. 

Three-phase motors which are loaded will not 
start unassisted when single-phase power is applied. 
Single-phasing may be due to a blown fuse, broken 
line-wire, loose connection, broken lead at the con-
troller or motor, bad contacts on controllers, etc. 

It might seem at first thought that a three-phase 
motor with one wire open would still be supplied 
with two-phase power. This, however, is not the 
case; with one wire open there are only two wires 
remaining closed and over two wires it is possible 
to get only single-phase energy. A third wire is 
needed to complete the circuit for the impulses of 
the other two phases at alternate periods. 
One of the best ways to test for single-phasinill 

is to place an ammeter in each line wire at the 
motor terminals. The line which is open will give 
a zero reading on the ammeter. 

Testing with voltmeters or lamps will locate a 
dead phase if the leads are disconnected from the 
stator winding; but these tests may be somewhat 
misleading if the line leads are connected to the 

Fig. 464. Unbalanced voltage on three-phase circuits can be caused by 
unbalanced loads as at "A", or by an open on the line side of a 

polyphase motor as at "B". 
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Fig. 462. Diagram showing methods of testing with ammeters to locate 
an open circuit in a secondary resistance. 

fling and has its stator excited, and with the secon-
dary-resistance controller on the first point. When 
the voltmeter leads are connected across good grids 
in the phase elements which are closed, only a very 
small voltage drop will be read. 
When it is connected across good grids in the 

phase element which is open no reading will be 
obtained; but when the leads are connected across 
the grid which is broken or has the high-resistance 
connection, a higher reading will be obtained with 
the meter. 

Intermittent opens which are caused by small 
breaks that are jarred open and shut by vibration, 

le sometimes the cause of rather mysterious tubles and are a little more difficult to locate. 

By leaving an ammeter in each circuit for a time 
and watching the instrument for fluctuations in its 
readings, these intermittent or floating opens can 
be found. 

Brushes which occasionally stick in the holders 
may also cause intermittent opens in the secondary 
circuit of slip-ring motors and these brushes can 
be located by connecting an ammeter in series with 
their leads and watching it for fluctuations. 

A slip-ring motor with a properly wound rotor 
which is free from faults will give the same am-
meter readings on each of the three secondary leads 
when all control resistance is shorted out of the 
circuit. 
A rotor with slightly unbalanced currents may 

give good service with slightly lower efficiency and 
power factor. If the rotor currents in each line are 
considerably out of balance, the rotor winding 
should be checked for shorted coils, reversed poles, 
open circuits, etc. 

A rotor which has balanced currents with all the 
secondary resistance cut out should also have 
balanced currents when all of the secondary resist-
ance is in the circuit, provided the resistance is agually divided between the secondary phase leads 
d the resistance units are all in good condition. 

If the ammeter readings vary considerably with 
a balanced rotor and all the resistance in the second-
ary circuit, it indicates that the secondary resistance 

is unbalanced or that part of the resistance is short-
circuited. 

438. STATOR TROUBLES 

A number of the troubles or defects which occur 
in the stators of A. C. machines have been fully 
covered in Section Two on A. C. Armature Wind-
ing, and Articles 105 to 121 inclusive should be re-
viewed in connection with your study of main-
tenance. 

In addition to the actual faults which may occur 
in stator windings there are a number of other 
things which relate to the stator and its current 
supply which may prevent an A. C. motor from 
starting. 
Some of the most common of these troubles are 

as follows: 

(a) No voltage 
(b) Low voltage 
(c) Unbalanced voltage 
(d) Improper frequency 
(e) Overloaded motor 
(f) Polyphase motor attempting to start single 

phase. 

In connection with the first item (a), a motor, of 
course, cannot start without voltage because there 
will be no current flowing in either the stator or 
rotor windings. It is a very simple matter to de-
termine whether or not a motor is supplied with 
voltage by testing at the stator leads with a volt-
meter or test lamps. 
Test lamps connected in series can be used on 

550 volts and under, and ordinary voltmeters can 
also be used on such circuits. On higher voltage 
motors or where the voltage is above the range of 
the voltmeter, potential transformers should be 
used. 

Fig. 463-A shows a method of using either lamps 
or a voltmeter to test for voltage at the terminals 
of a 440-volt motor. Whichever the device used 
for testing, the test should be made from A to B, 
B to C, and A to C, to make sure that all phases 
are alive or supplied with the proper voltage. 

Fig. 463-B shows a method of testing the leads of 
a high-voltage motor using a potential transformer 
with the voltmeter. 

Failure of voltage at the stator leads to a motor 
may be caused by an open circuit in the line, such 
as blown fuses, open circuit breakers or switches, 
failure of the entire power supply, loose connection, 
or bad contact on the controller, etc. 

In testing for low voltage a voltmeter should be 
used at the motor terminals. As the starting torque 
of an induction motor varies with the square of the 
applied voltage, the motor will be unable to start 
its load if the voltage is considerably below normal 
or that voltage for which the machine is rated. 

If the line voltage is found to be correct the 
trouble may be that the starting compensator or 
resistance is reducing the voltage to the stator ter-
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A further protection of coarse wire screen can 
often be used to very good advantage around the 
sides of such resistance grids. 

Fig. 460 shows sketches of a separate iron grid, 
an insulated clamping rod, and a complete as-
sembled unit of grids for resistors of this type. In 
the sketch of the complete unit an "open" or "break" 
is shown in one of the grids at "B". 
Temporary repairs for breaks of this kind can 

be made by the use of jumpers made of heavy flex-
ible copper wire equipped with terminals, as shown 
by the sketch in the lower left corner of Fig. 460. 
A repair of this kind can be made by loosening 

the nuts which clamp the grids together and in-
serting the lugs of the jumper between the points 
marked "X" and "Y". When the nuts are again 
tightened the jumper is clamped securely in parallel 
with the broken grid. 

Hole for mounting on mica tube 

Cast Iron 

Era 
View 

Mica 

net .   

Iron Rod r 

Temporary 
Repair Jumper 

G C 

Grid Assembly 

A•GMds 
B-Brocen Grid 
C• Mica Washes 
D.Terrninals 
E•tlachine bolt nuts 
F -Iron rods 
G, -Sheet metal mounting strip 
H -Iron washers next tonal*. 

Fig. 460. Sketches showing construction of iron grid type secondary re-
sistors for slip-ring motors. Also note the jumper used for making 
temporary repairs to open circuited units. 

Shorting the grid out in this manner slightly re-
duces the resistance of that section of the rheostat, 
but usually not enough to materially affect the op-
eration of the motor. The broken grid and jumper 
should, however, be replaced as soon as possible 
with a new grid. 
The nuts which clamp resistors of this type to-

gether should be frequently inspected and tight-
ened, as they occasionally work loose by vibration 
and thus cause poor contacts of high resistance 
between the ends or eyes of the grids. 

This may cause burning and pitting of the con-
tact surfaces of the eyes and necessitate the grids 
being removed and having the eyes ground or filed 
clean and smooth. 

Careful observation of the sketch of the complete 
assembled grid on the right in Fig. 460 will show 
that the mica insulating-washers are properly placed 
to separate the ends of every other pair of grids on 
opposite sides, leaving the remaining ends together 
so that the complete circuit is formed through all 
of the grids in series in this one unit. Also note 

the mica insulating-tube which prevents the iron 
clamping rod from short-circuiting the grids to-
gether. 

Fig. 461 shows a photograph of several resistance 
grid units assembled in a compact bank or frame-
work. 

437. TESTS FOR LOCATING FAULTS IN 
SECONDARY RESISTORS 

An ammeter can be conveniently used for locat-
ing opens in secondary resistors by placing the am-
meter first in one phase lead and then another and 
starting the motor each time. The phase in which 
the broken grid is located will be indicated by a 
zero current reading when the motor is started. 

If three ammeters are available, one can be con-
nected in each phase as shown in Fig. 462, thus 
making the test a little more quickly. With the 
open at the point marked "X", the center ammeter 
would show no reading when the motor starting 
switch is closed. 

If the motor is loaded it will probably not start, 
while if there is no load connected to it it may start 
up slowly. 

If the starting rheostat handle is moved gradu-
ally around to cut out the resistance, the center 
ammeter will suddenly show a reading when the 
sliding contact passes the break at "X", and if the 
motor has not started up to this time it will prob-
ably start rather suddenly when this point 
reached; or if the motor has been running, its spe 
will increase as the break is passed. 
By carefully watching the ammeter as the con-

troller handle is moved, the exact location of the 
break can thus be determined. 

High-resistance joints or cracks which are hard 
to find on resistors by ordinary inspection can be 
located by testing across the ends of the resistance 
grids with a voltmeter. 
This test should be made hile the motor run-

Fig. 461. Photo of complete grid resistor unit for slip-ring 
motor controllers. 

• 
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Fig. 459. Common motor air gap gauge, for measuring clearance be-
tween the armature or rotor and the field poles or stator. Note 
the several different "feelers" or blades which are of different 
thicknesses. 

If solder splashings are found on the end of the 
stator windings opposite the rotor bar ends, it is 
usually an indication of loosened rotor bar connec-
tions. Bolted bars may loosen from strain and vi-
bration and loose bars in rotors of this type can 
often be noticed by a series of small sparks at the 
end ring when the rotor is started. They can also 
be detected by a blackened or burned appearance 
of the bar or ring at the contact, or a slight rise in 
temperature at a loose contact after the machine 
has been running a short while. If the rotor bars 
are tapped lightly a different sound will be given 
off by those which are loose than by those which 
are tight and secure. 
Loose bars of the bolt-connected type should be 

thoroughly cleaned and tightened, and those of the glldered or brazed type should have the joints 
eaned and carefully resoldered or brazed to the 

end ring. 
Loose or high-resistance joints between the rotor 

bars and end rings cause reduced starting torque 
and reduced operating efficiency of the motors, as 
well as increased heating. 

Unusual noises in squirrel-cage rotors may be 
caused by the vibration of bars which have become 
loose at the end ring connections or loose in the 
slots of the rotor core. 
Rotor heating may sometimes be caused by poor 

insulation between the laminations of the rotor 
core, allowing the circulation of heavy eddy cur-
rents. 

435. SLIP-RING ROTOR TROUBLES 
Slip-ring motors have rotor windings of the 

phase-wound type with the same number of poles 
as the stator winding. Whether these rotors are of 
the wire-wound or bar-wound type, they are sub-
ject to the same troubles as stator windings. 
The most common of these troubles are defective 
insulation, shorts, grounds, opens, and loose con-
nections. These troubles have been fully covered 
in the Section on Armature Winding. 

Faults sometimes occur in the insulation or con-imeections of the three leads which run from the rotor 
inding to the slip rings, or in the insulation of the 

slip rings themselves. 
Oil leakage from bearings may be the cause of 

failure of the insulation between the slip rings and 

shaft or between the three separate rings. This 
may cause the rings to loosen or to become 
grounded to the shaft or short-circuited to each 
other. 

In some cases this trouble can be corrected by 
cleaning and drying out the insulation or by build-
ing it up slightly larger to make the slip rings fit 
tightly again, and in other cases it may require com-
plete new insulation rings under the metal slip 
rings. 

Small burned spots in the insulation which have 
been caused by a ground or short-circuit can often 
be scraped out and plugged with fiber or insulating 
compound to make temporary and even more or 
less permanent repairs. 

Lightly burned surfaces on the insulation may 
be scraped and cleaned and then, after the oil or 
moisture is dried out, the insulation can be covered 
with several coats of shellac to keep out moisture 
and oil and preserve its insulating quality in the 
future. 

Oil will sometimes cause an accumulation of dust 
and dirt on the brushes or brush holders and may 
cause brushes to stick in the holders or to build up 
on the contact faces of the brushes a dirty, greasy 
film of high-resistance. 
Brushes in this condition can be cleaned by soak-

ing and washing them in gasoline or benzine. Brush 
holders should be kept tight and in the proper posi-
tion to prevent brushes from running over the edges 
of rings and causing uneven wear of both the brush 
and ring. 

Slip rings that have been badly grooved or worn 
may need to be trued or turned down flat and 
smooth again in a lathe. 

436. SECONDARY RESISTANCE TROUBLES 

Secondary starting or speed control resistances 
which are used with slip-ring motors sometimes de-
velop opens or high-resistance connections which 
cause considerable trouble in the starting or opera-
tion of the motor. 
An open or high-resistance connection in one 

phase of this resistor will prevent the proper 
amount of current from flowing through that phase 
of the machine rotor, and thereby considerably re-
duce the starting and running torque. 

Cast-iron grids are commonly used as resistance 
elements in these rheostats, and the brittleness of 
the cast iron makes them more or less subject to 
breakage by vibration or rough handling. 
Sometimes tools or metal parts are carelessly al-

lowed to drop into resistance grids, either breaking 
or short-circuiting them. A sheet-metal cover 
placed a foot or two above a bank of such grids will 
serve to prevent objects falling into them and also 
keep out any possible moisture drippings. The 
cover should not be too close to the grids or it may 
prevent the free circulation of cooling air through 
them. 
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this tight fit is necessary to keep keys in place and 
to prevent the movement of pulleys or gears and 
the shearing or twisting of keys. For this reason, 
keys of the proper size should always be used, and 
keyways should not be filed except to remove from 
their corners slight burrs or dents which tend to 
prevent the insertion of the key. 

Ordinarily square, cold rolled steel key stock can 
be purchased in 10-ft. lengths or less, and in any of 
the standard sizes which are commonly used by 
motor manufacturers. In a large shop it is well to 
always have a little key stock on hand. 

Pulleys and gears should fit snugly on the shafts, 
to prevent slipping, rattling, and wearing of the 
shaft and the inside of the pulley opening. Never ex-
pect a key to hold a loose pulley or gear in place 
if there is any load on them. 

Coating the shafts and keyways with a little flake 
graphite before pulleys and gears are put on makes 
it much easier to remove them later. Small pulleys 
and gears may be driven onto shafts with a hammer 
or small sledge. Always use a block of wood be-
tween the hammer and gear or pulley to avoid bat-
tering or cracking the metal, and always tap them 
evenly, first on one side and then the other, to pre-
vent binding on the shaft. 
Large pulleys or gears may be forced onto shafts 

with braces or jack screws. Pulleys and gears can 
be removed from shafts by loosening their set 
screws, driving out the keys, and then lightly tap-
ping the pulley off the shaft with a hammer and 
block, as previously mentioned. 
A better device for this purpose is a regular gear 

puller such as shown in Fig. 458. The hooks of 
this device are placed against the back of the gear 
or pulley and the large screw is then tightened 
against the center of the end of the shaft, thus 
drawing the gear or pulley off. 

If possible, the keys should be driven out before 
removing pulleys or gears, but when it is difficult 
to remove the keys first they can often be taken out 
after the pulley or gear is off. 

433. AIR GAPS 

A perfect motor should have the same air 
gap all around the rotor, or the same gauge read-
ings at the top and bottom and right and left sides 
of the rotor. It is difficult, however, to machine 
rotors and stators as accurately as this and the air 
gap of a new motor may vary as much as .005 inch 
between the four gauge readings. 

When the variation becomes considerably greater 
than this due to bearing wear, it causes an unequal 
air gap, reducing the efficiency of the motor or 
generator and in some cases causing excessive heat-
ing of certain coils in the stator. For this reason, 
it is very important to make frequent inspection of 
air gaps of motors and generators, using the con-
venient air-gap gauges previously described. 

Fig. 459 shows an air-gap gauge having a num-

ber of blades of different thicknesses and each 16" 
long. All of the blades can be folded within the 
handle for convenient carrying and protection oil> 
their surfaces. 
Small motors will generally have air gaps rang-

ing from .005 to .015 of an inch, while motors of 
10 to 50 h.p. have .020 to .035 of an inch. Larger 
machines may have clearances of .040 to .060 of an 
inch or more. Machines with ball or roller bearings 
usually have slightly less clearance than those with 
sleeve bearings. 

If a motor when new has a gauge reading of .030 
of an inch all the way around it should have new 
bearings before the gauge readings become less than 
.015 on one side and more than .045 on the other. 

Fig. 458. Simple gear or pulley remover, commonly called a gear puller. 
Tight fitting gears and pulleys can be removed from shaft ends 
with such a device. 

434. SQUIRREL-CAGE ROTOR TROUBLES 

The rotors of modern squirrel-cage motors are 
very ruggedly built and are not subject to very 
many troubles. The bars are generally welded, 
riveted, brazed, or cast to end rings which short 
circuit them together; and, while it doesn't very 
often happen with this type of construction, it is 
possible that occasionally a bar may become broken 
or loosened from the end ring by excessive mechan-
ical strains or vibration. 

With older types of rotors on which the bars are 
soldered or bolted to the end rings they quite often 
work loose and develop open circuits. With t 
soldered construction this may be due to poor sol 
ering and workmanship or to overheating of the 
rotor at some time or other, thus causing the solder 
to melt out. 
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overheating is noticed, freezing can sometimes be 
prevented by applying heavy steam-cylinder oil to ethe top of the oil ring slot as the machine is care-
fully slowed down to allow the bearing to cool 
gradually. Never allow the machine to stop com-
pletely until the bearing has cooled somewhat, or it 
will be almost certain to immediately "freeze" to 
the shaft. 
The heavy oil recommended for such emergencies 

provides much better lubrication at such high tem-
peratures. 

If an overheated bearing is not noticed in time 
and the motor or generator is allowed to continue 
running, the bearing will burn out or melt out com-
pletely and also cause serious damage to the surface 
of the shaft by scoring and roughening it. 
The difficulty of removing frozen bearings from a 

shaft makes it well worth considerable precaution 
to avoid this condition. 

Frozen babbitted bearings can be removed by ap-
plying enough heat from a blow torch to melt the 
babbitt out entirely, and the bearing shell can then 
be slipped off the shaft. 

Brass bearings may be turned off in a lathe or 
split and pried off in pieces with a dull cold chisel, 
being very careful not to damage or nick the shaft. 
430. CARE IN HANDLING END SHIELDS 
When removing end shields to repair or replace 

bearings, great care should be used to avoid bump-Ilk or roughening the face of the shield where it 
fits to the motor or generator frame. Care is also 
necessary to draw the bearing straight off the shaft 
and replace it straight in order to avoid damage to 
the ends of bearings. 
See that all dirt and dust are removed from the 

shaft and bearings before replacing end shields. 
End shields can be removed from small and me-

dium-sized machines by hand, by one or two men; 
but large ones are usually of the sectional type and 
should be handled with a block and tackle, or proper 
blocking beneath them to allow them to be swung 
or slid freely on and off the shaft. 
Many large machines have bearings in separate 

pedestals mounted on the end of the machine base, 
instead of having them in end shields. Fig. 456 
shows several bearings of this type. 
Note that the bearing housings are split and 

bolted to permit easy removal of bearings without 
driving or forcing them. 

Bearings on small motors are sometimes oiled by 
means of cotton wicks or yarn packing which rub 
on the shaft and carry oil to its surface. Fig. 457 
shows a bearing with cotton oil-feed packing. 
431. SHAFTS 
Motor and generator shafts of the cheaper type age made of cold rolled steel, while those of better 
ade machines are made of nickel-steel or steel 

which is specially heat treated and hardened to get 
high strength and toughness as well as hard wear-
ing surface. 

On very large machines the shafts are often of 
drop-forged steel and are made hollow. This makes 
them lighter without materially decreasing their 
strength. For example, a 10"-diameter shaft with a 
4"-hole has the same strength as a solid shaft 9.91" 
in diameter. 
The bearing surface of shafts should always be 

kept bright and clean and should not be allowed to 
rust. When rotors or shafts are out of the ma-
chines and are to be laid away out of service for a 
time, the shafts can be coated with heavy grease to 
prevent rust. They can also be coated with white 
lead, which can be carefully cleaned off when the 
shafts are needed again. 

It is well to wrap shafts with cloth or paper to 
prevent their surfaces from becoming bumped and 
damaged while they are out of machines. 

Fig. 457. Bearing with cotton filled oil well, for wick oil feed action 
to shaft. 

Dents and rough spots on shafts can be filed off 
carefully and smoothly with a fine smooth file. Do 
not attempt to file out the dents or hollows but just 
the raised edges or burrs which would score the 
bearing. 
A badly damaged shaft can be turned down in a 

lathe or reground with a grinding machine. Rust 
or very slightly roughed surfaces can be smoothed 
off by polishing the shaft with crocus cloth. Crocus 
cloth is similar to emery cloth but has a coating of 
extremely fine cutting material of dull red color. 
Its cutting action is very slow, but it gives the 
smooth surface required for good bearing operation. 
The use of emery cloth on shafts should be 

avoided, as it leaves rough scratches in the surface 
of the shaft. 

If a shaft requires turning or grinding down to 
a smaller size, a new bearing sleeve or bushing can 
be used, giving a smaller bearing opening to fit 
the shaft. Or, in other cases this shaft can be built 
up by electric welding and then reground to orig-
inal size. 

432. KEYS, KEYWAYS, PULLEYS, AND 
GEARS 

Keyways in shafts are accurately machined so 
that the keys will fit snugly and tightly in them, and 
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through open-type bearing housings by the rotation 
of motor and generator armatures, and by the action 
of ventilating fans used on them. 
This air passing over the surface of the oil car-

ries away oil particles with it, often quickly reduc-
ing the oil level to a dangerously low point and also 
damaging the insulation on windings through which 
the oil-laden air passes. 
As much as one-fourth to one-half pint of oil per 

week may often be carried from bearings in this 
manner. 

Loss of bearing oil by air siphoning can be pre-
vented by the use of felt seal rings, as previously 
described. 

Loose bearings allow the shaft ends to whip 
around with load fluctuations and thus cause oil to 
be splashed out from between the surfaces of the 
shaft and bearing. 

In addition to lowering the oil level in the oil 
well, the oil escaping in this manner often causes 
considerable damage to paper pulleys and rubber or 
leather belts, as well as making dangerous and un-
sightly oil pools or spots on the floor. 
Loose bearings on 900-R.P.M., 25-h.p. motors, 

have been known to throw out more than a teacup 
full of oil per hour in this manner. 
The best remedy in such cases is the installation 

of new bearings, although the trouble may be tem-
porarily remedied by the use of felt seal rings to 
keep the oil in the bearing housing. 

Loose drain plugs, drain cocks and oil gauges 
also cause loss of oil in many cases. 
Sometimes rather mysterious loss of oil occurs 

through very small cracks or sand holes in the cast-
iron oil well casing. Such cracks or holes can be 
closed by welding or soldering. A small sand hole 
can often be closed by tapping it shut with a round 
headed hammer, or by drilling out the hole and then 
driving or threading a metal plug tightly into the 
hole. 

428. OVERHEATED BEARINGS 
Bearings practically always produce a small 

amount of heat because of the slight friction even 
when they are operating properly. Excessive bear-
ing temperatures are commonly caused by one or 
more of the following items: 
Tight bearings 
End shield out of alignment 
Bent shaft 
Rough shaft or bearing surface 
Dirty oil or poor grade of oil 
Insufficient oil 
Bearing up-side-down 
Excessive belt tension 
Misaligned gears 
Insufficient end play 
Motor not level 
Heat transfer from hot commutator or brushes. 
Bearings will sometimes turn bottom-side-up if 

the bearing set-screw becomes loose. This causes 

the oil ring to be lifted off the shaft and will often 
result in a burned-out bearing if it is not noticed 
and corrected promptly. 

In an effort to prevent belt-slip belts are often 
drawn up too tight. Excessive belt tension places 
unnecessary friction on one side of the bearing, and 
causes excessive wear and heating. 

Proper care and arrangement of belts makes ex-
cessive tension unnecessary. Vertical belt drives 
should be avoided whenever possible, as they are 
often the cause of bearing trouble. 
When motors drive machines by means of gears 

and pinions the gears should be carefully lined up 
so that their teeth mesh squarely and on their pitch 
lines, or otherwise they cause side-thrust and wear 
similar to that caused by tight belts. 

Insufficient end-play is often caused by bearing 
sleeves not being properly drawn into the bearing 
housings, or by improperly machined end shields or 
shoulders on shafts. The result is pinching of the 
shaft between the ends of the bearings, and this 
causes excessive friction and heating. 
The end-play should be checked on new machines 

or those on which bearings have been changed. The 
end-play movement will vary from %2" in small 
motors to X" on large machines of 50 h.p. or more. 

In a motor or generator which is not set level the 
rotor will slide to one end, causing the shaft 
shoulder to rub on the inner side of the bearinte 
housing and heat up the bearing. 
Sparking commutators or incorrect brushes some-

times produce so much heat that enough of it is 
transferred through the metal to the shaft to over-
heat a bearing. 

• 

Fig. 456. Pedestal type sleeve bearings, showing parts of one bear:ng 
and housing disassembled. 

429. FROZEN BEARINGS 
The terni "frozen bearings", while sounding 

rather contradictory, is commonly used in the field 
to indicate a bearing which has become stuck or 
locked due to overheating. When a bearing be-
comes overheated beyond a certain point a thin 
layer of the bearing metal surface becomes soft and 
partly molten. If the shaft stops turning when tbia.— 
bearing is in this condition the bearing will 
and grip the shaft yery tightly, often making it im-
possible to start the machine again. 
When a bearing becomes smoking hot before its 
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The inside of this cylindrical casing is pro-
vided with a number of small grooves which are 

*lied with grease by the overflow or squeezing out 
of grease from the bearing when it is filled. These 
little ridges of grease rotate with the shaft and, as 
their points or edges project up into the grooves in 
the metal casing, they form quite an effective bar-
rier to dust which might otherwise be blown into 
the bearing. 
When the dust and dirt comes into contact with 

the grease it is collected and held and is prevented 
from passing on into the vital wearing parts of the 
bearing. As new grease is forced into the bearing 
occasionally, the old dirty grease is forced on out 
of the dust seal rings. 

Seals of this type provide another good reason for 
frequent and sufficient greasing of ball and roller 
bearings. 

425. CHANGING BEARING OIL 

After oil has been in the wells of ordinary motor 
or generator bearings for a time it becomes dirty 
with dust and metal particles worn from the shaft 
and bearings. 
The presence of dirt and foreign matter in lubri-

cating oil can be detected by examining a drop of 
the oil on one's finger or hand, or on a bright nickle-
plated metal surface. Another good way is to place *sample of the oil in a small glass bottle or test 

be. By holding the bottle or tube up to a bright 
ight or so that sunlight can shine through it, any 
dirt in the oil can usually be seen. 

Dirty oil should not be left in a bearing, because 
the grit and dust in it causes rapid wear of the shaft 
and bearing. 
The dirty oil should be drained from the bearing 

by removing the drain plug in the bottom of the oil 
well. See Fig. 455. 
Next flush out the dirt which may have settled in 

the bottom of the well, by running gasoline or flush-
ing oil through the oil well. 
The inside of oil wells are sometimes painted 

white to enable any dirt settlings to be seen, and 
so one can tell when the well is flushed clean. 

Refill the bearings with clean new oil, to the 
proper level according to oil mark or gauge. Do 
not fill them too full or oil will leak out and get 
onto the windings or commutators. Always fill oil 
wells at the filler ports when they are provided, and 
not at the top of the bearing except when this can-
not be avoided. 

426 BREAKING IN NEW BEARINGS 
When a new motor or generator is started up for 

the first time, or when starting a machine in which 
the bearings have just been replaced, the bearings 

at likely to heat more than usual because the sur-
es of shaft and bearings are not yet worn as 

smooth as they are after a period of service. 
For this reason, it is advisable to watch the bear-

ings of such machines very closely for the first 

thirty minutes to one hour of operation, and to con-
tinue to give them very frequent attention during 
the first few days. After this period the bearings 
and shaft usually become highly polished and 
smooth or get the "whiskers" worn off, as is often 
said; and thereafter they run with much less fric-
tion and heating. 
When inspecting new bearings for high tempera-

tures, merely holding the hand on the bearing hous-
ing is not always a good indication of the bearing 
metal temperature. It is best to place the finger 
tips on the bearing sleeve itself, where the tempera-
ture can be more accurately determined. Thermom-
eters are often used to show the temperatures of 
bearings of very large motors or generators. 
Never wait until a bearing smokes before taking 

steps to cool it, because by that time it may be seri-
ously damaged. 
When starting up new machines or those with 

new bearings the following several steps are very 
important. 

(a) Fill oil wells with good clean oil 
(b) See that oil rings are turning freely 
(c) See that shaft turns freely and easily 
(d) Test for end-play 
(e) Test for heating at bearing sleeve (not at 

outside of housing) 
(f) Watch bearing closely for one-half hour or 

more 
(g) If bearing overheats, cool it with fresh oil; 

or shut machine down if it continues to overheat. 

Fig. 455-A. Very large special sleeve bearing for use with steam 
engines. Note the adjustable sections in the sides of the bearing 
to prevent pounding due to bearing slack and engine thrust. 

427. LOSS OF OIL FROM BEARINGS 

Bearings sometimes lose oil from one of the fol-
lowing causes: siphoning by air currents, worn or 
loose bearings, and leaks in oil wells around drain 
plugs or filler connections, or at cracks or sand 
holes in the iron. 
Siphoning of oil from bearings is caused by the 

strong draft of air which is set up around and 
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bolt as tightly as possible and then go to the next, 
because this practice will generally result in the 
shaft becoming bent or sprung or in warping or 
damaging the bearing. 
When the end shield has been pulled securely in 

place try turning the shaft and if it fails to turn 
freely check to see if the end shield is squarely 
against the frame or shoulder all around the ma-
chine. If it is and the bearing still remains tight 
it will be necessary to remove the end shield and 
scrape the bearing until a free running fit is ob-
tained. 

In replacing end shields on motor or generator 
frames it is a good plan to see that the machine 
surfaces or shoulders on both the end shield and 
frame are clean and free from dirt and grease Some-
times it may be necessary to lightly tap the end 
shield with a mallet or wood block to get it to draw 
up tightly on the frame. 

423. LUBRICATION 

Sleeve bearings are generally lubricated with a 
medium grade of lubricating oil instead of grease 
such as used in roller and ball bearings. A good 
grade of oil should always be used, as poor or cheap 
grades of oil often ha ve a tendency to turn rancid or 
to "gum up" in use. 
The use of good ()It is of the greatest importance 

in obtaining satisfactory service and long life from 
bearings on electrical machinery. Reliable oil com-
panies, such as the Standard Oil Company, Sinclair 
Oil and Refining Company, Cities Service, Vacuum 
Oil Company, Pennsylvania Oil Company, and 
others, supply good lubricating oil fox various ma-
chines, and are usually glad to furnish the service 
of a lubrication expert to specify the proper grades 
of oil for any ordinary machinery or special require-
ments that the electrical maintenance man may 
have. 

Fig. 455 shows a sectional view of a bearing hous-
ing and sleeve-type bearing in which the proper 
level of the oil can be noted in the oil well. The 
amount of oil required for various sleeve-type bear-
ings may range from a few teaspoonfuls in very 
small motors up to several quarts on the larger 
machines. 
The oil should always be kept clean and free from 

dirt and at the proper level. 
The oil ring can also be seen in Fig. 455 with its 

lower side hanging in the oil and the upper side 
resting on the top of the shaft at the slot in the 
bearing sleeve. 

Oil rings should always run freely whenever the 
machine is in operation and should never be al-
lowed to bind or stick even for short periods, as the 
shaft and bearings depend entirely upon the rings 
for their constant supply of oil. 

If oil rings become bent or bruised by careless 
inserting of the shaft into the bearings the rings 
will probably not turn. So considerable care should 

be used when replacing bearings and end shields on 
the shafts. 

If there is no oil in the bearing at the time it ise 
replaced, the end shield and bearing housing can be 
turned upside down to allow the oil ring to fall out 
of the way and clear the inside of the bearing 
sleeve while the end of the shaft is being inserted. 

If the bearing housing is filled with oil and must 
be kept in an upright position, the oil rings can be 
lifted out of the way either by means of a small 
wire hook inserted through the filler opening, or 
by means of a small stick inserted from the open 
end of the bearing sleeve. 

Fig. 455. Another excellent sectional view of a sleeve type bearing, 
showing oil level, oil ring, oil well cover, drain plug, bearing set 
screw, etc. 

424. DUST SEALS 
Dust seals consisting of felt rings which are held 

in place around the shaft on either end of the bearing 
are often used to prevent dust and dirt from entering 
the bearing oil. 

Devices of this kind help to maintain the lubri-
cating qualities of the oil and greatly increase the 
life of the bearing. Most modern machines are 
equipped with dust seals of some form or other, but 
on older machines which are operated in dusty 
places the maintenance man can often save a great 
deal of bearing trouble by equipping the bearing 
housings with felt rings which are cut from felt 
having a thickness from to 3,g of an inch, and 
fitting them tightly to the shaft. 
These felt rings can be held in place by thin metal 

rings or plates which are secured to the end shield 
or bearing housing by means of small machine 
screws threaded into small tapped holes in the iron 
frame around the shaft openings. 

Ball and roller bearings often have what a 
known as labyrinth dust seals consisting of a specia 
metal casing which fits around the shaft with a 
very small amount of clearance where the shaft en-
ters the bearing housing. 
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Bearings which fit rather tightly may be pressed 
akinto their housings or pulled in by means of a long 
Wthreaded bolt and several washers which will not 

slide through the bearing. This method is illustrated 
by the sketch on the right in Fig. 452, which shows 
a sectional view of a sleeve bearing being drawn 
into the bearing housing by means of such a bolt. 
Care must be taken to start the bearings squarely 

into the bearing housing in a straight line with the 
bore, or otherwise the bearing may become jammed 
and pulled out of shape. Bearing sleeves may be 
very easily ruined in this manner. 
Another very important precaution is to see that 

the top of the bearing sleeve is in line with the top 
of the end shield, or otherwise when the bearing is 
pulled in place the oil ring opening will be out of 
line and prevent the ring from resting on the shaft, 
resulting in a poorly lubricated and burned out 
bearing. 

When the bearing sleeve has been carefully 
started and lined up in the bore of the housing, the 
nut of the draw bolt can be turned with a wrench, 
causing a pull upon the washers, which will force 
the bearing into place. 

Bearings can also be removed from housings by 
the use of a draw bolt and blocks or a short section 
of pipe which is large enough to set on the end of 
the housing and allow the bearing sleeve to be erawn out of the housing and into the pipe stub, 
as shown on the left in Fig. 452. 

Fig. 453 shows sectional views of two complete 
bearing housings with the bearing sleeves in place. 
These views also show the oil rings in proper posi-
tion on the shaft. Note how the lower side of the 
oil ring hangs down into the oil well, so that as 
the shaft revolves the ring will carry the oil up 
to the top of the shaft. 

The oil then runs from this point down over the 
shaft, maintaining a thin film of oil all around it be-
tween the surface of the shaft and that of the 
bearing. 
The filler opening or cup at which new oil is 

poured into the bearing is shown on the top of the 
bearing housing in this case. The inner surfaces of 

sleeve bearings are usually provided with oil grooves 
to allow the oil to flow more freely to all parts of 
the bearing sleeves. 

Fig. 454 shows a phantom view of a bearing 
sleeve and the position of the oil grooves. In new 
bearings supplied by manufacturers these oil 
grooves are already cut and are generally about 
1/8 to 3/16 inches in width and from 1/16 to 1/8 
inch in depth, according to the size of the bearings. 
When fitting a machine with Babbitt bearings 

the oil grooves can be cut in this soft metal by hand 
with a small tool designed for this purpose. 

Fig. 454. Phantom view of sleeve bearing, showing oil grooves and 
oil ring slot. 

422. REASSEMBLING MOTORS AND 
GENERATORS 

After new bearing sleeves have been placed in 
the end shields of motors or generators the rotor 
is placed in the stator or field frame and the end 
shields and bearings are slipped over the ends of 
the shaft and up to the motor frame, being careful 
to get the end shields right side up so that the 
bearing housings and oil wells are in the proper 
position. 
The bolts or cap screws which are used to hold 

the end shields in place are next turned in by hand 
as far as they will go. A wrench is then used to 
uniformly tighten the bolts and draw the bolts up to 
the motor frame. 
The bolts should be tightened alternately so that 

they are all drawn up together. Never draw up one 

Fig. 453. Sectional views of two sleeve bearings, clearly showing the oil wells, oil rings, filler cups, etc. 
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Motors with ball or roller bearings cost some-
what more than those with sleeve bearings, but the 
longer life of the ball and roller bearings and the 
reduced maintenance cost will generally more than 
offset the small additional first cost of the machine 
equipped with ball or roller bearings. 

Ball and roller bearings produce less friction than 
sleeve bearings and therefore make the machines 
slightly more efficient. The fact that these bearings 
wear very little also allows the use of a smaller 
air-gap, improving the characteristics of certain 
types of motors considerably. 
Complete new ball and r( ;ler bearings can be 

obtained from the manufacturers of the motors or 
from bearing manufacturers, when it is necessary 
to replace worn bearings of this type. These bear-
ings are generally made in standard sizes so that, 
by specifying the inner and outer diameters of the 
rings or races, or the bearing numbers which are 
plainly stamped on them, new bearings or repair 
parts can be ordered from bearing manufacturers 
as well as from the motor manufacturers. 

420. SLEEVE BEARINGS 

Sleeve bearings are made in both the solid and 
split sleeve types. In either case the bearing forms 
a cylinder or sleeve with a uniform diameter and 
very smooth inside surface in which the shaft ro-
tates freely on a thin film of oil. 

Bearing metals must be different from the metal 
of the shaft in order to run freely and prevent ex-
cessive friction and wear. Bearing metals are gen-
erally an alloy of two or more metals, such as 
copper, lead, tin, zinc, and antimony, and are made 
in different degrees of hardness. This metal is 
commonly known just as bearing metal, and certain 
alloys are called babbit. Other bearings are made 
of soft bronze. 
The inner diameters of bearing sleeves are always 

just a few thousandths of an inch larger than the 
shaft diameter in order to allow free rotation of the 
shaft. This clearance is generally approximately 
.005 of an inch on shafts of about 2 inches in 
diameter. 
When installing new sleeve bearings it is very im-

portant to obtain a good fit on the shaft. If the 
new bearings are ordered from the motor manufac-
turers, or to exact size from a bearing maker, they 
will generally fit very well when received. Occa-
sionally, however, a bearing sleeve may fit the 
shaft too snugly, in which case its inside diameter 
must be increased very slightly until the shaft will 
just rotate freely without friction or binding. 

Bearings can be enlarged by use of a bearing 
scraper, which is used to scrape out what are 
called the "high spots" on the inside of the bearing 
sleeve. Bearing scrapers are very common tools 
in electrical maintenance shops, industrial plants, 
and auto repair shops. They consist of a curved 
shoe or blade of hollow ground steel which is 

equipped with a handle. These hard steel blades 
are used to scrape a very thin layer of soft metal 
from the inside of the bearing. It is not usuall 
necessary to scrape the entire inner surface of the 
bearing, because in most cases only a few spots are 
high. 
To locate these high spots which must be scraped 

a thin film of Prussian blue, or what is known as 
"bearing blue", can be applied over the entire area 
of the shaft where it is normally supported by the 
bearing. 
The bearing is then slipped on the shaft to its 

proper location and turned, and when it is again 
removed the high or tight spots can easily be located 
by the blue color on and around them. 
These are then scraped down very slightly by 

means of the bearing scraper and the bearing is then 
again tried on the shaft. Proceed in this manner 
until the bearing turns freely on the shaft, but be 
careful not to enlarge it too much at a time and 
cause it to fit too loosely. 

Fig. 452. The sketch on the left illustrates a convenient method of 
removing a sleeve bearing; and on the right is shown the method 
of replacing the bearing. 

421. INSTALLING BEARINGS 

Solid sleeve bearings must be placed in the end-
shield bearing housings before the end shield is 
placed on the motor or generator frame. The oil 
rings should be placed in the housings before forc-
ing the bearings down into their proper location. 

If the bearing fits in the housing quite loosely it 
may be forced into place by laying a wood block on 
the top end of the bearing and gently tapping it 
down in place with a hammer. 
Always use a wood block for this purpose aile 

never allow the hammer to strike sharply on the 
bearing, or the bearing metal may become badly 
dented or bruised. 
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nary sleeve bearings will wear out in time and 
allow the rotors of machines to get out of center 

the stator core or between the field poles. When 
he bearings are badly worn the rotor may even rub 
the teeth of the stator or the ends of field poles. 
This condition should not be allowed, but when it 
is noticed the bearings should be repaired at once. 
Unequal air gap between stator and rotor due to 
badly worn bearings reduces the efficiency and 
interferences with proper operation of motor. 
There are three general classes of bearings, which 

are known as sleeve bearings, ball bearings and 
roller bearings. 

Sleeve bearings consisting of a babbit or bronze 
sleeve in which the shaft turns have been by far 
the most commonly used in the past, and there are 
still in service considerably more of this type than 
any other. During recent years, however, ball and 
roller bearings have become very popular and they 
are quite extensively used in newer type machines. 

• 

Fig. 450. Sectional view 01 a uouble-row ball bearing, showing inner 
and outer bearing races and some of the balls. 

418. BALL AND ROLLER BEARINGS 
As ball and roller bearings generally require 

much less care and attention than sleeve bearings 
they will be covered here first. 

Ball and roller bearings both have inner and 
outer rings or bearing races made of hardened steel, 
and between which the balls or rollers run. 

Fig 450 shows a sectional view of a ball bearing 
in place around the shaft and within the bearing 
housing of a motor. The inner ring or bearing 
race is pressed tightly on the shaft and is held in 
place against the shoulder on the shaft by the 
clamping or retaining nut shown on the left. 

This inner ring turns with the shaft at all times. 
The outer ring or bearing race is held securely in 
the bearing housing in the motor end-shield. This e g should always be stationary and it should not 

allowed to rotate in the bearing housing. 
The balls of bearings of this type are made of 

very hard steel, and if properly lubricated they are 
capable of withstanding many years of wear. These 

balls are spaced and held in their proper positions 
by light metal cages, to prevent them from bunching 
up and jamming in the race and to keep them 
rolling freely and evenly around the bearing. 
These cages should always be kept in good condi-

tion, or otherwise the balls will roll together and 
wear on the surfaces of each other, and also rapidly 
wear away the surface of the bearing race. 

Fig. 161 in Section Five on A.C. shows a sec-
tional view of a squirrel-cage motor equipped with 
ball bearings. 

Fig. 176 in the same section shows an excellent 
sectional view of a motor equipped with roller bear-
ings. Refer back to these figures and note carefully 
the manner in which the bearings are constructed 
and mounted in the motor. 

Fig. 451 shows a larger view of a tapered roller 
bearing, such as is very commonly used in some 
of the modern motors. The hardened steel rollers 
are firmly held within the center ring, which ro-
tates as the rollers run around between the inner 
and outer rings. The inner ring in this case also 
fits securely to the motor shaft and revolves with it, 
while the outer ring is held securely and stationary 
in the bearing housing in the motor end-shield. 
This tapered bearing construction prevents end-
play of the motor shaft and rotor. 

419. LUBRICATION OF BALL AND 
ROLLER BEARINGS 

Ball and roller bearings are generally lubricated 
with a good grade of light grease such as vaseline, 
and under ordinary conditions two or three appli-
cations of fresh grease per year are sufficient. 
When motors are operating in very dusty places 

it may be necessary to grease the bearings more 
frequently. Grease guns are usually provided for 
filling hearings of this type. 

Fig. 451. Cutaway view of a Timkin tapered roller bearing such 
commonly used in high grade motors. 
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Fig. 449 shows a sketch of a simple insulated 
platform which can easily be made from short pieces 
of strong, dry board mounted upon four pin-type 
insulators as shown. Small pin-type insulators 
can be used in the inverted position as shown in 
the upper sketch, or larger pedestal type insulator 
units can be mounted on short pieces of board and 
attached to the under side of the platform as shown 
in the lower sketch. This latter method protects 
the insulators from breakage by being bumped on 
concrete floors. 
When working on circuits of low and moderate 

voltages thick rubber mats can also be used to insu-
late a worker from a damp concrete floor. Mats of 
this type are usually tested to withstand voltages or 
pressures of 15,000 to 20,000 volts but are generally 
not depended upon entirely for the safety of opera-
tors working on equipment of over 1000 volts. 

Stools or platforms on raised insulators should be 
used on circuits having voltages from 500 to 1000 
volts and up. 
Never attempt to operate by any other means 

disconnect switches or any equipment which is 
supposed to be operated with an insulated hook 
stick. 
Always use rubber gloves and rubber blankets 

when working on live circuits over 550 volts and 
in many cases it is advisable to use them on any 
circuits of over 220 volts. 
When working around live circuits, one should 

always be on the alert to avoid making a contact 
with the wires of two opposite phases or with one 
phase and ground, and allowing current to pass 
through any part of the body. When working 
around very high-voltage conductors one should al-
ways keep several feet away from them. 

Be extremely careful not to make short circuits, 
even on low-voltage equipment, because short cir-
cuits are very dangerous regardless of the voltage of 
the circuit. Shorts on 110-volt circuits, or even on 
five or ten-volt battery or electro-plating circuits 
which have considerable generator or battery capa-
city attached to them, can be very dangerous and 
destructive by the terrific flashes and scattering of 
molten metal in case they are short-circuited with 
some low-resistance tool. 
When handling conduit, ladders, or anything of 

this nature around live circuits be extremely cau-
tious in moving them, as they are easily swung 
into live wires or rotating machinery. 

All circuits should be considered as being alive 
until they have been proven otherwise and are 
thoroughly grounded. Persons working around 
rotating machinery should wear closely fitting 
clothes to reduce the chance of becoming entangled 
in the running parts. Be careful not to allow tools 
or loose parts of equipment to fall into running 
machines, and never leave tools lying on or around 
electrical machinery when it is started up, as the 
magnetic field of the machine may draw the tools 

Fig. 449. The above sketch shows two types of insulated stools or plat-
forms for safety in working around live wires. These are very 
simple and inexpensive to make. 

into the rotating parts and not only damage the 
machine but possibly injure a workman by throw-
ing the tool violently out of the machinery. 
When switches are opened to allow men to work 

on any line or circuit, the switches should be care-
fully tagged or labeled with a warning not to close 
them because men are working on the circuits or 
machines attached to them. Whenever possible 
such switches should be locked open by means of a 
padlock or clamp. The circuits which are flak 
"killed" for repairmen to work on should be cal«. 
fully grounded by means of flexible copper cable 
equipped with clamps. 

417. BEARINGS 

In the Armature Winding Section the more im-
portant methods of testing and repairing windings 
for either D.C. or A.C. motors or generators were 
covered; and considerable instruction was given 
on electrical repairs and maintenance for D.C. 
motors and generators in the Direct Current Sec-
tion; and on alternating current motors, generators, 
and transformers in the Alternating Current Sec-
tion. 
Up to this point, however, very little has been said 

about the bearings of motors and generators except 
the instruction regarding their lubrication and tem-
peratures. Bearings are about the only part of 
electric motors or generators aside from the com-
mutators, slip rings, and brushes on which there is 
any mechanical wear or need of replacement and 
repair. 
For this reason bearings will be considered in 

detail at this point. If bearings are properly lubri-
cated they will often last for many years without 
any great amount of wear, but if they are not kept 
properly oiled and free from grit, dirt, etc., t 
will wear very rapidly and soon make it necess 
to shut down the machine for replacing or repair-
ing the bearings. 
Even with the best of lubrication and care, ordi-
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As an example of the usefulness of inspection 

lil cords, suppose it is found that on a certain motor t oil level is very low at each inspection, although 

no definite trace of leakage can be found. This 
would indicate that the bearing was either leaking 
a small amount of oil or using it up quite rapidly 
in some manner and that it should be refilled more 
often. 
Suppose that in another case the inspection record 

shows a certain section of the stator winding to be 
slightly warmer than the balance of the winding. 
If each successive record shows this heating to be 
continuing in the same spot and apparently some-
what increased each time, it would indicate defec-
tive insulation or a partial short or ground in the 
windings at this point, meaning that the machine 
should be taken down for reinsulation or repair of 
that section of the winding as soon as it can be done 
without interfering with production in the shop. 
Suppose in another case that the Megger test 

one month shows the insulation resistance of a cer-
tain machine to be 1,250,000 ohms, 1,150,000 ohms 
three months later, and 1,000,000 ohms six months 
later. These reports would indicate that the insu-
lation of that machine is deteriorating or failing as 
a result of moisture, oil soaking, or old age, and it 
would mean that the machine should be dried out, 
have the oil washed out of the windings; or, if 

Mither of these faults is to blame, the winding 
nirould need to be reinsulated or replaced as soon 
as the machine could be taken out of service for a 
sufficient period. 

414. TOOLS AND INSTRUMENTS 
The small hand tools and more common devices 

required for maintenance work were covered in 
Section Three on Direct Current. In addition to 
these items the maintenance shop will require other 
tools, such as vises, dies, wrenches, block and 
tackle, gear pullers, drill presses, etc. 

Several portable test instruments should always 
be available for general testing purposes, as they 
are of the greatest importance in maintenance of 
electrical machinery. Among these instruments 
should be included voltmeters, ammeters, watt-
meters, Megger, test lamps, test magnetos, dry cell 
and buzzer testers, etc. 

415. GROUND DETECTORS 
Ground detectors can be used if the system is 

not of the normally grounded type. An accidental 
ground on a normally grounded system immediately 
results in a short circuit and in such cases the 
ground detector would be useless. These devices 
are very useful, however, in indicating the presence 

grounds on ungrounded systems. When such 
ound is indicated it should be immediately 

located and cleared. 
Ground detectors generally consist of a simple 

meter similar to a voltmeter, which is connected 
between the line and the ground. 

When a ground detector is not available a simple 
and inexpensive arrangement of lamps may be used 
to take its place. Fig. 448 shows in the upper sketch 
the connections for a continuous-type ground indi-
cator using a bank of six lamps with two connected 
in series between each phase and ground. 
A snap switch and fuse are also provided in 

series with each set of lamps. With this type of 
ground indicator all of the lamps will remain burn-
ing at about half voltage as long as there are no 
grounds on any phase, but as soon as a ground 
occurs on any phase the lamps between this phase 
and ground will go out, or become very dim if the 
ground is of high resistance. The remaining lamps 
will then burn at full brilliancy. 
This action is due to the fact that some of the 

lamps are shunted or paralleled by the ground cir-
cuit whenever an accidental ground occurs on any 
phase. 
Where it is desired to avoid the small cost of 

operating such a set of lamps continually, an inter-
mittent ground detector can be used by connecting 
lamps with a selector switch, as shown in the lower 
sketch in Fig. 448. With this type of detector the 
lamps are normally switched off and a test is made 
once or twice a day by switching on the lamps and 
moving the selector switch from one phase to the 
other to determine if there is a ground on any phase. 

416. SAFETY PRECAUTIONS 
When doing any kind of maintenance or repair 

work around electrical machinery extreme care 
should be used to protect both yourself and your 
fellow workmen. All companies consider the safety 
of their employees above everything else, and the 
man who always practices safety first not only 
eliminates a great deal of danger of injury to him-
self but also has a much better chance to become 
a foreman or chief electrician. 

Protective apparatus such as rubber gloves, rub-
ber blankets, hook sticks, and insulated platforms 
should be used in all cases when working on or 
around high-voltage equipment. 

448. Two methods of connecting lampe to serve as simple Igrotts4 
detectors on three-phase power emits. 
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given as an example of inspection sheets or sched-
ules which can be developed for various types of 
equipment throughout any plant. 

1. Clean off the motor 
2. Check condition of stator windings 

(a) general condition of insulation 
(b) oil soaked coils 
(c) hardened oil or grease on coils 
(d) bare or skinned conductors 
(e) poor taping 
(f) clearance between coils and rotating 

parts 
3. Condition of rotor windings (wound rotors 

or armatures) 
(Items a, b, c, d, e, f, as above) 

4. Bearing-oil level 
5. Condition of oil 
6. Leakage of oil, if any 
7. Free movement of oil rings 
8. Condition of oil well covers and drains 
9. Condition of bearing dust-seals 
10. Tendency of one bearing to heat more than 

the other 
11. Tightness of bearing retaining set-screw 
12. Amount of end play 
13. Tightness and condition of gear, pulley, key, 

and key-way 
14. Tightness of lugs and connections 
15. Tightness of squirrel-cage bars 
16. Condition of ground wire and ground con-

nections 
17. Tightness of motor on foundation 
18. Tendency of motor to vibrate when running 
19. Condition of centrifugal switch (if used) 
20. Condition of slip rings 
21. Condition of brushes and holders 
22. Tightness of connections to brushes and 

holders 
23. Check brush setting 
24. Slant or angle of brushes with respect to di-

rection of rotation 
25. Condition of commutator (on repulsion or 

series motors) 
26. Condition of short-circuiting devices (when 

used) 
27. Investigate any unusual sounds or noises 

when the motor is running 
28. Investigate any local heating of certain coils 

or groups 
29. Note time required for motor to accelerate 

when starting 
30. Tighten all mechanical parts, nuts, bolts, 

screws, etc. 
31. Test insulation resistance of machine wind-

ings with Megger or Wheatstone bridge. 
In many cases a detailed inspection such as out-

lined in the preceding list may be made only at in-
tervals of once a month or less often, while more 
frequent daily or weekly inspection is made of a 
few more important items. 

The most important of these items in connection 
with A.C. motors are the following: Clean wind-
ings, temperature of windings, open air ducts andak 
ventilating ports, condition of insulation on wind-
ings, bearing temperatures, condition of bearing 
oil, free movement of oil rings, etc. 

413. INSPECTION RECORDS. AIR GAP 
MEASUREMENT 

A simple form of maintenance record for indi-
vidual motors is shown in Fig. 447. If a form of 
this type is used for each inspection of individual 
motors, particularly on those of the larger sizes, it 
helps to prevent overlooking certain items of im-
portance and greatly simplifies the keeping of in-
telligent maintenance records. 
The numbers shown in this form refer to the 

items given in the motor inspection list. The form 
shown in Fig. 447 has spaces at the top for the des-
cription and serial number which identify the ma-
chine, so that its monthly maintenance records can 
be filed together and accurately kept, no matter 
what part of the plant the machine may be moved 
to. 

MAINTENANCE RECORD OF__.5 ,£;12,,,zisejyt,Seroal . il 2 
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34 

Fig. 447. Sample of convenient motor inspection chart or form, to be 
kept in maintenance records. 

Note the space provided in the upper right-hand 
corner of this form for marking the air gap read-
ings. Four of these readings should be taken 
around the inside of the stator core in the position 
shown at the top, bottom, and right and left sides 
of the rotor. 

Air gap readings are taken with an air-gap gauge, 
which is provided with several long, narrow, steel 
blades or leaves similar to those of a machinist's 
feeler gauge. Air-gap readings should always be 
taken when the motor is standing idle. The reading 
is taken from the largest gauge which can be pushed 
in between the rotor and stator in the same direc-
tion as the slots of the machine run. 

Large air gaps may require measuring with t 
or more blades together, in which case the readin 
is the sum of the numbers on the blades used to fill 
the gap. 
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you and your employer can take just pride, regard-
less of whether it is a small or large installation; fi nd above all else make sure that the wiring and 
equipment are made as safe as possible from the 
standpoint of fire and shock hazard. 

411. ELECTRICAL MAINTENANCE 

The term "electrical maintenance" includes the in-
spection, care, and repair of all kinds of electrical 
equipment, and this field forms one of the largest 
and finest branches of work in the entire electrical 
industry, providing splendid opportunities for any 
well-trained electrical man. 
The great variety of maintenance work in prac-

tically all factories, -lustrial plants, and office and 
commercial buildings makes this work very inter-
esting and fascinating. 
When we consider that there are several billion 

dollars worth of new electrical equipment and de-
vices installed every year and that the life of this 
equipment ranges from 10 to 30 years or more, we 
can readily see that electrical maintenance is a rap-
idly growing and expanding field of steady and 
profitable work. 

Fig. 446. Bank of three power transformers mounted on a neat 
platform between two strong poles. 

A great deal of instruction has been given on 
the care and maintenance and also on the trouble 
shooting and testing of various D.C. and A.C. 
electrical devices, in the sections in which these 
devices were separately covered. 
There is a certain amount of general information 

and knowledge which the electrical maintenance 
man should have, and this material is covered in 
this section along with the instructions on main-
tenance and care of A.C. machinery. 

gip In some of the older plants the practice and 'policy used to be to allow electrical machinery to 
run with very little care or repair, until it refused 
to run any longer and required a complete shut 

down to make the necessary repairs to put it back 
in operating condition. 

In modern power plants and industrial plants 
this practice has become entirely out of date and 
the electrical equipment is given frequent and reg-
ular inspection, cleaning, testing, and minor repairs 
to keep it running at the highest possible efficiency 
and to prevent the necessity of shut downs and loss 
of time for major repairs which could have been 
avoided by taking care of the little things in time. 
The aim of a successful maintenance electrician 

should be to keep all of the electrical equipment in 
his charge in such condition that shut downs and 
lost time will be at an absolute minimum, and he 
should try to correct every small defect or fault 
before it develops into a more serious trouble or 
causes complete failure of the equipment. 

Intelligent employers and owners of large indus-
trial plants realize that shut downs and the tying up 
of machinery, employees, and production, or the 
failure of electrical equipment, is very costly and 
they appreciate and are willing to pay well for the 
services of a well-trained and capable maintenance 
electrician. 

In some of the smaller or older plants where these 
facts are not yet fully realized, trained men are 
frequently stepping in and putting modern main-
tenance methods into practice, thus convincing the 
employers of the great savings which can be ef-
fected in this manner and creating splendid posi-
tions for themselves, even in plants where a regular 
maintenance electrician was not formerly employed. 

412. INSPECTION SCHEDULE AND MAIN-
TENANCE RECORD 

In the maintenance of electrical motors and other 
equipment in large plants it is very important to 
maintain a regular inspection schedule for all of 
this equipment and keep notations or records of the 
results of tests and the condition of each machine 
or device on the date of each inspection period. 
These regular, systematic inspections help to 

catch small troubles before they grow to be large 
ones; and occasional reviewing of the maintenance 
records and test data on important machines will 
often show up approaching troubles far enough in 
advance so that the machine can be shut down and 
repaired during some holiday or period when the 
plant is not in operation, instead of at a time when 
it is very badly needed. 

Inspection periods may vary from daily inspec, 
tion of very important expensive machinery to 
weekly or monthly inspection of less important 
equipment. In some cases certain devices may not 
need to be inspected more often than once every 
three to six months. 

Experience in various plants will soon show how 
frequent the inspection of various equipment should 
be. The following list of items to be checked in 
connection with the inspection of A.C. motors is 
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Fig. 444. The above sketches illustrate methods of mounting trans-
formers on platforms on one or two poles. 

some or curious people %%Ito might otherwise come 
in contact with some of their high-voltage ter-
minals. 
Signs warning of high voltage and danger should 

also be placed upon the transformers or fence. 
Transformers should always be set with theit 

bases level and in positions to allow the best pos-
slle circulation of air around them to facilitate 
their cooling. It is desirable, when possible, to 
select the shady side of a building for the location 
of transformers, as this will make a great deal of 
difference in their summer operating temperatures 
and efficiency. 
Transformers for use inside substations or pow ei 

plant structures should be provided with plenty of 
circulating air through the room or vault in which 
they are located. 
On transformers that are air and oil cooled, fans 

or blowers to circulate air through the room or over 
their cooling radiators will often assist materially. 
in keeping the transformers operating at proper 
temperatures. 
Transformers which have water cooling coils 

should have an unfailing supply of cool circulating 
water at all times. 

It is usually best to see that transformers are se-
curely anchored to the floor or platform on which 
they are mounted, in order to prevent them from 
slowly creeping out of position due to their own 
vibration or that of other equipment around them. 
This is particularly essential with transformers 
mounted on platforms up on poles. 

Connections to both the high-voltage and low-
voltage leads of transformers should be made as 
neatly and symmetrically as possible, and in a man-
ner to facilitate any necessary work or maintenance 

which may have to be done around the trans-
formers. 

Fig. 445 shows a single transformer on the lea' 
and a bank of three transformers on the right, sus-
pended from pole cross-arms by means of the 
mounting hooks previously mentioned. 

Fig. 446 shows a bank of three transformers 
mounted on a substantial platform and supported 
by two poles. Also re-examine Figs. 124 and 149 
in Section Four on Alternating Current. 
Where outdoor space is not available, trans-

formers for factories and industrial plants are often 
located in small fireproof rooms in basements or 
other parts of the plants. These rooms are com-
monly known as transformer vaults. They should 
be well ventilated and drained in order to keep the 
transformers cool and free from water. 
Transformer vaults should never be used as store 

rooms, but should be kept clean and free of obstruc-
tions, so that the transformers are accessible for in-
spection and testing and so that emergency repairs 
can be made safely and conveniently. 
Transformer vault doors should be locked or 

plainly marked with such signs as "high voltage", 
"dangerous", "keep out", so that unauthorized 
workmen other than the electrical crew will be 
warned against the danger of injury from contact 
with live wires or connections. 
When installing any electrical equipment always 

remember that work which is neatly, thoroug 
and carefully done will result in a more reliable ha. 
efficient installation and in much better satisfaction 
to your employer or customer than work carelessly 
done. Make every job of electrical installation or 
wiring which you may ever do, one in which both 

Fig. 445. These photos show transformers supported by heavy iron 
hooks over the cross arms. 
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air behind this at the end of the pipe. This light line 
is then used to pull through a strong Manila rope or 

esh tape, or in some cases a small steel cable. 
On short runs of small cable one man may be 

able to pull in the conductors alone, but on longer 
runs consisting of several heavy cables it may re-
quire several men or a block and tackle or even 
some form of power winch. 

Liberal use of powdered soapstone, mica or talc, 
rubbed on the insulation of the conductors or blown 
into the pipe will greatly ease the passage of the 
conductors through the conduit. Never use grease 
or oil of any kind, as it is injurious to the insula-
tion of the conductors. 

Careful and straight feeding of the conductors 
into the end of the conduit at which they are enter-
ing and steady even pulling on the pilot line or fish 
tape are both of the greatest importance in pulling 
in heavy conductors. The conductors should be 
fed in perfectly parallel without allowing them to 
kink, twist, or cross each other. 
Sometimes feeding the conductors through a 

small piece of thick fibre with as many smooth-
edged holes as there are conductors will help to 
keep the wires straight in feeding them into the 
conduit. 

If conductors become stuck or jammed in some 
bend of the pipe it is often better to pull them out 
and start them over again, using more lubricant 
aid keeping them straighter. If too much strain 
IIIIIplaced upon them they are likely to be broken or 
the insulation may be damaged by excessive fric-
tion. 

In many cases it is necessary to use a large junc-
tion box at each corner or turn in the conduit and 
to pull the wires through one section at a time, loop-
ing them back to start in again at each of these 
junction boxes. 

Fig. 443. This view shows a motor, push button control and a staec 
condenser for power factor correction, all wired in conduit. 
(Courtesy of G. E. Company.) 

All splices in large stranded conductors or cables 
should be neatly and carefully made and well sold-
ered, or otherwise they may be of high-resistance 
and overheat when the conductors are subjected to 
heavy current loads, and this overheating may melt 
out the solder and burn off the taping, thus causing 
the cable to become grounded or open. 
Never pull a splice of any kind into a run of con-

duit, but instead see that all splices are made at the 
proper junction boxes or fittings. 

Splices can often be more conveniently made by 
sweating or soldering copper lugs of the proper size 
on the cable ends, and then bolting the flat tips of 
these lugs securely together. Such joints should be 
thoroughly and carefully taped to prevent the cor-
ners of lugs or bolts from puncturing the insulation 
and grounding a conductor against the junction 
box. 
Where power conductors are connected to ma-

chines and equipment, properly soldered cable tip 
lugs should be used. 

In selecting conductors for motors or power 
equipment of various kinds their current load should 
be carefully calculated, as previously explained, 
from the horse power and voltage rating of the ma-
chines. 
The size of conductors should then be deter-

mined by the rules of the National Code and also 
by the use of the voltage drop formula given in the 
section on Electrical Wiring. 
Conductors should be plenty large enough so they 

will not overheat or cause too great a voltage drop, 
which will result in low-voltage at the machines. It 
is generally much better to have conductors a little 
too large than to have them under size. 

410. TRANSFORMERS 

Small power transformers are very commonly 
mounted on the tops of poles just beneath the line 
conductors to which they are attached. For mount-
ing transformers in this manner two flat pieces of 
heavy strap-iron, having square hooked top ends to 
hang over the cross arms, are used. 

Transformer cases are bolted to these strap-iron 
hooks and hung from the cross arms. When two 
or more medium or large sized transformers are in-
stalled outdoors for lighting service they are fre-
quently placed on a platform supported by either 
one or two poles, as shown in Fig. 444. 

Larger transformers for outdoor use are gener-
ally installed on concrete foundations or heavy 
wooden beams which have been properly treated to 
resist the action of the weather, and which are 
supported slightly above the ground by blocks or 
pole stubs. 

Transformers which are located down low in this 
manner should be protected by strong, high, wire 
mesh fence with several barbed wires around the 
top to prevent the possibility of shocks to meddle-
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dripping on live parts of this device. The large 
motor shown in this figure is mounted on a spe-
cially-cast iron base which is a part of the machine 
to which the motor is directly connected. 

Fig. 442 shows a motor installation in which the 
machine is set on wooden beams and securely bolted 
to them. The leads from the controller are run 
through rigid conduit up to a point near the motor and 
then through flexible conduit and the proper fittings 
to the motor. This keeps practically all wires com-
pletely enclosed and is a very good type of installa-
tion. 
The flexible conduit permits the motor to be 

moved a slight distance on its bed rails in order to 
tighten or loosen the belt or chain by which it drives 
the connected machinery. 

Fig. 443 shows another motor installation in 
which the wires to the controller and motor are 
brought down from above through rigid iron con-
duit. Between the motor and controller box is shown 
a small capacitor or static condenser for power-
factor correction. Above the starting box are shown 
the line switch and push-button control for the 
motor. 

Fig. 441. This photo shows a very neat installation of the wiring to a 
slip ring motor and its controller. (Courtesy of Crouse Hinds Co.) 

408. CONDUIT AND CONDUCTORS 
The section on Electrical Wiring thoroughly cov-

ered the methods of installing wiring in conduit and 
should be carefully reviewed before you install any 
wiring to motors or power equipment. 
Power wiring generally requires much larger con-

ductors and conduit than those used for lighting in-
stallations, and a few special features pertaining to 
this heavier wiring will be repeated here. 

In running large conduits from the supply to 
controllers and motors, the run should be kept 
as straight as possible, avoiding all unnecessary 
bends. This will make a neater installation and will 
greatly facilitate the pulling in of large cables. 

Fig. 442. Induction motor installation, using rigid conduit to bring the 
wires up to the motor, and flexible conduit to attach to the motor 
to allow it to be moved slightly for belt adjustment. (Courtesy 
of G. E. Company.) 

Bends can be made in conduit of from 1 to 4 
inches in diameter by means of bending machines, 
and sizes up to 3 inches can sometimes be bent by 
bending the length of conduit around a substantia 
post or part of the building framework. Th 
strength of several men or the use of a block and 
line may be required to do this and great care should 
be taken to make the bends smooth and uniform 
and to avoid crushing or flattening the pipe. 

Capping one end and filling the pipe with dry 
sand and then capping the other end will greatly aid 
in making bends or offsets without flattening the 
conduit. It is often necessary to heat large pipes 
to bend them by hand. 

A bend on which the pipe has been flattened even 
a small amount should be discarded, as it is likely 
to cause great difficulty when pulling the conductors 
in. It is usually cheaper and better to buy ready 
made bends and elbows for large conduit, and the 
work can also be simplified by the liberal use of 
proper junction or pull boxes and fittings. 

The ends of conduit sections should be well 
threaded, carefully reamed, and securely tightened 
into all fittings and boxes. All conduit, whether 
rigid or flexible, and all BX. runs should be thor-
oughly grounded. 

409. PULLING IN CONDUCTORS 

Large wires or cables can be pulled into conduit 
runs having not more than 4 right-angle bends by 
the use of steel fish tape or pilot line, as previous111. 
explained in the section on Electrical Wiring. 

In heavy power wiring a light cord or line is 
often blown through the conduit by attaching a wad 
of paper or cloth to its end and applying compressed 
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certain amount of instruction has been given 
on the Care and Maintenance of various pieces of 
electrical equipment in the sections of this Refer-
ence Set in which they were described, and a great 
deal of the material covered in the section on Elec-
trical Wiring can be applied to the installation of 
electrical machinery. 

However, there are certain general important 
items pertaining to the installation and maintenance 
of elecrical equipment that can well be emphasized 
and explained in detail in this section, now that you 
are familiar with the various types of machines and 
their uses. 

Proper installation of electrical motors, control-
lers, generators, transformers, instruments, and 
other equipment is very necessary to secure the 
best operation and to avoid frequent and costly 
shut-downs and repairs after the devices are in 
service. 

406. GENERATORS AND MOTORS 

When installing electrical generators or motors 
of any size, care should be taken to see that they are 
mounted upon rugged and secure foundations to 
prevent vibration and trouble with misalignment of "tafts and belts. Very large machines are prac-

ally always fastened to solid concrete foundations, 
and for the largest types of power plant generators 
these foundations are usually reinforced with steel. 

Medium sized motors and generators can be 
mounted upon wooden beams or bases and securely 
fastened to them by means of lag screws or bolts of 
the proper size. The bases in turn can be mounted 
on the floor of the building in which the machines 
are used. 

In some cases small or medium sized motors are 
mounted on substantial brackets on factory walls or 
columns, or even suspended from the ceiling. In 
such cases particular attention should be given to 
the fastenings to make sure that they will not pull 
loose, even after years of operation and the normal 
vibration to which the motors and belts may sub-
ject the fastenings. 

It is very important to see that motors and gener-
ators are properly leveled to secure even wear on 
bearings and prevent leakage of bearing oil. In 
leveling up machines small wedges or shims made 
of wood, steel, or paper can be used under the feet 
or bed-plates. Extreme care and accuracy on this 
point is required in setting very large generators or 
motors. 

fin Whenever possible, motors and generators should 
e located away from all moisture and dirt, and in 

places where they will have free circulation of clean 
air to carry away the heat the machines develop and 
not clog the windings with dirt or moisture. If 
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motors must be located in damp places or where 
water is likely to drip upon them, a cover or small 
roof of sheet metal, tarpaulin, or water-proof roofing 
material should be used above them. 

407. CONTROLLERS AND SWITCHING 

EQUIPMENT 

Motor controllers should always be mounted on 
solid angle-iron or pipe-work frames, or parts of the 
building structure where they are free from exces-
sive vibration from other surrounding equipment 
and so that they will not vibrate when operated. 

Controllers should be placed as near as possibh 
to the motors they operate and yet, in the case of 
manually-operated controllers, they should be lo-
cated within most convenient reach of the operators 
who may have to frequently start and stop the 
motors. 

The tops of controllers should be carefully leveled 
and the controllers should as far as possible be 
placed in cool, clean, dry locations. 

Controllers and switching equipment should be 
installed according to the instructions usually pro-
vided by the manufacturer and connected according 
to the diagrams which are also usually supplied. 

Small starting switches enclosed in metal safety 
boxes are generally provided with knock-out open-
ings for the attachment of conduit or BX. 

When installing motors, generators, controllers, 
or any other electrical equipment, the rules of the 
National Electric Code should be carefully followed. 
One of the most important of these rules is that the 
frames of machines and the metal boxes of control-
lers must be securely grounded to prevent the 
danger of shocks to operators in case of failure of 
the insulation on some part of the machine windings 
or connections. 

It is generally best whenever possible to have the 
wires between controllers and motors, and between 
generators and switchboards, run in either rigid ot 
flexible conduit or approved cable. 
On small machines BX is sometimes used for 

these connections, and in certain types of factory 
buildings, where it is allowed by the local inspection 
department, the wiring may occasionally be run 

open. 
Fig. 441 shows a large slip-ring moult- 211f1 

panel-type contri 
this installation c 
the cement flooi 
erected. These i 
proper outlet fitt 
from the control, - 
stalled as shown. Note the drip-shield above the 
controller, to keep any water from the ceiling from 

thp 
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and these prongs fitted into spring sockets mounted 
in the lower section of the casing. 

With this type of pot head it is only necessary to 
unbolt the cover and lift it and the bushings from 
the lower section, in order to disconnect the over-
head from the underground line. 

Low-voltage secondary wires of distribution sys-
tems are very often run on special metal brackets 
and knob insulators, known as secondary racks. 
Several of these secondary racks are shown in the 
upper part of Fig. 399. These racks can be attached 
to poles, cross arms, or to the sides of buildings, 
and are very convenient to mount and to support 
low-voltage insulated conductors. 

In the lower view in Fig. 399 are shown several 
brackets for mounting small pin-type insulators on 
the sides of poles or buildings, or these metal 

brackets for mounting small pin-type insulators on 
to support additional conductors. 

The hundreds of thousands of miles of distribe 
tion lines in use in the cities throughout this 
country, and even in some of the rural districts, 
provide splendid opportunities for trained men in 
the maintenance and inspection of these lines with 
their connected transformers and equipment, as well 
as in the erection of many thousands of miles more 
which are added to these lines each year. 

Thousands of men are required to erect, inspect, 
change over, and repair distribution transformers 
and make new service connections, as more cus-
tomers are constantly added to the existing dis-
tribution lines, and thousands more are constantly 
employed in the erection of new distribution and 
transmission lines. 

• 

• 
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made fast at one end and pulled up to proper tension 

i
nd sag by means of a block and line. 
Distribution conductors on ordinary 100 to 125 

feet spans are usually sagged about 18' if put up 
during cold weather with temperatures about freez-
ing, to about 26" if put up during hot summer 
weather with temperature of 80 to 90 degrees F. 

Shorter spans of course use less sag, and a span 
of 50 or 60 feet would only need to be sagged about 
half as much as one of 100 to 125 feet. 

Insulated distribution conductors are tied to the 
insulators with a simple side tie, using a short piece 
of the same insulated conductor material with the 
insulation left on. See the Western Union tie shown 
in Figure 335. 
Conductors should be arranged as neatly and uni-

formly as possible on all poles, to faciliate tracing 
circuits and locating certain conductors. They 
should also be kept far enough apart at the center 
of the arm to allow a lineman to climb through at 
the pole, and should be kept spaced a safe distance 
from any higher voltage wires that may be carried 
on a top arm on the same pole. 

In calculating the size of conductors for distribu-
tion lines the formulas already given for voltage 
drop should be applied, to make sure that the volt-
age at the customers' premises is of the right value 
for efficient operation of lights and power equip-eent. Allowance should also be made for increase 

load as additional customers are connected to the 
lines, and as the load of present customers increases. 

In calculating the load demand on distribution 
lines the total connected customer load is seldom 
used. A load factor or average is used, and this 
may vary from 15 to 75 per cent. of the connected 
load, according to the nature of the connected cus-
tomers' equipment. It is quite common to allow 
about 300 watts average load for each ordinary 
residence building unless some of them are equipped 
with electric ranges or heating equipment. 

Actual meter tests and observations of the vari-
ous customers' loads and load factors will help 
determine the proper size of transformers and con-
ductors. 
These tests and load factors also help to deter-

mine the size of transformers to install. Distribu-
tion transformers in ordinary residence sections are 
usually placed along the lines about every 500 to 
600 feet, or the length of an average city block. This 
spacing it quite economical, as closer spacing of 
smaller units runs up the cost of transformers and 
light-load losses, while greater spacing increases the 
cost of copper in the secondary mains more than 
the amount that can be saved by reduction of the 
number of transformers. The size of these trans-lermers may range from 2 to 5 kv-a., in lightly 
aded residence sections, to 10 to 100kv-a, or larger 

in apartment, business, or industrial sections. 
Transformers are hung by means of heavy iron 

hooks, from extra heavy cross arms about 4' X 5'. 

They usually have high voltage fuses or cutouts 
connected in their primary leads to protect their 
windings and the secondary mains from damage in 
case of overloads or short circuits. Figures 106, 124 
and 150 in Section Four of A. C., show several 
distribution transformers, and figures 119, 120, 121, 
128, and 131 show common connections used. 
Small autovalve and oxide film arresters such as 

shown in Figures 379 and 385 are commonly used 
for lightning protection on distribution lines. 
Where high voltage conductors of distribution 

lines or transmission lines are taken from overhead 
poles or towers to underground cables or conduits 
they usually enter the cable or conduit through de-
vices called pot heads, such as shown in Fig. 398. 
These pot heads generally consist of a metal cas-

ing with a fitting for securely attaching them to 
cable or conduit, and one or more insulating bush-
ings through which the overhead line conductors 
enter the pot head casing. 

After the joints are made within the casing the 
pot head is usually filled with insulating oil or com-
pound. Some pot heads are of the disconnecting 
type, having prongs attached to the lower ends of 
conducting rods which run through the bushings. 

Fig. 399. The upper view shows cable racks used for supporting low-
voltage wires on distribution poles or within factory buildings, and 
below are shown brackets for mounting email pin type insulators 
in groups on the sides of poles or buildings. 
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Fig. 397. Single-phase transformers with their primaries properly con-
nected to balance the load on a three-phase distribution line, and 
their secondaries connected to supply three-wire Edison service to 
customers. At "B" is shown a connection for three-phase motor 
service directly from the distribution line. 

This applies where the wires are run on cross arms, 
attached to strain insulators on buildings, and where 
they enter three-hole condulet covers. 

387. GENERAL 
In general most of the same things which have 

been covered in connection with transmission lines 
apply also to distribution lines. One principal ex-
ception to this is that most overhead distribution 
lines use insulated conductors, while those of trans-
mission lines are practically always bare. There is, 
however, a growing tendency in many localities to 
use bare distribution conductors on wires of 2300 to 
4000 volts or more, because it has been found that 

Fig. 398. Above are shown a number of different types of pot heads 
used for supporting and insulating high-voltage overhead conductors 
where they enter underground cables. 

in many cases insulation several years old is not of 
much value on these outdoor conductors in case olgià 
other wires or conducting objects coming in erne., 
tact with them. 

In many cases this aged insulation of somewhat 
questionable value is often depended upon too much 
by people working on or near distribution lines, 
while if the wires were known to be bare greater 
caution would be used in handling other wires or 
metal objects around these lines. 
Overhead construction is generally used for dis-

tribution lines as its cost is usually only about 20 
to 30 per cent of the cost of underground distribu-
tion. In very congested business districts or re-
stricted residence sections, where overhead lines are 
objectionable from the standpoint of danger or ap-
pearance, underground distribution may be used. 

In overhead distribution line construction the dis-
tance between poles is often much less than that 
used with transmission lines and the question of 
conductor strength doesn't enter into the problem to 
such an extent. 

Distribution line poles are generally spaced from 
100 to 125 feet apart, and located at the lot lines 
when possible. Poles are often set closer than 100 
feet to corner poles to help take some of the strain. 
Where ever necessary stranded steel guy wires are 
used to relieve the poles of excessive strain. These 
guy wires are usually from 54 to 5/8 inch in diamet 
according to the load placed on them. and ale 
fastened either to a ground anchor, guy stub pole, 
or to the bottom of an adjacent line pole. Strain 
insulators such as shown in Figure 347, are usually 
placed at one or two points in the guys. 

Poles are generally of cedar, pine, chestnut, or 
cypress, and usually about 30 feet in length and with 
a top diameter of 7 inches, except where longer poles 
must be used to obtain a certain line height or 
clearance, or heavier poles for corner duty and heavy 
strains. 

In ordinary soil, distribution poles are usually set 
from 5 to 6 feet deep, or up to 7 feet for extra high 
poles. 

Distribution line cross arms are generally made 
of pine or fir, and are about 3Y4" wide by 'WI" 
high, and 5'-7" long for 4 pins, or 8' long for 6 pins. 
These cross arms should be straight grained and 
free from any large knots in order to have sufficient 
strength to support the lineman as well as the con-
ductors. The tops of arms are generally rounded 
slightly to shed water. 

Cross arms are braced with strap iron or angle 
iron to make them more rigid and better able to 
support their loads. The arms are usually drilled 
for wood pins which support the small glass 
porcelain insulators used in distribution work. 

Conductors are generally drawn off from a reel 
placed at one end of the line, and pulled up over 
cross arms for a distan' e of 1000 to 2000 feet, then 
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Fig. 395. This sketch illustrates the loop method of connection for 
distribution systems. 

this same plan of connections can be applied to 
single-phase equally well. 

In many distribution systems :he .00p connection, 
such as shown in Fig. 395, is used. In these systems 
either the feeders or the mains or both are arranged 
in a complete loop and this loop may be fed at one 
or more points. 

In Fig. 395 the loop is fed from the substation 
at only one point. With a system of this type if 
some fault made it necessary to disconnect the line 

IIP "A" the customers on the main at the far end 
o the loop would still receive energy from the sub-
station through the line on the other side at "B". 
You will note that in Fig. 395 some of the mains 

connected to the feeder are for single-phase service 
only while the others are three-phase. In connect-
ing single-phase mains to three-phase feeders they 
should be balanced as equally as possible on the 
three phases. The same thing applies when con-
necting customers' single-phase loads to three-phase 
mains, as shown in Fig. 396. 
The transformers supplying single-phase mains, 

A, B, and C, each have their primaries connected to 
different phases of the three-phase feeder. The two 
banks of three-phase transformers supply the three-
phase mains, D and E. 
Care should also be taken to balance the loads 

on Edison three-wire systems. Fig. 397 shows a 
number of single-phase transformers with their 
primaries properly connected at "A" to balance the 
load on the three-phase, 2300-volt distribution line. 
The split secondaries of these transformers feed 
Edison three-wire lines from which the customers' 
service leads are taken. 
Some of the customers have three-wire services 

shown at "C", while others have only two-wire serv-

"Pr as at "D". The two-wire services are shown 
operly connected to balance the load on the Edi-

son three-wire system and on the transformer 
secondaries. 
At "B" is shown a connection to supply three-

phase power to moturs. Also observe this diagram 
carefully to distinguish between the three-phase cir-
cuits and the Edison three-wire circuits. 

386. GROUNDED SYSTEMS 

Some power companies prefer to use grounded 
distribution systems, while others prefer the un-
grounded systems. Each type of system has differ. 
ent advantages and disadvantages. 
With grounded systems there is very little chance 

of the high primary voltage causing danger or 
trouble on the secondary lines, because of the 
tendency of this high voltage to first come to ground 
in case of any faults and thus blow the primary 
fuses, due to the short-circuit formed in this man-
ner. The short circuit must then be immediately 
located and cleared before again putting power on 
the line. 
With ungrounded systems one ground doesn't 

necessitate cutting off the power, as motors will 
operate even with one of the line wires grounded. 
When the ground is noticed it can be located and 
then repaired at some later and more convenient 
time when the power can be shut off with the least 
inconvenience to customers. While this ungrounded 
system may often give somewhat more continuous 
service it possesses the disadvantage of greater 
danger from the high primary voltage connecting 
on the secondary in case of insulation failure in the 
transformers. 
The neutral wire of three-phase, four-wire sys-

tem is often grounded at other points as well as 
at the transformer, in order to provide the greater 
safety in having more than one ground so that in 
case of failure of one there is sure to be some other 
good low-resistance ground at all times. 
The neutral wire of such systems is usually 

identified and kept in the same position on the cross 
arms so that it can be easily located when making 
transformer connections. The neutral wire of three-
wire Edison mains or services should always be 
kept in the center between the two 220-volt wires. 

Fig. $96. Diagram showing method of balancing single phase 
customers' loads on tbree-phase distribution linos. 
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Special lightning generators consisting of high 
voltage transformers, rectifiers and condensers have 
been built and used to build up charges of 3,000,000 
volts and more to make actual field tests of the 
effects of lightning on transmission lines. 
Modern lightning arresters are very effective, and 

proper consideration should always be given to this 
important equipment when building or plannin 
any transmission line. 

In maintaining lines great care should be taken 
to see that all arresters and protective devices are 
kept in good condition, and properly grounded. 

DISTRIBUTION LINES 
Up to this point we have referred principally to 

transmission lines and the term "distribution line" 
has not been used to any great extent. In reality 
distribution lines are nothing but small transmis-
sion lines operating at lower voltages than long 
transmission lines. 

In general the term transmission line applies to 
those lines running from power plants to substa-
tions or from one power plant to another, and the 
term "distribution lines" refers to those which run 
from the substation out to the transformers on the 
poles or in the vaults near the customers' premises. 

Most modern primary distribution systems operate 
at voltages ranging between 2300 and 5000, and the 
voltages are reduced from this value to that re-
quired by the customers' equipment by means of 
step down transformers. In some cases, however, 
we have secondary distribution systems which may 
branch out from low-voltage transformer second-
aries to a number of homes or small buildings and 
carry energy at voltages ranging from 110 to 500. 

In general it is best not to have lines at this low 
voltage running more than a few hundred feet, but 
in some cases the load demand of individual cus-
tomers is so small that it is not practical to install 
a separate transformer for each customer. 

384. TYPES OF DISTRIBUTION SYSTEMS 

Distribution systems may be either of the over-
head or underground type and may operate on 
either D. C. or A. C.; the great majority being 
supplied with alternating current. Some of these 
systems are either single-phase or three-phase, al-
though there are still a few two-phase distribution 
systems in existence. 
Three-phase, four-wire systems are very exten-

sively used for distribution because of the two dif-
ferent voltages that are easily obtainable with this 
system. 
Transformers supplying systems of this type may 

have their secondaries connected star with the 
grounded neutral, and the fourth wire is run from 
this neutral connection as explained in the Section 
on Transformer connections. 
With this connection, if the voltage between 

phases is 4000, then the voltage between any phase 
and the neutral wire will be slightly over 2300. Then 
by using step-down transformers with a ratio of 

10:1 and split secondaries, the 2300 volts can be 
reduced at the customer's premises to 115 and 230 
volts for Edison three-wire services or secondary 
distribution. 
Using ordinary 2300-volt transformers with a 

5:1 step-down ratio with primaries connected star 
to the 4000-volt wires and the secondaries con-
nected delta will give 461 volts for the operation 
of 460-volt power equipment. With the usual 
amount of voltage drop in the service wires this 
provides approximately 440 volts at the terminals 
of the motors or power devices. 

385. FEEDERS AND MAINS 

Some distribution systems use an arrangement 
known as feeders and mains, such as shown in Fig. 
394. The line running out from the source of supply 
to the various branch lines is known as the feeds& 
and the branch lines from which the customegIF 
connections are taken are known as mains. 

Feeder 

Main 

• 

• • 

5iLbstatoT 

e  

AL 5 LØjJJ 
MI («LI 7'1 

•  
Main 

Fig. 394. Sketch showing arrangement of feeder and main 
distribution system. 

At "A" and "B" are shown a single-phase and a 
three-phase service to customers. The number of 
customers connected to any main will depend upon 
the distance the customers are apart and the 
amount of load which each requires. This numb., 
may vary from one to several dozen or more. 

Customers' connections are not shown on any of 
the mains except one in Fig. 394. This diagram 
shows a three-phase feeder and main system but 
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Are-over Values 

*In the following tabulations, average values, in kilovolts, are given, 
measured by sphere gap, in accordance with A. 1. E. E. standards. 

No. 8401 No. 18034 

Number 
of 

Units 
Dry 

Number 
Wet of 

Units 

3 
4 
5 
6 

7 
8 
9 
10 

11 
12 
13 
14 

75 
125 

175 
220 

260 
305 
345 

390 
435 
475 
520 

560 
600 

640 

45 1 

87 

130 

170 4 
210 5 
250 6-

290 7 

330 8 
365 9 
400 10 

430 11 
460 12 

483 13 
510 14 

)ry Wet 

75 
125 

170 
210 
250 

290 
330 
370 

410 
450 

490 
323 

363 

600 

43 
83 

125 
165 
205 

245 

285 
315 
345 
375 

405 
435 
460 

485 

No. 7794-1 No. 9140 

Number 
of 

Units 

String 
No. Dry 

Number 
Wet of 

Units 

• 

e 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

19101 

19102 
19103 
19104 
19105 
19106 
19107 
19108 
19109 

19110 

19111 
19112 

19113 
19114 

75 
130 

182 
230 

277 
325 
373 
420 
467 

512 
557 
600 
645 
68.5 

String 
No. 

45 1 

75 e 
110 3 
145 4 
180 5 

220 6 
255 7 
290 8 
320 9 

350 10 
380 11 
410 12 

440 13 
470 14 

9601 
9602 

9603 
9604 
9603 
9606 

9607 
9608 
9609 
9610 
9611 
9612 
9613 
9614 

Dry Wet 

75 
130 
185 
235 
280 
330 

380 
430 
475 
525 
570 
620 
660 
705 

45 
90 
135 

180 

ees 
265 

305 
350 
395 
435 
470 

500 
530 
555 

Fig. 393. The above table gives the voltages required to flub over 
various numbers of insulators of different types on tests made 
both wet and dry. Note: The voltages are stated in kv. or 
thousands of volts. (Courtesy Locke Insulator Corporation.) 

pany and is called Thyrite. This material is some-
what like porcelain in its mechanical structure, but 
is has the peculiar property of being an insulator 
at certain voltages and a conductor at certain higher 
voltages. 
A number of disks of this material can therefore 

be stacked in an arrester unit and as long as ordi-
nary line voltage is applied practically no current 
will flow through it. 

Fig. 393-A. This photo shows a surge absorber made by the Fer-
ranti Company, Inc., and used to check and reduce high-voltage 
surges on transmission lines. 

Fig. 393-B. Photograph of 
on two three-phase lines. 

an actual installation of surge absorbers 
(Courtesy of Ferranti Company, Inc.) 

Fig. 393-C. This view shows a combination of several photographs 
of klydonograph records of lightning surges on transmission 
lines. 

When excessive voltages of a considerably higher 
value are applied, quite a considerable current will 
flow through the Thyrite disks, thus relieving the 
line of the surge. 

A great deal of testing and research work is con-
stantly being done by power companies and elec-
trical manufacturers, to devise better ways of pro-
tecting lines from lightning. 

Interesting instruments and devices have been 
developed for recording the voltage values and in-
dicating the nature and polarity of lightning surges. 
One of these devices called a Klydonograph will 

actually photograph a small discharge from lines to 
which it is connected, and give a picture that indi-
cates the voltage and polarity of the surge causing 
the discharge. 
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Fig. 391. The above photos show two types of arcing horns used 
to prevent damage to suspension insulator strings in case of 
flashover. (Courtesy Lapp Insulator Co.. Inc.) 

The heat of a flashover arc is so inter -se that if 
it lasts more than a fraction of a second it is likely 
to seriously burn the line conductor or crack some 
of the insulator units. 

In any case the arc if allowed to cling to or 
cascade over the surface of the insulators will 
blacken them and coat them with a deposit of 
burned metal so that this string will be subject 
to flashovers again. 

To avoid these troubles many power lines have 
their insulator strings equipped with guard rings 
or arcing horns, or both. 

The purpose of these devices is to cause any 
flashover arcs to be formed away from the surfaces 
of the insulator, and also to keep the arc ends from 
the line conductor and cross arm ends. 

Fig. 341 shows a flashover on a string of in-
sulators equipped with a simple arcing horn at their 
lower end. You will note that this horn prevents 
burning of the conductor and also holds the arc 
somewhat away from the lower insulator units. It 
is not long enough, however, to prevent the arc 
from striking the edges of the upper insulators. 

Fig. 391 shows two types of special arcing tips 
or guards which are designed to keep any arcs well 
away from the insulator and conductors. 

Fig. 392 shows an insulator string equipped with 
a ring at the bottom and horns at the top. Rings 
of the type shown in this photo are often called 
grading shields, as they tend to distribute the volt-
age stress more evenly over the insulator string 
and thereby prevent flashovers to a certain extent. 

In case of a heavy surge and a flashover the arc 

is formed between the higher ends of the ring and 
the lowest tips of the horns, thus protecting both 
the line conductor and insulators quite effectivele 

The table in Fig. 393 gives the arc-over values 
in kilovolts for several styles of insulators made by 
the Locke Insulator Corp. These values are ob-
tained from actual tests made on the insulators both 
wet and dry, and the figures give a good idea of the 
number of insulators required in a string to obtain 
certain flashover values. 

382. SURGE ABSORBERS 

Another form of protective device for use on 
transmission lines is known as a surge absorber 
and consists of a choke coil surrounded by an iron 
tank which is grounded. The coil is insulated from 
the tank by oil and insulating bushings, and is con-
nected in series with the line conductor. 
These absorbers tend to block or stop line surges 

and reduce the voltage of such surges as they pass 
through the absorber. 

The absorber tanks are usually made for hori-
zontal mounting and they can be hung on poles or 
towers or in substation frameworks. 

383. THYRITE ARRESTERS 

A new material for lightning arresters has re-
cently been developed by the General Electric C. 
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Fig. 392. String of suspension insulator units protected by a gra 
ring at the bottom and arcing horns at the top. This construc-
tion serves to protect the insulators from damage due to arcs 
and also to distribute the voltage stress more evenly over the 
insulator units in the string. (Courtesy of Locke Insulator Cor-
poration.) 
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Fig. 389. Small electrolytic arrester for use on low-voltage D.C. 
circuits. (Courtesy G. E. Company.) 

up through No. 3 to ground. A discharge from line 
wire 3 would flow down through its horn gap unit 
4; then up through 3 and to ground. 

Note that arrester units 3 and 4 are provided with 
a transfer switch which consists of curved copper 
blades or arms mounted on a large insulator which 
separates them from each other and which can be 
rotated by means of a hand wheel. This allows 
units 3 and 4 to be interchanged, so that first one 
and then the other can be used as the auxiliary or 
fourth leg, thus occasionally reversing the direction gdischarge flow through them. 

ig. 388 is an excellent view of a substation in 
which the lightning arresters and choke coils for 
two three-phase lines can be clearly seen in the 
right foreground. Note the disconnect switches 
above the arresters. These switches can be used to 
disconnect the arrester units from the line for mak-
ing repairs or adjustments. 

Fig. 389 shows a small aluminum cell arrester for 
use on D. C. trolleys or lines of 500 to 750 volts. 

When installing any kind of lightning arresters 
they should be thoroughly grounded with heavy 
copper wire leading to a ground rod, for small ar-
resters; and copper cable leading to large buried 
ground plates or cables for large substation arrest-
ers. These ground connections should be frequently 
inspected to see that they are secure and in good 
condition, and the resistance of the ground system 
at power plants or substations should occasionally 
be tested to be sure it is low enough to freely carry 
heavy discharges. 

Lightning arresters should always have separate 
grounds from those used for other equipment at a 
substation. 

380. OVERHEAD GROUND WIRES 

Ground wires are often run above the line con-
tors on transmission lines, to protect them from 

ightning discharges. 

These wires are also called "earth wires" and 
"lightning wires". They are usually made of gal-

vanized steel and are from to Y8" in diameter. 
They are not insulated, but are mounted directly on 
steel tops of towers or on small steel masts attached 
to tower or pole tops. Either one or two ground 
wires can be used. 

On tower lines the lightning wires are grounded 
at each tower by their contact with its frame. On 
pole lines the lightning or earth wires should be 
grounded at least every 500 feet, by a wire or cable 
running down a pole to a ground rod. 

As lightning tends to strike the earth or grounded 
objects at their highest or nearest points to the 
charged clouds, the ground wire above the line con-
ductors tends to take all lightning discharges and 
prevent them from reaching the line conductors. 

In order to be most effective a ground wire should 
be high enough above the line wires to protect an 
area as wide as the conductors are spaced apart. 

Fig. 390 shows how the proper height for ground 
wires can be determined. They should be high 
enough above the line conductors so that the angle 
X between the dotted lines, will not be less than 
45 degrees, and preferably not less than 50 degrees. 

Several of the photos of transmission lines in this 
section show ground wires in position on top of the 
towers. 

381. GUARD RINGS AND HORNS 

Lightning surges will often cause a discharge 
from the line to the cross arm of steel towers, in 
the form of a flash-over at insulator strings. 

If such a discharge is heavy a power arc will 
usually follow and may be maintained for short 
periods lasting from a few cycles to several seconds. 
Such arcs often clear themselves by being exting-
uished by an air draft during the zero voltage period 
of an alternation. 

In other cases it may require the opening of a 
circuit breaker at the power plant to clear the arc. 

Fig. 390. The above diagram shows how to determine the proper 
position of a ground wire with respect to the position of the line 
conductors. Examine this figure carefully while reading the 
accompanying explanation. 
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arrester directly to the line. Holding the horns in 
this position for a period of approximately five 
seconds will usually charge the arrester sufficiently 
for another twenty-four hour period. 
The horns are then swung back to normal posi-

tion, breaking the arc from the spur to the station-
ary horn as they are moved back. 

In charging arresters which have four units and 
a transfer switch as in Fig. 387-B, the charging 
should be done in two short intervals, between 
which the transfer switch should be changed in 
order to properly charge both units 3 and 4. 
For example, the daily charging procedure should 

be: To first charge the arrester for a few seconds 
before changing the transfer switch, then shift this 
switch and again charge the arrester a few seconds. 
This completes the operation for that day. 
The fact that aluminum cell arresters require this 

daily charging is one of their disadvantages. Oxide 
film and auto valve arresters do not require any 
attention of this kind and are therefore becoming 
much more generally used than the aluminum-cell 
type. 

379. CONNECTIONS OF ALUMINUM CELL 
ARRESTERS 

Fig. 387-A shows a diagram of the connections 
for a three-phase aluminum cell arrester on a line 
which is connected star with a grounded neutral 
at the transformers. 

You will recall that on lines connected in this 
manner the voltage from any phase to ground lank 
only 57.7 per cent of the voltage between phaseil. 
With the connections shown, arrester units having 
sufficient resistance to prevent a discharge from any 
line wire to ground will also be sufficient to prevent 
a discharge from one phase to the other. 

You will note by tracing the circuit that current 
in order to flow from any phase wire to anothei 
would have to pass through two arrester units and 
horn gaps in series. 

Fig. 387-B shows the connections for a three-
phase arrester used with an ungrounded delta-con-
nected line. In this case the voltage from any phase 
to ground is the same as the voltage between 
phases; so a fourth or extra cell stack is used to 
provide two arrester units in series from any phase 
to ground, as well as two in series between any 
two phases. 
Note that in this installation the arrester tanks 

are all connected together but are insulated from 
the ground, so a discharge passing from any one 
of the line wires must pass through two arrester 
units to reach ground. 

For example, a discharge from line wire No. 1 
would pass through the horn gap and No. 1 ar-
rester unit; then up through No. 3 unit and to 

1, ground. A discharge from line 2 would flow thro4 
its horn gap, down through arrester unit No. 2 

Fig. 388. This photo shows an excellent view of a substation with two sets of three-phase lightning arresters in the foreground, and their 
choke coils and disconnect switches directly above them. Also note the oil switches and step-down transformen in the back-

round. (Courtier O. S. Company.) 
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Fig. 385. A number of pellet type oxide film arresters for pote 
mounting on lines of 3000 to 15,000 volts. (Courtesy G. E. Corn. 
pany.) 

378. CHARGING ALUMINUM CELL 
ARRESTERS 

Before placing aluminum cell arresters in service 
they must be charged several times by shorting out 
the horn gap and connecting them directly to the 
line. This allows a small amount of current to flow 
through the resistance of the arrester cells and the 

* of current forms a very high-resistance film 
aluminum hydroxide. It is this film that builds 

up the proper resistance of the arrester unit. 
During the first charge of a new arrester unit 

the current flow may be very heavy and for this 
reason they are sometimes charged on lower volt-
ages than that of the line on which they are to be 
operated. In other cases, a fuse or auxiliary resist-

Fig. 386. The above sketch shows the construction and arrangement 
of parts of an electrolytic or aluminum cell arrester. Note the 
electrolyte between the aluminum cones and also the inlulating 
oil surrounding thorn. 

ance is placed in series during this charging proc-
ess, to prevent an excessive flow of current. 

After an aluminum cell arrester has been in nor-
mal operation it should be charged daily to main-
tain the high-resistance film on the surface of the 
aluminum cones. 

During these charging operations the current 
flow will be approximately one-half ampere through 
each leg or stack of the arrester. 

In a properly charged aluminum cell arrester each 
cone will withstand a pressure of about 300 to 325 
volts, so an arrester unit with a stack of 200 cones 
is suitable for a 60,000-volt line. 

If a lightning surge or switching surge causes 
the line voltage to rise much above this value, a 
discharge will take place across the horn gap and 
down through the series of cones and the electrolyte 
between them. This flow of current tends to build 
up a still higher resistance film of the oxide on the 
surface of the aluminum cones, and thereby shuts 
off or stops the flow of power current to ground 
immediately after the lightning surge has been dis-
charged. 

Schema/Is 

.„ —Tiansfer Switch 

Schematic 

Fig. 387. "A" shows the proper connection of electrolytic arresters 
on a star-connected, three-phase line. "B". Connections for electro-
lytic arresters on a ungrounded delta-connected line. 

For convenience in charging aluminum cell ar-
resters they usually have one horn of each pair 
arranged so that it can be moved or rotated by 
means of a lever or wheel mounted within reach of 
the operator and well insulated from the horns by a 
wooden operating shaft. 
When the movable horns are rotated a small 

auxiliary spur or horn which is attached to each 
one is brought into contact with the stationary 
horn, thus shorting the gap and connecting the 
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PORCELAIN RING BRASS PLATE 

Fig. 382. This sketch shows the construction of one disk or unit of an 
oxide film lightning arrester. 

Oxide film arresters for outdoor use on high-
voltage lines are equipped with weather-protecting 
skirts and hooded sphere-gaps as shown in Fig. 384. 
This photo shows the three legs of a three-phase 
arrester for 25.000-volt service, and with one side 
of the skirts removed from the center leg so the 
oxide film disks can be clearly seen. 

These arresters are connected to a three-phase 
line in the same manner as the auto valve type 
shown in Fig. 381. Smaller oxide film arresters for 
pole mounting are made in the form of insulating 
tubes filled with small pellets of lead peroxide that 
are coated with a litharge film. 

The principle of these arresters is the same as 
that of the flat oxide film cell type, except that the 
discharge takes place through the high-resistance 
films on the surface of the lead peroxide pellets, 
instead of on the surface of the flat metal disks. 

The high resistance sealing effect which shuts 
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Fig. 383 Photograph showing the size and appearance of a single disk 
of an oxide film arrester unit. (Courtesy General Electric Co.) 

off the flow of power energy to ground after the 
lightning discharge takes place in these arrester. 
is the same as in the flat-cell type. 

Fig. 385 shows several of these pellet-type oxide 
film arresters, ranging from 3,000 to 15,000 volts. 

377. ALUMINUM CELL ARRESTERS 

Aluminum cell or electrolytic arresters are in use 
on transmission lines of practically all voltages 
from 10,000 to 220,000 volts. Arresters of this type 
possess the advantage of having a very large dis-
charge capacity and of being readily adaptable to 
practically any present day voltage. 

They have the disadvantage, however, of being 
subject to freezing when installed outdoors in cold 
climates. 

Fig. 384. This photo shows a complete three-phase lightning arrester of 
the oxide film type for outdoor use. Note how the disks are protected 
from the water by metal skirts and also note the metal housing which 
encloses the spark gap at the top. (Courtesy G. E. Company.) 

Aluminum cell arresters are made up of a stack 
of aluminum cones which are placed point down-
ward one within the other, and separated or spaced 
from .3 to .4 inches apart by means of small in-
sulating buttons. The sketch in Fig. 386 shows a 
sectional view of an arrester of this type. 
The spaces between these cones are then filled 

with an electrolyte solution of ammonium phos-
phate, and the whole assembly is immersed in a 
tank of insulating oil. As the electrolyte is heavier 
than the oil it will remain in place between the cones 
and will not mix with the oil. The oil insulates 
the cone stack from the arrester tank and also pre-
vents discharges from taking place between the 
edges of the cones. 

Arresters of this type are generally installed horn gaps gaps in series between their top lead or cow... 

nection and the line. The lower cone is grounded 
to the tank and the tank in turn is grounded to 
earth. 
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Fig. 379. Cut-away view of a small auto-valve lightning arrester for 
pole type mounting. Note the stack of disks and the small spark gap 
placed above them. (Courtesy Westinghouse Electric & Mfg. Co.) 

By increasing the area of the disks of an auto 
valve arrester these devices can be made to handle 
very heavy discharges. 

Fig. 380 shows a number of auto valve arresters 
for interior use and ranging in voltage from 3000 
volts to 73,000 volts. Large outdoor arresters of 

e type are provided with metal skirts to protect 
rn from rain and ice, and have a hooded sphere-

gap connected in series with each unit or phase leg 
of the arrester. 

One of these units or phase legs is connected to 
each line wire, as shown in the diagrams in Fig. 381. 
The view on the upper left in this figure shows 
both front and side views of a three-phase, pole-
type installation on a 33,000-volt line. On the upper 
right is shown another 33,000-volt, three-phase in-
stallation with the arrester units mounted in the 
frame of a substation. The lower view shows a 
three-phase, 66,000-volt installation with the ar-
resters mounted on a concrete foundation and the 
disconnect switches mounted on the steel frame-
work of the substation. The strain insulators and 
choke coils can also be seen in this view. 

The bottoms of all three arrester units are con. 
nected together and to ground in each case. 

376. OXIDE FILM ARRESTERS 

These arresters are manufactured by the General 
Electric Company and get their name from the 
valve action of lead peroxide powder packed be-
tween brass disks which are held separated a cer-
tain distance by an insulating porcelain ring, as 

in Fig. 382. 
383 shows one disk of an arrester of this 

type. A number of these disks can be stacked in 
series to provide the proper resistance and break-
down voltage for practically any line voltage. The 

breakdown voltage of each cell or unit is approxi-
mately 300 volts. 
The surfaces of the metal plates are coated with 

an insulating varnish before the cells are assembled 
and filled with the lead peroxide powder. 
When a lightning discharge takes place through 

an arrester of this type the current flows through 
the lead peroxide, which is of moderate resistance, 
and punctures the varnish film in small spots. 
The heat developed by the current flow through 

the lead peroxide immediately changes some of this 
material to red lead and litharge, which is of very 
high resistance, and therefore tends to stop the 
flow of current and extinguish the arc. Some of 
this melted red lead and litharge also flows into 
the punctured spots on the film, thus renewing 
their insulating quality and dielectric strength. 
As these cells have a rather large active area they 

can stand a great number of ordinary discharges 
or punctures before becoming inefficient and re-
quiring replacement. 

Fig. 380. This photo shows a number of single-phase auto-valve 
lightning arrester units for use on line. of different voltages. 
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Fig. 381. The above sketches show connections and arrangement of the 
phase units for three-phase lightning arresters. Note the manner of 
connection to the line conductors and to ground, and also note the 
disconnect switches used to break the circuit between the line and 
arrester unite. 
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the higher resistance "B" and then through the 
three gaps in series at the lower end of the unit 
and to ground. Surges of somewhat higher fre-
quency will discharge through the lower resistance 
"A" and the six series gaps to ground. 
Surges of extremely high frequency will dis-

charge directly across all of the gaps in series, be-
cause the slight capacity effect of the surfaces of 
the metal cylinders and the entire lack of inductance 
in this path makes it the easiest one for the high-
frequency surges to follow. 
The large number of gaps in series keeps the arc 

broken up into a number of small arcs, thus making 
it easy to extinguish at the zero point of the alterna-
tion of the line current. 
The alloy of which the round metal knobs or 

cylinders are made is also of a nature that doesn't 
readily maintain an arc between their surfaces. 
Arresters of this type are generally used only on 
small power lines operating at voltages under 
15.000. 

Fig. 377. The above sketch shows the arrangement and connection of 
parts for a simple series-gap graded-shunt lightning arrester. 

374. AUTO VALVE ARRESTERS 

Auto-valve lightning arresters are manufactured 
by the Westinghouse Electric & Manufacturing 
Company and are very extensively used on trans-
mission lines of all voltages. These devices get 
their name from the automatic valve action by 
which they allow the discharge of a high-voltage 
surge and then immediately shut off the flow of 
power current afterward. 
Auto valve arresters consist primarily of a series 

or stack of thin carbon-composition disks which are 
spaced just a few thousandths of an inch apart by 
thin mica rings or washers, as shown in the sketch 
in Fig. 378. 
An assembly of this type provides both the re-

sistance of the composition disks and the resistance 
of the small series gaps between the disks. This 
unit with its resistance is then connected in series 
with a spark gap and to the line wire and ground. 

By using the proper number of disks in series and 
a properly adjusted spark gap, the arresters can be 
made suitable for different line voltages. 
They are usually made and adjusted so tha 

normal line voltages or small surges which are only 
a few percent. above the line voltage will not cause 
any flow of current to cross the :park gap or 
through the disk gaps; but as soon as a surge occurs 
which is considerably greater than line voltage, it 
will break down the resistance of the air in the 
spark gap and that in the gaps between the com-
position disks and allow the surge energy to dis-
charge to ground. 

Fig. 379 shows a sectional view of a small auto 
valve arrester for operation on 7500-volt lines. The 
stack of disks is mounted within a porcelain casing 
and the small hemisphere-shaped spark gap can be 
seen in the top of the unit, and a ground connection 
is shown leading from the bottom. The entire unit 
is provided with a clamp or mounting bracket for 
convenient mounting on cross arms or poles. 

375. OPERATION 

The mica washers are slightly larger in outside 
diameter than the carbon disks, as can be noted 
in Fig. 378, and this projecting edge of the mica 
prevents discharges from taking place at the edges 
or corners of the carbon disks. 

The inner opening of the mica ring or washeri ib 
nearly as large as the diameter of the carbon di 
so that it leaves the greater part of their surface 
area exposed for the arc to take place between 
them. When a discharge occurs through an ar-
rester of this type the very short arcs between disks 
are widely and evenly spread out in a sort of brush 
or spark discharge all over the surface of the carbon 
disks. 

An arc of this type is very easy to extinguish as 
soon as the excessive voltage has been reduced by 
discharging to earth. So, for this reason, the auto 
valve arrester has become a very popular type and 
is extensively used on both low-voltage distribution 
lines and higher voltage transmission lines. 
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-MICA SPACING RINGS ARC GAPS OR 3 PA C ES 

Fig. 378. This sketch shows the construction and arrangement of parts 
of an auto-valve lightning arrester. The discharge occurs in the 
short gaps between the composition disks which are separated by 
insulating rings. 
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that the choke coil will tend to block or stop any 
high-frequency, high-voltage surges, prevent them itom reaching the windings of transformers or other 
evices, and cause these surges to take the non-

inductive path through the gaps and lightning ar-
rester to ground. 
Small choke coils made of stiff solid copper wire 

and in cylindrical form are generally self-support-
ing, but large coils are often made with a number 
of wood slats or strips running through them 
lengthwise and bolted to the turns in order to make 
the coils more rigid and keep them in better shape. 
If it were not for this bracing the magnetic stresses 
set up between the turns during heavy current 
surges would tend to distort the choke coils from 
their natural shape. 
Choke coils are sometimes made with the center 

turns smaller in diameter than those on each end, 
in order to give them greater stiffness and enable 
them to be self-supporting. Coils of this type are 
frequently called hour-glass type choke coils. 

Fig. 375 shows a choke coil of 200 amperes cur-
rent capacity and insulated for 15,000 volts. 
Some recent experiments and tests made with 

choke coils seem to indicate that they have very 
little beneficial effect in stopping high-voltage, high-
frequency line surges and that lightning arresters 
are almost as effective without choke coils as with 
em. 

owever, this point has not been conclusively 
proven and numerous choke coils will undoubtedly 
still be installed. There are also in service many 
thousands of these devices which will probably re-
main in use for many years to come. 

372. LIGHTNING ARRESTERS 

There are in use a number of different types of 
lightning arresters; but the general purpose of all 
types is the same, namely to discharge or drain 

Fig. 375. This photo shows a 200-ampere choke coil Insulated for 15,000 
volts. Choke coils of this type are used in connection with lightning 
arresters as explained in the accompanying paragraphs. (Courtesy) 
O. E. Company.) 

from the lines any surges of excessively high volt-
age, and then to immediately interrupt and stop 
the flow of power current which tends to follow 
the lightning discharge through the arrester. 
Some of the most common types of lightning ar-

resters in use are the horn gap and resistance type, 
graded-shunt resistance type, auto valve, series gap 
type, oxide film type, and electrolytic or aluminum 
cell type. 
The first two arresters mentioned are generally 

used on lines of the lower voltages, ranging up to 
about 15,000 volts. The auto valve and oxide film 
arresters are made for use with lines of practically 
any voltage by placing more or less of their small 
units in series. Electrolytic or aluminum cell ar-
resters are not very often installed any more, but 
there are many thousands of these units in use on 
various lines throughout the country. 

1 
Fig. 376. Small horn gap type lightning arresters and resistance units 

which are connected in series with the gap and the ground. (Courtesy 
G. E. Company.) 

Fig. 376 shows a simple horn-gap arrester with 
two tube-like resistance units which are connected 
in series with the gap and the ground terminal. 
\Vhile the resistance units do not prevent the high-
voltage lightning surges from discharging through 
them to ground, they do tend to limit the flow of 
power current at normal line-voltage and thereby 
help to extinguish the arc after the lightning or 
switching surge has been discharged. 

373. GRADED SHUNT ARRESTERS 
Arresters of this type consist of an insulating 

base or panel upon which are mounted a certain 
number of small metal alloy cylinders, arranged to 
provide a number of gaps in series according to the 
voltage of the line on which the arrester is to be 
used. 
These discharge gaps between the round sur-

faces of the cylinders are shunted or bridged by two 
or more non-inductive high-resistance units, as 
shown in the diagram in Fig. 377. Low or moderate 
frequency surges of high voltage will flow through 
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Fig. 373. The above sketches show horn, sphere, and hemisphere gaps, 
connected to line conductors to ground lightning or high-voltage 
surges. The lower sketch also shows a choke coil between the line 
and the transformer windings. 

forms at the bottom of the horns where they are 
closest together, but the heat of the arc causes an 
upward circulation of air which drives the arc 
quickly toward the top of the horns where they are 
much wider apart, and therefore stretch the arc out 
to such a length that it is extinguished. 

So we find that these gaps act as a sort of safety 
valve to allow high-voltage surges to escape from 
the line and then to quickly shut off or stop any 
flow of power current which would otherwise tend 
to follow the high-voltage discharge to ground. 

For proper operation horn gaps should be 
mounted so that they are level and with the horns 
projecting upward in a vertical position. Care 
should be used to see that the gap is adjusted for 
the proper voltage and flash-over value, and also to 
see that the horns are not bent out of shape. 

Sphere gaps or hemisphere gaps are often used 
in parallel with horn gaps or in connection with 
other forms of lightning arresters. Gaps of this 
type have a much greater discharge rate and 
capacity than horn or needle gaps, because of the 
greater surface area of the spheres. So, where lines 
or arresters are subject to very heavy current 
surges, sphere gaps are often used. 

While it requires a higher voltage to jump across 
a sphere gap than to jump a needle or horn gap of 
the same distance, the sphere gap discharges more 
quickly when its breakdown voltage is reached. 
This is a very important feature, because it is neces-
sary to relieve a transmission line of any high volt-
age surge as quickly as possible and before this 
surge has time to do damage to other equipment 
on the line. 

In the design of lightning arrester equipment and 
various types of gaps, time periods as short as one 

micro-second (one-millionth part of a second) or 
less are frequently considered. 

Fig. 374 shows a table in which the sparking dig\ 
tances of needle gaps and sphere gaps are given fI 
different voltages. From this table you will note 
that it takes approximately 20,000 volts to jump a 
gap of one inch between needle points, while be-
tween spheres of approximately 23/2 inch diameter 
20,000 volts will jump only about % of an inch. 
The larger the spheres-or, in other words, the 

more blunt the surfaces of the gaps-the higher 
the voltage which will be required to jump any 
given distance. 
You will also note that, while it requires 20,000 

volts to jump a one-inch gap between needle points, 
40,000 volts will jump a little more than two inches, 
and so on up. The higher the voltage goes, the less 
voltage it requires per inch to flash the gap. 

SPARKING DISTANCES OF VARIOUS GAP,5 
Barometer 760 mm. Temperature 25 C. 

DISTANCE IN INCHES 

VOLTAGE ryedtiSégz. 2.:p6i.e .h 4.92 inch ..r, Inch 
1 93.p6hge re 

1,000 .06 

2,000 .13 
3,000 .16 

4,000 .22 

5,000 .23 
1 0,000 .47 .17 

1 5,000 .73 

20.000 1.00 .34 
25,000 1.30 

30,000 1.63 .55 .55 
411 

3.5,000 2.00 

40,000 2.45 .75 .75 
30,000 3.55 .98 .95 
100,000 9.90 2.17 2.00 2.00 
200,000 4.84 4.17 
300,000 9.09 6.7.3 
400,000 10.12 

Fig. 374. The above table gives the distance which various voltages 
will flash through air between different types of gaps. 

371. CHOKE COILS 

Choke coils consisting of 10 to 20 turns of solid 
wire large enough to carry the line current are 
often used in series with transmission lines 
and in connection with lightning arresters. The 
purpose of these choke coils is to set up consider-
able reactance to the high-voltage, high-frequency 
lightning surges. 
Tests have indicated that lightning and other 

line disturbances set up brief surges which are not 
only of very high voltage but are also of rather 
high frequency. 
We have already learned that a coil of a certain 

inductance will offer a great deal more impedance 
in a high-frequency circuit than in one of low fre-
quency. For this reason choke coils are connected 
in series with the transmission line and at a point 
between the lightning arrester connection and t 
transformers or other station equipment, as show - 
in Fig. 373-C. 
These devices are connected in this manner so 
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LIGHTNING ARRESTERS AND LINE PROTECTION 

•As transmission lines are made of metal and are 
good conductors of electricity, and also because 
they are elevated considerably above the ground, 
they are quite subject to lightning strokes and dis-
turbances. 
When a direct stroke of lightning hits a trans-

mission line the tendency of this high-voltage 
energy charge is to flow along the line to some 
point where it can most easily discharge from 
the line to ground. 

Ordinarily one of the easiest paths to ground 
would be through the windings of grounded elec-
trical machinery connected to the line. Therefore, 
unless something is done to prevent lightning 
surges from flowing into connected electrical equip-
ment, the excessive voltage of the lightning surges 
will very often puncture the insulation of trans-
formers, generators, etc. 

In some cases high-voltage lightning surges also 
tend to flash over the insulators to the grounded 
towers or wet wooden poles and thus take a more 
direct path to ground, instead of flowing over a long 
section of the line to reach grounded equipment. 

In addition to direct lightning strokes, transmis-
sion lines often receive very heavy induced surges dienhich are set up in the conductors by induction 

nearby lightning discharges. These local dis-
c larges may occur from cloud to cloud above the 
line or from a cloud to earth near the line. 
Other high-voltage surges and disturbances are 

often set up in transmission lines by switching 
operations in which loads of considerable value are 
suddenly cut off or on to the line. The sudden 
change in current throughout the length of a long 
transmission line when a considerable portion of its 
load is cut off will cause rather high voltages of 
self-induction in the line. 

Transmission lines and their connected electrical 
equipment can be protected to quite an extent from 
flash-over of the line insulators and from punctur-
ing of the insulation on machine windings by using 
lightning arresters and other protective devices. 
Among the devices commonly used for this pur-

pose are horn and sphere gaps, choke coils, light-
ning arresters, overhead ground wires, arcing rings 
and horns, etc. Each of these devices will be ex-
plained separately in the following paragraphs. 

370. HORN AND SPHERE GAPS 

Horn gaps and sphere gaps are often used to pro-
vide an easier path for high-voltage surges to escape 
from the line to ground by jumping these gaps in-.a d of flashing over line insulators or puncturing 

chinery insulation. 
I;'ig. 373-A shows a single-line diagram of a trans-

mission line with a horn gap connected to the line 
near the transformer. 

Fig. 373-B shows another line using a sphere gap 
instead of a horn-type gap. 
One side of each of these gaps is connected di-

rectly to the line, while the other side is connected 
to ground. By properly adjusting the spacing dis-
tance between the two horns or spheres of such 
gaps they can be set so that voltage that is much 
higher than the normal line operating-voltage will 
jump across the gaps and discharge to ground be-
fore it will jump across the line insulators or 
through the insulation of the transformer windings. 
Horn gaps derive their name from the shape of 

the electrodes or horns between which the arc is 
drawn in case of a discharge from a line to ground. 

After the high-voltage lightning or switching 
surge has established an arc across one of these 
gaps there is a tendency for power energy to con-
tinue to flow from the line to ground. 
Horn gaps tend to prevent this and quickly ex-

tinguish the arc as soon as the abnormal voltage 
has discharged from the line. The arc naturally 

Fig. 372-A. This photograph shows a very severe lightning flash of the 
type which often causes disturbances on transmission lines, and in 
sonic cases cause flashovers of insulators and momentary grounding 
of the line energy. 
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while a lineman replaces insulators or makes other 
repairs on line poles or towers. Two of the most 
commonly used of these devices are the lifting pole 
and fuzz stick. 

Lifting poles consist of a varnished or oiled wood 
pole ranging from 3 to 12 feet long and from 2 to 3 
inches in diameter, according to the size and volt-
age of the conductors to be handled. 

These sticks are equipped with a conductor-hold-
ing clamp on the top end, an eye for the hand line 
at the bottom end, and a pivot for supporting them 
on a cross-arm hook. One or more of these poles 
can be used for holding conductors out to the side 
or up above the line insulators while the lineman 
is working upon them. 

On the left in Fig. 369 is shown a lifting pole in 
use to hold one line conductor above and to one side 
of the insulator from which it has been removed. 
Note the steel cross-arm hook which holds the 
‘veight of the conductor and lifting pole, and also 
note the hand line or tail line which is attached to 
the clevis or eye at the bottom of the lifting pole 
and holds the pole at the proper angle and position. 

The sketch on the right in Fig. 369 shows another 
method of supporting a line conductor away from 
the insulator and cross arm, by means of two poles, 
a pulley, and two tail lines. The poles used in this 
manner are often called Jew Claws. Their hooks 

Fig. 371. The above two photos show linemen at work on a "hot" or 
live line, replacing insulators by means of live line tools. This work 
requires extreme care and accuracy and is generally done by 
specially trained line crews. (Courtesy Johnson Mfg. Co.) 

C>  
T e Stick Heed 

Tie wire 

Nook 

Ft Toe Stick 

Fig. 372. The above sketches illustrate the steps and method of making 
a line tie by means of looped tie wires and the tie sticks shown on 
the right. (Courtesy Johnson Mfg. Co.) 

are placed over the conductor and then screwed 
down tight by twisting the pole handle. 

Fig. 370 shows one lifting pole and two fuzz 
sticks in use for holding all three conductors of a 
line away from the insulators and cross arm a 
to allow a lineman to work freely and safely on 
of the insulators. These hot-line tools can be used 
in a great variety of ways for pertorming various 
operations on live lines. 
The two photographs in Fig. 371 show a group 

of three linemen changing a pin-type insulator on 
a pole which carries several high-voltage lines. Note 
that the linemen are all wearing gloves; are keep-
ing their bodies well away from other line con-
ductors; and are handling the conductor which is 
being worked upon entirely by means of the wood 
handled tools. 
By means of these hot-line tools with insulating 

handles, conductors can be disconnected from either 
pin or suspension-type insulators; conductor ties 
on pin-type insulators can be either removed or 
remade; and it is even possible to make actual 
splices in line conductors without ever touching 
them with the hands. 

Fig. 372 shows several of the steps in making a 
tie on a pin-type insulator. Note that the ends of 
the tie wires are prepared with small loops, so that 
they can be wrapped around the insulator cap and 
also around the conductor by means of the wood 
handled tie-stick shown on the right. 

Hot-line work should only be done by men who 
are specially trained for this work, and power co. 
panics generally have special hot-line crews who 
specially drilled in the use of correct hot-line tools 
and on safety precautions and rules for this work. 
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Fig. 367. On the left is shown a lineman's rubber glove and on the 
right a soft leather protector glove to prevent mechanical injury or 
puncture of the rubber insulating glove. 

Fig. 367 shows a lineman's rubber glove on the 
left and a leather "pull over" glove on the right. 

In addition to rubber gloves, rubber blankets and 
rubber protectors in the form of split tubes or hose 

.
e also used to protect linemen from accidental 
tact with wires on which they are not working. 

These rubber protectors are split along their 
lower sides to allow them to be easily slipped over 
the line conductors. Some of them are also pro-

Fig. 368. This photograph shows the use of rubber line hose or "pigs" 
to protect linemen when working on live transmission or distribution 
lines. (Photo Courtesy Lineman Protector Company.) 

vided with enlarged sections to fit over pin-type 
insulators and conductors at the same time. Pro-
tectors of this type are often called "pigs". 

Fig. 368 shows a number of protectors or pigs in 
use to protect two linemen working on a pole which 
carries several lines. 

Fig. 369. The above diagrams show the use of live line tools to move 
live high-voltage conductors safely out of the way for replacing 
insulators or making other repairs. (Courtesy Johnson Mfg. Co.) 

Fig. 370. This view shows the method of using a live line tool known 
as a "jew claw" to raise the center conductor; and two other tools 
known as "fuzz sticks" to draw aside the outer conductors and 
thereby allow a lineman to work safely on any of the three insulators 
on the pole and cross arm. (Courtesy Johnson Mfg. Co.) 

369. "HOT" LINE TOOLS 

A number of special tools and devices are avail-
able for use when working on hot lines. These de-
vices consist of special connection clamps, jumpers, 
pulling clamps, etc., which can be attached to the 
live conductors by means of the wood sticks previ-
ously mentioned. 

Other wood sticks with hooks and clamps are 
used to hold live conductors safely out of the way 
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Fig. 365. Above are shown two views of a lineman's safety belt, a 
safety strap, and two types of climber spurs. 

pole a few inches from the ground, and then lean-
ing back hard into the belt. In case it does break 
a fall from this heiglit is not very dangerous. 

Fig. 365 shows two types of tool belts and a 
safety strap above, and two types of climbers with-
out their leg straps are shown below. 
When descending a pole the climber spurs need 

not be pulled out of the wood, but should be merely 
broken out by swinging the knee outward to re-
lease the spur. 
Linemen should always be very careful in plac-

ing their spurs not to puncture insulation on con-
ductors or injure fellow linemen working below 
them. 

367. SAFETY-GROUNDING DEAD LINES 
BEFORE WORKING ON THEM 

It is often necessary to make repairs or changes 
in transmission lines after they are erected. When-
ever possible this work is done with the line dead 
or disconnected from the power plant, as the work 
can be done much more safely and much faster in 
this manner. 
Before starting to work on any line that has been 

disconnected and is supposed to be dead, all of the 
line conductors should be thoroughly grounded at 
the point where the work is to be done. This ground-
ing can be accomplished by throwing a dry rope 
or hand-line over the conductors and then using 
this line to pull up a bare flexible copper cable over 
the line conductors. One end of this cable should 
be well grounded to the tower or to a ground rod 
before drawing the other end over the line. The 
hand-line should be securely tied to the pole or a 

stake or weight to hold the ground conductor in 
place. 

Great care should be used to see that the groungle 
cable is held securely against all line conductors, 
even using, if necessary, extra hand-lines to hold it 
against certain wires, as shown in Fig. 366. 
Shorting and grounding the line conductors in 

this manner discharges any static energy that may 
be stored in the line, and also protects the lineman 
in case the line should become accidentally alive 
while he is working on it. 
Ground chains were formerly used for this pur-

pose, but as the contacts between chain links are 
often poor, rusty, and of high resistance, stranded 
copper cable is much safer and better. 
Grounding cables are often provided with clamps 

which can be attached to the line conductors by 
means of a "hot stick" or wood pole with special 
metal hooks and fittings on one end. 

368. "HOT" LINE WORK AND PRO-
TECTIVE EQUIPMENT 

ln certain cases it is inadvisable to "kill" a line 
for minor repairs or changes, because of the inter-
ruption this would cause in the customer's service. 
In such cases linemen are sometimes required to 
work on "hot" or live lines. This is quite often 
done on distribution lines of 2300 to 6600 volts, and 
occasionally on lines of much higher voltage. e 
On distribution lines of around 2300 to 4000 volts 

hot line work can be performed by linemen wearing 
rubber gloves to provide insulation for their hands. 
These rubber gloves should always be protected 
from wear and mechanical damage or puncture by 
sharp wire ends or tools, by wearing leather gloves 
over them. 

Rubber gloves should also be frequently tested by 
filling them with water, immersing them up to the 
wrist in water, and applying 10,000 volts to the 
water inside and outside the gloves to see if they 
will puncture or leak current. 

Fig. 366. The above sketches show methods of placing a ground wire 
over line conductors, to make a secure contact and safe ground on 
all conductors for the protection of linemen working on them. 
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Fig. 363. The above sketch illustrates the method of sighting con-
ductor sag and also shows a convenient form of sagging tee which 
can easily be made from pieces of wood. 

Conductors on steel tower lines are generally 
hung from the cross arms in snatch-blocks or 
special pulleys, as shown in Fig. 362. 
These pulleys have openings in the side of their 

hangers to allow the conductors to be laid in them, 
and the pulleys allow the conductors to slide freely, 
thus keeping the sag and tension e‘ en as the wires 
are pulled up. 
When pulled up over wooden cross arms, con-«tors should be given from 15 to 30 minutes on 
rt pulls and up to several hours on long pulls, 

to allow them to creep or slowly slip over the arms 
and equalize the sag and tension on the different 
spans before the conductors are fastened to the 
insulators. 

365. "SAGGING TEES" AND "PULLING 
GRIPS" 

The proper amount of sag can be determined by 
sighting over marks which are placed just the right 
distance beneath the cross arms on two adjacent 
poles or towers. Small straight sticks can be nailed 
on the poles for this purpose. The lineman by sight-
ing over these markers along a line, as shown by 
the dotted line in Fig. 363, can tell when the con-
ductor is properly sagged, as the lowest point of the 
conductor should just come in his sight over the 
markers. 

Convenient sighting tees, or sagging tees (T's), 
can be made as shown in the lower view in Fig. 362, 
by nailing two thin wood strips together at right 
angles, and notching the vertical piece so it can 
be hung from the conductor at the poles from which 
the lineman is sighting. 
The T's can be made with a number of properly 

spaced notches in the vertical handle for various 
mints of sags. 
In pulling up line conductors and in anchoring 

them at any desired points, special grips or clamps, 
often called come-alongs, are used. Several of these 
are shown in Fig. 364. 

These devices consist of a pair of gripping jaws, 
operating lever, and pulling eye. The pulling rope 
or cable is attached to the eye, and the harder the 
pull the tighter the jaws grip the conductor, be-
cause the pulling eye is attached to the operating 
lever. 
Some transmission line poles are equipped with 

iron steps or bolts driven into the wood, and others 
have bolt heads projecting a short distance from 
the wood so that metal steps can be hooked onto 
them. 

366. CLIMBERS AND SAFETY BELTS 
In the majority of cases, however, a lineman 

climbs the poles by means of spurs or climbers 
strapped to his legs and feet. 
A lineman can with practice learn to rapidly 

climb poles by firmly and easily pressing his climber 
spurs into the pole and going up a step at a time, 
using both hands to grip the pole as he climbs. 
The spurs should not be jabbed into the wood, 

or they will be hard to pull out. The knees should 
be held well out from the pole when climbing in 
order to keep the spurs biting into the wood. 
Hugging the pole with your knees will cause the 

climber spurs to break out of the wood and slip. 
When a lineman reaches the position where he 

wishes to work on a pole, a strong leather safety 
strap is placed around the pole and carefully and 
securely snapped into the rings on a heavy tool-belt 
worn around his waist. Then, while still keeping 
the hands on the pole, lean back into the belt, test-
ing its fa.,tet ngs finally before releasing the grip 
on the pole. 
The spurs can then be set in the pole at the 

proper point to place the body in a comfortable 
ar.gle and position, and you are free to work with 
both hands. 

Fig. 364. Several different types of "come alongs" or pulling grips 
used for drawing up conductors or transmission lines. 

Even when working on cross arms it is best to 
have your safety strap around the pole to prevent 
a bad fall in case of a slip. 

Safety straps and belts should be given frequent 
inspection and testing, and the best of care, as a 
lineman's life depends on their being in good con-
dition. 

Et is a good plan to frequently test the strength 
of the belt and strap by placing the spurs in a 
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38. On returned reels, 432,000 lb. at 45 
cents per 100 lb  1,944 

39. Total railroad freight $ 40,568 
Hauling to Site of Erection. 

40. On all materials, 7500 tons at $5 per 
ton  $ 37,500 

41. Total cost of items 34, 39 and 40  1,095,714 
Labor-

42. Clearing right of way $300 per mile $ 30,000 
43. Excavation and backfill 

9300 yd., earth at $5 per yd., $46,500 
2300 yd., rock at $13 per yd., $29,900 76,400 

14. Erecting 660 towers averaging $125 
each   82,500 

45. Stringing conductors at $200 per 
mile   

46. Stringing ground wire at $50 per 
mile   

47. Handling insulators and hardware, 
$110 per mile  

48. Repairing and clearing up, $60 per 
mile   

20,000 

5,000 

11,000 

6,000 

49. Total labor cost $ 230,900 
50. Insurance, 0.9 percent. on item 49 $ 2.078 
51. Total labor and insurance  232,978 
59. Total material and labor (items 41 

and 51)  $1,328,692 
53. Total items 25 and 52  1,628,692 
54. Superintendence, engineering, and 

contingencies, 12 percent. item 53  195,443 
55. Total of items 53 and 54  1,824,135 
56. Contractor's profit, 10 percent. of 

item 55   182,413 
57. Total of items 55 and 56 $2,006,548 
58. Interest until operation begins at 

4.5 percent  90,294 
59. Total of items 57 and 58  2,090,842 
60. Total cost per mile $ 20,968 

or approximately $ 21,000 

teR=ii 

'MLR» 

Fig. 361. Above are shown several styles of lineman's splicing clamps 
and also a splicing sleeve and completed splice. 

364. LINE ERECTION 

The poles or towers of an entire line, or a con-
siderable section of it, are generally erected cone 
plete before running or pulling up any conductors. 
The conductors are then reeled off and laid out 
along the line. This can be done either by mounting 
the reels on stationary iron bars or pipe shafts and 
pulling the conductors off the reels and along the 
line; or by fastening the conductor ends and mov-
ing the reels along the line on a truck or wagon, 
allowing the conductors to unwind as the reels are 
moved. 
The latter method is generally best, as it does 

not drag or slide the conductors along the ground 
and run the danger of scratching or nicking them 
on sharp stones. Small reels can often be carried 
on a bar by two men. 
The wire or cable lengths are next spliced to-

gether into complete line conductors. The splices 
are commonly made with splicing sleeves as previ-
ously explained. 

Fig. 362. Several types of snatch blocks or pulleys used for stringing 
line conductors. 

Fig. 361 shows several styles of linemen's splicing 
clamps, a twin splicing sleeve, and a completed 
sleeve splice. 

After placing the conductor ends in the splicing 
sleeves, they are twisted by means of a pair of 
splicing clamps, which are placed one on each end 
of the splice and then rotated in opposite directions. 
As the conductors are run along the line they are 

pulled up and laid on top of the cross arms by 
linemen using a light rope called a hand-line. 

After the conductors are up on the cross arms 
they are next pulled up to the proper tension and 
sag by securely tying or anchoring them at one end 
and pulling on the other end with a block and line 
or with a truck or tractor. 
Conductors can be allowed to slide over wood 

cross arms as they are pulled up, but they sho 
not be slid over steel cross arms on account of the 
danger of scratching the conductors on the sharp 
corners of the metal. 
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strengths of poles, towers, and cross arms; security 
of foundations; etc. 411 In many cases where lines are frequently sub-
ected to high velocity winds blowing at right 
angles to the line, side-guys are used and consist of 
guy wires run out on each side of the poles or 
towers. 
The wind pressure on a round pole can be cal-

culated by the same formula as used for conductors, 
except that the diameter and length of the pole are 
substituted for those of the conductor. 
To determine the wind stress on flat surfaces of 

towers, we can use the simple formula: 

P := .0036 X V2 X A 
In which: 

Pr= pressure in lbs. per square foot 
V = velocity of wind in miles per hr. 
A = area in sq. ft. of tower surface exposed 

to wind. 

363. LINE COSTS 
In building any transmission lines, large or small, 

careful listing of all materials and planning of all 
work in advance will save great amounts of time 
and money. 
The principal items of expense on a small pole 

line are as follows: Cost of right of way, clearing 
right of way, poles, crossarms, conductors, insula-
tors, fittings, shipping and hauling of materials, 11113or costs, overhead and miscellaneous expenses, 

cident insurance for employees, etc. 
In shipping and hauling materials to the loca-

tions along the right of way, great care should be 
used to see that the right materials and amounts 
are left at each point. 
A lineman who understands these fundamentals 

is the man who will make a good foreman and be 
of great value to his employer; or, in case you plan 
and build a small line yourself as some of our 
graduates have done, keeping these points well in 
mind will help you to save time and money and 
make the job practical and profitable. 
The list of items and costs of materials shown in 

the following estimate form for a 132-kv., 100-mile 
transmission line will, if carefully studied, give you 
a good idea of the comparative costs of various 
items, and will also familiarize you with the vari-
ous terms and materials used in a large high-volt-
age line. 

Small pole lines would, of course, involve only a 
small fraction of this number of items and of the 
costs given in this estimate. 

ESTIMATE 

The following is a convenient form for estimating 
the cost of a single-tower, double-circuit, 132 kv., 

'Physical transmission line: 
Characteristics-

1. Width of right of way 120 ft. 
2. Total number of towers 660 

3. Number of strain towers  40 
4. Number of semi-strain towers 100 
5. Number of suspension towers 520 
6. Average number of towers per mile  6.6 
7. Weight of steel including footings 

of each strain tower 13,340 lb. 
8. Weight of steel including footings 

of semi-strain tower 10,970 lb. 
9. Weight of steel including footings 

of each suspension tower  9,000 lb. 
10. Type and size of conductors, 21,600 

c.m. stranded copper  
11. Number of conductors per tower  6 
12. Weight of conductors per mile of 

line  20,124 lb. 
13. Weight of reels per mile of line  3,240 lb. 
14. Total weight of conductors and reels 

per mile of line 23,364 lb. 
15. Type and size of guard wire 

7/16 in. (7 No. 7 wires) copperweld 
16. Number of guard wires per tower  2 
17. Weight of guard wires per mile of 

line   4,414 lb. 
18. Weight of reels per mile of line  1,080 lb. 
19. Total weight of guard wires and 

reels per mile of line  5,494 lb. 
20. Size of insulator units  10 in. 
21. Number of units per string  10 
22. Number of strings required  5,280 
23. Weight of insulators per string  120 lb. 
24. Weight of hardware per string  30 lb. 

Costs-
25. Right of way 120 ft. wide at $3,000 

per mile $300,000 
Materials-

26. Steel for towers and footings, 
6,310,600 lb. at 5.5 cents per lb $347,083 

27. Plus 10 percent. for special construc-
tion   34,708 

28. Conductors, 2,143,360 lb. at 18 cents 
per lb  385,805 

29. Guard wires, 441.400 lb. at 15 cents 
per lb  66,210 

30. Insulators 5280 strings at $23  121,440 
31. Insulator hardware for 4230 strings 

at $5.50  23,760 
32. Insulator hardware for 960 strings 

at $9.00  8,640 
33. Concrete footings for dead - end 

towers, 1500 yd. at $20  30,000 

34. Total cost of materials $1,017,646 
Railroad Freight-

35. On towers and footings, 6,941,660 lb  
at 30 cents per 100 lb $ 20,825 

36. On conductors and guard wires, 
3,016,760 lb. at 45 cents per 100 lb 13,575 

37. On insulators and hardware, 1,056,000 
at 40 cents per 100 lb  4,224 
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For example, suppose we wish to find the tension 
that will be placed upon a No. 000 conductor on 
spans 500 feet long if the conductor is sagged 10 
feet between towers. 
From the table in Fig. 327 we find that the weight 

of 000 bare copper wire is approximately 512 lbs. 
per thousand feet, or .512 lbs. per foot. Then, ac-
cording to the formula: 

5002 X .512 
T =   , or 1600 lbs. 

8 X 10 
By looking in the table in Fig. 358 we find the 

safe tension in lbs. for 000 hard drawn copper is 
3275 lbs. or nearly double the tension on the span 
in this problem. 
Suppose in another case that an observation made 

during cold weather showed the sag on a certain 
600-foot span of 000 hard drawn copper conductor 
to be only 5 feet; then we find that according to 
the formula the tension on this span equals 

6" X .512 , or 4608 lbs. 
8 X 5 

which the table in Fig. 358 shows is considerably 
more than the safe tension for 000 hard drawn 
copper. 

In such a case this span should be given more 
sag before the conductor is stretched or broken. 
The chart in Fig. 359 gives curves from which it 

is easy to determine the recommended sag in feet 
for conductors ranging from No. 6 to No. 0000 on 
spans ranging from 100 to 600 feet. These recom-
mendations apply to conductors which are being 
erected and sagged at temperatures of approxi-
mately 60° F. 
To determine the recommended sag it is only 

necessary to start at the proper point on the bottom 
of the chart for the span in question, and then run 
upward to the point where the vertical line strikes 
the curve for the size of conductor to be used. 
The table in Fig. 360 gives recommended sags 

for steel-reinforced aluminum conductors ranging 
in sizes from 4 to 0000 and for spans of 200 to 1000 
feet. These sags allow for a temperature range 
from 40 degrees below zero to 110 degrees above 
zero, Fahrenheit, and also for one-half inch of sleet 
and a sixty-mile wind, and the additional stress that 
these factors occasionally place upon the con-
ductors. 

361. ICE AND WIND STRESS 
In many parts of the country sleet, ice and wind 

greatly increase the stress placed on line conduct-
ors. In certain localities it is not uncommon for line 
conductors to be coated occasionally with from one-
half inch to an inch or more of sleet. 
The ice not only increases the weight on the 

conductor but also increases the conductor area, 
thereby increasing the amount of wind stress placed 
upon it. Ice weighs approximately 57 lbs. per cubic 
foot; and one-half inch of ice all around a No. 0000 

Sags for Steel Cored Aluminum Conductors. 

569 
in 

feet 

569 .n feet 
Conductor Sizes col 665 Gaie. 
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4.1 
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3.4 
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2.6 
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2.5 
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Z. 

00 

1.6 

000 

L5 1.3 200 

300 9.3 7.7 6.2 5.5 4.4 4. 3.4 2.6 

400 14.5 13.7 11.1 9.7 8.2 7. 6. & 

500 26. 21.4 17.3 15.1 12.7 10.9 9.3 7.8 
900 ST. 31. 25. 22. 113.3 15.7 13.5 11.3 

700 50.5 42. 34. 29.5 24.9 21.4 18.3 15.3 

800 46. 54.5 44. 39. 32.9 28. 24. 20. 

900 84. 49. 56. 49. 42. 35.4 30. 25.3 
1000 103. 85. 69 60. 51. 44 37.3 31.2 

Fig. 360 This convenient table gives the proper sag for various length 
spans and various sizes of aluminum conductor. 

cable will make the total weight just about double 
that of the bare conductor, or approximately 1.28 
pounds per foot of conductor length. 
From this we can see how very important it is 

to allow for the additional stress which may be 
placed upon conductors in many localities by sleet. 
Strong winds place considerable additional side 

stress on both the conductors and the supporting 
poles or towers. 

362. PROBLEMS 

The wind pressure in lbs. on a round conductor 
may be easily determined by the following simple 
formula: 

P=.0025 XV2 XDXL 
In which: 

P = total wind pressure in lbs. 
.0025 = constant 
V = wind velocity in miles per hr. 
D = diameter of conductor in feet (not 

in inches) 
L = length of wire or span in feet. 

For example, suppose we wish to determine the 
wind stress of a 60-mile wind on the three cor duct-
ors of a 1000-foot span, using steel-reinforced, alu-
minum cable of 715,500 circular mils area. 
From the table in Fig. 327-B we find that the 

diameter of this conductor is just slightly more than 
one inch. As the formula requires the use of the 
conductor diameter in feet or a fraction of one foot, 
our conductor diameter in this case will be stated 
as 1/12 of a foot, or .083 ft. 

Now, using these figures in the formula, we have: 

.0025 X 602 X .083 X 1000, or 747 lbs. stress 
on each conductor. 
Then, to get the total stress on all three con-

ductors, we must multiply by 3; and 3 X 747 = 
2241 lbs. total stress on the three conductors of this 
span. 

In case these conductors became covered with a 
half-inch of sleet this will increase their diameter 
to twice that of the bare metal, and thereby double 
the wind stress. 
From this we can see that the wind stress «, 

transmission lines is also a very important factor 
and must be considered and allowed for in the 
construction of lines and in determining proper 

• 
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Breaking Strength and allowable tension of hard drawn 
and an-nealed copper conductors 

rim Size gin i" 
Caou-qe 

Hord Drawn Copper Annealed Copper 

Br ea kinq Slime 
in Pounds 

Safe Tension 
in Pounds 

Breaking Strength 
in Pound 

Safe Tension 
in Pounds 

350,m.000 
c 

1512 5 7562 9350 46 75 

250.000 
c. m. 

1018c) 5390 6664 3332 

0000 8260 4130 5320 2660 

000 6550 3275 4220 2110 

00 5440 2720 3340 1670 

o 45 30 2265 2650 1375 

1 3680 1840 2100 1050 

2 2970 1485 16 70 835 

3 23130 1190 13 23 661 

4 19 0 0 950 10 50 525 

5 1580 790 884 442 

e 1300 650 700 350 

7 1050 525 556 278 

- 8 843 421 441 220 

Fig. 358. This table should be referred to in determining the sag and 
tension of copper conductor spans in order not to exceed the safe 
operating tension on the conductors. 

ductors is also necessary to allow for expansion and 
contraction with changes of temperature. If the 
conductors were strung up very tightly during hot 
summer weather they would break from contraction 
during cold weather. 

An excessive amount of sag is likewise undesir-
able because it gives a bad appearance to the line 
and requires higher poles or towers to keep the 
conductor the required distance from the ground; 
and also because it allows the conductor., to sway 

qtessively in the wind and creates the risk of their 
rting together. 
For these reasons the sag and tension of trans-

mission line conductors is generally calculated quite 
accurately in planning and erecting the lines. The 
proper sag in feet for any given conductor span 
can be determined by the following simple formula: 

X W  
S — 8T 

In which: 

S = sag in feet 
L = length of span in feet 
W = weight of conductor in lbs. per foot 
T = tension in lbs. on the conductor. 

The allowable tension can be determined from a 
table of strengths or safe working tensions for vari-
ous conductors. The table in Fig. 358 gives both 
the breaking strength and the safe allowable ten-
sion on copper conductors of the sizes more com-
monly used for small lines. 

The allowable tension on larger conductors can 
be taken from the manufacturer's data or can be 
determined from the known breaking strength per 
square inch of hard drawn copper or aluminum, 
whichever conductor may be used. You will note .dom this table that the practical allowable tension 

any of the conductors is considered to be about 
' half of the actual breaking strength. 

If lines were constructed with tensions much 
closer to the actual breaking strength of the con-

ductor, the copper would become stretched and 
the risk of broken conductors and interrupted serv-
ice would be too great. 

360. PROBLEMS 
To use the formula for determining the sag in a 

practical problem, let us suppose we are running 
conductors of No. 0 hard drawn copper wire on 
poles 200 feet apart. From the table in Fig. 327 we 
find that the weight of bare No. 0 copper wire is 
322.4 lbs. per 1000 feet, which would be .3224 lbs. 
per foot. From the table in Fig. 358 we find that 
the safe tension for No. 0 hard drawn copper is 
2265 lbs. 
Now, putting these values into the formula, we 

have: 
2002 X .3224 

, or approximately .71 feet 
8 X 2265 

which should be the sag of this conductor. 
This amount of sag would be correct for the con-

ductor as long as the temperature remained the 
same as during the time the conductor was being 
installed. 
But if the line is erected during hot summer 

months, a little extra sag should be allowed so that 
the tension will not be too great during colder 
weather. 
Sags of 2 to 5 feet are common with pole lines 

having short spans, and sags of 5 to 15 feet are 
common with steel tower lines having longer spans. 
Sags of 15 to 30 feet are often used on special long 
spans, and where conductors may cross wide rivers 
or valleys the sag may be 100 feet or more in a span 
of several thousand feet between towers. 
The tension (T) in pounds which will be placed 

on the conductors by any given sag in feet can be 
calculated by the following simple formula: 

T=L X W 

8S 

Sag for Hard Drawn Copper at 60.F 
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Fig. 359. The proper sag for various spans and various sized copper 
conductors between No. 0000 and No. 6 can be quickly and easily 
found from the above chart and curves as explained in the accom-
panying paragraphs. 
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sized conductors having different spacings. These 
figures are given for 60-cyde lines. For 25-cycle 
lines the inductance in ohms for any certain con-
ductor size and spacing will be 25/60 of that given 
in the table. 
The values in the table will also be the volts drop 

per ampere, per 1000 ft. of conductor. 
By referring to the table you will note that with 

large conductors closely spaced, the inductive re-
actance is very small; while on other lines with 
small conductors widely spaced, the inductive re-
actance in ohms may be equal to or even more than 
the resistance in ohms. 
Assuming that the No. 4 conductors in our last 

problem are spaced 36 inches apart, we find in the 
table that such a line would have .1402 Ohms XL 
per 1000 ft. of conductor. 
Then, as our line length was 20 miles or 105.6 

thousands of feet, the inductive reactance per con-
ductor will be 105.6 X .1402, or 14.8 ohms; as com-
pared with 26.4 ohms resistance. 
Then, to get the approximate impedance of the 

line, we combine the resistance of 26.4 ohms which 
we have previously found with the inductive re-
actance of 14.8 ohms, by means of the formula for 
impedance of series A. C. circuits, or 

X = VR 2 ± XL2 
or, 

Z =--- V26.42 14.82, or approximately 30 ohms. 
For making calculations as to the size of con-

ductors for a transmission line there is another con-
venient rule which often serves as a practical guide. 
It is known as Kelvin's Law. This rule is as follows: 
The economical conductor is one in which the 

current density is such as to make the annual in-
terest on the value of each mil-foot of conductor 
equal to the annual value of the power lost on eaci-
mil-foot. 
There are some cases in which this rule cannot be 

strictly followed, but it is a very good rule to keep 
in mind. Both this rule and the one 01 1000 volts 
per mile and 1000 circular mils per ampere will be 
very handy in checking any of your figures on such 
problems and will help you avoid making any seri-
ous mistakes in planning a small transmission or 
distribution line. 

In addition to the resistance and impedance losses 
in transmission lines there is also the capacity re-
actance and loss which was previously mentioned, 
and which is negligible on small lines but must be 
considered on long high-voltage lines. 

357. CHARGING CURRENT 
The capacity or condenser effect of a long trans-

mission line with its high-voltage conductors run-
ning parallel and separated by air is quite consider-
able; and such long lines often draw quite a large 
amount of charging current, even when the load is 
disconnected from the receiving end. 
This charging current flows in and out of the line 

at the generator just as though the generator ter-
minals were connected to a huge condenser. 

Lines operating at voltages in the neighborhoe 
of 100,000 or more will often require charging cur-
rents of several amperes, and this current flowing 
at the high voltages used causes the line to draw 
a charging load of several thousand kv-a. or more 
in many cases. 
Knowing that transmission lines can store a 

charge of this amount we can readily see the neces-
sity for short-circuiting or grounding them before 
working on the conductors, even though we know 
they have been disconnected from the power source. 

358. SKIN EFFECT AND CORONA 

Another factor which is sometimes considered on 
very long lines, and particularly on those of higher 
frequencies, is the skin effect of alternating current. 
The term skin effect refers to the tendency of 

A. C. to flow more in the outer area of the con-
ductor than through the center. This is caused by 
the action of the flux around the conductor upon 
the current within it, and the higher the frequency 
the greater is this tendency of the current to crowd 
toward the outer surface of the conductor. 
On very high frequency equipment such as that 

used in radio stations skin effect is a very important 
factor, but on transmission lines operating at 60 
cycles or lower frequencies it is a much small 
item, and is neglible on the smaller lines 
moderate voltages. 
Another loss sometimes considered on very high 

voltage lines is a brush discharge from the con-
ductors into the atmosphere. This discharge is 
called corona. Corona discharge takes place more 
freely on small conductors and from sharp points 
on the conductors or live metal fittings on the lines, 
and actually causes a small amount of energy loss. 
Large diameter aluminum conductors are some-

what less subject to corona losses and skin effect 
than smaller copper conductors. 

359. SAG AND TENSION 
In planning a transmission line or distribution 

line there are certain important mechanical factors 
which must be taken into consideration in addition 
to the electrical loss and current capacity of the 
line. 
The sag and tension of the line conductors are 

two of these very important mechanical factors, as 
they determine the amount of strain on the con-
ductors. Transmission line conductors between 
poles or towers cannot, of course, be drawn up ab-
solutely straight or until there is no sag; because 
even to draw them up until there is no noticeable 
sag would place on the conductors a terviion and 
strain sufficient to break them. 

For this reason a certain definite amount of s 
is always planned and allowed, accurding to the 
size and type of conductors and the length of the 
spans. A certain amount of sag or slack in the con-
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To determine the load in amperes we can use the 

dvmula: 
I = 

kw. X 1000 

1.732 X p.f. X E 

or, in this case: 

1200 X 1000 
I = , or 39.3 amperes. 

1.732 X .8 X 22,000 

Then, according to our rule of 1000 circular mils 
conductor area for each ampere of current, our 
conductor size should be: 

39.3 X 1000, or 39,300 circular mils. 

As this is very close to the 41,740 C.M. area which 
represents a No. 4 conductor, we shall select this 
size of wire. 

Sometimes conductors larger than those required 
by the formula are used in order to obtain the neces-
sary mechanical strength for the spans between 
poles. A No. 4 conductor is about as small as can 
be used practically for transmission line spans of 
any length; although smaller wires are sometimes 
used on short distribution lines in towns or rural 
districts. 

It is generally considered that a transmission 
line, in order to be practical, should not have losses 
greater than ten per cent, of the total power trans-
mitted. 

0 e 
'he transmitting voltage and conductor size ar-
d at by use of the simple rule just given can 

very easily be checked by using Ohms law formulas 
with the known load in amperes and the resistance 
of the conductor chosen. 
We know that I X R = E, or, in this case, the 

line current times the line resistance will give the 
voltage drop of the line. 
This voltage drop when multiplied by the line 

current will give the line loss in watts; so if the 
voltage drop is not over 10% the line loss will not 
be over 10%. 
For example: in the problem just given we have 

the resistance of 20 miles of No. 4 wire to consider. 
The table in Fig. 327 shows that the resistance of 
No. 4 wire is about .25 ohms per 1000 feet. 
There are 5280 ft. per mile, so 20 miles equals 

20 X 5280, or 105,600 ft. As the resistance is given 
in ohms per 1000 ft., we first divide 105,600 by 1000, 
and get 105.6. Then the total resistance of one line 
conductor will be .25 X 105.6 or 26.4 ohms. 
We know that the line loss in watts in any con-

ductor is equal to PR; therefore, the watts lost in 
each line will be 39.32 X 26.4 or 40,774 watts, and 
the total line loss in three wires is 3 X 40,774 or 
122,322, or approximately 122 kilowatts. This is 
' htly more than 10% of the power supplied. de 

he voltage drop in any pair of wires in a 3 
o  p ase, 3 wire system is equal to 1.73 X I X R, 

where I is the current in one wire and R is the 
resistance of one wire. Substituting the values 
from our problem, we have 1.73 X 39.3 X 26.4 = 

1793 volts. This is approximately 8% of the supply 
voltage. 

355. FORMULA FOR CONDUCTOR SIZE 
The circular mil size of conductor which should 

be used for a given load on small low-voltage, single-
phase lines can be easily calculated by means of the 
same formula given in Section Two on Electrical 
Wiring for calculating the size of feeder conductors. 
This formula is repeated here for your convenience: 

10.8 XLX2XI 

Ed 
C. M. area - 

In which: 
L = length of line one way 
I = load in amperes 

Ed = allowable voltage drop. 
For three-phase lines the formula can be used 

with the constant 1.732, as follows: 
10.8X 1.732 XLXI  

Ed 
C. M. area - 

In which: 

1.732 = V3 

I = current per phase, or 

or 

kw. X 1000 

1.732 X E X P. F. 
kv-a. X 1000 

1.732 X E 
L = length of line in feet, one way only. 

356. LINE REACTANCE AND CAPACITY 
So far we have considered only the losses due to 

resistance, and voltage drop caused by resistance 
in the lines; but A. C. lines have a certain amount 
of inductive reactance and capacity reactance, both 
of which cause line losses and must be considered 
in calculations for long high-voltage transmission 
lines. 
The capacity reactance is usually negligible on 

small low-voltage lines, and the inductive reactance 
in ohms can also often be ignored on small lines. 
The inductive reactance varies with the size of 

the conductors and the distance they are spaced 
apart. 
The table in Fig. 357 gives the inductive react-

ance (XL) in ohms per 1000 ft. of line for various 

Inductive reactance in ohms per 1000 It.,lor various conductors cm GO Cyc le Lines 

5pacin9 between we renters. 

linC11 2InchtS6mches 1forit eizieel 2itet 3feet 4feet Sleet Gfeet 

>8.5 G...9..06037 
8 

.0845 .1097 .1256 .1349 .1415 .1508 .1574 .1625 .1667 

6 .0633 .0792 .1044 .1203 .1296 .1362 .1455 .1521 .1572 3613 

4 .0580 .0739 .0991 .1150 .1243 .1309 .1402 .1468 .1519 .1561 

2 .0521 .0686 .0938 .1097 3190 .12.56 .1348 .1414 .1466 .1507 

1 .0501 .0859 .0911 .1070 .1163 3229 .1322 .1388 .1439 3480 

0 .0474 .0633 .0885 .1043 .1136 .1202 .1295 1361 .1412 .1454 

00 .044/ .0600 .0858 .1011 .1110 .1176 .1269 .1335 .1386 342.7 

000 .0421 0580 .01332 .0991 1084 .1150 .1242 .1308 .1360 .1401 

Q000 .0394 .0553 .0805 .0964 3057 .1123 .1216 .1282 .1333 .1374 

C.rcular 
Mas 

354000 .0746. .0905 .0998 .1064 .1157 .1223 1274 .1316 

500.000 .0710 .0884 .0957 .1023 .1116 .1182 .1235 .1274 

1.1000P00 .0430 .0764 .0617 .0943 .1036 .1102 .1153 1194 

Fig. 357. This convenient able which gives the inductive reactance in 
ohms per thousand feet for various conductor sizes and spacings 
can be used to save considerable time in making transmission line 

calculations. 
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Fig. 356-A. This photo shows another type of transposition tower on 
which the cross-over of the conductors is accomplished in a slightly 
different manner from that shown in Fig. 356. Trace each line 
conductor through from one side of this tower to the other and 
note how they change in position. 

By transposing the power line so that first one 
phase and then the other is closer to the signal 
wires, the induction can be largely neutralized or 
balanced out, because the fluxes of the various 
phases are 120 electrical degrees out of phase with 
each other. For this reason it is also a common 
practice to transpose telephone and telegraph lines 
from five to twenty times per mile when they run 
in close proximity to high-voltage power lines. 

Power lines which have the conductors arranged 
in an equilateral triangle do not need to be trans-
posed if they are isolated or located considerable 
distances away from all telephone and signal lines. 
But even power lines with this conductor arrange-
ment should be transposed if they run at all near 
to any signal lines. 

Transpositions should be made uniformly so that 
the conductor will be running in a spiral or screw 
effect and not merely crossed back and forth in a 
haphazard manner. 

353. LINE CALCULATION 

Generally the work of the practical electrician in 
connection with transmission lines pertains to erec-

tion, maintenance, or testing, and very seldom has 
to do with the design of the lines. 
You may, however, at some time or other be re 

quired to have in connection with your other work 
a general knowledge of the more important factors 
entering into the design of transmission lines. A 
knowledge of these more essential features of trans-
mission-line construction will at least help you to 
appreciate the importance of certain requirements 
in line construction and maintenance work. 
You may also have an opportunity to plan and 

install a complete small transmission or distribu-
tion line of the more economical pole-construction, 
to carry power at moderate voltages for a distance 
of several miles or more. 

\V hile the design of a long transmission-line to 
carry great amounts of power at extremely high 
voltage requires a great deal of accurate calculation 
in order to assure best efficiency and economy of 
operation, there are a number of simple rules which 
have been established by long experience and prac-
tice with various transmission line installations and 
by which it is possible to plan and install a practi-
cal, small transmission or distribution line without 
the use of any complicated mathematics or cal-
culations. 

One of these very important rules is as follows: 

For economical transmission allow 1000 volts:. 
each mile of line length and allow 1000 circular 
of copper conductor area for each ampere of current 
which the line is to carry. 

(Note: This rule does not mean that 1000 volts 
are lost per mile but that 1000 volts actual operat-
ing-voltage are to be allowed for each mile of line 
length.) 

There are many short lines which operate at volt-
ages higher than would be obtained by this rule, 
and there are other lines which operate at lower 
voltages and are considered to be fairly economical 
under the conditions; but this rule is very depend-
able and forms a good, practical basis from which 
to work or check your figures. 

354. PROBLEM 

Let us see how this rule can be applied to a 
practical problem. Suppose we wish to build a line 
between two points twenty miles apart and to carry 
1200 kw. at 80% power factor. 
One important part of our problem is to deter-

mine what voltage we should use and what size 
conductor should be installed. We can readily see 
that the longer the line, the greater the voltage 
which will be necessary; and the greater the load, 
the larger conductor we must use in order to secure 
practical economy. economy. 
According to the rule of 1000 volts per mile, 

should use 20 X 1000, or 20,000 volts. As 22,000 
volts is standard we shall select equipment for this 
voltage. 
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Following each of the wires on through the 

iecond and third transpositions, we find that each s returned to its original position. 

The center view in Fig. 355 shows one transposi-
tion in which the conductors are rotated one-third 
of a spiral between two special towers. These 
towers are called transposition towers and each has 
one cross arm which extends farther out than the 
other two. By locating this longer cross arm on the 
top of one tower and on the bottom of the next, 
the wire can be carried across the other two as 
shown in the figure, and yet it is held out the 
proper distance away from the others by the ex-
tended cross arms. 

At the next step of transposition on this line the 
long cross arms would be placed one in the center 
and the other at the top or bottom, according to 
which wires are being transposed. 

351. TRANSPOSITION TOWERS 

Special types of towers are designed and equipped 
with strain insulators for dead-ending the conduct-
ors, so that the cross-over or transposition can be 
made right at the tower and thus avoid crossing 
the wires between the towers. 

This method is illustrated by the lower sketch in 
Fig. 355. Examine this sketch carefully and note 
that all three conductors change their position on es tower, and are supported in such a manner that 

Standard -rna s posit ion TranSpowt on tandard 
Tower Tower Tower 

Transposition usirt, two special double-circuit towers. 

Fig. 355. The top view shows a schematic diagram of transpositions in 
a power line. The center view shows one method of making a trans-
position by crossing the conductors between towers, having special 
extended cross arms, and the lower view shows another method of 
making a transposition right at one tower with specially constructed 
cross arms. 

Fig. 356. The above photo shows a transposition tower in a high. 
voltage line. Note carefully the arrangement of insulators and con-
ductors, and compare this photo with the lower sketch in Fig. 355. 

it is practically impossible for any two of them to 
swing together. 

The photo in Fig. 356 shows a transposition made 
at a tower of this type, and in Fig. 356-A is another 
view of a transposition tower which is equipped with 
two extra cross arms at right angles to the main 
arms, so that the conductor which is carried from 
the top to the bottom may be crossed over inside 
of the line wires instead of outside as shown in 
Fig. 356. 

Transpositions in power lines may be repeated 
at distances ranging from five to forty miles apart, 
according to the line conditions and according to 
the location of any neighboring telephone or tele-
graph lines. 

352. REDUCING INTERFERENCE WITH 
SIGNAL LINES BY TRANSPOSITION 

In addition to the benefits derived from equaliz-
ing the line voltages by transposition, another very 
important reason for transposing power lines is to 
avoid serious interference with neighboring tele-
phone and telegraph lines. 
When telephone and telegraph lines run along 

the same right of way, or even along roads or rail-
ways within several hundred feet of power lines 
for any great distance, there will be a certain 
amount of sixty-cycle energy induced in the signal 
lines. This induction causes a very objectionable 
sixty-cycle hum in telephone equipment and other 
interference with telephone and telegraph devices. 
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VOLTAGE 

220,000 

220.000 

165.000 
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(FLET AND INC») SUM AND »TONAL 

OF CONDUCTO», 

ern A.C.S. 
518.000 em A.C.S.R. 

336,803 cm A.C.S.R. 

SORISONTAL VERTICAL 

14, 0,, ) 

Southern California Edits= Co. 
Pacific Gas & Electric Co. 

Great Western Power Co. 

Col.. U. S. A. 
Ce. U.S. A. 

C.L. U. & A. 

Steel Towen 
ISteel Towers and Wood 
1 Pole H-framee 

Steel Totem 

660 
425 

750 

2870 
• 1510 

1850 

240 
26 

200 

SuspensionI 2 Single 
Suspenaion 2 Sinide 

Suspension Single 

Flat605,000 
Flat 

U/Idnequal Triangle 

19' 0" 

17 0 ' " 

110,000 
110.000 
110.000 
110,0(X) 
110.000 

110.000 
110,000 
110,000 
110.000 
110.000 

60-70,000 
60-70,000 
60-70,000 
60.70,006 
60.70,000 
60.70,000 
60-70,000 
60-70.000 

Compania Chilena De Elec. 
Hydro Elec. Power Com. Ontario 
Hydro Elec. Poirer Corn. Ontario 
Shswinig. Water & Power Co. 
(Cie. de Lua, EMU y Tranvan del 
I Puebla J 
Alabama Power Co. 
Alabama Power Co. 
Southern Sierra'. Power Co. 
San Joaquin Light & Power Co. 
Georgia Railway & Power Co. 

Chile 
Canada 
Canada 
P. Q., Canada 
gge,à,,,, 

Ma., U. S. A. 
Ala.. U. S. A. 
Cal.. U.S. A. 
Cal.. U. S. A. 
Ga.. U.S. A. 

Steel Tower. 
Steel Tower. 
Single Wood Pole. 
Steel Towers 
Steel Tower. . 
Wood Pole If-km. 
Wood Pole li•framee 
Steel Towers 
Single Wood Pol. 
Wood Pole H.frames 

984 
880 
325 
530 
770 

000 
690 
660 
597 
700 

2000 
1200 
500 
1290 
1200 

1300 
2180 
.... 
850 
1300 

66 
38 
68 
86 
80 

35 
55 
240 
200 
18 

34 
77 
110 
30 
19 
40 
18 
28 

Suspension 
Suepension 
Suepenaion 
Suapenaion 
Suepenaion 

Suspension 
&mention 
Sunpenaion 
binpension 
Suspension 

Suspenion 
Pin Type 
Pin Typo 
Sweemion 
Stomeneion 
Sispennon 
Suspension 
Suspenaitio 

Double 
Don bk 
Snick 
Double 
Single 

Single 
Simile 
Double 
Single 
Single 

Doubk 
Double 
Double 
Single 
Double 
2 Double 
Double 
Single 

Single 
Single 
Single 
Single 
Single 

Single 
Single 
Double 

Vertical with Offset 
Vertical with Offeet 
Unequal Triangle • 
Vertical with Offset10' 

FlatA.C.S.R. 
Flat 
Vertical with Offset 
Unequal Triangle 
Flat 

Vertical with °fleet 
Vertical with Offaet 
Vertical with Offset 
Unequal Triangle 
Vertical with Offeet 
Vertical with Offset 
Vertical with ()Hut 
Unequal Triaogle 

Equilateral Triangle 
Coequal Triangle 4 
Flat. 
Unequal Triangle 
Equilateral Triangle 

Equilateral Triangle 
Equilateral Triangle 
Equilateral Tri.gle 

17' 6" 
19'605.000 
13' 0" 

14' 0" 
17' 6" 
10' 0" 
14' 0" 

13' 0" 
8' 6" 
7' 0" 

15' 0" 
15' 0" 
15' 0" 
15' 8" 
8' 0" 

3' 0" 
3' 0" 
1' 0" 
4' 4" 
I' 6" 

4' 6" 
4' 6" 
5' 0" 

9' 8" 

8' 0" 
0" 

10' 0" 
10'. r 

6' ../. 
7' 0" 
6' 0" 
8' 0" 
8' 0" 
6' 0" 
7' 0" 
5' 

" 3' 0" 

4 4 
4' 6" 

4' 6" 
4' 6" 

3/0 A.C.S.R. 
cm A.C.S.R. 

4/0 A.C.S.R. 
266,800 cm A.C.S.R. 
240,000 em All Mum. 

397.500 em A.C.S.R. 
4/0 A.C.S.R. 
266,800 an All Alum. 
1/0 A.C.S.R. 

3/0 MI /dominion 
278,600 cm All Mum. 
I/O A.C.R. 
4/0 A.C.S.R. 
4/0 A.C.S.R. 
300.000 cm All Alum. 
334E400 cm A.C.S.R. 
3/0 A.C.S.R. 

No. 2 A.C.S.R. 
No. 2 A.C.S.R. 
No. 4 A.C.8.R. 
No. 2 A.C.S.R. 
1/0-8.C.S.R. 

Noe. IT dc 9-A.C.S.R. 
2/0 IretS.R. 
266,800 cm A.C.S.R. 

Centre' Georgia Power Co. 
City of Winoopet 
Manitoba Power Commitnion 
Penna. Power a Light Co. 
Penn. Publir Service Co. 
Pen.. Wat & Power Co. 
Duquesne Light Co. 
Teem Power & Light Co. 

Ca., U. S. A. 
M.., Caned. 
Man., Canada 
Penna., U. S. A. 
Penna., U. S. A. 
Pa., Md., U.S.A.Steel 
Penna., U. S. A. 
Tema. U. S. A. 

Steel Towers 
Steel Pol. 
Steel Poles 
Steel Towere 
Steel Towere 

Towers 
Steel Towers 
Single Wood Pole. 

500 
400 
500 
50D 
985 
500 
800 
300 

950 
1100 
670 
1500 
2495 
1100 
2303 

33,001) 
33,000 
33.000 
33,000 
33,000 

33,000 
33,000 
33,000 

Kanam Electric Power Co. 
Weber Eketrie Power Co. 
Wellsville Elec.. Lt. & Pwr. CO. 
Pawnee Power & Water Co. 
Kentucky Utilities Co. 

Kentucky Utilitiee Co. 
Kentucky Utilities Co. 
Centre' Maine Power Co. 

Kan., U. S. A. 
Kan., U. 8. A. 
/CMS., U. S. A. 
Kan., U.S. A. 
Ky., K. B. g. 

Ky., U. 8. A. ecy.. U. 8. A. 
Heins, U. 8. A. 

Single Wood Pol. 
Single Wood Poles 
Single Wood Poke 
Single Wood Poles 
Single Wood l'ode.  I 

II-frames 1 
Single Wood Pol. 
Single Wood Poles 
Wood Pole II-frames 

250 
211 
200 
250 
300 

300 
300 
220 

230 
225 
225 
250 
2300 

350 
700 
900 

10 
21 
11 
44 
10 

22 
66 
48 

Pin Type 
Pin Type 
Pio Type 
Pin Type 

Pin Type 

Pin Type 
Pin Type 
Pin Type 

2045,000 
20-25,000 
20-25.00D 
20-25,640 
20-25 
20-25 
20-25103 
2045 
20.2 
20.2)600 
20-2,000 
20-21,000 
20-2.000 

Eastein Shore Gae & Heckle Co. 
Bainbridge Pew!, Co. 
Kentucky Utilities Co. 
Minneeota El«. Diatributing Co. 
Tri-State Light & Power Co. 
Missouri Public Utilitiee Co. 
Niagara Falls Power Co. 
St. Lawrence Trmiamiasion Co. 
Green Light & Power Co. 
&won Elec. Light & Power Co. 
&semen Electric Co. 
Reedy River Power Co. 
Indiana & Michigan Electric Co. 

Del., U. 8. A. 
Ga., U. S. A. 
Ky., U. S. A. 
Minn., U. S. A. 
Minn., U. S. A. 
Mo., U. S. A. 
N. Y., U. S. A. 
N. Y.. U S. A. 
Mo., U. S. A. 
N. C., 1.1. S. A. 
Omen, U. 8. A. 
8. C., U. S. A. 
led., U. 8. A. 

Single Wood Pole 
Single Wood Poke 
Single Wood Poles 
Single Wood Pole 
Single Wood Pol. 
Single Wood Poles 
Steel Towers 
Single Wood Poles 
Single Wood Poles 
Single Wood Poles 
Single Wood Pules 
Single Wood Poles 
Single Wood Poles 

150 
200 
300 
225 
225 
200 
350 
150 
2.50 
225 
325 
ISO 
175 

. . 
&XI 
550 
240 

.iii) 
420• 
200 
275 
290 
475 
225 
200 

7 
12 
16 
80 
15 
12 
40 
37 
4(1 
15 
38 
23 
35 

Pin Type 
Pin Type 
Pin Type 
Pin Type 
Pio Type 
Pin Type 
Suerienaion 
Pin Type 
Pin Type 
Pin Type 
Pin Ty. 
Pin Type 
Pm Type 

Singk 
Single 
Single 
Single 
Single 
Single 
Double 
Single 
Single 
Single 
:Single 
Single 
Single 

Unequal Triangle 
Equilateral Triangle 
Ftwiloteral Triangle 
Unequal Triangle 
Flat 
U.vpial Triangle 
Vertical with Offset 
Equilateral Triangle 
Equilateral Triangle 
Unequal Triangle 
Equilateral Triangle 
Equilateral Triangle 
Unequal Tri.gle 

3' 0" 
3' 6" 
4' 6" 
4' 0" 
2 4" 
4' 0" 
5' 0" 
3' 6" 
4' 4" 
4' 0" 
4' 0" 
:I' 0" 
3' 8" 

3' 0" 

3' 0" 

3 0" 
5' 0" 

4' 0" 

3' 6" 

I/O A.C.S.R. 
No. 4 A.C.S.R. 
No. 2 A.C.8.11. 
Noe. 4 .d 3 A.C.S.R. 
No. 4 A.C.S.R. 
No. 4 A.C.S.R. 
500,000 esii Ail Alum. 
No. 2 and I/O A.C.S.R. 
Nee. 1 and 6 A.C.S.R. 
3/0 A.C.S.R. 
No. 2 A.C.S.R. 
No. I All Aluminum 
4/0 A.C.S.R. 

13-15,000 

131,000 
13-1 !MO 
13-1 ,000 
13-10,0(q 
13-16,000 
13-15,000 
13-16,000 
13-16,000 
13.16.000 
13.16,13)0 Miesouri 
13-16,000 
13461100 

Denver Gas & Electric Co. 

Denver Tramway. Co. 
loterstate Public Service Co. 
Cootioen(al Gaa k Electric Co. 
Iowa Railway & Light Co. 
Kama Metric Power Co. 
Weber Electric Power Co. 
Humboldt Light & Power Co. 
Louisville Railway Co. 
Mioncsou Electric DOOrib. Co. 

Utilitiœ Co. 
Kansas City Power & Light Co. 
Mimouri Gas & Elec. Service Do. 

Colo., U. 8. A. 

Colo.. U.S. A. 
Ind., U.S. A. 
Iowa, U.S. A. 
loan, U. 8. A. 
Kan.. U. S. A. 
KS., IJ. S. A. 
Kan.. U.S. A. 
Ky., U.S. A. 
Minn.. U.8. A. 
Mo.. U. 6 A. 
Mo., U.8. A. 
Mo.. U. a A. 

Single Wood Poles 

Single Wood Poles 
Single Wood Poles 
Single Wood Pok,, 
&ode Wood Pole. 
Si,.!. Wood Pol. 
81 e Wood Poles 
fi • Wood Poles 
S : Wood Poles 
S i Wood Pol. 
S is Wood Poke 
8t.„,le Wood Pol. 
NO -4* Wood Pol. 

120 

110 
200 
200 
200 
200 
200 
250 
100 
300 
300 
200 
200 

200 

3(10 
225 
220 
250 
.... 
225 

" iii 
.... 
. .. 
225 
210 

3 

11 
32 
22 
30 
14 
37 
15 
25 
50 
50 
19 
16 

Pin Type 

Pin Type 
l'in Type 
Pin Type 
Pi.: Type 
Pin Type 
Pin Type 
Pin Type 
Pin Type 
Pin Type 
Pin Type 
Pia Type 
Pin Tyre 

Double 

Single 
Single 
Single 
Single 
Single 
Single 
Single 
Single 
Single 
Single 
Slog), 
Single 

Flat 

Equilateral Triangle 
Uneq ual Trimigle 
Equilateral Triangle 
Flat 
Flat 
Flat 
Flat 
Equilateral Tri.gle 
Flat 
Unequal Triangle 
Flot 
Flat 

2' 4" 

3' 0" 
1' 0" 
3' 4" 
l' 5" 
3' 0" 
2' 0" 
2' 6" 
3' 9" 
2' 6" 
1' 0" 
l' 8" 
2' 2" 

3 0' 

. 

4' 0" 

500,1100 cm All Alumi-
num D.B.W.P. 

No. 2 and 4/0 A.C.S.11. 
Noe. 6 and 2 A.C.S.R. 
No. 6 and 4 AC 5.16. 
Noe. 4 and 2 A.C.S.R. 
No. 6 A.C.S.R. 
Noe. 6 arid 2 A. 
No. 4 A.(7.S.R. 
I/O All Alinuinu 
Nos. 4 .d 3 A.('., 
No. 4 A.C.S.R. 
N. 6 A.C.S.R. 
210 A.C.S.R. 

Fig 354. The above list gives some very interesting and valuable construction data on actual existing transmission lines of various voltage, 
and in various parts of this country. Note the voltages used and also the lengths of the various lines, lengths of spans, spacing of conductors, 
conductor sizes, and number of insulator units. (Courtesy Aluminum Company of America.) 

cults on each line, arrangement of conductors, hori-
zontal and vertical conductor spacing, and the size 
of conductors, as well as certain other data. 
You will note a considerable variation in the con-

ductor spacings used in practice, but these figures 
make it easy to determine a safe minimum spacing 
as well as a practical average. 

350. TRANSPOSITION OF LINE 
CONDUCTORS 

Transmission line conductors are subject to the 
effects of mutual induction from the action on any 
one conductor by the flux of the other two. On 
short lines the voltage induced in the line con-
ductors by mutual induction is negligible, but on 
long lines it becomes quite a factor, and unless 
provisions are made to equalize the effect on each 
conductor, it may considerably unbalance the volt-
ages on the different phases at the end of the line. 
When line conductors are arranged in an equila-

teral triangle the effects of mutual induction are 
balanced equally over all conductors, but when the 
line conductors are arranged one above the other 
in a vertical construction, or side by side in hori-
zontal mounting, the center wire is being acted 

upon by the flux of both the outer conductors, while 
both of the outer wires are largely acted upon by 
the flux of the center conductor. 

This causes an unequal amount of mutual induc-
tion and unequal voltages at the end of the line. 
To overcome this effect conductors of long trans-
mission lines are generally transposed at frequent 
intervals along the line. Transposing the conduct-
ors means that they are interchanged in their posi-
tions on the towers, at various points along the 
line. 

Transposing is done in steps, moving the con-
ductors one position at a time or at a certain tower, 
until all three of them have been rotated in a com-
plete spiral and each conductor returns to its 
original position in the line. 

The top view in Fig. 355 shows a sketch of a com-
plete spiral of the line made in three transpositions, 
as indicated by the numbers, 1, 2, and 3. 

In the first transposition wire A goes from t 
top position down to the center position and 
B drops from center position to the lower position, 
while wire C rises from the lower to the top 
position 
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349. LINE-CONDUCTOR ARRANGEMENT 
AND SPACING Ilt' Transmission-line conductors can be arranged on 

e poles or towers by a number of different 
methods. Sometimes they are located in a hori-
zontal plane, as in any one of the top views in Fig. 
353. In other cases they are located one above the 
other nearly in a vertical plane, as shown in any 
of the center views in Fig. 353. 
Another very common arrangement on pole lines 

is to place the conductors in an equilateral triangle 
with respect to each other, as shown in the lower 
views in Fig. 353. The lower center view shows a 
very uniform and economical arrangement which is 
extensively used. It requires only one cross arm 
and provides the same spacing distance between 
any two of the three conductors. It is from this 
fact that this arrangement obtains its name of 
"equilateral triangle", which means a triangle with 
all sides equal. 
Sometimes the conductors of a line are arranged 

in a triangle with unequal sides or unequal spacing 
distance between the conductors. 

In the lower right-hand view is shown a method 
of arranging two three-phase lines for the same 
uniform triangular spacing by placing the three 
conductors of one line on one side of the pole and 
those of the other line on the opposite side of the 
dle. 

he center and right-hand views of the center 
row in this figure each show two three-phase lines. 

In spacing conductors or insulators on cross 
arms, sufficient clearance must be left between con-
ductors of opposite phases or polarity, and also be-
tween each conductor and the pole or tower, to 
prevent any possibility of a flash-over between con-
ductors or from any conductor to the tower. 
On towers where suspension insulators are used, 

the possibility of a certain amount of swaying in 
the wind must also be considered. 
The following list gives practical average con-

ductor spacings for lines of different voltages: 

LINE VOLTAGE CONDUCTOR SPACING IN FEET 

2,300 1 to 1.5 
6,600 1.5 to 2 
13,200 1.5 to 2.5 
22,000 2.5 to 3 
33,000 3 to 4 
44,000 4 to 5 
66,000 6 to 8 
88,000 8 to 10 
110,000 10 to 12 
132,000 12 to 14 
140,000 12 to 16 
220,000 16 to 20 

allel'he spacing between conductors should be in-
creased from 10 to 12 inches for each additional 
10,000 volts. 
On lines where long spans are used there is more 

possibility of conductors swaying together, and in 
such cases considerably greater spacing distances 
are often used. 

For example, on heavy power lines with the con-
ductors arranged as in the center or right-hand 
views in the top row of Fig. 353, the spacing be-
tween the conductor and pole or tower as shown 
at "A" should be approximately two feet on lines 
of 33,000 volts, 4 feet on lines of 66,000 volts, and 
7 to 8 feet on lines of 110,000 volts, etc. 
The spacing between the conductors of different 

phases as at "B" should be about 4 feet for lines 
of 33,000 volts; 9 to 10 feet for lines of 66,000 volts; 
and 13 to 15 feet for lines of 110,000 volts; etc. 
With the conductors of two separate lines ar-

ranged as shown in the center view in Fig. 353, the 
horizontal spacing between conductors of opposite 
lines should be somewhat greater than the vertical 
spacing between phases of the same line. 
For a line constructed in this manner the hori-

zontal spacing as at "A" between conductors on 
the same cross arms would be approximately 10 to 
12 feet for lines of 66,000 volts; 15 feet for lines of 
110,000 volts; 16 to 20 feet for lines up to 220,000 
volts; etc. 
The vertical spacing as at "B" would be approxi-

mately 7 feet for 66,000 volt lines; 10 feet for 110,000 
volt lines; and 14 to 15 feet for lines from 150,000 
to 220,000 volt lines. 

Fig. 353. The above sketches show several different methods of ar-
rangement for conductors on pole and tower lines. Examine each 
very carefully. 

Fig. 354 is a list of a number of transmission 
lines of different voltages which are in actual serv-
ice. This is a list of lines which use aluminum con-
ductors supplied by the Aluminum Company of 
America. 
The list gives the types of supporting structures 

used on each line, the normal and maximum lengths 
of spans, types of insulators used, number of cir-
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while lying on the ground and are then erected 
or set up by means of a gin pole and block and 
line. The larger and heavier towers are usually 
erected one section at a time, the first large section 
being set on the concrete foundations and bolted 
to stubs which are imbedded in the concrete. 
The steel pieces for the upper sections are then 

pulled up a piece at a time and bolted together on 
top of the section previously completed. 

In addition to the large broad-base steel towers 
slender fabricated steel poles are often used on 
lighter lines of less importance but where supports 
with greater life than wood poles are desired. 
Tubular steel poles and concrete poles of both 

solid and hollow construction are also often used 
for line supports. 

348. LINE FITTINGS 
In addition to the supports, insulators, and con-

ductors, there are also used in line construction a 
number of small fittings known as line fittings or 
line hardware. A number of these fittings are used 
in fastening suspension insulators to cross arms 
and attaching conductors to the insulators, both 
for ordinary suspension and also for dead-ending. 

Fig. 351 shows a number of these fittings which 
are commonly used, and also gives the size and 
dimensions of some of them. No. 6228 is a socket 
clevis; 6226 and 6420, socket eyes; 6227 is a ball 
clevis; 6421 and 6422 are ball eyes; 6453, thimble 
clevis; 6430, 6375, and 6423 are various types of 
clevis eyes; 6428 and 6225 are hooks for attaching 

0 €4.2 4 S 6430 6.375 
6452 

6423 

. 6429 

6414-16 529 

L 

535 -536-2247 
64') -0409-84.17-ti 641'. -i2 

539 

t2C7 
5421 

6429 

F g. 351. Above are shown a number of the commonly used types of 
line fittings or hardware used In connection with suspension in-
sulators. (Courtesy Lapp Insulator Co., Inc.) 

75 , 

  arlor MellO11.111101. 

Fig. 352. In the top view are shown two types of conductor clamps 
for use with suspension insulators. Below are shown strain clamps 
for dead ending conductor spans. (Courtesy Lapp Insulator Co.. Inc.) 

insulator strings to cross arms; 535, 6410, and 6413 
are various types of clevises; 6414, 529, 539, 6491 
and 6429 are various types of links. 
The upper view in Fig. 352 shows two suspension 

clamps for attaching conductors to the bottom of 
suspension insulator strings. The one on the left 
is called a clevis type, and you will note the clui 
which is used to attach it to the bottom insulal. 
The clamp on the right is called a socket type. The 
socket used for attaching it to the insulator string 
can be seen fastened to the top of the clamp. 

The clamp on the right is also equipped with 
arcing horns which serve to protect the conductor 
from burning and pitting in case of a flash-over on 
the insulator string. 

On clamps equipped with these arcing horns any 
flash-over arc will generally be drawn from the end 
of one of the horns, and if the arc lasts long enough 
to do any burning, the end of the horn is burned 
instead of the conductor from which the arc would 
otherwise be drawn. 

If severe arcs occur between the conductor and 
tower cross-arm, the conductor is likely to be 
burned enough to cause it to break and thus put 
the line out of service. 

The lower view in Fig. 352 shows two strain 
clamps for attaching line conductors to strain in-
sulators. The one on the left is of the clevis type 
and the one on the right of the socket type. The 
clamp on the right is also equipped with an arcing 
horn to carry any flash-over arcs above the string 
of insulators, which in this case would be hanging 
in a more or less horizontal position. 

The conductor is gripped tightly under the slb 
eral U-bults on these clamps, providing a very 
secure fastening which will stand a great deal of 
strain. 
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Fig. 350. Two methods of securing additional strength and better foot-
ing for pole lines. The structure at "A" is known as an "A frame", 
while that at "B" is known as an "1-1 frame". 

two poles are frequently set with their tops fastened 
together and the bottoms spaced several feet apart 
in what is called an "A" frame construction, as 
shown in Fig 350-A. 

In other cases two poles are set vertically side 
by side and several feet apart with the cross arm st-eed to the tops of both in what is called an "H" 

e construction, as shown in Fig. 350-B. 

345. CROSS ARMS 
Cross arms of either wood or metal are used on 

pole lines to support the insulators and conductors. 
Wood cross-arms for transmission lines are gener-
ally about 4 inches wide by 5 inches high, and their 
length depends upon the number of conductors they 
are to carry, and the spacing between conductors 
according to the voltage of the line. 
The pole is notched or slightly flattened where 

the cross arm is attached, and the arm is securely 
bolted to the pole. Wood cross arms are generally 
braced by pieces of strap iron or angle iron, form-
ing a V from each side of the cross arm to the pole 

underneath it. 
Cross arms made of angle iron are used where 

heavy conductors are to be supported or where 

severe strains are placed on the arms. 

346. SETTING OF POLES 
In setting wood poles, holes of the proper depth 

are dug with the top opening about six inches 
greater in diameter than the butt of the pole. If the 
pole butt is widely flared it may be necessary to dig 
the bottom of the hole even a little larger than the 

«k in order to allow for shifting the pole when 
ing and aligning it, and also to allow proper 

tamping of earth or rock fill around the pole. 
Poles are set up in the holes by a crew using 

pikes, or by means of pole setting machines °per. 

ated on the back ends of trucks. In erecting a pole 
by hand the edge of the hole at which the pole lies 
should be cut down at a slight angle to allow the 
pole to slide in the hole more easily. A board can 
be set on the opposite side of the hole and the base 
of the pole butted against this board. This helps 
to guide the pole butt into the hole when the top 
end is raised. 
Heavy poles are often raised by means of a gin 

pole and block and line. 

347. STEEL TOWERS 

Steel towers are used on the more important 
transmission lines operating on the higher voltages 
and carrying large kw. loads. Steel towers provide 
line supports which are much more dependable and 
have a much greater life than wood poles, and for 
this reason steel towers are generally used on heavy 
lines where it is important that service interrup-
tions be kept at an absolute minimum. 
These towers are made from structural steel and 

are fabricated in the steel shops. They are then 
shipped in sections to the locations where they are 
to be erected. These sections are bolted together 
and set on small concrete foundations to give them 
secure and permanent anchorage. 
The steel used in these towers is heavily galvan-

ized to prevent rust and corrosion and give them 
longer life. 
The size and weight of steel towers varies con-

siderably according to the size and weight of the 
line conductors and the location of the towers. 
Towers located at bends in the line or at points 
where the line is dead ended are generally built 
much heavier than the others in the same line, in 
order to stand the added strains. 
The spacing for steel towers generally ranges be-

tween 500 and 1000 feet, although in many cases 
they are spaced at considerably greater distances. 

In mountainous regions or where lines cross 
rivers, spans of several thousand feet are often used. 
The Southern California Edison Company has sev-
eral spans nearly a mile in length, using aluminum 
conductors of over one million circular mils area, 
and carrying power at a potential of 220,000 volts. 

Several types of steel towers have been shown 
in various figures of this section. Examine each of 
these and carefully note their construction and brac-
ing. You will note that on all of the taller towers 
the lower section is flared out to provide a wide 
base to make their anchorage more secure and en-
able them to stand side stresses due to wind pres-
sure on the conductors and towers. 
The cross arms used on steel towers are usually 

also built of structural steel fabricated into shapes 
which provide the best mechanical bracing and the 
greatest possible strength with light - weight 
material. 

Small steel towers are sometimes bolted togeth« 
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The woods most commonly used for these poles 
are cedar, pine, chestnut, oaSd cypress. Approxi-
mately 60% of all the poles leitein this country 
are cedar, as these are light in.;J;(eiiht and have a 
very good life. 
The principal advantages of wood poles lie in the 

fact that the wood itself is an itisulator and in their 
low first cost. The main disadvantage is their rather 
short life, which generally varies from five to fifteen 
years, according to the kind of wood used and the 
nature of the climate and soil in the district where 
the poles are used. 
The life of wood poles can be considerably in-

creased—in fact, approximately doubled—by treat-
ing the end which enters the ground -with a com-
pound that makes them more resistant to moisture 
and decay. For this purpose a coal tar product 
known as creosote is commonly used. It is heated 
and forced into the pores of the wood under pres-
sure. This treatment not only prevents to a great 
extent the effects of moisture and frost but it also 
tends to keep various bugs and worms from eating 
into poles. 

In selecting poles it should be remembered that 
those which are straight and free from knots, twists, 
bends, and dry rot have the greatest mechanical 
strength and best appearance, and should generally 
be chosen even though their cost is somewhat 
higher than the poorer grade poles. 

Pole 
Lerii3th 
in 
f eet 

Class A 
Minimum Top 
Circumference 

28 inches. 

Class B 
Minimum Top 
Circumference 
25 i-ncheo. 

Cia55 C 
Minimum Top 
Circumfer erce 
22 inches 

Class D . 
Minimum Top 
Circ umference 
18 Va inc hes. 

Min Cur 
Gft.from butt 

Min Cur 
GFt.f from butt 

Min. Cur 
61t. from butt 

Min Cur 
6f t from butt 

20 30 28 26 24 

22 32. 30 Z 7 25 

25 34 31 28 26 

30 37 34 30 28 

35 40 36 32 30 

40 43 38 34 3 Z 

45 45 40 36 34 

50 47 42 38 35 

55 49 44 40 36 

GO 52 4 G 41 38 

65 54 48 43 39 

Fig. 349. The above table gives recommended sizes of wood poles 
of various heights. 

Poles of the proper size should be used, in order 
to give the required strength, and it is not good 
economy to try to use poles much smaller than 
those of standard recommended practice. 

343. POLE SIZES 
First-class red cedar poles should have a mini-

mum top circumference of 28 inches, while second 
and third class poles may have top circumferences 
of 25 and 22 inches respectively. These circum-
ferences correspond to diameters of approximately 
9, 8, and 7 inches respectively. 
The table in Fig. 349 gives the dimensions for 

poles of various lengths, as recommended for power 
and telephone lines. 

This table gives the minimum top circumference 
for the various classes of poles and also the mini-
mum butt circumference, which is measured ate 
point six feet from the butt of the pole. 
You will note from this table that most poles 

come in lengths varying in steps of five feet, the 
one exception being the 22 ft. length. 

In certain locations where the line turns a corner 
or makes a sharp bend, or at points where the line 
is dead ended, heavier poles than those listed in 
this table should be used to provide the additional 
mechanical strength required. Guy wires should 
also be used on such poles and they should be 
placed at such an angle as to draw on the pole in 
the opposite direction to that in which the pull of 
the line occurs. 

344. POLE SPACING 
\Vood poles are commonly spaced from 100 to 

130 feet apart, although in some cases on very light 
.mes they may be spaced as far apart as 500 feet. 
As there are 5280 feet in a mile, these spacings 
would give approximately 11 to 50 poles per mile, 
a fair average for ordinary lines being 25 to 35 
poles per mile. The actual spacing chosen depends, 
of course, upon the size of the conductors, the im-
portance of the line, and the contour of the land. 

Poles should be set sufficiently deep in the ground 
to stand the side strain placed upon them by wind 
stresses on the poles and conductors, slightly 
equal tension on the spans, etc. This depth gille 
erally varies from 5 to 9 feet, according to the 
height of the pole and the nature of the soil in 
which it is set. Earth or rock fill should be securely 
tamped around the base of the pole to give it a 
firm anchorage. 
The table in Fig. 349-A gives proper pole setting 

depths for poles of various heights, set in different 
soil conditions. 

In sandy or swampy ground large barrels set in 
the ground around the pole butt and filled with 
stones or concrete, will greatly improve the pole 
foundations. 
Guy stubs should always be set at least 7 feet 

deep in any soil except solid rock. 
Where lines are subjected to extra heavy wind 

pressures or strains or where the soil is rather soft, 

Depth of Pole Settings 

Pole 
Heiciht 

Solid Ground 
Pole Depth 

Soft Ground 
Pole Depth 

Soled Rock 
Pole Depth 

Straight Line Co rrrrr Straight Lune Corners 
22 5 5 5 5 3 
25 5 5Yz 5Yz 6 3 
30 5 5Yz G. 6Yz 3Yz 
35 6 GYz GYz 7 4 
40 6Yz 7 7 7 Yz 4 
45 GYz 7 7 7 Yz 4Yz 
50 7 7Yz 7Yz 8 4sz 
55 7Yz 8 _ 8 . 8Yz 

e 
9Y1 

5 
5Yz 
 li 

5Vz 
60 a 8Y z 8Yz 

9 65 t3Vz 9 

Fig. 349-A. Convenien table giving proper depths to which poles of 
various heights should be set in the ground under varying soil 
conditions. 
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On the right in Fig. 348 is shown a bushing of 
the oil-filled type, such as used on tanks of oil evitches and transformers. Insulators of any type 

size are rated in voltage according to actual 
flash-over tests made by the manufacturers on both 
wet and dry insulators. 

In ordering insulators for any line it is only 
necessary to specify the line voltage and the type 
of insulators desired, and any reputable manu-
facturer will select the proper size and give you 
prices on them. 

In some cases where lines are subject to un-
usually bad storms, salt or alkali vapors, or highly 
conductive dust, it may be necessary to over-
insulate or use larger insulators or a greater num-
ber of units per string than are ordinarily used. 

In general, however, insulators that are rated for 
a given voltage are designed with a certain safety 
factor or allowance which enables them to stand 
considerably more than the rated voltage before 
they will flash over. 

342. LINE-SUPPORTING STRUCTURES 

All overhead lines must be supported a sufficient 
distance above the earth to prevent grounds and 
shorts and also to prevent moving objects, animals, 
or people from coming in contact with the con-
ductors. 

AikThe minimum clearance between conductors and 
Wound is generally at least 15 feet or more on low-
voltage lines, and 30 to 40 feet or more on lines 
between 100,000 and 220,000 volts. 

gleggirg. 346. Extra heavy strain tower with six strings of insulators 
grouped together on evener plates for each conductor. Note the 
heavy coil springs on the left evener plates to allow the heavy tension 
of these 3800-ft. river spans to equalize on all six insulator strings. 
(Courtesy Lapp Insulator Co., Inc.) 

Fig. 347. Two types of small porcelain strain insulators for use on 
guy wires and low-voltage conductors. (Courtesy Ohio Brass Co.) 

Fig. 348. Three different types of insulator bushings used for trans-
formers and oil switches where the high-voltage conductors enter the 
metal tanks. (Courtesy Ohio Brass Co.) 

Exact minimum clearances for safety will be 
covered a little later in this section. 

Several different types of transmission line sup-
ports are in use. The most common of these are 
wood poles, concrete poles, expanded steel poles, 
and steel towers. 

Wood poles are very extensively used for trans-
mission lines operating at voltages from 13,200 to 
66,000 volts and carrying small or moderate kw. 
loads. In many cases they are used for higher volt-
ages up to 110,000 volts and even more. 
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Fig. 343. This photo shows a heavy strain tower wi.h strain insulators 
supporting the tension of the conductor span, suspension insulators 
supporting the conductor loops which run down to a substation, and 
pedestal type insulators in the background supporting high-voltage 
air break switches. (Courtesy Ohio Brass Co.) 

Hood Should he &note erh•r• 
kid« Co,, fell en Mom/Sera 

from   

Fig. 344. The above diagrams show methods of using strain insulators 
to attach line conductors to the walls of substation buildings and 
keep the strain from the conductor where it enters the building 
through wall type insulator bushings. (Courtesy Ohio Brass Co.) 

tri 

• 

• 
Fig. 345. Two strings of strain insulators fastened together with evener 

bars to take the stra n of a very heavy conductor span. (Courtesy 
Lapp Insulator Co., Inc.) 

For dead ending small low-voltage conductors 
and also for insulating guy wires small porcelain 
strain-insulators of the types shown in Fig. 347 are 
often used. These insulators have no metal fittings 
but are simply provided with holes through them 
on opposite ends and sides so that the conductors 
can be looped through and tied as shown in the 
upper view. 

341. BUSHING INSULATORS 
Bushing-type insulators are used where conduct-

ors pass through the roofs or walls of buildings 
or into cases of transformers, oil switches, etc. 

Several bushings of this type are shown in Fig. 
348. You will note that they are made with a sort 
of tubular construction so the conductor can be 
passed through their centers, and insulated from 
the surrounding wall or metal tanks by one or 
more porcelain cylinders of the insulator. 
On the left in Fig. 348 is a wall or roof bushing 

for 6600-volt conductors. The diameter of the skirts 
on this insulator is approximately five inches, while 
the length of the unit is about 25 inches. The center 
view in this figure shows a wall or roof bushi 
for use on conductors of 100.000 volts. This 
sulator has a diameter of approximately 16 inches 
and a length of over 66 inches. 
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Fig. 341. This very interesting photograph shows an actual flashover 
or high-voltage arc on a string of 10 suspension insulator units. 
This flashover was made with 500,000 volts in a test laboratory, but 
similar flashovers occur on line insulators in service, due to lightning. 
(Courtesy Ohio Brass Co.) 

to support blades and clips of high-tension air-break 
switches. 

Fig. 344 shows sketches of strain insulators used 
to anchor the conductors where a line is dead ended 
to the wall of a power plant or substation building. 
The strain insulators are used in these installa-

tions to take all strain of the conductor off from 
the insulating bushings where the conductor runs 
through the wall. 
Where extremely long or heavy conductor spans 

must be supported and dead ended, if the strength 
of one string of ordinary strain insulators is not 
sufficient two or more strings can be used, the 
strain being divided evenly between the two strings 0  y means of special "evener" yokes, as shown in 

ig. 345. 
Fig. 346 shows an excellent view of a heavy 

strain tower with six strings of strain insulators 
used to support each cable of the long span on the 

right-hand side. This tower is used on a 110.000-
volt line of the Northern States Power Company, 
where it crosses the St. Croix River at Afton, Min-
nesota. The length of the span across the river is 
3,800 feet and it has a sag of 160 feet. 

Steel-core aluminum cables are used and they 
carry a maximum load of 30,000 lbs. per cable. This 
tower was designed and erected by the Byllesby 
Engineering and Management Corporation. Ordin-
ary strings of strain insulators can be seen on the 
cables leading to the left, and suspension insulators 
are used to support the jumper or connection be-
tween the river span and the cables at the left. 

Fig. 342. This photograph shows the use of strain insulators to dead 
end the conductors of both spans and take all strain in either direction 
on this one heavy tower. (Courtesy Lapp Insulator Company. Inc.) 
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Fig. 338. Suspension insulators which can be fastened together in long 
strings to insulate high-voltage conductors. Note the two different 
types of fasteners used for attaching these insulators together. 
(Courtesy of Ohio Brass Co.) 

per unit. For higher voltages than this two or 
more units can be connected in series, and in fact. 
by connecting a sufficient number of these insula-
tors in series in a string, it is possible tp insulate a 
line for practically any commercial voltage. 

Strings of suspension insulators have the decided 
advantage, in that they are flexible and cannot be 
broken off by ordinary swaying or side stresses of 
the line. Suspension insulators are used almost ex-
clusively on lines of over 66,000 volts, and in a great 
many cases on lines as low as 22,000 volts. 

Fig. 340 shows a three-phase, 220,000-volt trans-
mission line using suspension insulators with 14 
units in each string. 

10"(254. m m .)   

Fig. 339. Sectional view of a suspension type insulator unit showing 
how the metal cap and pin are securely cemented to the porcelain 
insulator disk. (Courtesy Ohio Brass Co.) 

Fig. 341 shows a string of 10 suspension insula-
tors flashing over on a test in which nearly 500,000 
volts was applied. Tests of this kind are frequently 
made to determine the actual flash-over voltage of 
insulator strings before installing them on trans-
mission lines. 

340. STRAIN INSULATORS 

Strain-type insulators are constructed almost the 
same as the ordinary suspension type and in fact 
resemble them so closely that in some cases it is 
difficult to tell them apart by ordinary observation. 
The principal difference between them is that the 

strain-type insulator is generally made much 
stronger mechanically. 
These insulators are used where lines are delle 

ended, or where the lines make sharp or right-angle 
bends and at other places where there is consider-
able horizontal stress or strain placed upon the in-
sulators. 

Fig. 342 shows strain insulators in use on 132,000-
volt line having two three-phase circuits. You will 
note that the insulator strings are pulled out into 
almost horizontal position by the strain placed upon 
them by the dead ended sections of the line on each 
side of the tower. The line conductor is looped 
around the insulators by means of the suspended 
jumper, as shown. 

Fig. 343 shows a heavy strain tower used for 
"dead ending" a 132-kv, line by means of the strain 
insulators at the upper left on each line conductor. 

Suspension insulators are used on this same tower 
to support the line where it runs down at an angle 
to the switching equipment, which is not shown in 
this view. 

Pillar-type insulators can also be seen on the 
structure in the background, where they are used 

Fig. 340. 220-kv, line on which each conductor is supported by a string 
of 14 suspension insulator units. Note the arrangement of the three 
conductors on one side of the towers allowing space for another three-
phase line to be put on the opposite side of the towers in the future. 
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e 336. Large special :og type pin insulatot having a number of 
extra skirts to prevent flashovers in districts subject to heavy salt 
fogs, mist, dirt, etc. (Courtesy Lapp Insulator Company, Inc.) 

338. PILLAR TYPE INSULATORS 

Pin type insulators are often fitted with metal 
caps and special metal pins having boit holes in 
them so the insu:ators can be mounted one above 
the other as shown in Fig. 337. These are called 
pillar type or pedestal type insulators and are used 
for supporting high-voltage busses on the switch-
ing stations and in places where there is very little 
side strain placed on the insulators. 

Insulators of this type can be built up with the 
proper number of units to provide the necessary 
insulation for very high voltages. 

Pillar type insulators will not stand excessive 
side strains, however, and are therefore not used 
on transmission lines where the long conductor 
spans are subject to wind stresses and the strain 
of unequal sag on the spans. 

339. SUSPENSION TYPE INSULATORS 

For insulating conductors of transmission lines 
using very high voltages suspension type insulators 
are more commonly used. These insulators obtain 
their name from the manner in which they are sus-M nded in strings from the cross arms. 

Fig. 338 shows two pairs of suspension insulator 
units which use different methods of attaching the 
units together in the strings. Those on the left are 
fastened together with short, heavy pins which 

project through the bottom eye of one insulator 
and the top eyes of the other. The units on the 
right are fastened together by means of a large 
headed metal pin on the under side of the top unit, 
which fits into a properly shaped cavity on the top 
cap of the unit below. 

Each insulator consists of a single piece of porce-
lain with grooved under sides and a bulge or crown 
projecting upward from its center. A malleable iron 
cap is securely cemented to the top of the insulator 
and a bolt or plug which is equipped with the 
proper eyes or enlarged head is securely cemented 
into the center cavity on the under side of the in-
sulator. 

Fig. 339 is a sketch showing a sectional view of 
a common type of suspension insulator, illustrating 
the manner in which the cap and pin are cemented 
to the top and bottom of the porcelain and com-
pletely separated from each other by the porcelain. 

Fig. 339 also gives the dimensions both in inches 
and millimeters of this particular insulator shown 
As porcelain has a much higher dielectric strength 

than air, it is not necessary to have the metal pin 
and cap of the insulator separated by a thickness 
of porcelain as great as the flash-over distance 
around the extended flange of the insulator. 

Suspension insulator units are usually made to 
withstand voltages of from 10.000 to 30.000 volts 

Fig. 337. Three styk, of pedestal type insulators which can be built 
up in rigid pedestal or pillar form to support high-voltage bus bars 
and switching equipment. 
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Fig. 334. Above are shown a number of common types of line ties used 
for attaching conductors of transmission and distribution lines to 
pin type insulators. Examine each type very carefully as you read 
the accompanying descriptions and also compare them with the 
sketches in Fig. 335. (Courtesy Lapp Insulator Company, Inc.) 

3, and 8 in Fig. 334. This is done because of the 
increased side strain placed on the insulators and 
pins at such points. 

Line conductors are attached to pin type insu-
lators by means of tie wires of soft drawn copper 
or aluminum. The tie wires should be of the same 
material as the conductor, and are usually a little 
smaller than the line conductors. Insulated tie wires 
are generally used for fastening insulated con-
ductors. 

Fig. 335 shows a number of types of ties in com-
mon use, and also the names of each. These sketches 
show top views of the line conductor and tie wires, 
the loops being shown in the same position as they 
would actually be in the groove around the side of 
the insulator cap. Careful observation of each of 
these ties will clearly show the manner in which 
they are made. 
The "cross top" and Western Union ties shown 

in this figure are very good ones and very com-
monly used. The looped Western Union ties are 
also frequently used. 

In somes cases, before the tie is made the con-
ductor is first wrapped with an armor of flat, metal 
ribbon at the point where it rests on the insulator 
cap. This prevents scratching or wear of the cable 
at the point of contact with the insulator. 

Tie wires will vary from three feet to twenty-five 
feet in length according to the size of the insulators 
and the type of tie that is used. 

Fig. 334 shows several photographs taken in the 
field, of actual line ties on pin type insulators. 

View No. 1 shows an armored, looped Western 
Union tie on an insulator at which the line make 
a bend. View No. 2 is a looped Western Union 
which is not very neatly done, as you will note 
from the general looseness of the turns and the 
down-hanging pig tail at the right. No. 3 shows a 
looped Western Union tie which is well done. No. 
4 is a poorly done "Mongrel" tie and has very little 
mechanical security. No. 5 shows a very well made 
armored "stirrup" two-piece tie. No. 6 is a special 
tie of rather poor design and very carelessly made. 
Note the projecting or "flying" pin-tail. No. 7 
shows a well made cross-top tie, and No. 8 shows a 
carelessly made looped Western Union tie. No. 9 
shows a poorly made cross top tie. 

In making line ties pig tails or sharp ends which 
are allowed to project down are very bad and re-
duce the flash over voltage of the insulator from 5 
to 20%. If planned to save the conductor in case 
of arc-overs, they are quite useless unless carefully 
designed and uniformly installed. 

In general it is better practice to turn all pig 
tails up or "serve" them tightly around the con-
ductor. All tie wires should be tightly "served" 
around the insulator because loose tie wires may 
cause considerable radio interference, by very poor 
contact with the insulator surface and sparking 
which occurs when a very small amount of hi h-
voltage energy leaks off to a wet or dirty insul 
surface. 

Fig. 336 shows a special design of pin type insu-
lator for use on lines which are subject to salt fog 
or mist, and bad accumulations of dirt or dust 
which tend to make the insulator surface more or 
less conductive. 

STIRRUP. TWO PIECE 

CROSS TOP 

LOOPED WESTERN UNION 

ARMOR TOP 

BRIDLE 

ARMORED WESTERN LNION 

WESTERN UNION 

HORSES, 

METHOD' OP TEING LINE SIRE TO INSL1ATORS 

Fig. 335. The above sketches show the methods of making some of the 
most common types of line ties. Note carefully how the tie wires 
are wrapped around the insulator cap and around the conductor. 
(Courtesy Lapp Insulator Company, Inc.) 
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Fig: 331. Several styles of insulator pins used for attaching pin type 
insulators to wood and steel cross arms. (Courtesy of Ohio Brass 
Company.) 

l'in insulators of this type are provided with 
grooves on the top or cap section, in which the line 
abductor is laid and then tied in place with a tie 
ere which is wrapped around the groove in the 
sides of the knob on the insulator cap. 

Pin type insulators are provided with threaded 
holes on their under sides or in their lower sections 
that enable them to be screwed onto wood or iron 
pins by which they are attached to the cross arms 
on the poles or towers. 

Fig. 331 shows several different styles of metal 
insulator pins. The one on the left has a flat base 
for use on wood cross arms with flat tops. The 
next pin to the right has a curved base for use on 
wood cross arms with curved or "roofed" tops. The 
pin with the short bolt is for use on metal cross 
arms. These three pins all have lead tips to enable 
them to screw snugly into the porcelain insulators 

i  II M OINII sa %ran 

— 

Fig. 332. Above are shown , the methods of mounting insulators on pins 
and attaching the pins to wood and metal cross arms, and also the 
soft lead thimble which enables the insulator to be securely tightened 
on the pin without damaging the threads in the porcelain. (Courtesy 
of Ohio Brass Company.) 

Ilredil of 
I hi 1111,1f. 

without splitting them. The last pin on the right 
has a separable lead thimble. 

Fig. 332 shows the method of mounting pin type 
insulators on wood or metal cross arms, and also 
shows several of the pin fittings. 

Pin type insulators are extensively used on lines 
with voltages up to 50,000, and occasionally on lines 
of 80,000 volts or more. 

Fig. 333 shows a three-phase, 33,000-volt trans-
mission line on pin type insulators and wood poles. 

337. FASTENING CONDUCTORS TO PIN 
TYPE INSULATORS 

Line conductors are generally laid in the grooves 
on the caps of pin type insulators as long as the 
direction of the line carries them straight across 
the top of the insulators. When lines make a turn 
or bend at certain poles, the conductors are gen-
erally drawn into the groove on the side of the cap, 

Fig. 333. Photo of a very neat pole type transmission line carrying the 
conductors of a three-phase line on pin type insulators. 

and on the outer side of the line curve. Both of 
these methods are clearly shown in Fig. 334; top 
ties being shown in views 4, 5, 6, 7 and 9, and side 
ties in views 1, 2, 3, and 8. 
On poles where the line curves, two insulators 

per ccnductor are often used as shown in views 2. 
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ALUMINUM CABLE STEEL REINFORCED 

(A.C.S.R.) • 
- A.C.S.R. 

COPPER 
EQUIVALENT 

USUAL 
STRANDING 

(Imam) ELASTIC 

LIMIT, 

LBS. 

ULTI- 

MATE 

STR'TH 

LBS. 

OHMS 

PER 

1000 

FEET 

(61%) 

DIAM. 

INS. 

WEIGHT-POUNDS 

B. h S. 

GAGE 

NO. 

(A.w.G.) 

ALUMINUM 
AREA 

PER 1000 FEET PER MILE 

CIRC'LAR 

MILS. 

SQUARE 

INCHES 

C. M. 

OR 

NO. 

SQUARE 

INCHES ALUMINUM STEEL TOTAL AL. STEEL TOTAL AL. STEEL 

•   900000 .7060 566000 .4442 54 x.1291 7 x.1291 21800 31600 .0193 1.162 1158.0 844.0 314.0 6120 4462 1658 
  795000 795000 .6244 500000 .3927 54 x.1214 7 x.1214 19250 27950 .0217 1.093 1024.0 747.0 277.0 5407 3944 1463 
  715500 715500 .5620 450000 .3532 54 x.1151 7 x.1151 17360 25200 .0241 1.036 920.0 671.0 249.0 4857 3542 1315 

. 605000 .4750 380500 .2987 54 x.1059 7 x.1059 14675 21270 .0286 .953 779.0 568.0 211.0 4113 2999 1114 

500000 .3927 314500 .2488 30 x.1291 7 x.1291 17400 24080 .0347 .904 783.0 469.0 314.0 4135 2477 1658 
  397500 397500 .3122 250000 .1962 30 x.1151 7 x.1151 13250 19170 .0435 .806 622.0 373.0 249.0 3284 1969 1315 
  336400 336400 .2642 No.4/0 .1662 30 x.1059 7 x.1059 11715 16200 .0515 .741 527.0 316.0 211.0 2783 1669 1114 
  266800 266800 .2094 No.3/ .1318 6 x.2108 7 x.0705 6470 9385 .0648 .633 343.0 250.0 93.0 1811 1319 492 

No.4/0 211600 .1662 No.2/ .1045 6 x.1880 1 x.1880 5940 8435 .0816 .564 295.0 199.0 96.0 1556 1052 504 
No. 3/0 167805 .1318 No. 1/0 .0829 6 x.1670 1 x.1670 4690 6660 .1026 .501 232.5 157.0 75.5 1227 830 397 
No. 2/0 133079 .1045 No. 1 .0657 6 x.1490 1 x.1490 3730 5300 .1294 .447 185.0 125.0 60.0 977 660 317 
No. 1/0 105534 .0829 No. 2 .0521 6 x.1327 1 x.1327 2960 4200 .1639 .398 147.0 99.5 47.5 776 525 251 

No. 1 83694 .0657 No. 3 .0413 6 x.1182 1 x.1182 2355 3340 .2070 .355 117.0 79.0 38.0 617 417 200 
No. 2 66373 .0521 No. 4 .0328 6 x.1052 1 x.1052 1860 2660 .2610 .316 92.4 62.5 29.9 488 330 158 
No. 3 52634 .0413 No. 5 .0260 6 x.0938 1 x.0938 1480 2100 .3291 .281 73.4 49.7 23.7 387 262 125 
No. 4 41742 .0328 No 6 .0206 6 1.0834 1 x.0834 1170 1665 .4150 .250 58.0 39.3 18.7 306 207 99 

No. 5 33102 .0260 No. 7 .0163 6 x.0743 1 x.0743 930 1315 .5217 .223 46.0 31.0 15.0 243 164 79 
No. 6 26250 .0206 No. 8 .0130 6 x.0661 1 x.001 735 1045 .6577 .198 36.4 24.6 11.8 192 130 1 
No. 7 20816 .0163 No. 9 .0103 6 x.0586 1 x.0586 575 820 .8293 .176 28.5 19.3 9.2 151 102 
No. 8 16509 .0130 No. 10 .0082 6 x.0525 1 x.0525 465 660 1.0450 .158 23.0 15.6 7.4 121 82 

Fig. 329. This table also gives very valuable and convenient data on size number of strands, strength, resistance, and weight 
of steel cored aluminum cable. You will also note in the third and four h columns the comparative sizes of copper conductor 
which would have the same carrying capacity in amperes of any of the aluminum conductors. 

Great care should be used in handling porcelain 
insulators not to crack or chip the protective glaz-
ing on the surface. 

Line insulators are made in several different 
forms, the most common of which are the Pin type, 
Suspension type, Strain type, Pedestal type, and 
Bushing type. 

336. PIN TYPE INSULATORS 
Fig. 330 shows two common types of pin insu-

lators designed for different voltages which are 
marked above them in the figure. This figure shows 
part of each insulator cut away to provide a sec-
tional view which clearly shows the shape and con-
struction of each unit. 
You will note that the 13,000-volt insulator on 

the left has several ribs and grooves on its under 
side, to provide surfaces which will be free from 
dirt and water even during storms and thereby in-
crease the creepage distance from the line con-
ductor to the pin. 
The high-voltage insulator on the right is built 

up of three separate sections securely cemented 
together. This cement has very high mechanical 
strength and forms a secure bond between the sui -
faces of the insulator sections. 

You will note that the center section is larger 
than the bottom one and the top one still larger 
than either of the others, thus creating an over-
hanging or umbrella effect which provides the 
clean, dry undersurface in the grooves which are 
protected from dirt and moisture. 

These outer flanges on insulators of this type are 
commonly called "skirts" and make it much more 
difficult for the line voltage to flash over the sur-
face of the insulator. 

Fig. 330. The above photo clearly shows the shape and mutt-melon 
of both small and large pin type insulators of the type used on 
high-voltage lines. (Courtesy of Ohio Brass Co.) 
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same size, and the aluminum conductor has about 
62% of the conductivity of the copper conductor. *Considering both of these factors, we find that of 
o lines of equal current capacity, one being made 

of copper and one of aluminum, the aluminum con-
ductor will have a weight of only 48% of that of the 
copper conductor. 
For this reason steel-core aluminum conductor'. 

are frequently used for long spans where transmis-
sion lines are required to cross rivers, lakes, or 
valleys in which it is difficult to place towers. 
Aluminum also has the added advantage that 

sleet ice will not cling to its surface as it does to a 
copper conductor. This greatly reduces the weight 
on aluminum conductors and the strain on insu-
lators and towers during sleet storms. 
One of the disadvantages of aluminum conduc-

tor is that it is very difficult to solder. For this 
reason most of the splices or joints in these con-
ductors are made with special clamps or mechanical 
grip devices. 
One method of splicing these conductors is to 

place their ends in an aluminum sleeve, which is 
then subjected to a pressure of about 100 tons by 
means of a hydraulic jack. This great pressure 
causes the aluminum of the conductor and that of 
the splicing sleeve to actually flow together, thereby 
making a solid joint. 
The table in Fig. 328 gives a comparison of a IlMnber of the important characteristics of copper, 

a minum, and steel conductors. 

CONDUCTOR DATA —A. C. S. R. BARE 
Aluminum Cable. ',teal Reinforee4 , 

'' ÎéiSc'.: el?' . .1. . "0% 
Deaso 
I... 

USUALSTRANDS Flea Lentil% 
Lb. 

50.4th 
Us. Al st 13.4as 

1590000 1000000 544 St 7 1716 18508 55900 
1510500 950000 506 54 7 1673 36400 53200 
1431000 900000 465 54 7 1621 347•11 00300 
1351500 850000 424 $4 7 1582 32700 47400 
1272000 800000 382 14 7 153$ 30000 446161 
1192500 750000 337 S4 14401 28800 01900 
1113000 
1033500 

710000 212 34 1436 26900 19000 
650000 
600000 

246 
196 

54 
14 

1364 
1329 

25000 
23100 

36300 
11500 954000 

900000 566000 162 54 1211 21800 11100 
795000 500000 013 st 1214 IMO 27950 
715500 400000 036 54 1151 17360 new 
636000 401000 

rr 

977 04 lees 15400 22300 
605000 340500 953 04 1059 11675 71270 
500000 314500 904 30 12.1 17400 24010 
477000 300000 813 30 1261 106110 22600 
397500 250000 606 30 1151 13810 19170 
336410 0000 741 30 1059 1171$ IMO 
266800 000 633 6 2100 6471 1813 

0705 
211600 00 564 6 .1800 5140 MS 
16780.5 0 501 6 1670 4610 6660 
133079 I 447 6 1490 3730 5300 
105534 2 398 6 1327 2160 4200 
113694 1 355 6 1182 2355 3340 
66373 4 316 6 1052 1061 2660 
52634 5 281 a 0911 1680 1100 
41742 6 250 6 0.14 11 70 1665 

Fig. 327-B. Convenient data on sizes, number of strands, and strength 
of steel cored aluminum cable. Refer to these tables frequently when 
working the transmission line problems on the following pages, and 
also for data to simplify your problems in the field. 

Fig. 329 shows another table which gives dimen-
sions, resistance, weight, and other characteristics 
of aluminum conductors of different sizes. Observe 
these tables carefully and note the data given, and 
then remember where to reter to this information 

It
any future line problems which you may have. 

. INSULATORS 
The conductors of low-voltage overhead distribu-

tion lines within city limits are often covered with 

Characteristics 
Annealed 
Copper 

liard Drawn 
Copper Aluminum Steel 

Conductivity 
in per cent 

100 98 62 122 

Tensole Strength 
on lbs per sq In 

34000 55000 26 000 65000 

Expansion 
Coeff ic,ent 
per deg.F. 

.0000096 .0000096 .0000128 .0000064 

Weet .11 lbs. 

per cu. it. 555 558 167 490 

Weget In lbs. 

per Cu rn. 
.321 .323 0.967 .284 

Fig. 328. Comparative data on conductivity, strength, weight, and 
expansion of copper and aluminum conductors. 

weather-proof insulation, while the conductors of 
high-voltage transmission lines outside of the city 
limits are practically always bare. 

Whether these conductors are insulated or not, 
they must be supported on special insulators to 
keep them permanently and well insulated from the 
poles or towers on which they are mounted. 

The size and shape of these insulators depends 
upon the voltage used and they must always be 
large enough to prevent a flashover of the high-
voltage energy from the conductor to wet poles or 
steel towers which are grounded. 

Transmission line insulators are commonly made 
of porcelain or glass which is molded into the 
proper shapes and sizes. 

Pyrex glass has become quite commonly used in 
the last few years, particularly for insulators of the 
smaller sizes. This glass possesses the advantage 
of being transparent so that any small defects can 
easily be noted, but it has the disadvantage of being 
easily broken or shattered if bumped against any 
hard object. 

Porcelain is somewhat more rugged and a light 
bump will usually only chip the insulator instead 
of shattering it as is more likely to occur with the 
glass. 

For these reasons porcelain is by far the more 
commonly used for line insulators. Porcelain is 
made chiefly from non-metallic rock known as 
feldspar, and silica. Sometimes these materials 
after being finely ground are mixed with other 
forms of clay and the entire mass is then molded 
into the proper shapes and baked or fired in a kiln. 

After this first baking or firing the insulators are 
given a coat of glazing material which is evenly 
distributed over their surfaces. They are then re-
placed in the kilns and again heated to a tempera-
ture which melts the glazing material, causing it 
to flow evenly over the surface and unite with the 
porcelain. 
This glazing material forms a hard, glassy sur-

face on the outside of the ineulators and prevents 
moisture, dust, and dirt from entering the pores of 
the porcelain. The glazing greatly improves the 
dielectric strength of the insulator and increases its 
life under outdoor weather conditions. 
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mon of which are copper, aluminum, and copper-
clad steel. Each of these has its advantages for 
different applications. 
Copper conductors are used on the great major-

ity of lines because copper is an excellent conductor, 
is reasonably cheap, and is available in large 
quantities. 
We know that silver is a slightly better conductor 

of electricity, but because of its very high cost it 
would be prohibitive for use as a transmission line 
conductor. 
Copper is the next best conductor and it is there-

fore generally used, even though its cost is high 
enough to make it one of the major items of cost 
in the construction of a line. 

333. HARD DRAWN COPPER CONDUCTORS 
There are two forms of copper wire, namely hard 

drawn copper and annealed or soft copper. Hard 
drawn copper has approximately twice the tensile 
strength of annealed copper, and for this reason is 
most generally used on transmission lines, where 
considerable strength is required to support the 
long spans between poles and towers. 
Hard drawn copper has a tensile strength of 

about 55,000 lbs. per square inch of conductor cross-
sectional area. 
Annealed copper has a conductivity within two 

or three per cent. of that of silver, while hard drawn 
copper has a conductivity just slightly less than an-
nealed copper. 
For lines of small capacity solid hard drawn cop-

per conductors are commonly used, but on lines 
requiring wires larger than No. 2 or No. 4 B. & S. 
gauge, stranded copper conductors are generally 
used. The stranded conductors are more flexible 
and provide better heat radiation. 

In handling and installing hard drawn copper 
wire great care must be exercised not to make any 
deep scratches or nicks in the wire, or it is likely 
to break off at these points. 

Joints or splices in hard drawn solid copper are 
frequently made by means of a splicing sleeve or 
short piece of twin copper tubing, known as a Mc-
Intyre sleeve. The conductor ends are placed in this 
short section of tubing from opposite ends and both 
the conductors and the tubes are then twisted 
around each other, resulting in a joint which is 
secure both mechanically and electrically. 
These joints do not require soldering and thereby 

avoid the heat of the soldering operation, which 
would tend to soften the hard drawn copper and 
reduce its strength. 
One of the advantages of copper conductors over 

aluminum is that they can be readily soldered when 
necessary and this is often a great advantage in 
localities where the conductors are subjected to 
corrosive gases or salt mist. 

Special splicing devices in the form of short pieces 
of heavy copper tubing are often used, and are grip-

PROPERTIES OF BARE AND INSULATED STRANDED COPPER WIRE 
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Fig. 327. This table gives a lot of valuable data on stranded copper 

wire for transmission line conductors and will be very convenient for 
reference in making calculations for any transmission line. 

ped securely to the ends of the conductors by means 
of special threaded wedge grips or by squeezing 
under hydraulic pressure. 
The table in Fig. 327 gives some very convenient 

data on large stranded copper conductors, and Fig. 
327-A gives additional comparative data on solid 
and stranded conductors. These tables will be very 
convenient for reference on transmission line con-
struction problems. 

334. ALUMINUM CONDUCTORS 
Aluminum conductors are also quite extensively 

used for overhead transmission lines. Aluminum 
has less than Y2 the tensile strength of copper 
for this reason aluminum line conductors are 
erally made with a steel core or wire in their center 
to provide the added strength necessary for sup-
porting the long spans. Such conductors are usually 
referred to as A.C.S.R., meaning "aluminum cable 
-steel reinforced". 
Very few all aluminum conductors are used, be-

cause of their low tensile strength and due to the 
fact that a very small amount of swaying will cause 
the cable to break at points where it is fastened to 
insulators. 
An aluminum conductor of a given size weighs 

only about % as much as a copper conductor of the 

CONDUCTOR DATA-COPPER (H. D.) 

A. W. Gage Area Cir. 11ile OUTSIDE DIA11.-INCHES STRENGTH-LDS. 
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460 410 365 325 289 258 229 204 182 .162 
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I 321 
1.108 1.070 1.929 .676 .939 .062 .785 728 662 603 .318 .440 408 379 .351 .327 

8100 9200 5500 4500 3600 3600 2400 2000 1590 1300 

22500 20509 18300 L3600 11500 11400 9100 7 WO .3900 4200 3800 3000 2400 1900 1500 1200 

Fig. 327-A. This table gives convenient data on bard drawn 
conductors of both the solid and stranded types and also reiPz misted cables. 
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ing out of insulating compound and possible bulges 
in the cable sheath and insulation. Then when the 

Il le cools and contracts air pockets are formed at 
ese points. These air pockets provide weak spots 

at which the insulation is much more likely to 
puncture or break down. 

In the new high-voltage cable just described this 
condition is prevented by allowing the free circula-
tion of oil throughout the cable's length. When the 
cable expands the oil is forced out of the cable and 
into the reservoirs. When the cable cools and con-
tracts the oil is again drawn in. This prevents the 
formation of air pockets and also prevents the 
breathing in of any moisture as would occur if air 
were allowed to enter the cable. 

330. CABLE HANDLING AND SPLICING 

When installing any lead-covered cable great care 
should be exercised not to allow the sheath to be-
come damaged in any way. The cables should not 
be bent in sharp curves or angles at any time during 
their handling, as this greatly weakens the dielec-
tric strength of the insulation and is also likely to 
crack the lead sheath. 

In making splices in underground cables the joint 
in the conductor must be carefully and thoroughly 
insulated with special tapes of rubber, paper, or 
varnished cloth, which is carefully and tightly lap-
cdl back over the insulation on the cable ends to 

vide insulation over the joint as good as that 
a ong the cable. 
A large lead sheath which has been slipped over 

one end of the cable before making the splice is 
then drawn into place over the insulated joint and 
securely soldered to the lead sheath on the cable 
ends. The joint can then be boiled out by pouring 
hot compound through it, and finally filled with hot 
insulating compound and sealed to exclude all 
moisture. 

Figs. 31 and 32 in Section One on Electrical Con-
struction and Wiring showed several very good 
views of cable splices in the process of being made. 

331. OVERHEAD TRANSMISSION LINES 
AND COMMON VOLTAGES 

Overhead transmission lines as previously men-
tioned are much more extensively used for trans-
mitting power over long distances across the coun-
try, because of their cost being much lower than 
underground construction. There are a number of 
different voltages in use on high-tension transmis-
sion lines today, but there is a general tendency at 
present to standardize on the more common and 
convenient of these voltages. 
Newer installations of both transmission and dis-c"'b ution lines will generally be found to have one 
hese more or less standard or preferred voltages. 

This greatly reduces the varie y nd number of 
different voltage designs of transformers and elec-
trical equipment used with the lines, and greatly 

Common 
voltages 

Industrial Mart 
motor voltages 

Generating 
voltages. 

Transmission 
voltages 

Pre (erred 
volt ages. 

110 * * 

220 * * 

440 * * 

550 * 

2200 ar 2300 * * * * 

4000 * * 

4400 * 

GGOO * 

1 1000 * * 

1 2000 * 

1 3200 * * * 

2 2000 * * 

3 3000 Developing * * 

4 4000 
— 

* 

68000 * * 

88000 * 

1 10000 * 

1 3 2 000 ai. * 

14 0000 * 

16 5000 * 

220000 * * 
330000 Fut ure 

Fig. 326. The above table shows the more common voltages in presen 
day use for lighting and power purposes and for electric power 
distribution and transmission. 

increases the convenience and economy of inter-
connection between different lines. 

Standardization of generators, transformers, 
lightning arresters, insulators, and line equipment 
means that more devices of one kind can be pro-
duced and thereby reduce their cost. 
The table in Fig. 326 shows a number of the 

different voltages which are in common use, except 
the last one of 330,000 volts which is planned for 
future transmission line developments. The small 
stars in the columns following these voltages indi-
cate the uses to which they are most commonly 
put, and those in the last column under "preferred 
voltages" indicate the voltages which are more 
generally used and are becoming standard. 
Whenever you may be placed in a position to 

select new equipment or plan a transmission line 
installation, it will be well for you to select the 
equipment for one of these preferred voltages, un-
less existing equipment and conditions make it im-
practical. You should at least give one of these 
voltages considerable thought before selecting any 
other. 
The method of calculating the proper voltage to 

use for a given transmission line will be covered in 
later articles in this section. 
Overhead transmission lines consist primarily of 

the proper conductors to carry the cm-rent; insula-
tors to support the conductors and give them the 
required insulation according to the voltage used; 
line supports, such as poles or steel towers; and 
the proper protection from lightning, overload, and 
short circuits. 
Each of these important items will be considered 

separately. 

332. CONDUCTORS 
There are now in use for transmission lines sev-

eral different types of conductors, the most corn-
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Fig. 324. "A" shows underground conductors run in tile ducts. 
"B". This sketch shows the arrangement of man holes and cable 
ducts underground. "C". Cables spread apart and supported in 
racks on the walls of man holes allow working room for making 
splices, tests, etc. 

duct by compressed air and then used to pull in a 
heavier rope, which in turn is used to draw in the 
cables. The cable is usually supplied in large reels 
which are placed close to the manhole opening at 
which the end of the cable is to be started into the 
duct. 

Proper guides or protection should be provided 
to prevent excessive friction and damage to the 
cable sheath or insulation where it rubs on the 
corners of the manhole. 

Pulling in large underground conductors requires 
considerable power, and a hand or motor-operated 
winch is generally used for this purpose. Liberal 
application of powdered soapstone or mica will 
tend to lubricate and greatly aid the passage of the 
conductors through the conduit. When the sections 
of conductor have been pulled into the ducts their 
ends can then be spliced at the manhole compart-
ments. 

329. TYPES OF UNDERGROUND CABLES 

There are many different kinds of cable in use 
for underground work. Some of them have heavy 
insulation with a moisture-proof covering, and most 
of them also have a lead sheath over the surface 
of the insulation. Lead sheath cables are much 
more moisture-proof and less subject to mechanical 
injury to the insulation. 
The thickness of the lead sheath ranges from 

about 1/32 of an inch on small conductors to well 
over 3i of an inch on larger cables. Some under-
ground cables have only one conductor, while others 
have two or three conductors separately insulated 
but enclosed within the one lead sheath. 
A section of each of these types of lead-covered 

cable is shown in Fig. 325. 
Various types of insulation are used on under-

ground cables, some of the most common being 
rubber, varnished cambric or empire cloth, oil. 
paper, and various insulating compounds. 

Cables with a solid group of stranded conductors 
twisted into one and insulated with these materials, 
can be designed for voltages as high as 66,000 by 
applying the proper thickness of insulation between 
the conductor and lead sheath. 
For quite a number of years it was thought that 

66,000 volts was the highest practical voltage for 
underground cables, but within recent years the 
General Electric Company of this country and the 
Parelli Company of Italy have each developed a 
special type of cable which is capable of withstand-
ing pressures of 132,000 volts. Sections of this cable 
several miles long are in operation at 132,000 volts 
both in Chicago and in New York, and other in-
stallations are being planned. 

In these cables the insulation consists of 23/32 
of an inch of special paper between the conductor 
and the lead sheath. The copper conductor is of 
the stranded type, which is twisted or built up 
around an inner brass spiral which serves to pro-
vide a hollow opening throughout the conductor 
from one end to the other. 
This opening allows the free circulation of in-

sulating oil throughout the cable at all times, and 
this is one of the important factors in its success-
ful operation at this very high voltage. 
When this cable is installed in the ducts the el> 

are joined in special oil tanks located every few 
hundred feet apart. The air is then exhausted from 
the cable by vacuum pumps and insulating oil al-
lowed to enter to fill all spaces not occupied by the 
conductor and insulation. 

Fig. 325. These views show sections of high-voltage three conductor 
and single conductor, underground transmission cables. Note the 
arrangement of conductors and insulation inside of the lead sheath. 
(Courtesy General Electric Co.) 

All cables are subject to a certain amount of ex-
pansion and contraction due to changes of tempera-
ture and load during operation. This expansion 
contraction produces one of the most serious di 
culties encountered in the operation of high-voltage 
cables. 

In ordinary cables the expansion causes the forc. 
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Fig. 323. This photo shows a modern high-tension line supported on sturdy steel tewers through a mountainous section of country. Note the 
arrangement of conductors, insulators, and cross arms on the towers. 

would also cause inconvenient obstruction and 
actually be dangerous. 

For this reason in practically all large cities elec-
trical power wires are run through underground 
conduits or tunnels. Underground conductors are 
generally run through ducts or conduits which are 
laid several feet below the street level and have 
outlets provided at small underground rooms or 
compartments located at intervals of several hun-
dred feet apart. 

Access can be had to these underground com-
partments by means of manholes provided in the 
streets and equipped with heavy, iron covers. 
Lengths of cable can be spliced together and branch 
runs attached in these manhole compartments, and 
in some cases small transformers or other equip-
ment may also be located in them. 

Underground ducts are commonly made of vitri-
fied clay or tile, which is obtained in standard 
lengths and laid in a ditch or trench. The ends of 
the short lengths are cemented together to prevent 
dirt or water from entering at the joints and the 

is then covered over with dirt and pavement. 
n some cases ducts made of concrete and special 

fibre are also used for underground work. 
Ducts for underground wiring are laid with a 

small amount of slope toward the manholes, so 

that if any water leaks into the ducts it will drain 
to one end where it can be run off into a sewer or 
pumped out so that it doesn't ground the electrical 
conductors. 
These ducts are provided with 2, 4, 6, 8, or more, 

separate openings or compartments, as shown in 
Fig. 324-A. On large important circuits just one 
cable is often run in each duct or compartment, 
while with smaller circuits at lower voltage tht. 
several conductors of the complete circuit may be 
run in one compartment. 

328. PULLING IN UNDERGROUND CABLES 

To get the wires and cables into an underground 
duct a fish tape or pilot line is first passed through 
the duct and then used to draw in the cables by 
pulling them in a section at a time from one man-
hole to the next. 

In some cases thc fish tape is pushed through the 
duct from one manhole to the next by use of joined 
sections of wooden rods which can be attached to-
gether one section at a time in the manhole com-
partments as the rod is pushed through the dixt. 

It is then taken apart and removed one section 
at a time from the next manhole opening, except 
in cases where it may be desired and possible to 
push it on through for several more runs. 

In other cases a small cord is blown througn the 
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interesting and profitable work with power com-
panies who are constantly building new lines and 
extending their present ones. There is also a tre-
mendous field of opportunity for trained men to go 
into various rural districts and promote farm elec-
trification. 

326. TRANSMISSION VOLTAGES AND 
SYSTEM LAYOUT 

The electrical power generated in central stations 
is generally transmitted at high voltages to sub-
stations, from which it is distributed at lower volt-
age to the customers. 
Large towns may have a number of substations 

located in various sections of the city, and small 
towns and large factories may each have their in-
dividual substations. 

Fig. 303 showed a sketch of a number of substa-
tions in one town and fed by a central generating 
station, and Fig. 322-A shows a sketch of a power 
plant located at a river and feeding power over 
three transmission lines and a branch, to substa-
tions in a number of small towns. 
Large power plants generate most of their power 

at voltages ranging from 2300 to 13,200 volts, or 
more. These voltages are high enough for eco-
nomical transmission and distribution over dis-
tances from 3 to 15 miles and can be reduced to the 
voltage used for light and power by means of 
transformers at the substations or customer's 
premises. 
Where power is to be transmitted greater dis-

tances the voltage is stepped up by transformers 
at the power plant to values ranging from 22,000 to 
290,000 volts, according to the distances the power 
is to be transmitted. 

Practically all large transmission lines in this 

country are 3-phase and most of them are 60 cycle, 
although some still operate on 25 cycle energy. 
A number of large central stations as well 

many of the smaller power plants are commonly 
tied together into one vast super-power system or 
network, greatly improving the operating efficiency 
of many of the plants and also improving the de-
pendability of service to the customers. 
Connecting a number of plants together in this 

manner makes it unnecessary to carry so much re-
serve equipment at each plant for peak loads and 
enables all of them to operate at nearer full-load 
capacity. The peak loads on various plants often 
come at different periods of the day and are dis-
tributed over all the stations connected in such a 
network. 
These interconnections also provide a much 

greater total generating capacity on the system and 
decrease the liability of service interruption in case 
of failure of any one generator or plant. 

Fig. 323 shows an excellent view of another high-
voltage transmission line running through a moun-
tainous region in one of the southern states. 

327. UNDERGROUND TRANSMISSION 

There are two general methods of electrical 
power transmission, namely the underground and 
overhead systems. The overhead system costs a 
great deal less per mile and is therefore genere 
used for lines extending through the country. 
Underground systems are used principally in 

large cities where it would be very undesirable to 
have a network of high-voltage wires overhead. One 
can readily see that running high-voltage power 
lines on poles, along with all the wires used for 
lighting, telephone, and telegraph service in large 
cities would not only create a bad appearance but 

Fig. 322-A. This diagram shows the location of a central station power plant and the layout of a transmission system. The power plant is 
located at the river where fuel and condensing water are easily available and the transmission lines feed the generated energy to sub-
stations located in the various towns. 
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erally obtained from operating busses supplied with ti-voltage D. C. from a small D. C. generator. 
arge storage batteries are also included in many 

power plants for supplying energy for the operating 
busses, exciter busses, emergency lighting equip-
ment, etc., in case of trouble with the D. C. gen-
erators or plant circuits. 

325. POWER PLANT RULES 
In all large plants there are rigid operating rules 

and safety rules to be followed in order to protect 
expensive equipment, to protect operators, and to 
provide satisfactory and uninterrupted service to 
customers. 
These rules vary somewhat according to the type 

of plant and the policies of the power company or 
owners. The majority of the more important rules 
have been covered in preceding sections of this 

Reference Set; and careful application of your 
knowledge of the operation and care of electrical 
equipment, and good common sense combined with 
a desire to learn and co-operate with any special 
rules which may be maintained by any power com-
pany for whom you may be employed, will be of 
greatest importance to your success in this field. 

Power plant operation is one of the most fas-
cinating and interesting branches of electrical work 
and offers splendid opportunities to the man with 
thorough practical training who will perform his 
operating duties thoughtfully, cautiously, and in-
telligently, and who is willing to study conscienti-
ously all phases of plant operation and companies' 
policies in order to obtain promotion. By following 
this policy you can reach positions of excellent pay 
and considerable responsibility in this field. 

ELECTRICAL POWER TRANSMISSION AND DISTRIBUTION 

Electrical power transmission and distribution 
provide a very great field of opportunity for trained 
electrical men in one of the most interesting and 
profitable branches of work in the electrical field. 
We have already learned that one of the principal 

1t1Pntages of A. C. electricity is that it can be 
nsformed to very high voltage for more econ-

omical transmission over long distances. 
Many thousands of miles of high-voltage trans-

mission lines span this country today, and silently 
and efficiently carry thousands of horse power of 
electrical energy from large steam and water-power 
generating plants to the various towns and indus-
trial plants where it is used. 
Many recently installed lines are supplying low 

cost electrical energy to small towns and communi-
ties which formerly were entirely without electricity 
or which had only a limited supply at almost pro-
hibitive cost to the users. 

Fig. 322 shows a high-voltage transmission line 
running across the country on steel towers. One 
three-phase circuit is already in operation on this 
line and space for another circuit is provided on the 
opposite side of the same towers. 
The construction of electrical transmission lines 

has progressed even beyond the towns and larger 
load centers to a point where hundreds of thousands 
of farms are now connected to electrical lines and 
supplied with the great conveniences and economi-
cal benefits of electricity. 
Economical transmission of electrical power has 

e yed a very large part in the industrial progress 
general prosperity of this country and Canada, 

as well as many others of the more progressive 
countries in the world today. 

It is difficult to find in this country a town of any 

size that is not supplied with electricity or even to 
find a rural district of very large area in which some 
of the farms are not already supplied with elec-
tricity. 

Electrification is rapidly progressing throughout 
all parts of the country and the trained man who 
has a good knowledge of power transmission and 
distribution can find numerous opportunities for 

Fig. 322. Modern high-voltage transmission line carrying thousands of 
horsepower silently and efficiently across the country on small 
copper conductors. 
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Fig. 319. Interior view of one of the power plants at Niagara Falb 
showing horizontal type water-wheel-driven alternators manufactured 
by Allis-Chalmers Mfg. Co. Also note the operating gallery and 
switchboard on the elevated platform at the left. 

be required to start and take care of the prime 
movers as well as the generators. In large plants 
the prime movers are generally operated and main-
tained by a separate crew and the switchboard and 
electric operation is handled by the electrical crew. 

Great care should always be used in starting 
prime movers and generators to start them gradu-
ally and give them the proper time to accelerate, 
and also in watching for any abnormal operation 
or indications during starting. 
One should carefully check all switches in the 

generator circuit to see that they are in the proper 
positions before starting the machine, and the volt-
meter and sometimes other instruments should also 
be carefully watched during starting. 
Thorough attention should also be given to the 

lubrication of the prime mover before starting it, 
and if pressure lubrication is used the oil pumps 
should be started before starting the prime mover 
and generator. Some of the rules and steps to 
follow when starting generators were given in the 

Fig. 320. View showing two small alternators and the switchboard in 
a hydro-electric station. (Courtesy Allis-Chalmers Mfg. Co.) 

section on A. C. Generators, and others will be 
given later in the section on Operation and Main-
tenance. 

324. AUXILIARY EQUIPMENT IN POWMP 
PLANTS 

In addition to the prime movers, main generators 
and switchboards in power plants, there is usually 
also a certain amount of auxiliary equipment such 
as motor-operated boiler feed pumps, condensate 
pumps, vacuum pumps, circulating pumps, fans or 
blowers for cooling generators, and for boiler fur-
nace draft, etc. 
Many power plants also have step-up transform-

ers, oil switches, and lightning arresters in an out-
door transformer and switching station, in addition 
to the bus oil-switches inside the plant. 
The care of switchboards, meters, transformers, 

oil-switches, and auxiliary motor and control equip-
ment in power plants often forms a very important 
part of the operator's duties. 
In addition to the exciter-generators, power 

plants are often equipped with small D. C. or A. C. 

Fig. 321. Interior view of a small automatic hydro-electric generating 
station. The two generators can be seen in the foreground, and 
the switchboard in the background of this photo. (Courtesy Allie-
Chalmers Mfg. Co.) 

auxiliary generators called house generators, for 
supplying power to the auxiliary motors and equip-
ment, at lower voltage than that produced by the 
main generators. 

Large power plants are usually operated by re-
mote control switchboards both for convenience 
and safety reasons. The remote control boards are 
equipped with the proper meters and instruments, 
and a number of small push-pull switches, knife 
switches, rheostats, etc., which operate low-voltage 
circuits which in turn energize and operate the 
large high-voltage oil switches, motor-co itroll. 
rheostats, throttles, governors, etc. 
The low-voltage energy for operating the oil 

switches and remote-controlled equipment is gen-
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Fig. 318. Excellent sectional view of a large hydro-electric generator unit. Note the casing and runner of the water wheel and also the 
draft tube through which the water discharges to the tail race. The valve controlling the water Sow through the wheel or turbine is shown 
on the left. The main part of the generator is set down in the concrete so that just the top of the unit and its exciter project above the 
operating floor. (Courtesy Wm. Cramp & Sons Co.) 

boards shown in the background. Plants of this 
type are coming into quite extensive use for supply-
ing power to small towns or to industrial plants 
which are located near to a convenient source of 
water power. 

323. STARTING AND CONTROL OF PRIME 
MOVERS 

In all power plants, whether they are operated e steam engines, steam turbines, Diesel engines 
or water wheels, the prime movers are equipped 
with throttle valves and governors. The throttle 
valves are used for starting up the prime mover 

and generator, and for adjusting the speed when 
paralleling one machine with another. 
The governors are adjusted to maintain the proper 

speed-regulation with variations of load on the 
generator and thereby prevent the generator from 
over-speeding when load is removed, and from 
slowing down when the load is increased. 
The proper operation of governors is therefore 

very essential in maintaining satisfactory parallel 
operation and proper voltage regulation to cus-
tomers. 

In some small plants the electrical operator may 
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Fig. 316. The above photo shows a 160 000-kw, turbine-driven alterna:or in a modern central station. At the time oi taking this photo this 
unit had just been installed and was under test. This same power plant has a number of other large turbine-driven alternators with which 
the new machine operates in parallel to help carry total load. (Courcesy American-Brown Boyen i Company.) • 

Fig. 317. Interior virw of a hydro-electric generating station showing a row of large water-wheel-driven vertical type alternators. The water 
wheels are located beneath the generator floor and direct-connected to the vertical shafts of the generators. Each unit develops 17,500 
horsepower at 100 RPM. (Courtesy Allis-Chalmers Mfg. Co.) 
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Fig. 315. An excellent blades view of a modern steam turbine showing how the steam enters the high pressure end at the right and passes 

go through e i its feorcseetaogfainsat eesacl tesrucacensostihveer :Ins gitorcgonvdasbletONpiarcil the edcohoraufessty d eonf Eolriottthecolmefpt.anyT.lr stationary blades redirect the steam to 

power house, which may be located at the base of 
the dam or at the foot of the mountain, whichever 
the case may be. The water is then delivered 
through the proper valves and guide vanes to the 
blades or runner of the water wheel. 
The horse power developed will be proportional 

both to the height in feet, or pounds pressure de-
veloped by this height, and to the volume of water 
which passes through the wheel. Some large water-
power plants operate on a head or fall of only 10 or 
12 feet, where enormous volumes of water are avail-
able at all times of the year. 

In other cases some of the hydro plants in opera-
tion in the Rocky Mountain region of the western 
part of the United States utilize a height or fall of 
over 2,000 feet. This delivers the water to the 
buckets of impulse-type water wheels under terrific 
pressure and bullet-like velocity, and requires a 
much smaller volume of water to deliver a given 
amount of horse power. 

322. WATER WHEELS AND TURBINES 
Water wheels for operation with large volumes 

of water at lower pressure are generally of the re-
action type, having blades somewhat similar to glikose of a ship's propeller and operating within a 

sing and set of guide vanes which direct the 
water against the blades of the runner at the proper 
angle to produce maximum efficiency and power. 

Fig. 318 shows a sectional view of a large water 
wheel of this type. The generator is shown above 
and connected to the runner of the water wheel by 
a large vertical shaft. On the left can be seen a 
large floating valve which admits the water to the 
turbine. The water discharges from the turbine 
downward through the draft tube and out into the 
tail race in the stream below the plant. 

In "high head" plants, where the water pressure 
and velocity are much greater, the water is often 
delivered from a tapered nozzle in a hard jet which 
strikes against the blades or buckets of an impulse 
wheel or Felton turbine, and rotates the wheel and 
generator at much higher speed than those in low 
head plants. 

Fig. 319 shows a row of generators which are 
driven by water wheels located beyond the wall at 
the right and coupled to the generators by hori-
zontal shafts. This view is in one of the older plants 
at Niagara Falls. On the left can be seen the 
operating gallery and control board. 

Fig. 320 shows a view in a smaller water-power 
plant with 560-kw, generators on the right and the 
switchboard on the left. 

Fig. 321 shows a view in a small automatic hydro-
electric plant in which the vertical-type generators 
are driven by water wheels beneath tl- e floor and 
controlled automatically by relays or the switeb 
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Fig. 312. This sketch illustrates the operating principles of a steam 
turbine. Note the nozzles and stationary and moving blades or 
buckets. (Courtesy of Elliott Company.) 

Fig. 314 shows one-half of a turbine casing with 
the sets of stationary blades for each stage. 
You will note that the casing is smaller in di-

ameter and the blades shorter in length at the high 
pressure end where the steam is first admitted to 
the turbine, and that both become larger as the 
steam expands toward the low pressure or exhaust 
end. 

Fig. 315 shows a sectional view of a turbine, 
which clearly illustrates the manner in which the 
steam enters the turbine at the right and then 
passes through the several sets of stationary and 
rotating blades or buckets which become larger 
toward the exhaust end. At this end the steam dis-
charges from the enlarged portion of the casing to 
the condenser, which is usually connected directly 
beneath the turbine. 

Fig. 316 shows a view in a large steam-driven 
power plant and in the fore-ground is a 165,000-kw. 
generator consisting of two units operated together 
as one. The turbines .are both shown on the left 
and the generators on the right. The large tubes or 
ducts rising from the top of the generators and 
passing down through the floor at the right are 
air passages for cooling the generators. The unit 
in the rear is driven by the smaller high-pressure 
turbine. and the steam exhausts from this turbine 
through the larger low-pressure turbine which 
drives the unit in the fore-ground. 

Fig. 313. Complete rotor of a modern steam turbine, showing several 
sets of moving blades through which the steam passes in succession. 
(Courtesy of Elliott Company.) 

321. HYDRO-ELECTRIC PLANTS 
There are throughout this country numero 

hydro-electric generating stations producing mi  
lions of horse power. These plants are located along 
various streams and rivers where the water has 
considerable fall or drop within reasonable dis-
tances, and where it is practical and economical to 
erect power plants, and usually where dams can 
be erected or natural reservoirs obtained in which 
to store reserve water during high-water seasons, 
to keep the plant operating through low-water 
periods. 
Hydro plants are also located near to or within 

economical transmitting distance of the cities or 
markets which will consume their power. 

Fig. 317 shows the interior of a large hydro-elec-
tric generating station with five large vertical type, 
water-wheel-driven generators. The generator units 
and exciters are above the power plant floor and the 
water wheels are located below the floors and con-
nect to the generators by means of vertical shafts. 

Fig. 314. One-half of a steam turbine casing showing a series of 
stationary blades between which the movable blades or buckets 
revolve. (Courtesy of Allis-Chalmers Mfg. Co.) 

Hydro - electric developments usually require 
some form of dam. The dam may be a large one 
and produce the total fall by raising the level of the 
water from the base to the crown of the dam. In 
other cases only a small dam may be required to 
close off the flow of some stream high up in a 
mountainous region and store water in a nature 
reservoir at this elevation. 

In either case the water is taken under pressure 
from the dam through a penstock or large pipe 
leading down to the turbine or water wheels at the 
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Fig. 311 is a view in the interior of a large power ent and shows the end of the steam condenser 
rectly beneath the turbines of one of the units. 

The size of the condenser and the circulating water 
pipe shown in this figure give some idea of the vast 
amount of water required for condensing the steam 
of a large generating unit. 

320. STEAM TURBINES 

Most everyone knows the general operating prin-
ciples of an ordinary steam engine, in which the 
steam is admitted by a valve to first one end of the 
cylinder and then the other, so that its expansion 
pushes the piston back and forth. This piston is 
attached to the drive rod which in turn fastens to 
the crank pin on the shaft which rotates the fly 
wheel. 
As the intake valve is opened admitting steam to 

one end of the cylinder, the exhaust valve on the 
opposite end is opened, allowing the expanded 
steam which has just finished its work in that end 
to escape. These valves operate in synchronism 
with the travel of the piston and with the proper 
timing to admit the steam each time to the end of 
the cylinder at which the piston has just completed 
its stroke, thus forcing it back again in the other 
direction. 

In this article we shall not attempt to cover in 
tail the mechanical construction or operation of di 

Fig. 310. This simple diagram illusttates the steam cycle or method of 
recirculating the boiler feed water in a modern power plant. 

all the parts of steam engines. But there are a great 
many students who have very little conception of 
the operating principle of a steam turbine, and as 
this device is so commonly used in modern power 
plants, a brief, general explanation of its operation 
will be of interest. 
Steam turbines are of two general types, called 

ae impulse type and reaction type. In the impulse rbine live steam is directed from small nozzles 
directif against the blades or buckets of the rotating 
members of the turbine. In the reaction turbine 
the steam is first passed through a set of stationary 

blades or vanes which direct it at an angle against 
a set of rotating blades located close to the station-
ary ones. 

Large turbines are often made up of a number 
of these sets of stationary and rotating blades which 
are called stages; the several stages in the turbine 
being arranged so that the steam must pass through 
all of them before it filially exhausts to the con-
denser. 

In this manner almost the very last bit of power 
can be extracted from the steam as it expands 
through one stage after another, with a loss of 
pressure and velocity at each stage. 

Fig. 311. This view shows a row of turbine-driven alternators above the 
power plant floor, and one of the large steam condensers below the 
floor and directly beneath the turbine in the foreground. 

Fig. 312 shows a set of turbine nozzles and several 
sets of moving and stationary blades or buckets. 
By following the path of the steam as traced with 
the arrows in this sketch you will note that it is 
directed against the first set of moving buckets by 
the nozzles and then as it leaves the edges of these 
moving buckets it is redirected by the stationary 
blades against the next set of moving buckets, thus 
rotating them all in the sanie direction. 

The sanie action is again repeated by the next 
set of nozzles and moving buckets, and so on 
throughout the several stages of the turbine. 

Fig. 313 is a turbine rotor removed from its cas-
ing and shows the several sets of moving blades 
which are mounted on the outer edges of disks that 
are fastened securely to the shaft. 
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Fig. 308. Diagram of a modern power plant boiler using pulverized 
coal for fuel. Note the coal hopper, pulverizer, furnace feed tube, 
and also the economizer which is located above the boiler. 

back into hot water and is used over and over again 
in the boiler. This saves a great deal of heat energy 
that would otherwise be wasted in exhaust steam 
and also reduces the cost of filtering and treatment 
of the boiler water. 

In some plants this last item alone is quite a 
large one because the boiler feed-water has to be 
chemically treated to prevent it from depositing 
large amounts of scale in the boiler tubes. This 
scale, if allowed to accumulate, interferes with the 
transfer of heat from the tube walls to the water 
and greatly reduces the efficiency of the boilers. 
The water which is taken from the condensers 

is much warmer than fresh feed water would be 
and is frequently heated up still more before being 
passed back to the boiler. 

319. STEAM CYCLE 
Fig. 310 shows a simple diagram of the steam 

cycle in a power plant. The water in the main 
boiler, B, is evaporated into steam and the steam is 
then heated to very high temperature by means of 
the superheater, S. From here the dry steam is fed 
through an insulated pipe line to the turbine. Ex-
panding through the blades of the turbine it de-
livers mechanical power to drive the generator and 
then exhausts from the lower side of the right-hand 
end of the turbine casing and into the condenser. 
Here the steam passes over many hundreds of 

small copper tubes through which cold water is 
kept constantly circulating. The contact of the hot 
steam with these cool pipes causes it to condense 
back into warm water and run to the bottom of the 
condenser to a collector called the hot well. 

In Fig. 310 the rotary pump, W.P., circulates a 
large volume of cold water from a river, lake, or 

pond, through the cooling tubes of the condenser. 
The small pump, C.P., takes the condensate. 
warm water from the hot well and sends it thro 
a feed-water heater where the temperature of the 
water is considerably increased by a small amount 
of live steam which is bled off from one of the 
stages of the turbine. 
From the feed-water heater the water goes to a 

multiple stage, high-pressure boiler-feed pump 
which forces it on through a preheater or econo-
mizer where the water is still further heated by the 
hot gases leaving the furnace and passing to the 
stack. 

After this final heating the water again re-enters 
the boiler at high enough temperature so that it 
only requires the addition of a little more heat 
energy to once more evaporate it into steam. 
A steam cycle of this kind greatly increases the 

thermal efficiency of a power plant, and it is such 
engineering as this along with improved design of 
modern generators which has kept the cost of elec-
tricity low, and in many localities reducing year 
by year. 

It is a very interesting fact that over a period of 
years in which the price of food, clothing and most 
all other commodities have increased considerably, 
the cost of electricity has not increased but instead 
has considerably decreased. 

Fig. 309. Another type of large modern power plant boiler showinge 
combustion chamber, boiler tubes, super-heater, draft fans, etc. 
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Fig. 306. Oil burning diesel engines of the above type are very commonly used as prime movers for generators in small and medium sized • power plants. These engines are very economical in fuel cost and are simple and easy to operate and maintain. They are particularly desirable 
for use where coal and condensing water are difficult to obtain and where only limited space is available for a generating station. 

tween the left ends of the tubes. From here the 
gases pass through an economizer, or another set 
of tubes, where they give up still more of their heat 
to the boiler feed-water, before passing on out of 
the stack. 

Fig. 309 shows a sectional-view diagram of an-
other modern type of power plant boiler using pul-
verized coal and having multiple sets of tubes and 
drums above the combustion chamber. In this 
boiler the powdered coal is blown downward into 
the combustion chamber from the tube at the upper 
left corner, and literally explodes as it strikes the 
white hot, roaring interior of this furnace. 
Modern power-plant boilers have motor-driven 

draft fans operated by variable speed motors for 
accurate control of the draft, and in some cases the 
draft air is preheated by stack gases before being 
fed to the furnace. Some plants use exhaust steam 
from the turbines and also the partly-cooled furnace 
gases to preheat the boiler feed water. By these 
methods very high efficiency is obtained. 

Power-plant boilers commonly produce steam at 
pressures ranging from 200 to 600 lbs., and in some 
cases as high as 2000 lbs. or more, per square inch; 

e at temperatures ranging up to 1000 degress F. 
higher. 

To obtain steam at such high temperatures extra 
tubes and drums are provided in the upper section 
of the boiler just to heat the dry steam after it has 

been produced in the main boiler. These extra 
heater elements are called superheaters. 

318. EXHAUST STEAM CONDENSERS 
In modern power plants the steam which is ex-

hausted from the turbines or engines is condensed 

Fig. 307. Sectional view of a water tube boiler with an automatic 
stoker to feed the coal to the burners or combustion chamber "C". 
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burning powdered coal is a very efficient one and 
creates very little smoke or ash. 

Fig. 304 is a view of the interior of a large steam-
operated generating station and shows four large 
turbine-driven generators in operation. 

In smaller privately-owned plants either steam 
turbines or reciprocating steam engines are used. 
The steam engine, being well adapted to operation 
on lower steam pressures, lower speeds, and simple 
to operate, is often used to drive low-speed genera-
tors of the open type, as shown in Fig. 305. 

Fig. 304. Interior view of a large power plant showing several modern 
steam turbine-driven alternators. 

In localities where coal and condenser water are 
difficult to obtain, and where oil is plentiful and 
cheap, Diesel Engines are often used as prime mov-
ers in generating plants. They are also very well 
suited for use in stand-by plants which are used 
only during certain hours of the day to help carry 
peak loads on other plants. 
A Diesel engine operated unit can be quickly 

started and does not require previous firing up of 
boilers or the carrying of stand-by boilers to enable 
it to be quickly started and placed in service. 

Diesel-operated plants require no condensing 
water, no boiler feed-water, no large fuel storage 
yards, and very little care and repair, as these 
engines are simple in operation and rugged in con-
struction. Fig. 306 shows two large Diesel engine-
driven generators in a power plant. 

Diesel-operated plants require very little space 
and operate on low cost fuel oil, producing power 
at very low cost. Plants of this type are extensively 
used in oil field regions and are also coming into 
very general use for privately-owned and municipal 
plants. Diesel engine-driven generators are exten-
sively used on electrically operated ships. 

317. BOILERS, STEAM TEMPERATURES 
AND PRESSURES 

in this section no attempt has been made to cover 
all of the details of the steam and mechanical equip-
ment and operation in power plants. This work 
does not fall in the field of the electrical operator, 

but this section does cover certain points of general 
interest and importance which any electrical oper-
ator should know about the plant in which he le 
be working. 

Boilers for producing steam are of two general 
types called fire-tube and water-tube boilers. Fire-
tube boilers are those in which the hot gases from 
the fire box or combustion chamber pass through 
steel tubes which are surrounded by the water in 
the boiler. This type of boiler is used very little 
nowadays, except in smaller and older plants. 
Water-tube boilers are those which have a large 

number of tubes connected to drums or headers, the 
water being contained in the tubes and lower drum, 
and steam in the top of the upper drum. The fire 
and hot gases from the combustion chamber pass 
upward between these water tubes and all around 
their surfaces, thus imparting the heat to the water 
inside the tubes. 

Fig. 307 shows a sectional view of a modern 
water-tube boiler and combustion chamber. The 
coal hopper and stoker mechanism are shown at A, 
the grates and fuel bed at B, the combustion cham-
ber or fire box at C, and the ash pit at D. The hot 
gases first pass upward between the boiler tubes, 
and then to the right and slightly downward over 
the baffles and on out to the smoke stack. 

Fig. 308 shows a diagram of another type of 
water-tube boiler in which the tubes are strai t 
and are fastened to flat vertical "headers" at 
end. The furnace of this boiler has a water-coo ed 
inner wall, in the tubes of which the boiler feed-
water is heated to quite an extent before entering 
the boiler proper. 

This boiler is fired with pulverized coal, and the 
coal hopper, pulverizer, and chute or pipe which 
carries the powdered coal to the boiler furnace, can 
all be seen in this diagram. The hot gases pass up 
between the right-hand ends of the boiler tubes, then 
down between a set of baffle plates and through 
the center section of the tubes, and finally up be-

Fig. 305. This photo shows a direct connected steam engine-driven 
alternator in a small power plant. Note the flywheel used to stabilize 
the alternator speed and smooth out the pulsations of the engine 
strokes. (Courtesy Allis-Chalmers Mfg. Co.) 
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Fig. 302. This photograph shows an exterior view of a large modern central station generating plant of 
the steam-operated type. Note the very neat and attractive outside appearance of this plant. 

erating plant N,‘ ith a very attractive building and 
alit appearance. The fuel storage yard and the 
NW r from which condenser water is obtained are 
at the rear of the plant. 

Fig. 303 shows at P.H. a power house near the 
river and railroad, for its supply of coal and con-
densing water, and feeding power at high voltage 
into substations in the city. The substations step 
the voltage down and distribute the energy to the 
various sections of the city. 
A modern central-station, steam-power plant will 

produce less smoke while burning 100 tons of coal 
than an ordinary steam locomotive or small factory 
produces in burning one or two tons. This is be-
cause of the highly efficient stokers and boiler 
furnaces used, and the carefully regulated draft to 
the furnaces, etc. 

316. CHOICE OF PRIME MOVERS 

The choice of prime mover to be used in a power 
plant depends on the type and price of fuel avail-
able, whether or not condenser water can be had, 
and upon the class of service the plant is intended 
for. 

In large central stations steam turbines are the 
most common form of prime mover, as they are 
very efficient and are well adapted to operation at 
high speeds and high steam pressures. They are 0e3 very compact and small in size for the tre-

ndous amount of power they deliver. 
Coal is by far the most common form of fuel 

used for producing steam, although there are in 

the western and southwestern states some generat-
ing stations that are operated with oil and gas fuel. 

In large plants the coal is fed to the boiler fur-
naces by automatic stokers or traveling grates; and 
in many of the later type plants the coal is pulver-
ized and blown into the furnaces with air, being 
practically exploded or burned instantaneously as 
it enters the white hot furnace. This method of 
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Fig. 303. This diagram shows how a power plant should be located 
near a convenient source of fuel supply and condenser water. Trans-
mission and distribution lines then carry the energy from the power 
plant to the substations and consumers. 
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GENERATING STATIONS 

By far the greatest part of the electrical energy 
used in this country is generated in large power 
plants called central stations, although there are 
also a large number of smaller privately-owned 
power plants supplying electricity in industrial 
plants. hotels. office buildings. etc. In a number of 
small and medium sized towns and cities there are 
also municipally ned and operated plants. 

Electricity can usually be generated much 
cheaper in large plants which have large highly 
efficient generators and equipment. So, in most 
cases the small user can buy power from the power 
company cheaper than he can generate it himself. 
There are many cases, however, where electric 

po‘‘ er can be produced very cheaply in a pri vately-
owned plant, if some other use is available for the 
low-pressure exhaust steam from the turbines or 
engines used to drive the generators. 

In oilier cases waste gases or materials which 
are by-products of manufacturing plants, can be 
used as cheap fuel for generating steam to run 
steam-driven electric generators. 
The lowest rates obtainable from the public 

utility or generating company and the dependability 
of their service should be carefully considered in 
comparison with the costs of fuel, operation, over-
head, and interest on the investment of a privately-
owned plant before recommending its installation. 

Considerably more than two-thirds of the electric 
power generated in this country is produced by 
steam plants, and less than one-third by hydro-
electric plants or water power. 
Many people think that electric energy can be 

produced much more cheaply by water power than 
by steam plants. This is not always the case, be-
cause the cost of developing some water power sites 
is very high. 
Another great drawback in the use of much of 

the available water power is that the best sites for 
its development are frequently long distances from 
any large towns or heavy users of power, and very 
great losses would be involved in transmitting 
power over these great distances. 
Some of the larger and more modern steam plants 

produce a kw. hr. for each 11/2  lbs. of coal burned, 
and under other low operating costs, and these 
steam plants can therefore in many cases deliver 
power to their customers much cheaper than it 
could be generated and sent from the nearest water-
power source. 

Small privately-owned power plants which supply 
electrical energy to just one factory or building 
often generate their power at 220 or 440 volts, or 
the same voltage as that of the equipment which 
uses the energy. In plants supplying very large 

factories the generators are often operated at 2300 
volts. Some large motors in the factory are then 
operated directly on this voltage, and smaller motors 
and lights operate on reduced voltage from trans-
formers. 

315. SELECTION OF THE LOCATION OF A 
POWER PLANT 

Steam plants can usually be located in or near 
some large town, and very close to the load center 
or heaviest users of electric power. In this manner 
a large portion of the electric energy produced 
can often be sold within a radius of a few miles 
of the power plant. 

It is. of course, desirable to locate any power 
plant as close to the load center as possible and 
thereby avoid unnecessary losses in transmission. 
There are, however, a number of other very im-
portant factors which enter into the selection of the 
location for a steam power plant. Some of these 
are: the availability or transportation of fuel, pre-
ferably by rail or boat; the availability of good 
boiler feed-water, and sufficient condenser water; 
ground values on the land required for the plant 
and fuel yards, switching equipment, etc.; and local 
building or zoning restrictions. 

Large power plants which use coal for fuel e 
generally located at a railroad, river, canal, or body 
of water that accommodates boats or barges; as 
too much re-handling or hauling by trucks will add 
too greatly to the cost per ton of the coal. 

Boiler feed water should preferably be of a grade 
that does not cause excessive scale formation in the 
boilers or corrosion of engines or turbines; although 
difficulties due to water impurities can often be 
largely eliminated by filtering and chemical treat-
ment of the feed water. 
Where condensing engines or turbines are used, 

a large volume of water is required for cooling the 
condensers which convert the exhaust steam back 
into water for the boilers to use again. 

In some parts of large cities ground values are so 
high that taxes and interest on the money invested 
in the land would make it impractical to locate a 
power plant there. In such cases the generating 
plant is usually located nearer the edge of town or 
in some manufacturing district where property 
values are lower. 
Zoning laws often prohibit the location of any 

buildings of the nature of a power plant or factory 
in certain sections of cities. Many of the more re-
cently built power plants and substations are ve 
attractive buildings and thereby a great deal of 
objection which was formerly raised against t 
appearance of power plants has been eliminated. 

Fig. 302 shows a large modern steam-driven gen• 
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f. 
Fig. 439. Modern induction type overload relay such as very extensively 

used in A. C. power plants and substations. (Courtesy of G. E. 
Company.) 

In case of overload the increased current in-
creases the torque on the disk, causing it to turn 
slowly until a small lug or projection is rotated 
around to where it opens or closes the relay con-
tacts. 
By setting these relays so that the disk must ro-

tate a smaller or greater distance before closing the 
contacts, the time-delay of the relays can be ad-
justed over quite a wide range. This is one of the 
very popular types of modern relays. 

Fig. 440 shows a reverse-power relay which is 
used to operate circuit breakers in case the power 
flow on A.C. circuits is reversed in direction. This 
may at first seem queer to you, since you know that 
A.C. is constantly reversing in direction. 
However, as long as power is flowing in one di-

rection in an A.C. circuit, the voltage and current 
bear a certain phase relation to each other; while 

Fig. 440. Photo of a polyphase reverse-power relay for A. C. circuits in 
substations and power plants. (Photo Courtesy of G. E. Company.) 

if the power flow reverses because of some fault on 
the line, the voltage and current will then have op-
posite phase relations to each other. 

Reverse-power relays have both current and po-
tential coils, which hold the relay disk in normal 
position as long as the power flows in the right di-
rection; but as soon as the direction of power flow 
reverses, the relay disk starts to rotate and close 
the contacts which operate the circuit-breakers. 

Automatic substations and power plants use num-
erous relays of various types, to start and stop the 
machines and perform various switching operations 
either entirely automatically or by remote control 
from a master operator or load dispatcher at some 
other station. 

Always be on the alert for opportunities to pro-
vide better protection for electrical machines, and 
to secure more economical operation of them by 
the application of the proper relays. 
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secondaries of current transformers, as the relay 
aeself is usually a rather delicate device and is not 
wesigned to carry much current. 

Current relays are often called overload or under-
load relays, according to the use for which they 
are intended. 
Many relays are designed with very small con-

tacts which are intended only to make or break 
the circuits to the coils of heavy-duty relays. These 
main relays in turn operate heavy contacts which 
open or close the circuits to large oil switches of 
the solenoid or motor-operated type. 

Fig. 436-C. At the top are shown two wood handled fuse tongs for 
removing and replacing high-voltage fuses, and below is shown a 
wood handled switch stick or pole for operating disconnect switches. 
(Courtesy of Schweitzer & Conrad, Inc.) 

eFig. 437 shows a high-voltage cut-out relay. The 
operating coil, movable contacts, and relay adjust-
ment screw can be clearly seen in this view. 

Fig. 438 shows a solenoid-operated instantaneous 
overcurrent relay, with the cover removed from the 
contacts. The solenoid coil is in the casing to which 
the name-plate is attached, and the plunger adjust-
ment by which the relay can be set to trip at various 
loads is shown at the bottom of the device. Relays 

Fig. 437. Photo of a high-voltage cutout relay clearly showing the coil 
and contacts. (Courtesy of G. E. Company.) 

Fig. 438. This view shows an instantaneous operating overcurrent relay 
with contacts for closing three circuits. (Courtesy of G. E. Company.) 

of this type can be made to open or close one or 
more circuits, as desired. 

Many relays of the magnet or solenoid-operated 
type are instantaneous in their action or, in other 
words, they are designed to operate and close their 
contacts immediately, as soon as the voltage or cur-
rent reach the values for which the relays are set. 

Other relays are equipped with time delay devices, 
such as oil dash-pots or air bellows, so that they can be 
adjusted to open or close a circuit, provided the 
overload or excess voltage for which they are set re-
mains on the circuit for a period of several seconds. 

The purpose of relays of this type is to protect 
equipment from continued overloads or undesirable 
conditions, and yet not to trip out the breakers and 
interrupt the service on momentary overloads which 
would do the machines no harm. 

An inverse time delay relay is one on which the 
period of time delay is inversely proportional to the 
amount of overload. In other words, the greater the 
amount of overloads the shorter will be the time 
delay and the quicker the relay will act to open and 
protect the circuit. 

Great numbers of relays of different varieties are 
used in performing the various operations in auto-
matic substations and power plants. 

Fig. 439 shows an A.C. overload relay of the in-
duction type. This relay operates on very much the 
same principal as an induction watthour meter, and 
has a disk in which eddy currents are induced by 
the current flowing through its coils. The move-
ment of the disk is retarded by a spring which holds 
it in normal position during normal conditions on 
the circuit. 
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Fig. 436-A. The above sketch shows the principal parts of a high-
voltage fuse of the liquid filled type. Examine each part carefully 
and compare with the explanations given on these pages. (Courtesy 
of Schweitzer & Conrad, Inc.) 

hns blown and the spring has drawn down and 
broken the arc. 

The lower center views show two types of clips 
in which the fuses are mounted and locked by the 
clamping rings. 

On the right are shown two views of such fuses 
equipped with weather-proof housings for outdoor 
use and for convenient mounting on poles or sub-
station structures. 

One of the great advantages of these fuses is 
that they will open the circuit, extinguish the arc, 
and clear an overload or short circuit in from 3/2 to 
13/2 cycles. 

They are made in sizes from Y2  to 400 amperes 
and for voltages from 2200 to 138,000. 

The fuse is provided with a vent cap to allow the 
escape of the gases formed by the arc when the fuse 
blows, and thus prevent damage to the tube. 
These fuses can be refilled at a nominal cost by 

returning them to the manufacturer after they have 
blown. 

Fig. 436-C shows two types of wooden fuse tongs 
for removing and replacing high-voltage fuses, and 

also a switch hook for opening and closing discon-
nect switches. 

Oil switches and disconnect switches in the cir-
cuit should always be opened before removing orlir 
replacing fuses, in order to avoid drawing arcs at 
the fuse ferrules and clips. 

405. A. C. RELAYS 

There are a number of different types of A. C. 
relays in common use in alternating current power 
plants and substations. Keeping in mind at all times 
that any relay is simply a magnetically operated 
switch, it is comparatively easy to understand their 
operation and care, as well as their purpose in the 
circuits in which you may find them. 

A. C. relays are used in many of the same ways 
as the D. C. relays which were explained in an 
earlier section. 

Some relays are designed to operate whenever 
the voltage of certain circuits to which they are 
connected becomes too high or too low. Such re-
lays are known as over-voltage or under-voltage re-
lays, and are sometimes called potential relays. 
They are connected across the phases of low-volt-
age A. C. circuits or to the secondaries of potential 
transformers which are connected to the high-volt-
age A. C. circuits. 

Current relays are designed to operate whenever 
the current in certain circuits falls below or rises 
above a certain value for which the relay is see 
These relays are generally operated from the 

Fig. 436-B. The above views show high-voltage fuses of the liqui 
filled type both in normal and open condition, and also shows clips 
for mounting them. On the right are fuses of this type in water-
proof housings for outdoor use. (Courtesy of Schweitzer & 
Conrad. Inc.) 
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horizontal position by turning the movable center 
insulators. 
Most air-break switches are designed so they can 

be opened even when coated with ice. To make this 
possible the mechanism is usually arranged so that 
the blade first makes a short twisting or lengthwise 
pulling movement to break loose or shear any coat-
ing of ice which may be over the contact and clips. 
After this first shearing movement the blade swings 
freely into open position. 

404. HIGH-TENSION FUSES 

It is often desirable to protect small transmission 
lines or branch lines which run off from main lines 
from local overloads so that these overloads will 
not affect the entire line and system. 

Special high-tension fuses for mounting on the 
tops of poles or towers have been designed for this 
purpose and serve to quickly disconnect a branch or 
section of the line in case of severe overloads, short 
circuits, or insulator flashovers caused by lightning. 

Fig. 435 shows an expulsion-type of high-tension 
fuse. This fuse has a small tube or barrel like a 
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Fig. 434. Three-pole air break switch for use on 154,000-volt, three-
phase lines. Note the rotating blades which are shown in open 
position in this view. (Courtesy of Delta-Star Mfg. Co.) 

gun, into which is fastened the piece of lead fuse 
wire shown protruding from the right-hand end 
When the fuse blows inside this tube, the gases 
formed by the arc quickly blow the remaining end 
of the fuse away from the end of the tube and 
actually blow out the arc, thus interrupting the 
line circuit. 

Fig. 436 shows a photograph of a set of these 
fuses mounted on top of a pole and just in the act 
of blowing and opening a heavy short circuit. 
Another type of high-voltage fuse which is very 

extensively used has a fusible strip and long -mil w ring enclosed in a glass tube which is filled with 
arc-extinguishing fluid. This fuse is so designed 
that when in normal condition the spring is held 
under tension, and when the fuse strip melts due 

to an overload, the spring is released and quickly 
draws the lower arcing terminal downward, thus 
making a long gap which tends to extinguish the 
arc. 
As the spring moves downward it also moves a 

liquid director or plunger which compresses the 
liquid in the tube and squirts it through an opening 
in the plunger and directly into the arc, thus effec-
tively extinguishing the arc. 

Fig. 436-A shows a diagram of a fuse of this type, 
in which all the essential parts can be clearly seen. 
Note the coil spring and the flexible copper cable 
which carries the current, and also note the liquid 
director attached to the arcing terminal at the upper 
end of the spring. 

Fig. 435. Expulsion type high-voltage fuse. The fuse strip is violently 
blown out of the tube or barrel, thus quickly interrupting the 
circuit when this fuse blows. (Courtesy of Hi-Voltage Equipment 
Co.) 

The spring is normally held extended by a small 
piece of strong tension wire that is connected in 
parallel with the fuse strip, but when the fuse strip 
blows the current load is shunted through the ten-
sion wire causing it to melt and release the spring. 

Fig. 436-B shows a photo of a complete fuse of 
this liquid-filled type in the view on the left. The 
top center view shows one of the fuses after it 

Fig. 436. This unusual photo shows a set of high-voltage fuses mounted 
on the top of a pole, at the exact instant of blowing or opening the 
circuit. (Courtesy of Hi-Voltage Equipment Co.) 
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The disconnect switches can then be opened by 
means of the safety stick to completely disconnect 
the oil switches, lightning arresters, instrumem 
transformers, and other equipment from the line 
Both of the switches shown in Fig. 429 are for 

300-ampere, 37,000-volt circuits. 
Special high-voltage air-break switches are made 

to open line circuits under load. These switches 
are generally equipped with arcing horns to carry 
the arc away from the current conducting blades 
and contacts as soon as the switch is opened. 
The movable blades of air-break switches are 

often equipped with springs which snap them open 
quickly when the operating handle is moved. 

Fig. 431. This is another view of the same air break switch shown in 
Fig. 430. In this figure the switch is shown open. Note the move-
ment of the center insulator by comparing the two views. (Courtesy 
of Hi-Voltage Equipment Company.) 

Fig. 430 shows a switch of this type in closed 
position. Note the large vertical horn attached to 
the stationary clip and the small horns attached to 
the movable blade. 

Switches of this type can be mounted on the tops 
of poles or on the steel frameworks of substation 
structures and operated by a long shaft running 
down to a handle within reach of an operator on 
the ground. 
The switch in Fig. 430 is opened by rotating tt:e 

center insulator, causing it to push Ai che small rod 
attached to the hinge of the movable switch blade 
and thus snap the switch open. Fig. 431 shows the 
same switch in open pot. ition. 

Fig. 432 shows an air-break switch mounted on 
the top of a pole and being opened after dark. The 
long arca which are drawn from the horns when the 

Fig. 432. This night photo of an air break switch opening under load 
shows the arcs which are drawn from the arcing horns just u the 
switch opens. (Courtesy of Hi-Voltage Equipment Company.) 

switch interrupts the load current of the high-ten-
sion line can be clearly seen in this view. 

Fig. 433 shows a one pole unit, heavy-duty, 600-
ampere, air-break switch of somewhat different con-
struction from those in Figs. 430 and 431. This 
switch is for use in a 120,000-volt circuit. 

When the insulators at the right are rotated 
either by a motor or hand crank the long tubular 
blade is quickly raised, thus opening the circuit. 
When the movable blade is connected to the ligh 
incoming line and the stationary clip connected!" 
the substation equipment, the grounding blade 
which is clearly shown in this view can be swung 
up to the ground clip after this switch has been 
opened, thus grounding the dead end of the line for 
safety to operators who may be working on the 
equipment attached to it. 

Fig. 434 shows the three pole units of another 
type of air-break switch for 150,000-volt line. The 
blades of this switch are flat and are rotatcd in a 
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Fig. 433. Single pole unit of 120,000-volt, 600-ampere air-break switch 
with auxiliary grounding blade. Note the description of the various 
parts of this figure. (Courtesy of Delta-Star Manufacturing 
Company.) 
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The operator who has charge of oil switches 
should always see that they are well filled with Sean oil of the proper insulating quality; keep the 
sulating bushings clean by brushing or wiping 

them off with a brush or mop with a long wooden 
handle; and keep the contacts in proper condition 
and repair. 
When performing on oil switches any work that 

involves the possibility of the operator's coming in 
contact with live parts, the switch should first be 
completely disconnected from the line by means of 
disconnect switches on either side of the oil switch. 
It is also a good added precaution to thoroughly 
ground the oil switch terminals. 

403. HIGH-TENSION AIR-BREAK 
SWITCHES 

Disconnect switches are used extensively both on 
inside busses in power plants and in outdoor sub-
station structures. High-voltage air-break switches 

Fig. 428-B. This unique photograph clearly shows the inside of a large 
high-voltage oil switch equipped with Deion grids on the stationary 
contacts. Note the size of the contacts, insulators, and tanks re-
quired for handling the currents of high-voltage power lines. 
(Courtesy of Westinghouse Elec. & Mfg. Co.) 

are also commonly used in outdoor switching and 
substation structures. Ordinary disconnect switches 
generally consist of a hinged blade and clips 
mounted on the proper insulators for the voltage 
of the line on which they are to operate. 
Two switches of this type are shown in Fig. 429. 

You will note that the blades have eyes or holes glip the top ends so that they can be operated by 
oden switch sticks, or poles which have a small 

metal horn that can be placed in the eyes of the 
switchblade to pull it open. 

Fig. 429. Two types of disconnect switches for operation by means of 
a switch hook or pole having an insulated handle. 

Disconnect switches of this type should never be 
used to open a circuit under load but should be 
opened only after an oil switch in series with them 
has opened the circuit and interrupted the current 
flow to the principal power load. 

Fig. 430. High-voltage air break switch for pole top mounting or use 
in substation structures. Note the arcing horns used to prevent 
pitting and damage to the switch contacts. (Courtesy of Hi-Voltage 
Equipment Company.) 
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Fig. 426. Modern three-pole oil switch with expulsion type contacts and 
with pole units located in separate cells or compartments. (Courtesy 
of G. E. Company.) 

same time. When the switch is tripped these coil 
springs quickly open the contacts. 

Fig. 427 shows a huge outdoor oil-switch de-
signed for operation in a three-phase, 150,000-volt 
circuit and to carry a load of 600 amperes. This 
switch has an interrupting capacity of 1,500,000 kv-a. 
in case of severe overloads or short circuits on the 
transmission line in which it is installed. 

Fig. 414 shows a large group of 220,000-volt oil 
switches. Practically all of these large type oil-
switches are operated automatically by motors or 
powerful solenoids. 

In addition to the ordinary movable and station-
ary contacts operated under oil, some oil switches 
have contact prongs which open the circuit within 
an expulsion chamber. In switches of this type the 
gases created by the arc are temporarily confined 
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Fig. 427. Large outdoor oil switch for use in three-phase, 150,000-volt 
circuits. (Courtesy of Condit Electric Mfg. Co.) 

within a special chamber and then blown violently 
out through a small opening through which th 
movable contact rod is withdrawn as the switch 
opens. The oil and gas which are forced out through 
this small opening quickly snuff out the arc. 
On the left in Fig. 428 is shown a sectional view 

of one type of expulsion chamber for an oil switch 
of this type. In the center is a sectional view of a 
complete expulsion-type oil-switch with a slightly 
different chamber, and on the right is a view show-
ing this switch in action just as the circuit is being 
opened. 

A recent development in connection with oil 
switches is the use of deion grids on the stationary 
contacts and immersed in oil, to help extinguish 
the arc more quickly. These deion grids were previ-
ously described in the Section on Controllers. Fig. 
-12841 shows the inside of a large oil switch equip-

Fig. 428. The above views show two types of expulsion contacts used 
in modern oil switches and also one of these contacts In action 
opening a circuit. 

ped with deion grids which can be seen on the 
lower ends of the stationary contacts. 

Oil switch tanks should be thoroughly grounded 
to prevent the possibility of shocks due to leakage 
through their insulation, or due to capacity charges 
which may be built up on the tanks of high-voltage 
breakers. 

The tanks of oil switches should also be pro-
vided with some small opening or vent to allow the 
escape of gases generated within the tank by the 
arcs when the circuits are opened. Very heavy arcs 
may generate considerable gas when the circuit 
required to open under heavy short-circuits. 

In addition to their use in substations and power 
plants oil switches are also used extensively for 
starting large high-voltage motors. 
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fitting, low-resistance contact with the stationary 

eon tac t surfaces. The movable contact is also 
quipped with renewable arcing tips on each end. 
These arcing tips open last and the arc is therefore 
drawn from them, thus preventing the burning of 
the main-contact tips. 

The view on the upper right in Fig. 424 shows an 
enlarged view of one set of these contacts in fully-
closed position. At the lower left in the figure the 
contacts are shown f,l.rtly opened; the main contact 
element having bros en away from the stationary 
surfaces, leaving only the arcing tips in contact. At 
the lower right the switch is shown fully opened. 

402. HEAVY-DUTY OIL SWITCHES 

High-voltage, heavy-duty oil switches are usually 
made with each set of contacts enclosed in a sepa-
rate oil tank, to avoid all possibility of flashover 
between phases when the circuit is interrupted. 

Fig. 423. Close-up view showing the details of construction of stationary 
and movable contacts of an oil switch. The upper stationary con-
tacts are supported on porcelain bushings and the lower movable 
contact on a wooden insulating rod. (Courtesy of G. E. Company.) 

Fig. 425 shows a 15,000-volt, 400-ampere, three-
phase oil switch of this type, with the oil tank re-
moved from the right-hand set of contacts. This 
view shows clearly the porcelain insulating bush-
ings with the conductor terminals attached to their Oltp ends and the stationary switch contacts attached 

their bottom ends. 
All three of the movable contacts can be moved 

at once by means of an op•u-ating shaft and lever, 
which are also shown in this figure. 

Fig. 424. At the upper left is shown the mechanism of a different type 
oil switch, and in the three other views are shown the steps 
or movement of the contacts during the opening of a switch of 
this type. 

Indoor-type oil switches used in power plants and 
high-voltage substations often have their separate 
phase units built into regular fireproof concrete cells 
or compartments, as shown in Fig. 426. This serves 
as additional protection to operators and also 
against interference with other circuits in the plant 
in case of a defect in or explosion of one of the oil 
switch units. It also makes convenient the connec-
tion of high-voltage conductors, which are also very 
often run through fireproof concrete ducts and cells 
throughout the plant. 

The switch shown in Fig. 426 is of the remote-
controlled, motor-operated type. The motor shown 
on top of the switch unit drives a gear which closes 
the switch and winds the heavy coil springs at the 

Fig. 425. 15,000-volt, 400-ampere, triple-pole oil switch with one tank 
removed. Note that the pole elements of this switch are each 
enclosed in a separate tank. (Courtesy of G. E. Company.) 
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Fig. 422. View of a three-pole. 3300-volt, 200-ampere oil switch with oil 
tank removed to show contacts. (Courtesy of G. E. Company.) 

nient on the circuits; and greatly increases the safety 
of operators because the circuits are interrupted within 
the metal tank. 

For this reason, oil circuit-breakers are used on 
practically all A.C. circuits of 2300 volts or over. 

Fig. 422 shows a small oil switch for use on three-
phase circuits of not over 3300 volts and 200 am-
peres capacity. The switch mechanism is shown 
removed from the tank in this view, so that the 
stationary and movable contacts can both be clearly 
seen. The stationary contacts are supported by the 
insulating bushings through which the conductor 
leads are run. There are six of these bushings and 
terminals, and the line enters through the three on 
one side and leaves through the three on the other 
side. 
The movable copper contacts, which are in this 

case shown dropped down or opened, are supported 
by the wooden insulating rods which are attached 
to the operating mechanism and lever on top of 
the switch. When these contacts are drawn up they 
press tightly into the spring fingers of the station-
ary contacts, thus making a good low-resistance 
connection. When the movable contacts are drop-
ped they open the circuit in two places in series in 
each phase, thus very effectively interrupting the 
current flow. 

Small oil switches of this type are generally 
mlnually-operated by handles or levers placed on 
the front of the switchboards or panels, as shown 
in Fig. 415. In some cases it is desired to locate the 
oil switches a few feet back of the switchboard, or 
perhaps behind the wall in another room. In this 

case they can still be operated by remote mechanicll 
control through a system of bell-cranks and rode 
as shown in Fig. 422-A. 

Oil switches should not be used in circuits with 
greater current loads than the capacity for which 
the switch is designed, and for effective operation 
and long life the contacts should be kept in good 
condition and the oil renewed frequently enough to 
maintain good insulating properties. 
When oil switches are tripped open under heavy 

overloads or short circuits the contacts are likely to 
be burned to a certain extent in spite of the arc 
extinguishing properties of the oil. This means that 
the contacts should occasionally be inspected and 
resurfaced or replaced with new contact shoes or 
fingers when necessary. 
The tank for the oil switch shown in Fig. 422 is 

provided with a set of inner barriers made of in-
sulating and fire-resisting material. These barriers 
separate the oil into three different wells or cells 
in each of which a set of contacts is placed. This 
tends to prevent flashovers between phases when 
the switch is opened. 
You will note that the tank can easily be removed 

to provide convenient inspection and care of the 
contacts as well as easy renewal of the oil. 

Fig. 423 shows a larger view of a set of station-
ary and movable contacts for a manually-operated 
oil switch. This view clearly shows the manner(' 
which the contacts can be removed for replacemeler 
by merely loosening the proper bolts and nuts. 
The view at the upper left in Fig. 424 shows the 

operating mechanism of a three-phase oil switch of 
somewhat different construction from the one in 
Fig. 422. In this switch the main movable contact 
is made of a number of thin strips of copper ar-
ranged in a leaf construction that provides a good-

Fig. 422-A. This figure illustrates the method of obtaining remote 
mechanical control for an oil switch located several feet back of the 
switchboard. (Courtesy of G. E. Company.) 
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15. Take pride in the proper care and condition Itd in the operating efficiency of every piece of equip-
ent in your plant, as well as the plant as a whole. 
16. Attend first-aid meetings and learn the location 

of first-aid kits and equipment in your station. 
17. Practice resuscitation. 
18. Be co-operative, cheerful, and good-natured 

with both fellow employees and superiors, even in the 
face of discouraging circumstances. 

19. Study carefully all company rules and encour-
age fellow workers to do the same. 

20. Keep up-to-date by frequently reviewing 
your Reference Set and school notes, reading good 
electrical books, and subscribing to one or more 
good trade journals or electrical magazines. 

Fig. 420. Small air circuit-breaker for use on circuits of 600-volts and 
loads up to 100 amperes. Note the flash barrier placed between 
the two poles of the breaker. (Couttesy of G. E. Company.) 

400. CIRCUIT-BREAKERS 

A. C. circuit-breakers are constructed very much the 
same as those used for D. C. circuits, except for the 
difference in the number of poles and a slight difference 
in the construction of their operating coils. 

Ordinary air circuit-breakers are frequently used 
on A. C. circuits ranging from 110 to 600 volts, but on 
higher voltage circuits carrying heavier currents in 
large substations or power plants, oil switches are gen-
erally used because they are much safer in operation 
and more effective in quickly interrupting high-voltage 
circuits. 

Fig. 420 shows a single-phase, 100-ampere, 600-a t, A.C. circuit-breaker. Each of the two poles is 
equipped with main contacts and auxiliary arcing con-
tacts, as previously explained for D.C. breakers. The 
flash-barriers shown between the tops of the two con-
tactors are for the purpose of preventing flashovers 

between the two poles of the breaker when an arc is 
drawn in interrupting heavy current overloads in the 
circuit. 
The series overload trip-coil and hand-trip button 

can be clearly seen in this photo. The small adjusting 
device is provided underneath the trip coil for setting 
the amount of load on which the breaker will trip open. 

Fig. 421 shows a 500-ampere, 250-volt, three-phase 
A.C. circuit-breaker. This breaker has three poles, 
one for each phase; and two overload trip coils, one 
of which is connected in each of the outer phase 
wires. 

Circuit-breakers of this type can be equipped for 
instantaneous opening or with time-delay devices in the 
form of dash pots or bellows on their tripping mech-
anisms. 
The care of A.C. breakers is similar to that of those 

used for D.C. in that the contacts should be kept tight 
ad in good condition, operating springs in good con-
dition, and overload adjustment properly made to give 
desired protection to the equipment on the circuits in 
which the breakers are installed. 

401. OIL SWITCHES 

Oil circuit-breakers consist of breaker contacts which 
are operated under oil within a metal tank. The great 
advantage of breakers of this type lies in their greater 
safety and their ability to quickly interrupt high-voltage 
circuits because of the action of the oil in quenching 
out the arcs at the contacts as they are opened under-
neath the oil. 
As soon as the switch is opened the insulating oil im-

mediately flows into the space between the movable 
and stationary contacts and snuffs out the arc. This 
preserves the life of the contacts by preventing them 
from being so severely burned by the arc; helps to 
obtain speedy circuit-interruption in case of over-
loads, thus providing better protection for the equip-

Fig. 421. Three-pole. 500-ampere, 250-volt A. C. air-breaker. Note the 
intermediate and arcing contacts and also the series overload trip 
coils. (Courtesy of G. E. Company.) 
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duties to which you may at first be assigned, and 
pay strict and alert attention to every operation 
and bit of instruction you can observe from those 
who may be instructing you or breaking you in. 
Large power companies are always looking for in-

telligent, ambitious, young men with practical train-
ing and good character, and the chief operators, 
plant foremen, and superintendents usually observe 
new men very closely; so it pays to be thoughtful, 
patient, and careful at all times when assigned to 
any duties in a power plant or substation. 
During your first few weeks in a station you 

should in every way possible thoroughly familiarize 
yourself with all of the various pieces of equipment 
and the general plant layout. Read and make a 
note of the data on the various machine name-
plates and memorize the capacity and voltage rating 
of the various machines. 
Determine the sizes of the conductors leading 

from the generators to the switchboard and locate 
the proper switches and meters for each machine. 

It is excellent practice to start by making a dia-
gram showing the outline of the switchboard and all 
instruments and controls, completing the main panel 
first and then adding another panel to the diagram 
each day. In this manner you can very soon be-
come familiar with the entire front of the switch-
board. 

Don't attempt to show any wiring in the diagram 
until you have all the instruments and devices in 
their proper location and thoroughly understand 
what each one is for in the operation of the plant. 

It is good practice to lay aside your copied dia-
gram and practice making sketches of the switch-
board layout from memory. 
Some power companies allow their operators to 

spend a certain amount of time on the job making 
diagrams and thorough studies of the plant, as well 
as to study any books or material which will help 
the operator in his work. Keep in mind that such 
studies should never be allowed to interfere with 
your work or alertness when on duty. 

After completing diagrams of the switchboard 
equipment and plant layout a thorough study should 
be made of any wiring diagrams supplied by the 
company, and you should then make your own di. 
grams from the actual wiring on the board and in 
the plant, carefully checking and marking each wire 
so that you know its voltage and current and the 
instrument or device to which it leads. 
A thorough step-by-step study of the plant equip-

ment and circuits made in this manner will soon 
enable you to have in your mind a complete simpli-
fied picture of the entire plant and this will be of 
great help in trouble shooting or in time of emer-
gency operation, as well as in your ordinary every-
day operating duties. 
Almost all power companies periodically examine 

their men with written, oral, and practical operating 
tests. Try to be well prepared for these examinations, 

but don't worry too much about the possibility of fail-
ing in them as the company is merely trying to find 
out what progress you are making and to stimula, 
your thought and energy and develop your ability f9 
promotion to positions of greater responsibility. 
Always try to remain cool-headed and calm, 

whether during examinations or during emergen-
cies which may arise in the operation of the plant. 
Think clearly and apply the principles of electricity, 
circuits, and machines which you have learned, and 
in this manner you can solve practically any prob-
lem or difficulty. 

The responsibility of an operator in a large power 
plant or substation is very great, and the safety of 
the lives of fellow workers, the safety of costly ma-
chines owned by the company, and the satisfaction of 
customers with the service they receive depend to such 
a large extent upon plant operators that it pays to 
always be thoughtful and careful and to use your 
head as well as your hands at all times. 
A few very good general rules or tips for the sub-

station or power plant operator are as follows: 
1. Always be careful and think before acting. 
2. Practice safety-first and attend safety-first 

meetings. 

3. Protect yourself and fellow operators with 
proper safety appliances. 

4. Determine the functions of your station. 
5. Keep accurate station records, such as daily 

meter or log sheets, repair sheets, trouble sheets, hol41, 
cards, etc. 

6. Keep the station and all equipment clean and 
orderly, and tools, safety appliances, etc., in their 
proper places at all times. 

7. Learn thoroughly the procedure for starting 
and shutting down all machines. 

8. Report to your superior all doubtful or unusual 
occurrences. 

9. Never allow anyone except properly authorized 
persons inside of the station. 

10. Never close a feeder switch without first being 
authorized to do so, and then make a record of the 
operation with the authorizer's name. 

11. Repeat all telephone orders received from the 
chief operator or dispatcher. 

12. Properly tag all outgoing lines which have been 
"killed" for workmen to make repairs on them. The 
tag should preferably be of red cardboard and should 
carry the date, your name, the name of the foreman 
of the repair crew, reason for or nature of repairs, etc. 
See that the switches of such circuits are locked open 
and grounded. 

13. See that danger signs are placed on all high-
voltage equipment and guard rails around dangerous 
places. High-voltage outdoor equipment should be 
fenced in. 

14. Consider all wires and equipment to be alive 
unless you are sure they are disconnected and thor-
oughly grounded. 
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can be built in one case to take the place of thiee 
separate ammeters. 
e Meters should be properly mounted and illum-

inated so that they can be easily read by the oper-
ators from a convenient position. 
Watthour meters and recording instruments 

are sometimes exceptions to this rule 'and are quite 
often located near the bottom of switchboard panels 
as they usually don't have to be read as frequently 
as voltmeters, ammeters, and wattmeters. 

398. SWITCHBOARD CIRCUITS AND 
WIRING 

Fig. 96 in Section Three on Alternating Current 
shows a wiring diagram for the main generator and 
exciter panels of one three-phase alternator in a 
small power plant. 

Fig. 419 shows a wiring diagram for two three-
phase alternators and the instruments and equip-
ment of a modern power plant switchboard to be 
used with these machines. 
Examine this diagram very carefully and become 

thoroughly familiar with the circuits and equip-
ment shown, and study out the operation and func-
tion of each circuit and device. A diagram of this 
kind is well worth several hours of your time, as it 
is quite typical of the arrangement of switchboard 

aircuits in a great many modern power plants. 

gir The Main A.C. bus and alternator leads are shown 
in heavy lines so that they will be very easy to 
trace. Current passes from the alternators through 
a set of reactor coils, then through the instrument 
transformers, oil switch, 0.S., and disconnect 
switches, D. S. to the main bus. 

This circuit, of course, is completed only after the 
disconnect and oil switches arc closed. 
The upper set of current transformers are used 

to operate the overload relays, 0.L.R., any one of 
which will close a circuit to the oil switch trip-coil 
in case of overload. 

The current for the oil switch trip-coil is supplied 
from the D.C. operating bus, which runs the length 
of the switchboard and supplies direct current for 
the various devices which can be conveniently oper-
ated with D.C. 

The lower set of current transformers are used to 
operate the three ammeters and the current ele-
ments of the polyphase wattmeter, W. M., in series. 
The potential transformer operates the voltmeter 
and the potential elements of the polyphase watt-
meter. 

This transformer also supplies the synchronizing fir when the machine starting plug is in place in 
e synchronizing receptacle, S.R. 

You will note that the synchronizing bus runs the 
length of the board and connects to a receptacle for 

synchronizing either alternator with the other, and 
also to a third receptacle at the right for synchro-
nizing either alternator with the live line from out-
side the plant in case this station is operating in 
parallel with others. 

The oil switch, meter and synchronizing circuits 
of the second alternator are exactly the same as 
those of the first. The synchroscope is shown at 
"Syn"; frequency meter at "F.M."; power factor 
meter at "P.F."; station voltmeter at "S.V."; sta-
tion ammeters at "S.A."; and a totalizing station 
wattmeter at "T.W.M." 
The main line or bus oil-switch, 0.S., is shown at 

the right with its overload trip coils, relays, and dis-
connect switches. The exciter bus supplies current 
through the alternator field ammeters, field-dis-
charge switches, and field rheostats to the slip rings 
on the revolving field of the alternator. 
The governor control motors, G.M., which oper-

ate the governors of the alternator prime movers, 
are also shown in this diagram. They are operated 
by the governor control-switch, G.S., by current 
supplied through the fuse, F., from the D.C. operat-
ing bus. 

The power circuits on switchboards are usually 
run with heavy copper busses or cables, while the 
instrument and control circuits are wired with regu-
lar switchboard wire having heat resisting insula-
tion, as explained in the Section on D.C. Switch• 
boards. 

All switchboard wiring should be done neatly and 
with a systematic arrangement of wires and cir-
cuits, in order to facilitate tracing the circuits and 
making repairs or additions to the wiring. Care-
fully examine the wiring on the large switchboards 
in the shop departments of the school. 

399. SWITCHBOARD OPERATION 

In order to qualify for a position as switchboard 
operator in either a power plant or substation 
one should be thoroughly familiar with the prin-
ciples, care, and operation of generators, trans-
formers, motors, converters, rectifiers, meters, 
switches, circuit breakers, relays, lightning ar-
resters, etc. 
Even though you feel well qualified to step in and 

operate a station, very few companies will allow 
any newly hired man to assume the full responsi-
bility of an operator during the first few days, even 
though he may have had previous experience or 
training. 
This is due to the fact that there are certain vari-

ations in the construction and arrangement of equip-
ment in different plants and also variations in the 
operating rules and procedure of different com-
panies. 

You should, therefore, willingly and faithfully 
perform any minor and seemingly unimportant 
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Fig. 419. Complete wiring diagram for a modern power plant switchboard, showing the connections of two three-phase alt:rnators and their 
various auxiliaries, and also the connections of the meters, relays, and oil switches. Trace this diagram very carefully and locate each 

part referred to in the accompanying explanation. 
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Fig. 417. Modern bench-type switchboard for remote control of genera Drs and oil switches in a large central station. Note the arrangement 
of the meters and the push-pull switches which control the solenoid operated and motor-operated oil switches and devices throughout the 
plant. (Courtesy of G. E. Company.) 

For example, a central station may have five gen-
erators of 30,000 kv-a. capacity and 11,000 volts 
each. The output of any one of these generators 
may be controlled through one of a group of gen-
erator panels at the switchboard, where their out-
puts are all combined together in one main bus. 
From here it may be fed to step-up transformer 
banks. 

Let us assume that there are three separate banks 
of transformers, one of which increases the voltage 
to 22,000 volts, another to 66,000 volts, and the third 
to 132,000 volts. 

Energy may be taken from the 22,000-volt bus 
through feeders to a number of local substations. 
The 66,000-volt bus may be used for an intercon-
necting tie with another power line of this same 
voltage. The 132,000-volt bus may feed one or more 
long distance transmission lines to carry energy 
to some distant city or industrial center. 

Switchboard meters are made in several different (tiles, such as round, square, and edgewise types, 
that the desired spacing and appearance can be 

- obtained on the panels. 
Meters should never be crowded too closely to-

gether on switchboard panels, as sufficient room 

should be provided for working on any individual 
meter without interference with adjacent ones. 
The several views of switchboards shown on 

these pages show very neat and logical arrange-
ments of meters. 

Multiple instruments consisting of several meter 
elements within one case are often used to save 
space on switchboards. For example, three separate 
ammeter elements—one for each phase of a three-
phase generator and each having its own scale— 

Fig. 418. View of truck-type switchboard showing one section removed 
to allow repairs or adjustments to be conveniently and safely made. 
Boards of this type are very popular in modern industrial plants 
as well as in certain power plants and substations. (Courtesy of 
G. E. Company.) 
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from all high-voltage circuits and the dangers of 
bad flashes or arcs. 

Remote-control switchboards also permit group-
ing the controls of a large plant closely together, 
for convenient operation. The large oil switches 
and rheostats used in a central station would be too 
bulky to mount at the rear of any ordinary sized 
switchboard. 
These remotely-controlled oil switches can be 

opened or closed by pushing or pulling the small 
switch knobs on the board. 
These switches generally close circuits to power-

ful solenoids, electro-magnets, or small motors 
which operate the oil switches. Some oil switches 
are operated by compressed air or hydraulic cylin-
ders, but these are not nearly as common as the 
solenoid-operated type. 
The large generator and exciter rheostats can be 

controlled by switches which start, stop, and reverse 
the small motors which drive them. 

Pilot lamps are commonly used on remote con-
trol boards to indicate when certain switches or 
breakers are open or closed and to show which cir-
cuits are alive. 

Fig. 418 shows a modern truck-type switchboard, 
such as is coming into quite general use in sub-
stations and small industrial power plants. One 

panel or unit of this board is shown withdrawn 
from the main group, illustrating the great conven-
ience with which the oil switch, meters, and deg. 
vices can in this manner be entirely disconnected 
and removed from the main board and live circuits. 
When the unit is pushed back into place the 

spring clips or prongs shown at the rear are again 
automatically connected with the live bus bars and 
circuits. The increased convenience and safety 
features of this type of board are causing it to be-
come very popular in many plants. 

397. SWITCHBOARD LAYOUT AND 
ARRANGEMENT OF INSTRUMENTS 

As the switchboards in generating stations or sub-
stations form the heart of the control for all ma-
chines and circuits in the plant, as well as for the 
power lines and circuits radiating from the plant, 
it is very important to make a careful study of the 
circuits and operation of the switchboard in any 
plant in which you may be operating. 

Central stations of large capacity often combine 
a certain amount of distribution with higher volt-
age power-transmission. This is particularly true 
of stations located in or near large cities. 
The switchboards should provide a convenient 

arrangement of generator and feeder panels for con-
trolling the various machines and feeders. 
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center, with their oil switches, meters, rheostat con-.rois, and plug-type instrument switches. 
On the right are shown four feeder panels equip-

ped with oil switches, relays, and watthour meters. 
On the left are shown the controls for the exciter-
generators and voltage regulator; and also the 
station ammeters, voltmeters, and synchroscope 
mounted on a hinged bracket at the extreme left of 
the board. 
This switchboard is typical of the vertical-panel 

type, with all wiring and bus bars mounted on the 
rear and enclosed by a screen guard. 

396. SWITCHGEAR 

As previously mentioned in the D.C. Section, the 
switches and controls used on these boards are all 
classed as "switchgear" and are for the purpose of 
opening, closing and controlling the various genera-
tor and feeder circuits in the plant. 
The switches on the generator panels control the 

generator-armature circuits and are used in start-
ing, stopping, and paralleling these machines. The 
switches on the feeder panels control the energy 
which is distributed from the main busses through 
these feeder sections to the various loads. 

Fig. 416 shows a diagram of a single switchboard 

panel on the left, an end-view of a board in the 
center, and some of the principal circuits on the 
right. Note the arrangement of the meters, 
switches, and controls on the front of the panel at 
the left; and also the side-view of this equipment, 
including the current transformers, oil switch, 
busses, and the instrument resistors shown in the 
center. 

Fig. 417 shows a remotely-controlled, bench-type 
switchboard such as is commonly used in large A.C. 
generating stations. The meters for the various 
generators are mounted on the vertical panel above 
the control board. 

The push-button and push-pull type switches and 
the small hand wheels shown on this board are used 
to control circuit breakers, oil switches, and motor-
operated rheostats which are located in another 
part of the plant. 

In some cases the throttle and governor controls 
for the generator prime movers are also placed on 
these switchboards. 

With boards of this type the heavy-duty oil 
switches handling large amounts of current at very 
high voltages can be located in a switching vault 
or room, thus keeping the operators safely away 

Fig. 415. An excellent view of a modern panel-type A. C. switchboard. Note carefully the location and arrargement of the meters, oil switches, 
relays, and rheostat controls. (Courtesy of G. E. Company.) 
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Fig. 413. Large outdoor switching and transformer station. Stations a: this type are used where transmission lines of d ff rent voltages tie 
together, and to provide switching facilities for branch I.nes of the same voltage. Transformers are also sometimes used n such stations 
for feeding local distribution lines. The large mass of structural steil framework makes a station of this type look rather complicated, but 
by carefully tracing the conductors through the framework and tracing a plan of such a station on paper, the circuits will be fotaid very 
simple. (Courtesy of Walter Bates Steel Company.) 

and connections supported by pillar-type insulators 
in the steel framework overhead. 

395. SWITCHBOARDS 

Switchboards in A. C. power plants and substa-
tions are very similar to those which were described 
in Direct Current Section Two for D.C. plants, ex-
cept that boards controlling three-phase circuits use 
three-pole switches and circuit breakers instead of 
two-pole units such as are used with D.C. 

In converter and motor-generator substations 
switchboard equipment is often connected in t hc 
circuits on the A.C. ends, as well as from the D.C. 
ends of the machines. You are already familiar 
with D.C. switchboards. 

Switchboards in A. C. power plants may be either 
of the vertical panel type, bench type, or truck type, 
all of which were previously described in Section 
Two of Direct Current. 

The general construction features, bus bar ar-
rangement, etc., are practically the same for A.C. 
boards as for D.C. 

Meters on A.C. boards are generally operated 
from current and potential transformers, instead of 
from shunts and direct connections to the busses 
as on D.C. boards. 

On manually-operated switchboards in A.C. gen-
erating stations oil switches are more commonly 
used than knife switches in the main circuits. 
The oil switches, being mounted behind the board 
and operated by a lever or handle on the front of 
the panel, provide a much safer arrangement for 
high-voltage circuits than would open kr ife-
s witches on the face of the board. 

Fig. 415 shows an excellent view of a manual 
switchboard in a 2300-volt A.C. generating plat, t. 
The three main-generator panels are shown in the 

Fig. 414. View of large oil switches and lightning a resters underneath 
the bus and switching structure of a 220.000-volt outdoor substation. 
(Courtesy of Philadelphia Electric Company.) 



A. C., Section Eight. Combination Substations. 727 

Fig. 411. This photo shows an excellent view of the interior of an automatic mercury arc rectifier substation. The rectifier is shown on the 
left and the automatic control switchboard with its relays and circuit breakers is shown on the right. (Courtesy of General Electric Co.) 

ev nsformers, lightning arresters, and high-tension 
itching equipment are located outside the station 

building. 
The operation and care of mercury-arc rectifiers 

llave been covered in the previous section, and the 
general features of the other equipment and the 
circuits for these substations are very similar to 
those of synchronous converter stations. 

394. COMBINATION SUBSTATIONS 
In many cases large substations may combine two 

or more of the types of equipment and service al-
ready described. For example, a single substation 
may include step-down transformers for reducing 
the voltage from high-tension transmission lines to 
the proper value for local A.C. distribution; syn-
chronous converters, with their separate transform-
ers and equipment for supplying D.C. to local street 
railways or industrial plants; possibly also a later 
type mercury-arc rectifier operating in parallel with 
the synchronous converters; and even one or more 
motor-generator sets for supplying D. C. or A. C. 
of a different frequency for special purposes. 

Fig. 412 shows the power transformers, lightning 
arresters, and disconnect switches, all of which are 
commonly located outside the substation structures. 
Such equipment as synchronous converters, mer-* y-arc rectifiers, and motor-generators are placed 

side the building. 
Switching stations or transformer stations such 

as shown in Figs. 413 and 414 are often used where 
transmission lines of different voltages, or lines 

operated by different companies, are joined to-
gether. Such stations contain transformers, oil 
switches, air brake switches, and disconnects; and 
also high-tension transformer busses for shifting 
the connections from one line to another. 

In Fig. 413 the transformers are shown in the 
left foreground. The oil switches are shown in the 
background. The high-tension air-break and dis-
connect switches and the high-voltage transformer 
busses are supported in the steel structure overhead. 

Fig. 414 shows a 220,000-volt switching station, 
with lightning arresters on the right and huge oil 
switches on the left. Note the high-tension busses 

Fig. 412. Exterior view of a modern substation showing incoming line, 
choke coils, fuses, disconnects, lightning arresters, and power 
transformers outside of the building. The synchronous converters 

are located inside of the building. 
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Fig. 409. Double rotor of a frequency changer motor-generator set. 
The ten-pole rotor operates on 25 cycles and the 24-pole rotor 
produces 60-cycle energy. (Courtesy of Allis-Chalmers Mfg. Co.) 

erator frequency-changer is used to convert the 25-
cycle energy into 60-cycle energy. A set of this 
type would use a 25-cycle synchronous motor to 
drive a 60-cycle A.C. generator. 
Frequency changers are also used to tie 25 and 60 

cycle lines or power systems together. 
In directly connected frequency-changer sets the 

motor and generator must both revolve at the same 
speed; so, in order to obtain the different frequen-
cies, it is necessary to have different numbers of 
poles in the two units. 
For example, a machine to convert 25-cycle to 

60-cycle energy and designed for operation at 300 
RPM would have to have a synchronous motor with 
10 poles and an alternator or A.C. generator with 
24 poles. 

The rotors for a 1200 kv-a. machine of this type 
are shown in Fig. 409, the 10-pole D.C. field of the 
synchronous motor being on the right and the 21, 
pole alternator field on the left. 
A number of motor-generators of this type can be 

operated in parallel if they are properly phased out 
and synchronized just as alternators would have to 
be. 

Frequency changers are built in sizes ranging 
from those of a few kv-a. to 50,000 kv-a. 

Fig. 410 shows two A.C. motor generator units in 
a frequency-converter substation. 

393. MERCURY-ARC SUBSTATIONS 
As explained in a previous section, mercury-arc 

rectifiers are coming into quite extensive use for 
converting A.C. to D.C. in railway substations as 
well as for certain industrial uses. Mercury-arc rec-
tifiers are in many cases preferred to either sychro-
nous converters or motor-generator sets, because of 
their very quiet operation and their higher efficiency 
when operating lightly loaded. 

In addition to the rectifier unit, mercury-arc sub-
stations include the usual lightning arresters, oil 
switches, circuit breakers, meters, relays and the 
step-down power transformers which are used for 
reducing transmission line voltage to the proper 
operating voltage for the converter. 

Fig. 411 shows a view of the inside of an auto-
matic mercury-arc rectifier substation. This photask 
graph shows the mercury-arc rectifier on the leg. 
and also shows the automatic-control switchboard 
with its meters; circuit breakers, and relays. The 

Fig. 410. This photograph shows two large motor-generator sets in a frequency converter substation. Machines of this 
type are used where it is necessary to change the f re quency of the alternating current supply to another frequency 

required for the operation of certain motors or other electrical equipment. 
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Fig. 405 shows a large motor-generator with the 
A.C. motor on the left and the D.C. generator on ehe right. Both armatures of this machine are 
mounted on the same heavy shaft, and both the 
gtator of the A.C. machine and the field frame 
of the D.C. generator are mounted on the same bed-
plate. 

Fig. 406 shows a 1000-kw. motor-generator set 
driven by a 4000-volt three-phase, synchronous 
motor. The exciter-generator for supplying the di-
rect current field energy for the synchronous motor 
can be seen on the left. 

In this unit the motor and generator armatures 
are mounted on separate shafts which are direct 
coupled and supported by a bearing between the 
machines aç well as the two end bearings. 

. 406. 1000-kw, motor-generator set with an A. C. synchronous 
motor and exciter on the left and the D. C. generator on the right. 
(Courtesy of Allis-Chalmers Mfg. Co.) 

Where motor-generator substations are fed from 
high-voltage transmission lines they are equipped 
with arresters, step-down transformers, oil switches, 
etc., similar to those used in transformer or con-
verter substations. 
The starting equipment for the A.C. motor de-

pends upon whether it is of the squirrel-cage induc-
tion or synchronous type. The methods of starting 
each of these machines have been described in pre-
vious sections on A.C. Motors and Controllers. 
The D.C. energy from a motor-generator set is 

usually passed through the proper switches, circuit 
breakers, and meters on a D.C. switchboard in the 
substation and then to the various feeder circuits 
throughout the plant, or to trolleys in case of rail-
way substations. 

Motor-generator stations for steel mill use are 
often equipped with large, heavy fly-wheels as 
shown in Fig. 407, in order to enable the unit to 
carry heavy momentary overloads without using an 
excessively large A.C. motor. 

During periods when the load on the D.C. gen-
erator is comparatively light the A.C. motor a ry slightly increases the speed of the fly-wheel 
d stores a considerable amount of energy in it. 
When sudden, heavy overloads are placed upon 

the D.C. generator by large steel mill motors the 
speed of the motor-generator is slightly reduced. 

Fig. 407. Motor-generator set with large flywheel for carrying heavy 
momentary overloads in steel mill work and other classes of severe 
service. (Courtesy of Allis-Chalmers Mfg. Co.) 

thus absorbing the mechanical energy from the fly-
wheel. 
On large units several thousand additional horse 

power can be delivered for periods of a few seconds 
by the energy in the fly-wheel. 

In addition to supplying direct current in steel 
mill and railway substations motor-generator sets 
are commonly used for supplying small amounts of 
direct current for electro-plating, arc welding, or 
other special uses in industrial plants which are 
largely operated by A.C. 

Fig. 408 shows a compact type of motor-generator 
set for use with D.C. elevator equipment. In addi-
tion to the main A.C. motor and D.C. generator 
units this machine also has a small exciter-gen-
erator, shown on the left, and a speed regulating 
generator, shown on the right, for controlling the 
D.C. field of the elevator machines. 

392. FREQUENCY-CHANGER SUB-
STATIONS 

Motor-generator sets are also used for changing 
alternating current from one frequency to another. 
For example, if a transmission line supplies energy 
at 25 cycles to a factory or plant which has equip-
ment that operates on 60 C% cles then a motor-gen 

Fig. 408. Compact type of motor-generator set used for operating D. C. 
elevator motors. (Courtesy of G. E. Company.) 
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starting of the converter. The small field-flashing 
motor-generator set is also shown on the bottom of 
this panel. The leads from the transformer second-
aries can be seen entering the substation through 
the wall bushings and leading to the starting panel. 
The transformers at this station are located out-
doors. 

The main switchboard panel contains the positive 
breaker, feeder switches and breakers, motor-oper-
ated drum control for automatic starting of the sta-
tion, and the various meters and relays. 
The converter shunt-field rheostat wheel can be 

seen at the center left of the panel. The positive 
bus can be seen at the top of the board, and behind 
these are large banks of armature protective resist-
)rs which are automatically cut into the armature 
circuit of the converter in case of short circuits or 
overloads on the trolleys or feeders. 

In case these overloads are left on the machine 
too long the resistor grids overheat, causing ther-
mostats which are mounted above them to close cir-
cuits to the proper relay on the board; and this 
relay in turn trips the breakers, shutting the con-
verter down. 
The duties of an operator in a manually-operated 

converter station are to start and stop the machines 
as the load requires and as described in Section Six 
under Synchronous Converters. 
The operator should also make frequent inspec-

tion of the bearing lubrication and the temperatures 
of the machine windings; take meter readings at 
regular intervals; keep the station records; reclose 
breakers in case of trip outs; and see that all circuit 

breakers, relays, and protective equipment are kept 
in proper adjustment. 

Further details have been outlined under the o 
eration and care of the various devices previousl 
explained. 

391. MOTOR-GENERATOR SUBSTATIONS 
In certain classes of substations motor-generators 

are used instead of synchronous converters for the 
purpose of changing A.C. to D.C. Such motor-
generator sets may consist of either a squirrel-cage 
induction or a synchronous A.C. motor directly con-
nected to a D.C. generator. 
A considerable number of motor-generator sub-

stations have been installed in the past and are still 
in use, although converter substations are generally 
favored for present day installations because of the 
higher efficiency of synchronous converters. 
There are, however, certain classes of very severe 

service, such as the widely varying loads in steel 
mills and certain industrial plants, where motor-
generators are to be preferred because of their 
greater stability in operation and their very rugged 
mechanical construction. 
Rotary converters are rather sensitive to sudden 

load fluctuations and are sometimes difficult to op-
erate in parallel under severe service conditions. 

In operating motor-generators there are to be 
considered the losses in both the motor and the gen-
erator. For example, if both the motor and the gill 
erator of an M.-G. set have efficiencies of 907011, 
full load, then the over all full-load efficiency of the 
unit will be 81%. At light loads this efficiency will 
be considerably lower. 

Fig. 405. Motor-generator set for converting alternating current to direct current. The A. C. motor on the left is direct-connected to the 
D. C. generator on the right. 
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provided with circuit breakers, with overload trip 
coils, and with ammeters for measuring the load on 

de separate trolleys or feeders. Note the small 
.C. lightning arrester connected to the outgoing 

trolley or feeder wire. 
If more than one converter is in operation in the 

station the equalizer connection and bus would be 
used as shown. 

Fig. 261 in Section Six of this Reference Set 
shows in greater detail the connections for a six-
phase rotary converter. It will be well to refer back 
to this diagram and keep it well in mind in connec-
tion with your studies of converter substations. 

Fig. 404 shows a view of the inside of a synchro-
nous-converter railway substation. The converter is 
shown in the foreground and the negative switch 
and field break-up switch can be clearly seen 
mounted on the side of the converter frame. Note 
the arc barriers around the brushes, and note also 
the motor which operates the brush-lifting mech-
anism. This motor is shown beneath the right-
hand end of the machine shaft. The panel on 
the left contains the starting and running contact-
ors for switching from low to full voltage during 

Fig. 403. Single line diagram of a synchronous converter substation, 
showing main step-down transformer, converter, and auxiliary 
equipment. 

Fig. 404. This photograph gives an excellent view of the inside of an automatic converter substation. The converter is shown in the fore-
ground, the startmg panel at the left, and the main switchboard with the automatic control relays and circuit-breakers in the right 
background. (Courtesy of General Electric Co.) 
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vere overloads or in case of D.C. feed backs to the 
converters during periods of failure of the A. 
supply. 

390. CONNECTIONS OF A CONVERTER 
SUBSTATION 

Fig. 403 shows a one-line diagram of a converter 
substation. You will note that the high-tension 
lightning arrester, air break switch, oil switch, in-
strument transformers, and high-tension bus circuits 
are practically the same as for the transformer sub-
station down to and including the step-down power 
transformer. 
Between the step-down transformer secondary 

and the converter is shown the starting switch, 
S.S., for supplying reduced voltage to the A.C. end 
of the converter during starting. 
The converter, slip rings, and commutator are 

shown by simple symbols in this diagram; and the 
negative brush is shown connected through the 
commutating and series fields and negative knife 
switch to ground. 

In the case of a D.C. industrial substation the 
negative lead instead of being grounded would con-
nect to a negative bus. The positive lead from the 
converter passes through a wattmeter or watthour 
meter, W; positive knife switch; ammeter shunt; 
overload trip coil; and circuit breaker, C.B., to the 
positive bus. 
From the positive bus one or more feeders or tr. 

ley connections can be taken; and these are usually 

F.g. 401. outdoo:- transformer .,ubs ation with transformers lo-
cated on a base on the ground, and chock coils, fuses, and discon-
nect switches on the steel tower above them. 

large amounts, although mercury-arc substations 
are rapidly coming into more general use. 
The equipment of a complete converter substa-

tion generally consists of arresters, high-tension 
switching equipment, step-down transformers, syn-
chronous converters, switchboard, oil switches, 
meters, protective relays, D.C. busses, etc. 
The transformers reduce the voltage from that of 

the transmission line to that for which the A.C. ends 
of the converters are designed to operate on. 

In most modern converter stations the trans-
former secondaries are connected so that they sup-
ply six-phase energy to the converter slip rings, as 
was shown in the preceding section on Synchro-
nous Converters. 

In most cases some form of switching equipment 
is provided for starting the converters from the A.C. 
end at reduced voltage from the transformer second-
aries. This equipment may be either manually or 
automatically operated, according to the type of 
station. 
The D.C. leads from the converter to the direct 

current busses are generally equipped with high-
speed air-circuit breakers, to quickly disconnect the 
machines from the trolleys or feeders in case of se- Fig. 402. Group of transformers mounted on heavy arms on an 

extra heavy pole. 
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Small transformer substations such as those lo-etaed in industrial plants may not require an op-
tor at all times. Such stations are usually 

equipped with watt-hour meters and in some cases 
with other recording instruments which can be read 
once a day or less often when the equipment is 
given inspection by the plant electrician. 

Fig. 400 shows one-line diagram of the circuit 
through a simple transformer substation. Dia-
grams of this type show only one of the three 
phase wires and therefore do not show all of the 
connections of the equipment completed, but they 
do show the general arrangement of the more im-
portant devices and connections, and they are much 
simpler to trace than complete wiring diagrams. 
Study this diagram carefully to become familiar 

with its use, as most substation and power plant op-
erators are supplied with single-line diagrams as 
well as complete wiring diagrams of their stations. 

In Fig. 400 the transmission line which feeds the 
substation is shown at the upper left. The lightning 
arrester, L.A., and the disconnent switch, D.S., are 
the first devices connected to the line. The choke 
coil is in series with the line and all other station 
equipment. 

Current and potential transformers are provided 
for metering the energy supplied by the line, and 
in some cases another line might also be supplying 

ll rgy to the high-tension bus of the station 
rough a connection such as shown by the dotted 

line. 
The oil switch, 0.S., is to disconnect the line from 

the bus. The air break switch, A.B., can be used to 
"kill" the oil switch and instrument transformers 
when it is desired to work on them. 
The current feeds from the high-tension bus 

through a disconnect, oil switch and current trans-

Fig. 400. Single line diagram of a distribution substation with one main 
power transformer for reducing the voltage from the transmission 
line. Trace this diagram carefully and familiarize yourself with 
each part from the explanations given on these pages. 

former to the step-down power transformer; then 
on through instrument transformers, oil switch and 
disconnect to the low-tension bus. 
More than one bank of power transformers may 

be connected between the high-tension and low-
tension busses in large substations. In such cases 
the separate sets of instrument transformers per-
mit the load on each bank of transformers to be 
read and checked, and the separate oil switches al-
low any bank of transformers to be temporarily 
disconnected during light load periods, without 
shutting down the station. 
From the low-tension bus the energy is taken off 

to the distribution feeders through disconnects, oil 
switches, voltage regulators, V.R., and metering 
transformers. 
The switches allow any certain feeder to be dis-

connected from the L.T. bus in case of trouble, and 
the instrument transformers allow the separate me-
tering of the load on each feeder, as well as provid-
ing overload protection by overload relays operated 
by the current transformer to trip the feeder oil 
switch. These relays are not shown in this dia-
gram; and only one feeder circuit is shown, the 
rest being indicated by the dotted lines. 
The complete connections of the various pieces 

of equipment shown in the diagram in Fig. 400 have 
all been explained in earlier sections. 

In some cases small isolated outdoor substations 
consist of just the transformers, arresters, and high-
voltage air break switches, as shown in Fig. 401. 

Still smaller pole-type transformer installations 
are often made as shown in Fig. 402. 

389. CONVERTER STATIONS 

Steel mills, mines, electrified railroads and also 
certain industrial plants use large amounts of 
direct current, which is usually supplied from 
substations which change A.C. to D.C. by means 
of synchronous converters, mercury-arc rectifiers, 
or motor-generators. In converting A.C. to D.C. 
by any of these methods considerable power is 
lost, because in the average substation the load 
throughout a period of 24 hours varies considerably, 
with the result that during part of the time the 
equipment is likely to be operating lightly loaded 
and at reduced efficiency. 

In synchronous converter or motor-generator sta-
tions the loss during light-load periods may be any-
where from 20 to 30 per cent. or more. 

Mercury-arc rectifiers are much more efficient 
when operating at light loads than converters or 
motor-generator sets are. 
For these reasons, some of the plants and rail-

ways which were formerly operated by D.C. are 
gradually changing over to A.C. motors, and other 
new plants and electric railroads are using A.C. 
equipment entirely. 
Synchronous converters are still the most com-

monly used machines for changing A.C. to D.C. in 
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SUBSTATIONS 

Substations have already been mentioned fre-
quently in this Reference Set and in this section 
they will be more fully described. In general a 
substation may be said to be a station which re-
ceives electrical energy over a transmission line 
from a generating plant and changes this energy to 
a voltage, frequency, and form suitable for distri-
bution to the customers and consumers in the dis-
trict. 

Substations may be roughly divided into two gen-
eral classes: Alternating current step-down sta-
tions, and alternating to direct current converting 
stations. 

Alternating current substations may also be di-
vided into two classes: (a) Transformer or step-
down stations for distribution. (b) Frequency 
changer stations. 

A. C. to D. C. converter stations can be divided 
into three types, according to the equipment used: 
(a) Motor-generator stations. (b) Synchronous 
converter stations. (c) Mercury-arc stations. 
Any substation may be either of the manually or 

automatically operated type. In manually operated 
substations operators are in attendance at all times 
to start and stop the machines; perform switching 
operations; regulate load and voltage; check meter 
readings; keep station records; and perform minor 
repairs. 

In automatic substations the starting, stopping, 
and switching operations are performed by sensitive 
relays which operate air circuit-breakers or oil 
switches in the machine and line circuits. 

The relays themselves are caused to operate by 
changes in the voltage or current of the lines lead-
ing from the station. For example, in stations that 
start up when the load demand becomes great 
enough, a current relay or contact-making ammeter 
can be used to close the circuit to a motor-driven 
drum control. 

This control in turn will close the various circuits 
in order, for starting up a converter or other equip-
ment in the plant. In other cases the starting re-
lays may be operated by a contact-making voltmeter 
or potential relay whenever the line voltage be-
comes low enough, due to voltage drop that is 
caused by increasing load on the line. 

Various auxiliary and protective relays are oper-
ated by changes in the speed of rotating machinery, 
changes in the temperature of equipment, or by 
certain fdUlts occurring in the station. 

Many automatic substations have what is called 
supervisory control, which ena'ales the relays to be 
operated by remote control over telephone or signal 
wires from a master substation or the generating 

plant. Such stations are usually given a thorough 
inspection and checking once a day by an expert 
operator who may have charge of several stations. 

388. DISTRIBUTION SUBSTATIONS 

Distribution or transformer substations are by far 
the most numerous and common because the greater 
part of electrical energy used in this country is A.C. 
and therefore dosen't require conversion, as it is 
transmitted as A.C. 

In distribution stations transformers are used to 
step the voltage down from that of the transmis-
sion lines to voltages ranging from 110 to 440 for 
nearby customers, and from 2300 to 4000 or more 
for distribution feeders supplying customers who 
are more than a few hundred feet from the station. 

The transmission line wires are usually brought 
into such substations through an outdoor structure 
containing the lighting arresters, high-voltage air 
break switches, oil circuit-breakers, etc. 

In some cases this equipment is located inside the 
substation building. 

Some substations are supplied with power fro. 
two or more transmission lines and the switc 
ing equipment of each station is arranged so the 
station can be connected to any one of these lines 
in cases of trouble on others. 

There may be one or more banks of transformers 
in a substation, according to its kv-a. capacity and 
the number of different voltages it is to supply. 
Transformer secondaries feed to various bus bars, 
which in turn feed through the proper circuit break-
ers to the separate distribution lines running from 
the station. 

In case of trouble on any of these distribution 
lines their circuit breakers can be opened either au-
tomatically or by the operator, and thus prevent in-
terference with the operation of the substation and 
other lines. 

Substations supplying energy for lighting are 
frequently equipped with automatic induction volt-
age-regulators, as described in a previous section. 

Distribution substations are generally equipped 
with a switchboard on which are mounted the 
various meters and instruments for checking and 
recording the load on different circuits. These 
boards often contain automatic relays for overload 
protection, reverse power, under-voltage, etc. 

High-voltage oil switches or air break switches i 
the transmission line circuits feeding the subs 
tion, may be remotely controlled by small push bu - 
tons or knife switches on the board in the station. 
or they may In some cases be manually operated. 
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ALTERNATING CURRENT DEPARTMENT 252 A 

THE SYNCHRONOUS MOTOR 

THE SYNCHRONOUS MOTOR is so named because the ROTOR revolves at the same speed 

as the REVOLVING MAGNETIC FIELD of the stator. 
THREE WINDINGS ARE USED in this machine: 

1. THE A.C. STATOR or armature winding, which produces a revolving magnetic field 
when polyphase A.C. is applied to it. 

2. THE D.C. FIELD or rotor winding, which produces a fixed polarity. This winding 
must be excited from an outside source of D.C. 

3. THE DAMPER or squirrel cage winding which consists of a few large copper bars 
imbedded in the D.C. field pole faces and shorted together by end rings. This 
winding serves 2 purposes: (a) It permits the motor to start as an induction 
motor at low torque but is inactive during normal synchronous operation. (b)It 

tends to prevent hunting. 
HUNTING is a periodical variation in the speed of the rotor with regard to 

the revolving magnetic field of the stator. It is caused by: (a) a sudden change 
in mechanical load. (h) a sudden change in A.C. line voltage. (c)a sudden change 

in D.C. field excitation. (d) hunting on the same system of other rotating elec-
trical equipment. 

THE FIELD DISCHARGE SWITCH and the field discharge resistor are arranged to 
protect. the D.C. field from high transformer voltages induced by the stator field 

during the starting period, and also from high self-induced voltages generated by 
collapsing D.C. field flux when the field is disconnected from the source of ex-
citation. The discharge resistor and switch form a closed circuit on the field 
when the switch is placed in the discharge position, and this .greatly reduces the 
danger to the field insulation. 

ADVANTAGES CF THE SYNCHRONOUS MOTOR: 1. Constant speed. 2. Variable power 
factor. The pcwer factor may be varied by controlling the excitation current of 
the D.C. field. The P.F. will be UNITY or 100% at NORMAL excitation, LAGGING at 
UNDER excitation, LEADING at OVER excitation. 

THE MOTOR WILL CORRECT POWER FACTOR because when the D.C. field is over ex-
cited the A.C. stator will draw a LEADING current which will neutralize a LAGGING 
current drawn by inductive apparatus connected to the same system. It will carry 
a mechanical load and correct P.F. of the system at the same time providing the 
full load current rating of the machine is not exceeded. 

DISADVANTAGES OF SYNCHRONOUS MOTOR: Greater cost per H.P., low starting 
torque, subject to hunting, requires outside source of excitation, more auxiliary 
apparatus for control and indication, more intelligent handling, and may require 

some form of clutch to connect the load to it. 
APPLICATIONS: Driving compressors for air conditioning and refrigeration, 

also for compressed air. Driving textile mill looms, cement grinding and rubber 
processing machines, paper pulp grinders, also M.G. sets, frequency changers, or 

in general any load of 25 H.P. or more not requiring heavy starting torque and 
which may be operated at a constant speed. 

ROTATION may be reversed by changing any 2 of the 3 stator leads. The D.C. 

field polarity does not determine the direction of rotation. 
PROCEDURE FOR STARTING THE MOTOR: 

1. Reduce the exciter voltage to a minimum. (Turn field rheostat to right) 
2. Place the field discharge switch in the discharge position. 
3. Apply low voltage A.C. to the stator and allow motor to accelerate to almost 

full speed. (Watch AM. to note when starting current is reduced to a minimum. 
4. Close the D.C. field switch to apply excitation current to the field. 
5. Apply full voltage to the stator winding. 
6. Adjust D.C. field excitation to obtain desired power factor. 

PROCEDURE FOR STOPPING THE MOTOR: Remove the mechanical load if possible, 
then reduce field excitation and finally disconnect the stator from the A.C. supply. 
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Job No. 13 T RANSFO RM ER CONNECTIONS 

CONNECTED OPEN-(E LTA 
PRI. LINE E 
PRI. PHASE E  
RATIO  
SEC. PHASE E  
SEC. LINE E  

Note that this connection unes two single-phase 
transformers and that a true three-phase trans-
formation is obtained. Particularly note the 
voltage readings between secondary lines. Ex-
plain this. 

This job is used to illustrate the different connectione that may be made with 
single-phase transformers, and also to demonstrate the relationship that exists 
between the line and phase voltages for the various three-phase connections. 
Take the readings indicated below the diagram and enter them in the spaces pro-
vided. Make the delta connection first, then add the fourth wire and read from 
line to N. 

1 

# 

Li 
PRI. LINE E  
PRI. PHASE E  

RATIO  
SEC. PHASE E  
SEC. LINE E  
ADD NEUTRAL CN) Elc CHECK VOLTAGE 
ILi to N Lz to N L3 to N 

E BETWEEN LI tON,S, L3 toe: LINE EX 0.S. 
E BETWEEN L.2 a N =LINE E X 0.866 

PRI. 

A 
SEC. 

A 
NEUTRAL WIRE CN) 
USED IN 3 PHASE 

wieE 5y5TEm 

L. 

Section 2 shows a delta-star connection with a four-wire secondary. Connect 
and read as indicated in Section 1. Note that on all connections, line volt-
ages are obtained between Ll, L2, Ls, and phase voltages from Hi to H2 or 
Ij to 12. In the four-wire secondary used here, phase voltages are also ob-
tainable from any secondary line to the neutral wire. The neutral is usually 
grounded. 

L, 1 Le 

ft.o elf» (/ LIZA90, 

Li ILl PUe 
PRI. LINE E   
PRI. PHASE E  
RATIO  
SEC. PHASE E  
SEC, LINE E  
ADD NEUTRAL (N) 8, CHECK VOLTAGE 

Li to N j L2 to N L3 to N I 

E 8ETWE EN Li, L2 8- L 3 to WLIJ4E EX0.58 

_If a ,‘ 

o-stct04-004.0o  

PR!. 

A 
SEC. 

Y 

NEUTRAL WIRE(N) 

t12 

Q44111)91(13.409.ki 

•Li 

Pfil. LINE E  
PRI. PHASE E  
RATIO  
SEC. PHASE E 
SEC. LINE E  

L3 

Ha 1H, ti2 

Q (29.9.4 o 0 0 a tellIt US) 09  

PRI. 

Y 
sc.c. 
Y 

In the above connection, which is the star-star arrangement, take all readings 
required, mark the starts and finishes on both primary and secondary, Aleo in-
dicate that polarity each transformer has; that is, whether it is additive or 
subtractive. What voltage is obtained from the star point to the line wire on 
the primary - on the secondary? Does this voltage equal the phase voltage? 

L3 

Y 

L ILa IL3 

PRI. LINE E  
Pfft PHASE E  
RATIO  

SEC. PHASE E  
SEÇ. LINE E   

Repeat all tests enumerated in Section 3. How do the line and phase voltages 
compare on the primary; on the secondary? If one transformer failed, could a 
three-phase supply be maintained by the connection used in Section 1; in Sec-
tion 2; in Section 3; in Section 4? From the answers to the above questions, 
derive the advantages of the delta connection as compared with the star. 

L, La La 

Pe. I 

VI 
1 

5EC 1 

V 
1 

1 

L, L IL3 I 

1 
1 

L, Le 

L IN 1_2 

Ingle Phase 3 Wire 
System 

Fri. liste E  
I fi'd.tio  

Sec. line E  
Li to N  
La toN  

,Compare these readings with 
'those obtained on open-delta 
land explain why they differ. 

VOLTAGE AND CURRENT FORMULAS FOR 
STAR AND DELTA CONNECTIONS. 

5 TAR CONNECTED 
LINE I = PHASE I 
LINE E = PHASE E X 1.73 
PHASE E = LINE E X0.58 

DELTA CONNECTED 
LINE E = PHASE E 

LINE I = PHASE I X 1.73 
PHASE I: LINE I X 0.58 

THESE FORMULAS ARE USED TO CHECK 
THE ACCURACY OF THE METER READINGS 

Some discrepancy between the meter readings and the formulated values must be 
expected, since the formulas are based on ideal conditions rarely obtained in 
practice. Moreover, there is always the possibility of meter error to be 
considered. However, considerable departure from the theoretically correct 
values indicated by the formulas should be investigated, as they point either 
to serious meter defects or to improper connections. 

When connecting the primary windings of single-phase traneformere to the line, 
either end of any given primary winding may be regarded as a start, the other 
end then becoming a finish. After the primaries are connected, however, cer-
tain secondary ends are starts, the other ends being finishes, and these can-
not then be interchanged since the secondary start and finish relationship is 
automatically established when the primary windings are connected. 
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TEELA 
6" COPPER BALLS 

THE SECON DARY CONSISTS OF 1000 TURNS 

oF NO. 24 D.C.C. WIRE, SPACE WOUND 

ON A FIBRE TUBE xzr- 6". THE 

ENTIRE COIL SHOULD BE GIVEN A 

COAT OF SHELLAC OR COLLODION. 

THE PRIMARY CONSISTS OF 10 TURNS 

OF 1/4 " COPPER TUBING, SPACE WOUND 

ON A WOODEN DRUM IC 12". THE 

PRIMARY 15 MOUNTED ON 7" PYREX 

INSULATORS. 

A FLEXIBLE LEAD AND CLIP IS USED 

TO VARY THE NUMBER OF PRt. TURNS. 

A ROTARY SPARK GAF, 
WILL. GREATLY IMPROVE 'THE 

OPERATION. 

K-VA. TRANSFORMER. 
_t 

•IlWreaelWir 

11111. IL 
o 
gDi  

HIGH VOLTAGE 

CABLE 

4.-6" 

   - C-2." DIAN. 

2'-e"DIAM, 

=SEC.= 

• 

fil 

CONDEH3ER SPARK 
GAP 

IMF 

elm 
iTs   

o  

TRANSFORmER DETAi LS. 

CORE — 40 Las. OF IRON. 

FRI. - 130 TURN et1.4S.C.•E. 
WIRE. 2 LB1-

SEC.-2%500 T. a* 34 S.c.E. 

WIRE. 5 LBS. 
PRI.-110E. SEC.- 25,000E. 

THE CONDENSER CONSISTS OF 48 SHEETS 

.005" BRA35 SEPARATED BY DOUBLE STRENGTH 

GLASS SHEETS AND ASSEMBLED INA THREE 
CELL AUTO BATTERY CASE FILLED WITH 

TRANSFORMER OIL. DETAILS OF UNIT 

FOR ONE. CELL ARE 5110v414 AT THE RIGHT. 
IMPROVED PERFORMANCE MAI SOMETIMES BE 
OBTAINED BY INCREASING OR DECREASING THE 

NUMBER OF PLATES. THE BEST ARRANGEMENT 
WILL BE FOUND BY TRIAL. 

COYNE ELECTRICAL SCHOOL. 

THE 3 CELLS ARE 
CONNECTED IN 
PARALLEL. 

5 

••GLAss 
PLATES. 

  BRASS PLATE. DETAILS OF ONE CELL. 
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PIPE OR‘vEt.4 GR0uN0 

(Mewling S•litU/ In« 

>toes C.RP 
LI 64111 PM 6 ARRE:SIva 

TR ANSPOS IT I ON 
TOWER 

t1.1. POSE — RURfil TRAINSP11SS16111 USE 4600E. 3P14. 

TRANS. i PH. 3 WIRE 

RAII0 301 STEPOOVO4-

TRANSMIS51 ON AND 

DtSTRI BUT I ON SYSTEM. 

220 -110E. _ 

FOR LIGHT1146 PURPOSES 

\ NEUTRAL (oR. 

»NM 

bellelUreduel 
I lellfillArf NIS 

COViik 

C> 

S
.
J
a
t
t
l
J
O
I
S
U
I
3
.
4
1
 



3PH. FEEDER 

4 WIRE 

FEEDERS 

- - 

3 PH . 

TWO 3 PH 
L INES 

3 PH 

-  

3 PH 

1!!1 POWER 84 LIGHTING DISTRIBUTION SYSTEM ,.„ 
1 .b. 

F:5-1 the J1 
DISCONNECT   

SW cr 

FUSE 

h1 

NEUT RAI. BUS GROUNDE 

WATER PIPE 

IPH. FEEDER 

I PM. FEEDER 

FEEDERS 

1 PH. 

I PH. 

MAIN DISTRIESUTION 

PANEL 

I PI,. FEEDER 
TO LIGHTING 
LOAD 

SEC. TRANS • 
CONNECTIONS 
4T1.1. WIRE GNP. 

ALL PANELS AND CONDUIT ARE GROUNDED 

3 PH. -ro LOAD 

POWER 

SUB- DISTRIBUTION 

PANEL 

FUSES 

General Procedure When Testing 

With 3 ph. power at a, check forward thru b, c, de and e. 
If 3 ph. power is not shown at a, check backward thru 
bi, ci, di, el, fl, gi, hl, i, and ji. 

OTOR 

LIGHTING SUB - DISTRIBUTION PANEL AUTO MATI C COMPENSATOR 

S
.
J
a
I
L
J
O
J
.
S
U
E
.
1
1
 

I 1 1 I 1 
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el" 

-•••• 

era/ 

Primary 

-----rerifflpurielegrevebev~rvir 

6" 

Secondary 

co 

BUTT WELDER 
PR/MARY 2ÊOE.60^,50I./26 Turns 

e .D.C.C. Wire. 
SECONDARY: 4E 60,N,.3000 I. 2 Turns 

of # 4/0Coble. 2 Paro//el. 

CORE: 80 It's. gie Laminated Iron 
or Silicon Sled 
Core alrips 2x6" 
Stock 4" li/917 or Th/i•Irness 
of Cope. 

Primary /O Ç9 

100 71—e-il I 
 4.44 • *1 VS 4  

z 

/3" 

9i2 " 

Secondary 

1"1 ("N  

5POT WELDER 
PR/MARY: 220E. 60 /v45I. /50 Turns 

e-st- D. e.C.Wire. 
SECONDARY: 2 /2 etsorv. 2000 1030001 

3/4. 7i/re ste-4/0 Co Eile. 6 
Para //et 

CORE.. /20 ibs. Laeninoted Iron. 
itock 4 

Starting at 100L' Tyr'? on Primary 
Winding, Take Taps EVery /0 Turns. 

COME ELECTA/CAZ _SCHOOL 
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HOW THE NEUTRALIZER QUENCHES A FAULT 

Nib> 

Fig. 2. Ground-fault currents, iso-
lated-neutral system 

Fig. 3. Ground-fault currents, sol-
idly grounded neutral system 

Fig. 4. Ground-fault currents, with 
neutralizer 

B 

Transformer Ib 

N 

1 

lb 

A 

Ib T 
Transformer 

I I 
Transformer 

< ti 

c, A 

In I  Ground-fault 
neutralizer 

=2" 

e When the System Neutral Is Isolated, the 
current in a line-to-ground fault consists solely of 
charging current through the line-to-ground capac-
itances of the other two line conductors (Fig. 2). 
However, operating experience shows that such 
disturbances frequently result in transient over-
voltages sufficient to cause a second flashover on 
one of the unfaulted phases, thus causing a short 
circuit and an interruption to service. Relaying is 
difficult because the second fault usually occurs at a 
point remote from the first —frequently in ter-
minal apparatus--necessitating expensive repairs. 

• When the System Neutral Is Solidly 
Grounded, a line-to-ground fault short-circuits 
the faulted phase, causing current to flow through 
the fault, as shown in Fig. 3. This short-circuit 
current, Ig, is lagging, and is usually so much 
greater than the charging current of the unfaulted 
lines (II, and lc) that the effect of the latter is 
negligible. The fault persists until the circuit-
breaker is tripped. This means a service interruption. 

IC 

- lc 
'Ib 

 .In 

• When the System Neutral Is Grounded 
through a Ground-fault Neutralizer, transitory 
arcs to ground are extinguished without an outage, 
without even a momentary interruption of service, 
and without the aid of any moving parts. '1'he line-
to-ground fault causes line-to-neutral voltage to be 
impressed across the neutralizer, which then passes 
an inductive current, I., 180 degrees out of phase 
and approximately equal in magnitude to the 
resultant of the system-charging currents from 
the two unfaulted phases, It, and L (Fig. 4). 

These inductive and capacitive currents neutralize 
each other, and the only remaining current in the 
fault is due, mainly, to corona, insulator leakage, 
etc. This current is relatively small, and, as it is in 
phase with the line-to-neutral voltage, the current 
and voltage reach a zero value simultaneously, 
hence, the arc is extinguished without restriking. In 
this way, flashovers are quenched without remov-
ing the faulted line section from service. 
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Squirrel-Cage Motors 
fflrigh, 

.1/ 

FIG. 4 FIG. 5 FIG. 6 

FIG. 8 FIG. 9 FIG. 7 

Figs. 4 to 8—How the magnetic field in an induction•motor stator cari be made to rotate when its windings are connected to a 
2-phase circuit. Fig. 9—Direction of current generated in a rotor winding shown by dots and crosses on the rotor bars 

la lb Ic Id 

Fig. 2 

One alternat I Fig. 3 
One cycle - - -->1 

Fig. 1--Stator of an induction motor. Fig. 2—Squirrel-cage rotor of an induction 
motor. Fig. 3—Two•phase voltage or carrent curves 
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Fig. 10—Skeleton stator frame. Fig. 
11—Riveted stator frame. Fig. 12—A, 
stator open slots; B, semiclosed slots. 
Fig. 13—Section of cast, interconnected 
double-squirrel-cage winding. Fig. 14— 
Section of simple double-squirrel-cage 
winding. Fig. 15—Squirrel-cage winding 
formed from a copper plate. Fig. 16— 
Joint between rotor bar and end ring 

FIG.I 

FIG.3 

Fi9 12 

FIG.2 

-Starting contacts 

, ,e1/7r7inq 
contacts p 

'Stator,-
winding\ 

FIG.4 

'iv , ha, 

Fig. 1 3 

MUM 

E.ndi 

I ring j Fig. 14 
Bottom bar 

,Ro for core 

Lie ring 

Lock wasid• 

F19. 16 

Fig. 1—Diagram of star-connected sta-
tor windings. Fig. 2—Stator winding. 
connected delta. Fig. 3—Connections 
for starting with resistors or reactors in 
series with stator windings of a 3-phase 
motor. Fig. 4—Two auto-transformers 
connected to start a 3-phase motor. Fig. 
5—Connections for one direction of rota-
tion and Fig. 6, opposite direction of ro-
tation of a 3-wire, 2-phase motor. Figs. 
7 and 8—Connections for opposite direc-
tions of rotation of a 3-phase motor 

• 

•11.0" 
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ROTATING MAGNETIC FIELD. 

•••••• 

«me ' 

NOTE;FLEMMeS RULE IS APPLIED TO MOTION OF THE  CONDUCTOR.  

FLUX MOVING UP IS EQUIVALENT TO CONDUCTOR MOVING DOWN. 

If a permanent magnet of the type shown above be rotated about a squirrel cage 
rotor, the flux of the magnet will cut across the squirrel rotor bars and induce 
voltage in them. The direction of these voltages at any instant may be determined 
by Fleming's Right Hand Rule. Application of this rule to the diagram above shows 
that currents will be flowing toward the observer under the North pole, and away 
from the observer under the South pole. 

Viewed from above, current is circulating counter-clockwise around the rotor therd-
by establishing a North pole at the top and a South pole at the bottom. As the 
magnetic field is rotated, the rotor poles move at the same speed and in the same 
direction and maintain the same relative position; that is, midway between the 
stator poles. 

D 

DiagramsABCDshow the relative posi-
tion of the rotor and stator poles for 
four different points in one revolution. 

In A there exists at the instant shown 
the same condition described above. In 
this case however, the rotating magnetic 
is produced by a different method. 

In B the revolving field has moved through 
one-quarter revolution. Note the change 
in current distribution in the rotor bars 
and the movement of the rotor poles. Dia-
grams C and D show the condition at later 
points in the revolution. Reversal of 
current in rotor bars causes rotor poles 
to revolve. 

Although the diagrams show the current 
in the rotor bars changing direction in 
groups, the rotor bar currents actually 
reverse one at a time as the stator flux 
sweeps by. This produces a smooth pro-
gression of the poles around the rotor. 

G:tyne. 
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POSITION INDICATORS. 
Position indicators are employed to transmit 
motion by electrical means between points 
which cannot be readily connected mechani-
cally. In Figure A rotation of the arm on 
the sender rheostat varies the current 
through the receiver which is used as a re-
ceiver. When properly calibrated, the meter 
needle motion will be proportional to the 
motion at the sender. Thus the amount of 
gasoline in the tank may be indicated on the 
instrument panel of a car. 

Figure B shows a similar arramgement except 
that clockwise rotation of the sender in-
creases the voltage applied to the receiver 
and the deflection is in proportion to it. 

Diagram C shows a bridge type circuit in 
4/hich the meter needle is returned to zero 
Dy manipulating a rheostat at the receiving 
end. When balanced, both rheostat arms are 
in identical positions. 

There are many other circuit arrangements 
but the basic operating principle is the 
same. The electrical method is particularly 
suited to most applications because the units 
may be any distance apart, and several re-
ceivers may be attached to one sender. 

eieceire.: 

o  

o 

Sev-n=4.7-. 

Sencier: 

Receiver 

SELSYN UNITS. 

If two small motors of the type shown above are connected together and the rotors 
are energized from a single phase A.C. source, the varying flux produced by the 
rotors will induce voltages in the stator windings. If the rotors are in identical 
positions, the induced stator voltages will be in direct opposition and no current 
will flow in the leads connecting the stators together. Should one rotor be moved, 
this voltage balance is disturbed and current will slow through the other stator 
winding in such a direction as to cause its rotor to move to a corresponding posi-
tion. This self synchronizing action which is characteristic of many types of 
A.C. motors is utilized in the Selsyn position indicator. 

With the indicators arranged as shown, movement of the sender rotor is duplicated 
by the receiver and, whether the sender is rotated through a small angle or several 
revolutions, the receiver follows the motion exactly. Where several indications 
are required, several receivers may be attached to the same sender. In this way 
motion of the sender may be reproduced at any number of remote points. 

4111,e 

NO> 

411W 
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1 2 3 4 56 1 

CURRENT FLOWING 
TOWARD MOTOR 

CURRENT FLOWING 
AWAY PROM MOTOR, 

301 

ASSUME CURRENT 
FLOWING CLOCK -

WISE TO SET UP 
A SOUTH POLE, NO 
CURRENT FLOWING 
COUNTER -CLOCKWISE 
TO SET UP A NORTH 
POLE 

C.OYNE.. 





 1ST. POLE   

A  

5 A S 

- -901 - 

1 I 

TWO PHASE., LAP VVINDING, FULL PITCH , SLOTS 24 

POLES =4 , PHASE --- , COI LS PER GROUP = 3 

FULL PITCH COIL SPAN =1-7 , ELECT. DEGREES PER SLOT = 30 

2ND. POLE 

A 0. 

3RD. POLE   4 TH. POLE.   

A B A a 

COYNE 

s
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v
)
w
 
a
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y
d
h
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d
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PRINCIPLES OF CONSEQUENT POLE WINDINGS FOR 3 PHASE INDUCTION MOTORS. 

—4 4— —0 4— 

• ‘` / / ) ' ' 1 _ ) : ' 
I I I I I ) 

I I I 1 1 I I l 
1 # 1 I 1 1 1 1 

\ \ ) ) ) 1 \ ) 1 \ .) ) 

Slots = 24, Poles = 4, Fractional Pitch Coil Span 1 to 5. 
"A" Phase only of a 3 phase winding illustrating common method of short jumpers. 
(Top to Top, Bottom to Bottom) Trace the circuit and mark the polarities in the 
proper position. This type of jumper connection is not suitable for consequent 
pole windings. 

4— 4-- 

• // //X \  • 

/ / % NI , . 
1 

I 

I 
I 
I 

I 
I 

I 
1 
I 

I 
I 
f 
I 

l 
I é_i jI 

\ \ 
) 
e 

l 
\ \ ) ) ) ii ‘ 

/ • 
A, I 

"A" Phase only of 3 phase winding illustrating long jumper method of connection. 
(Top to Bottom, Bottom to Top) Trace the circuit for 4 poles disregarding the 
center tap, and mark the polarities in the proper position. Note that the poles 
are established in the same position as for the common method of connection. 

fr- 4— 

N 

i 
I 

I 
1 

i 
t 

• 

I 

r r - 

1 i 

y 
1 I 

I 
a 

g 
a 

t 
i 1 a i 

I i a 

/ 
 IT 

/ 

F  

Same connection as shown above. Trace the circuit from the center tap. This 
places the 2 sections of the phase winding in parallel, reversing the current in 
¡ of the coil groups, producing 4 regular & 4 consequent poles. Note that phase 
rotation is reversed and it will be necessary to reverse 2 leads on this connec-
tion to obtain the same rotor rotation. 
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SIMPLE DIAGRAM 4-8 POLE 3 PHASE CONSEQUENT POLE STATOR WINDING. 

41111h.. 

ABC 

AC 

VARIABLE TORQUE, CONSTANT HORSEPOWER. 
3 PHASE, LAP WINDING, SLOTS = 24. 
POLES = 4-8, COILS PER GROUP = 2. 
FRACTIONAL PITCH COIL SPAN = 1 TO 5. 
COIL PITCH = 66.6% OF FULL PITCH. 
ELECTRICAL DEGREES PER SLOT = 30-60. 

BACB A CBA CB 

, 1 

, 

• • 

Ss Sc 

Ta T3 17F 

FA 

Ts Ty 

INDICATE DIRECTION OF I FLOW AND POLARITIES FOR 4 POLES IN SPACE BELOW. 

1 
o 

II II I 

I I I 
1 I 

r 

y _ 

INDICATE DIRECTION OF I FLOW AND POLARITIES FOR 8 POLES IN SPACE BELOW. 

LI I il I 

1 I I 

A CBACBA CB ACB 

Ti 7-4 Ts 

SERIES STAR 
4 POLES 

T1, T2, T3 TO LINE 

T4, T5, T6 OPEN 

T3 

PARALLEL STAR 
8 POLES 

T4, T5, T6 TO LINE 

T1, T2, T3 SHORTED 

Tss 

Lai Ls 

TS 74 re 

T4 

Is 
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COMPARISON OF LAP AND WAVE WINDINGS. 

/ 

\  • \ • • 

\ \ • 
• \ 

\ \ \ 

• • \ \ 

• • \ \ 
\ \ 

• 

/ / 

2 2 
/ / 
/ • 

/ / 
/ / 
/ / 
/ 

A LAP WINDING is one in which the coils of each pole phase group are connected 
directly in series with each other or forward and back on itself. Lap windings 
are generally used on A.C. machines because they are more readily adaptable to 
stators with various numbers of slots. 

8 

%Maw 

A WAVE WINDING is one in which correspondingly placed coils under adjacent poles 
are connected in series so that the circuit proceeds from pole to pole one or 
more times around the stator core, and not forward and back upon itself as on a 
lap winding. On a wave winding, the circuit re-enters the first coil group after 
it has passed thru at least one other coil group of the winding. The total number 
of these circuits must be a multiple of the number of phases and is ordinarily two 
times the number of phases. Wave windings in large machines are always of strap 
or bar copper coils with two layers. Principal use is for wound rotors of large 
slip ring motors because such windings have greater mechanical strength at end 
connections when made of bar or strap copper. WAVE WINDINGS in stators of induc-
tion motors must be electrically balanced, ie., each phase must contain the same 
number of coils or turns. The number of active slots in each phase and section 
must be a multiple of poles times phases. For 4 pole, 3-phase, slots would have 
to be 12-24-36-48-60-72, etc. 
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THREE PEASE WAVE WINDING. 

411111, 

gee 

.11116,. 

A B C 

PHASES CONNECTED STAR. 

THREE PHASE, WAVE WINDING. 

SLOTS = 24, POLES = 4. 

FULL PITCH COIL SPAN 1:7. 

COILS PER POLE PHASE GROUP = 2. 

ELECTRICAL DEGREES PER SLOT 30. 

.16 
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CONNECTIONS FOR TWO VOLTAGE MOTORS. 

Ti 

NUMBERING 
SYSTEM USED 
SY WAGNER, 
GE., ANO LOUIS 
ALLIS. 

SUGGESTED 
STANDARD 
SYSTEM 

14 
Ti 

71 

L432132_77 
T4 

NUMINERING 

SYSTEM USED ISY 

ESTINGKOU St AND 

ALLIS CHALMERS. 

76 

T3 

CONNECT 

Ti TO LINE 

T2 " " 2 

T3 " " 3 

T4 - Ti TOGETHER 

T5 - 7 

T - T9 

440E. 201.. LINE. 
SERIES STAR 

2 CIRCUIT STAR 
220 C. 40 1. 

CONNECT 

TI TO LINE 

72 " 2 

73 " " 3 

7i- T7 TOGETHER 

72. - Te 

T3 - T9 

T4 -TS -711 " 

Ti 

CONNECT 

Ti TO LINE 

Ti " 2 

T3 " 3 

74-T7 TOGETHER 

73-713 " 
TG-T9 .1 

SERIES 
STAR 

NUMISCRINE, SYSTEM 7 I 

USED ON DELTA CONNECTED 

MOTORS SY ALL 
MANUFACTURERS 

79 

76 

T3 
TES TS 

T4 

Ti 

T2. 

CONNECT 
Ti TO LINE 1 
T2. " " 
73 " " 
T4 -7/ TOGETHER 
TS - re " 
16- 79 " 

SERIES DELTA 

CONNECT 

Ti TO LINE 1 

Ti " " 2 

3 
T1-T4 TOGETHER 
72-T3 " 

13 -T6 " 

Ti - Te " 

2 CIRCUIT 
STAR, 

CONNECT TS Tb- Ti TO LINO- 1. 

TI 14 -7B " " 
73 -T3- 79 " " 3 

2 CIRCUIT DELTA 

220E( 1-4 TO LINE 2-3 TOOETMER 

SINGLE. PHASE. 1 13 4 

/ H.P. 220E. 

5 1. tiSo &Pet 

1-4 TO LINE 
110E 1-3 TOGETHER 

2-4 " 
SINGLE PHASE 3 

NOTE:- CHANGING 
CONNECTION 
DOES NOT 
ALTER H.P. 
OR SPEED 
WHEN MOTOR 
IS DESIGNED 
FOR TWO 

VOLTAGES 

IN P. 110E 

101. ITS0 R.P.M. 

IA St 

Pc SC 

3C 

Connections for applying D.C. 
when testing an A.C. winding 
with a compass. If the winding 
is properly connected, the coin— 
pase will reverse on each pole 
phase group and indicate three 
times as many poles as the ma— 
ohine actually has. 

D 

FA 

4 POLL 

3 PHASE 

SA 

PC 

PHASE 
GROUPS 

CONNECTED 
ALTERNATELY 
CLOCK AND 

COUNTER CLOCK. 

ea 

SC 

PA 

SA-1, 

PA 

Fe 

SA 

SAME AS 
"A' EACEF'T 

PIESULT rétooucto 
BY DIFFERENT 
CONNECTION 

REDRAW "A",11rAND"C" AND PRACTICE CONNECT1146 -nitet FOR AU. ASOVE CONNECTIONS. 

PC 

SI 

SC 

COYNE 

INEP 

'gee 

ea. 
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41114, 

STAR OR Y 
CONNECTED 

TYPES SC, 

-eel» 
ENG I NEER I NG I NFORMAT ION 

POLYPHASE INLUCTION hUTORS 

SON, SCH, SCT, SOX, AS, SR 3 PHASE 

Three Phase motors may be either Star or Delta connected and no general rule can be set down for use 
of either connection. Individual ratings must be checked by the general office. 

follows: 
Our standard method of marking leads and the schemetic representation of circuitleis as 

T1 

DUAL  V()LTAGE*(110/220, 190/380, 220/440 etc.) 
Consider T, and T4 (Fig. 1) as the end of one circuit$and T7 and 

the center of the stir as the ends of the other circuit, in one phase. Do 
the same for each of the other two phases. To connect the stator winding 
for the Leer voltage, the circuits in each phîii are connected in series; 
therefore, connect fq to T7, —T-5 to T8, and T6 to T9. Line connecrfasi. 
be made to Ti, T2, and T3 fig. 2 and 5 show these connections. 

To connect the stator windings for the lower voltage, the Oje  
circuits in each phase are connected in parallel, therefore connect T1 to 
7-7,777-to T8, and T3 to Tg. T4, T5 and T6 are connected together to form 

a point, thereby forming a second star in parallel with the star whose ends 
art T7, T8, and Tg. Line connections, as before, will be made to 11, T2 
and T3. Fig. 3 ami 6 show these connections. 

These motors have permanent connection plat- near terminal box. 

S I NGLE VOLTAGE*( 1,99 .209 , 220 , 440 ,,550 .2200 etc.) 

T3 

T. 1 

9 

milt451L 

T2 

FIG. 1 
All terminal lugs are 
samped in accordance 
with this diagram. 

Only leads T1, T2 and 13 are brought out as shown in fig. 4 and 7 (Single voltage motors 

u11y have single section windings rather than the double section winding shown in Fig, 1) 

Connections are indicated on lubrication tags sent with motor. 

FIG. 2 FIG. 3 
High Voltage Low Voltage 

DUAL VOLTAGE CONNECTIONS (Similar to B6671 & B7203) 

All Form A 204 and smaller; Form W, 224 to 326; Form T 204 and larger. (T superseded by w) 

FIG. 4 
Single Voltage 

1 

e 1 2 

7 71, T8 7 

FIG. 5 
High Voltage 

FIG. 6 
Low Voltage 

DUAL VOLTAGE CONNECTIONS (Similar to B4270 & B4271) 

All Form S motors. Form T motors 444 and larger. 

FIG. 7 
Single Voltage 
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follows; 

ENGINEE I G INFORMATION 
POLYPHASE INDUCTION MOTORS 

TYPES SC, SON, SOH, SOT, SCX AS SR - 2 PHASE  
Our standard method of marking leads, and the schemetic representation of circlitseis as 

TWO  PHASE FOUR WIRE  
DUAL VOLTAGE*e_o/22o. / 220, 440 - ) 

Consider T1 and T5 (Fig.15) as the ends of one circuit JO, and 
T7 and T3 as the ends of the circuits in the second phase. To connect  
the stator windings for the higher voltage, the circuits in each phase 
are connected in series; therefore, connect T5 Ii5-17, and T6 to T8 
Line connection-W=6"e made to Ti, 12, T3 and T4. FIGS. 16 and 19 
show these connections. 

To connect the stator windings for the lower voltage, the 
circuits in each phase are connected in parallel; therefore, connect 
Ti to T7, T5 to T3, T2 to T8 , and T6 to T4. Line connection, as before, 
will be made to Ti, T2, T3 and T4. Figs 17 and 20 show these connections. 

Thcse motors have permanent connection plate near terminal box. 

SINGLE VOLTAGE* (199, 208, 220, 440, 550, 2200 etc.) 

DATA 23-65 Page 3 
Dec. 4, 1940 
Destroy 2.3—±01 P.3. 
Dat(.3Deo. 7, 1935 

Ti à 

3 

T2 TeeprinUnle8 T6 

T7 

T3 

FLG. 15 
All terminal lugs are 
stamped in accordance mitt 
this diagram. 

Only leads li, T2 and T3 are bro-aght out as shown in Fig. 18 and 7 (Single voltage motors 
usually have single section windings rather than the double section winding shown in FIg. 15) 

Connections are indicated on lubrication tags sent with motor 

FIG. 18 
SIngJe Voltage 

‘1113. 

FIG. 16 FIG. 17 
High Voltage Low Voltage 

DUAL VOLTAGE CONNECTIONS (Similar to B6672 & B7204) 

All Form A 204 and smaller; Form W, 224 to 326; Form T 204 and larger (T superseded W) 

L_ 
JI 3 lyt L4 

1.2 

Li-

r 

FIG. 19 FIG. 20 FIG. 21 
High Voltage Low Voltage Single Voltage 

DUAL VOLTAGE CONNECTIONS (S'=ilar to B4262 & B4272) 
Al... Form S motors. Foui T motors 444 and larger  

TWO PHASE THREE WIRE  
For connection to a three wire system, connect motor leads T3 and T2, together. Line 

connections will then be made to Ti, T3_2 , and ;4; the common (or return wire) being connected 
to 

2e —The terms "circuit" as here used refers to one—half of the number of poles in one phase. 

* — See price sheet for standard voltage and horsepower of individual ratings. 

Sec. 53,P,RD CENTURY ELECTRIC COMPANY, ST. LOUIS, MO. 
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E*, _NEERING INFO RMAT ION 

CONNECI ION PLATES MULII—SPED SQUIRREL CAGE MOTORS 
2 SPEED I. AND 2 WINDINGS 

3 FRASE 
THESE LEAD MARKINGS APPLY TO MOTORS MADE IN 1940 AND LATER 

STAMPING OF AUXILIARY NAME PLATE 2 SPEED i WINDING 3 PHASE 

LOW SPEED HIGH SPEED 
L1 Lt 12 L3 

T1 T2 T 
r---11=•7"7=11 

I • 41 

T6 14 T5 

2 Steed 1 Winding VAR. IORQUE 

SIMILAR TO B4494 

Low SPEED HIGH SPEED 

Lit Lî 113 
• • • Ll 12 113 

-- [- 1 21=1--1 
••-• 

2 Speed 1 Winding CONSI. HP 

SIMILAR TO C17r31 

LOW SPEED 
L1 Lf 

1 

HIGH SPEED 
L1 L L 

2 3 

1 1---4===_J 

2 Speed 1 Winding CON. TORQUE 

SIMILAR TO B4494 

AUXILIARY NAME FIL TE 2 SPEED 2 WINDING 3 PHASE 

LOW SPEED 

Lli LI Ll 

T1 T2 13 

T T4 1. 
11 12 1 

2 SPEED 2 WINDING MOTOR 

, I TORQUE I 

i-BASE SERIAL NO 

HIGH SPEED 

L1 L2 L3 1. 

YFU• 

SIMILAR TO B4248 

THESE DIAGRAMS ARE REPRODUCTIONS OF PLATES ATTACHED TO NOTORS WHEN THEY LEAVE THE FACTORY, 

CENTURY ELECTRIC COMPANY. ST. LOUIS. Ma 
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LOW SPEED 

1/41);,e 
-1 11.1 

2 IT12 1114 

• e • 
lb T 3 1.17 T15 

CONSTANT HP 

ENGINEERING INFORMATION 
CONNECTION PLATES MULTI—SPEED SQUIRREL CAGE MOTORS 

3 SPEED — 2 WINDING — CONSTANT HP 

THESE LEAD MARKINGS APPLY TO WTORS MADE IN 1940 AND LATER 3 PHASE 

AUXILIARY NAME PLATE 3 SPEED 2 WINDING CONSTANT HORSEPOWER 
2-4-6; 4-8-12; 6-12-16 POLE 

CENTURY ELECTRIC COMPANY 
ST. LOUIS, MD. 

MED SPEED HIGH SPEED 

3 PHASE 

é 

SERIAL NO. 

4 e • 

SIMILAR TO C17132 

AUXILIARY NAME PLATE 3 SEED 2 WINDING CONSTANT HORSEPOWER 
4-6-8; 6-8-12; 8-12-16 POLE 

CENTURY ELECTRIC COMPANY 
ST. LOUIS. W. 

LIOl'ff SPEED MED. SPEED HIGH SEED 
L 
1_ ij3 

• 

T2 ‘111 

111"12 

• L1)J 3 

• • 

• L111 113e 

• 

T 87'13 s • 

CONSTANT HP 3 PHASE SERIAL NO. 

•  

SIMILAR TO C17134 

AUXILIARY NAME PLATE 3 SPEED 2 WINDING CONSTANT HORSEPOWER 
4-6-12; 6-8-16 POLE 

LOW SPEED 

T1 

CENUTRY ELECTRIC COMPANY 
ST. LOUIS, W. 

MED.SPEED 

L3. • 
• • • 
• . •  • 

SERIAL NO. 

HIGH SE ED 

• LlIts) 3 • 

• • 

Awe 
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T1( e Te 
VARIABLE TORQUE 3 PHASE 

CEN1URY ELECTRIC COMPANY 
ST, LOUIS, MO. 

LOW SPEED MED, SP72,-i 

Ti)I6 T11 

' * le 4 Li oelr • 

1.4 f 

ENOINEERING INFORMATION 
CONNECTION PLATES MULTI-SPEED SQUIRREL CAGE MOTORS 

SPEED - 2 WINDING - VARIABLE TORQUE 
3 PHASE 

THESE LEAD MARKINGS APPLY TO MOTORS MADE IN 1940 AND LATER 

AUXILIARY NAME PLATE 3 SPEED 2 WINDING VARIABLE TORQUE 
4-6-8; 6-8-12, 8-12-16 POLE 

HIGH SPEED 
Li • y 

•/) • 

4, • 

SERIAL MOI  

AUXILIARY NAME PLATE 3 SPEED 2 WINDING VARIABLE TORQUE 
4-6-12; 6-8-16 POLE 

CENTURY ELECTRIC COMPANY 
S. LOUIS, MO. 

LOW SPEED MED. SPEED 

Lid> 

T2 / 111'4 •T12 

T6 ;11 

)) • T3.( *TI3 

VARIABLE TORQUE 3 PHASE SERIAL Nq  

HIGH SPEED 

AUXILIARY NAME PLATE 3 SPEED 2 WINDING VARIABLE TORQUE 
2-4-6; 4-8-12; 6-12-16 POLE 

LOW SPEED 
L10 1, L) • 

Tilej T11 116 

T Tb 
2, 12 14 

T 1,/ 3 1.7.3 T1.5 

CENTURY ELECTRIC COMPANY 
S. LOUIS, MO 

MED. SPEED HIGH SPEED 
L>  y Lis,L3 • 

• 

• 

• 

SERIAL NO 1 
T.Y.AIIIABLE-LVELL-LUME  
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SLIP RING INDUCTION MOTOR Job *7 
LINE 

NOLP1146 MAGNET 
AND NO VOLTAAI RILCASC 

MAIN CONTACTS. I 

--5T1CK CONTACTS,/ 

CUTLER NAMMILR 

Ackau-TNE-LIN2 
STARTER. 
2.20 C. i0-••• J.H.P. 

Diagrams A and B are used to show that an increase in rotor 
resistance causes the rotor poles to move into a more favorable 
position with respect to the stator poles thereby increasing 
the starting torque. If the rotor resistance is increased 
above a certain critical value, the torque will be reduced as 
indicated by the curves in the diagram below. 

The slip ring induction motor operates on the same principle 
as the squirrel cage type, the revolving magnetic field set up 
by the stator winding reacting with the induced rotor poles to 
produce rotation. Insertion of resistance in the rotor circuit 
produces the following advantages: 1. High starting torque 2. 
Low starting current 3. Smooth starting action 4. Adjustable 
speed. 

CHARACTERISTICS 
The average slip ring motor will produce 3 times normal 
full load torque with 2.5 times normal full load current. 

With all the external resistance cut out, the variation 
in speed from no load to full load will not exceed 5% of 
the full load speed. As resistance is inserted, the speed 
regulation becomes rapidly poorer 

APPLICATION 
Air compressors, large ventilating fans, conveyors, punch 
presses, printing presses, lathes, elevators, etc. may be 
used wherever a high starting torque, a smooth starting 
action, or adjustable speed is desired. 

PRINCIPAL TROUBLES 
Sliprings, brushes, brush holders, external rotor resist— 
ance, loose connections, bearings, insulation. 

NOTE. THAT THERE. 
IS NO ELE(TRICAL 
coNNLCTIos BETWEEN 
THE RESISTANCE BOX 
AND THE L!NE. 

CURVE "t-
• .2_ 

If 

ROTOR RESISTORS. 

H I6H RES. TYPE 

LOW RES. TYPE 

ROTOR RES. ALL EuT OUT. 

RES. FOR MAX.ToRqUE. 

MORE RES. THAN -2-

MORE RES. THAN "3-

MMIUMMINIMOMMMOMMMO 
INNIMUMMUMMOMMWIMMI 
• mi:211MMUNI Bureo 

IMUmb-Imm BMW m 
IIMMUMbeaMMU 

MMIUMMUMMOnte 
imMUMMMOMMell II 
2111»millimellgOCU 111 
BMINIMMOMIhMOMMO MI 
MMUMMeraegn. 
MUMMO-AMMMILMILMIU 
umm-L> ,.............. Iplimaimmem suuUuIUUiUUITI 
MIUMMOMMUMMOMMOWeel 
MIIMMUMUMMUMMUM. 

o 

70 

o 

SYN. 

2 2 o 
o 

411,-

COYNE. 
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Speed Adjustment 

To 3-phase 
power supply 

; Series 
trans former s 

• 0900_0 id— 

Second°, y 

FIG. I 

Ventilating fan   

Camino/0ot. 

FIG. 2 

Stator, 

Commu fa tor 

To 3-phase 
po wer supply 

Secondary 
winding 

Primary 
winding 

FIG. 3 

Fig. 1—Diagram of polyphase commutator motor, speed of which is varied by changing position of brushes. Fig. 2—Rotor for 
adjustable-speed polyphase motor. Fig. 3—Diagram of rotor and stator circuits for a polyphase adjustable-speed motor 

Wound-Rotor 

Motors 

Fig. 1—Rotor for a wound-rotor or slip. 
ring motor. Fig. 2—Diagram of wound. 
rotor motor and its starting resistance. 
Fig. 3 -Combination of a squirrel-cage 
and a coil winding on rotor, for auto-
matic starting. 

To 3•phose 
power supply 

,Squirre/-cage winding 

ewe galle. 71.0 

411Will). • 

1.'11111111.'1•1111•111111... 

41#91110n11 

' 

IlIi 

,  MM 114M 14 .... N.  . 

OUP I 

—DJ I 'iI ii m 

Y N é .VUAIWWWH 7.  
LIU I Iieu nanknoinnaridini  

% r- ri 111.11t1d11111111` îsn 

‘̀.5torting resistors! 

  ,-Insulated winding 

FIG. 3 
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Synchronous 
Motors 

How They Operate 

Fig. 2 shows the rotor and stator 
assembly of a synchronous motor. When 
the stator winding is connected to a 
polyphase alternating-current source, it 
produces a rotating magnetic field as in 
an induction motor. When the rotor field 
coils are connected to direct current, 
their N and S field poles lock into step 
with S and N poles of the rotating mag-
netic field and both rotate at the same 
speed or in synchronism. This speed is 
fixed by line frequency and number of 
rotor poles. 

Synchronous motors are designed for 
two standard full-load power factors: 
unity and 80% leading. Unity-power-
factor motors, at full load and normal 
field current, have 100% power factor. 
At less than full load, their power factor 
is less than unity leading, but can be 
regulated by adjusting the field current. 

—1.14 

line Contactor 

Field coils _ _ _ _ 

Stator winding _ 

B 4 , 

• po/es 

_Slip 
rirgs 

FIG. I - Squirrel-cage 
winding 

field contactor  

Field winding, slip 
rings 

Stator 
FIG. 3 winding 

+4 
To DC power supply 

Commutator 
end., 

FIG. 2 

Starting contacts 

--, Running Shp 
I contacts rings 

Auto-transformer 

Rotor 
84jwindings 

FIG.4 ÇT  7 
Field winding' 

field contoctr 

C; rirus 
inmutatcr Compensator__ _ 

'Field poles FIG. 5 

To A C 
power 
supply 

Fig. 1—Synchronous-motor rotor. Fig. 2—Diagram of synchronous-motor stator 
and rotor assembly. Fig. 3—Diagram of synchronous-motor connections for full. 
voltage starting. Fig. 4—Diagram of connections for reduced-voltage starting. 
Fig. 5—Diagrams of stator and rotor connections for self-synchronizing motor 

TABLE Il—HORSEPOWER AND SYNCHRONOUS-SPEED RATINGS 
OF GENERAL-PURPOSE INDUCTION MOTORS FOR 

DIRECT CONNECTION 

Cycles 60 60 60 60 25 25 

lip Rpm Rpm Rpm Rpm Rpm Rpm 

25 3,600 
30 3,600 
40 3,600 
50 3,600 1,800 1,500 
60 3,600 1,800 1,500 
75 3,600 1,800 1,500 
100 • 3,600 1,800 1,200 1,500 
125 3,600 1,800 1,200 1,500 
150 1,800 1,200 900 1,500 
200 1,800 1,200 900 1,500 750 
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ALTERNATING CURRENT DEPARTMENT 

THE SYNCHRONOUS MOTOR  

THE SYNCHRONOUS MOTOR is so named becuase the ROTOR revolves at the same speed 
the REVOLVING MAGNETIC FIELD of the stator. 

THREE WINDINGS ARE USED in this machine: 
1. THE A.C. STATOR or armature winding, which produces a revolving magnetic field 

when polyphase A.C. is applied to it. 
2. THE D.C. FIELD or rotor winding, which produces a fixed polarity. This winding 

must be excited from an outside source of D.C. 
3. THE DAMPER or squirrel cage winding which consists of a few large copper bars 

imbedded in the D.C. field pole faces and shorted together by end rings. This 
winding serves 2 purposes: (a) It permits the motor to start as an induction 
tends to prevent hunting. 
HUNTING is a periodical variation in the speed of the rotor with regard to 

the revolving magnetic field of the stator. It is caused by: (a) a sudden change 
in mechanical load. (b) a sudden change in A.C. line voltage. (e) a sudden change 
in D.C. field excitation. (d) hunting on the same system of other rotating elec-
trical equipment. 

THE FIELD DISCHARGE SWITCH and the field discharge resistor are arranged to 
protect the D.C. field from high transformer voltages induced by the stator field 
during the starting period, and also from high self-induced voltages generated by 
collapsing D.C. field flux when the field is disconnected from the source of ex-
citation. The discharge resistor and switch form a closed circuit on the field 
when the switch is placed in the discharge position, and this greatly reduces the 
danger to the field insulation. 

ADVANTAGES OF THE SYNCHRONOUS MOTOR: 1. Constant speed. 2. Variable power 
factor. The power factor may be varied by controlling the excitation current of 
of D.C. field. The P.F. wi11 be UNITY of 100% at NORMAL excitation, LAGGING at 
UNDER excitation, LEADING at OVER excitation. 

THE MOTOR WILL CORRECT POWER FACTOR because when the D.C. field is over ex-
cited the A.C. stator will draw a LEADING current which will neutralize a LAGGING 
current drawn by inductive apparatus connected to the same system. It will carry 
a mechanical load and correct P.F. of the system at the same time providing the 
full load current rating of the machine is not exceeded. 

DISADVANTAGES OF SYNCHRONOUS MOTOR: Greater cost per H.P., low starting 
torque, subject to hunting, requires outside source of excitation, more auxiliary 
apparatus for control and indication, more intelligent handling, and may require 
some form of clutch to connect the load to it. 

APPLICATIONS: Driving compressors for air conditioning and refrigeration, 
also for compressed air. Driving textile mill looms, cement grinding and rubber 
processing machines, paper pulp grinders, also M.G. sets, frequency changers, or 
in general any load of 25 H.P. or more not requiring heavy starting torque and 
which may be operated at a constant speed. 

ROTATION may be reversed by changing any 2 of the 3 stator leads. The D.C. 
field polarity does not determine the direction of rotation. 

PROCEDURE FOR STARTING THE MOTOR: 
1. Reduce the exciter voltage to a minimum. (Turn field rheostat to right) 
2. Place the field discharge switch in the discharge position. 
3. Apply low voltage A.C. to the stator and allow motor to accelerate to almost 

full speed. (Watch AM. to note when starting current is reduced to a minimum. 
4. Close the D.C. field switch to apply excitation current to the field. 
5. Apply full voltage to the stator winding. 
6. Adjust D.C. field excitation to obtain desired power factor. 

PROCEDURE FOR STOPPING THE MOTOR: Remove the mechanical load if possible, 
then reduce field excitation and finally disconnect the stator from the A.C. supply. 
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ANT 
COIL 

TWO TUBE REGENERATIVE CIRCUIT 

TICKLER 

.005MFD. 

.000smFol 

/ 0 MEG. 

pF7ivvv. 

.00025MTO. 

F-
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GANG CONDENSER. 

•  
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BACK 

rri4er 744«, s/s- c-oled on, 

A-B-GNO. 

HEADSET POSTS 

p-e 3-/ /der G 'to n cw/ 

rec orce/ 1/7.2. A' L.-- G ./41/C/Cr PC .5 /3 liernce c 4c7/-71 /See., 

;r1 -4/Zest ey-yziy ?okvr; c7rici reced7/5es- /ncr%ecrylerc,/ on. seo/717_5e. 

/0,1 C Clifc7/-7 

/0 /Yd./cc/tor F- /0 A- I, 7I7 -/0 8+ .elfréh God Pt la F- P/D 

/70,-/• skiW 
filheo 
0/7 

e4e. eheafrgeo 
0,7 0,6c 

,guofio 

874, 

F-lo G-,110A± PA, 8+ 8+710 ,q± F+ F-

Rheo 
0/7 

eho 0 
of-e on. 

if'. 4 • o 
o re 



4O6 Radio Receivers and Controls 

Jab 
Yeam. 

1-: 

u..1 
a) 
--.. 

it) 

a-

 UQ-Q-2-19.111112, 

 q-Cn • HIP + 
L. 



e 11 

PLATE 
BLUE. 

PENTAGRID 
CONVERTER. 
6SA7 

Cy XX 
R1 

T. C3 

GRID. 
GREEN. 

RED. BLACK. 
B 

RAM.A.CoLoR COD E 

TRANS. CONNECTIONS. 

T2 

Ici 
À.C. 
117 E. 

INPUT 
I.F TRANS.  

C 3 
c c) 

Fie 71.4 

J&C T2 

R3 

TC2 

I. F. 
AMPLIFIER. 

6SK7 

x x 

R2 

CT5 
1t 

OUTPUT 

I.F.TRANS. 

Tc4 

TC 10 

DIO DE DEMODULATOR. 
A .V.C. A.F.AMPLIFIER. 

6SQ7 

C 6 A 

> 'V 

x x R 

POWER 
AMPLIFIER. 

6V6 

8 

X X 

IO 

SPKR.FIELD. 

8 

IO 
2 

JC> 

4 
/CD--

RECTIFI ER 
TYPE 80. 

6 

5 

1916 

R13 

1 

C2 

C3 
4 

C5 

C6 

C7 

C8 

C9 - 
C10-

12 C 11 -
C12 -
C 15 -

C 14 -
C15 -

C 16 -
C 21 -
C 22 -

.00005 mfd. 

.05 mfd. 

.05 mfd. 
mfd. 

.00025 mfd. 
mfd. 

.01 mfd. 

.005 mfd. 

.0005 mfd. 

.05 mfd. 

.00025 mfd. 

.025 mfd. 

.025 mfd. 

.05 mfd. 
8 mfd. 
8 mfd. 
.0005 mfd. 
1" of Twisted 

.1 

.1 

Cp 

C  Pi 

CT1 - 
CT2 - 
CT3 - 
CT)4 - 

CT5 - 
C - „T6 
LV1 - 

CV2 - 
Lo 
L1 
L2 
Ti 

12 
T3 

1-4 / 00000c 
CONDENSER C22. 

500 mmfd. Padder 
500 mmfd. Padder 
Antenna Trimmer 
Oscillator Trimer 
I.F. Trans.Trimmer 
I.F. Trans.Trimmer 
I.F. Trans.Trimmer 
I.F. Trans.Trimmer 
.00035 mfd.} 

Ganged 
.00035 mfd. 
Oscillator Coil 
37 turns #30 E.C.Wire 
130 turns #30 E.C.Wire 
Antenna Transformer 
Power Transformer 
Output Transformer 

Insulated Rook-up Wire 

C13 

DISCON— 
NEGT 

HEADSET. 

C22 C21 

R1 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R 

R10 
R11 

R12 

R13 

R14 
R15 

R21 
Rv 

6SK7 

B.F. 0. UNIT. 

- 20 M 1/2 W. 
- 250 44W. 
- 2 meg.,_ 1/2 W. 
- 2 meg._n_.- 1/2 W. 
- 50 M 1/2 W. 

50  W. 500 MM 1/2 
--rL-n- % W. 

- 10meg. 1/2 W. 
- 250 M_Ln._ 1/2 W. 
- 250 1 W. 
- 10 Mn_ 10 W. 
- 5 M.n. 10 W. 
- 5 Ma.,- 10 W. 
- 5 M.n.. 10 W. 
- 50 4-1._ 3 W. 
- 50 M 1/2 W. 
250 M Vol. 

Control 

3
/
M
0
0
8
3
1
3
H
e
Y
3
e
7
S
 

rZ1 

o 
7:1 
CD 

CD 

CD 

C.D 

Ci_ 

C") 
o 
ri-
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AdECHAN1CAL LAYOUT FOR SUPERHETERODYNE. 

UNDERSIDE VIEW OF CHASSIS. 

X 63E. )( 

l 0 I.F. o i 9 TÎ 5 3 i 0 e...,c>c_r_ LE 
n5E. I OUTPur 

9 

__1_ 
0 

_o o 

. 
0 w 

5E H. 
a0 8 6 

V. 
4 2 1 1 

<C) 

0 .1 

I 42NPUT. 

.   
9 

z9 o oG 1_, 6SK7 o o 
I I . 
0_ 0   , 

 0- ---1:- 
, 

)--i_ , 

80 
RECT. 

  i Ill. 

g 
0 

6v6 

-   

6SQ 7 , , . 
, 

0 o 
6SA7 -.. 

@ .•- 

Lo _ 

0 • (I) _I__ _,ANt 
. Ao 

ELECTROLYTIC. ;RV 
COIC 

8 x 8M ro. 

U 
FRONT.--' To ANT. 

-- -- - ---- PLATE CIRCUIT. 

— — — — — — SCREEN GRID OR D.C.VOLTAGE CIRCUIT. 

CONTROL GRID OR DIODE CIRCUITS. 

ALIGNING PRECAUTIONS 
1.-Always use an insulated screwdriver when adjusting I. F. trimmers. 
2.-Always use both headsets and output meter as indicators. V.C.must be disconnected. 
3.-Keep volume control of receiver full on. 
4.-BE SURE to connect grounded lead of generator to the chassis. 
5.-Keep attenuator and multiplier of signal generator turned down to the point at 

which signal is just strong enough to give an indication. 
6.-RE SURE to make adjustments in proper sequence as given in table below. 

Step 
No. OPERAT IONS 

Connect 
Ungrounded lead 

of Signalindication 
Generator to 

Set 
Rece iver 

Set 

Genera-Signal  
tor to 

Type 

of 

Adjust Cond. to 
obt a in max imum 

Dial to Signal 1st 2nd L 

1 
Aligning I. F. 
Output Trans. Short G1 of 6SK7 600 KC 455 KC 

Mod. 
IF CT6 CT5 

2 
Aligning I. F. 
Input Trans. Osc. G3 of 6SA7' 600 KC 455 KC 

Mod. 
IF C1-14 CT3 

3 
Check I. F. 

Coil G3 of 6SA7 600 KC 455 KC 
Mod. 
IF 

C16Alignment 
CTS 

CT4 

CT3 

4 
Aligning at high 
Freq.end of dial  Re- Antenna Lead 1400 KC 1400 KC 

Mod 
RF C T 2 CTI 

5 
_Aligning at low 
Freq.end of dial 

move 
ose. Antenna Lead 600 KC 600 KC 

Mod. 
RF C 

P  

6 
Re-align at high 
Freq.end of dial Coil Antenna Lead 1400 KC 1400 KC 

  RF 
Mod. 

  RF CT2 
C 
'T1  

7 
Re-align at low 
Freq.end of dial 

Short 
Antenna Lead 600 KC 600 KC 

Mod. 
RF C 

P 

8 Final Checking REPEAT ENTIRE PROCESS 

-.. 

Ole 
'1811, 

Cje?..yr7e. 
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SUPER-HETERODYNE PR INCI PLES 
8i.ceCif LAY -OUT OF T. R.f: REcElvER 

.4111, 

RF 

AMPLIFIER DETECTOR 
AUDIO 

AMPLIFIER  

SPEAI1ER 

BLOC"( LAY-OUT OF SUPER-HETf?ODYNE RECEIVER 

R 
TUNER DETECTOR  

OSC/LLATOR  

f G. I. 11FREWE;v-C7f37-- -- —  
TOGETHER PRODUCES IF 

— AUDIO 
AMPLIFIER 

10et. 

FIG.3. 

IF 
AMPLIFIEff'  

/4 'ne, -I- 10 eN7 = 24- ,n<7 
- 10 = 4 

IF )6.2 

; 7 
'IF TRANSFORMER 
TUNED TO 

OSC/L LAroe 
i COIL 

ELECTRON COUPLED 

300-n-

.00025 
Ao1F1). r./MFD. 

2500o-i%-

RF 
TUNER 

2nci 

DETECTOR 

11- TRANSFORMER 

7 
SPEA1fE 

OSC. 

DETECTOR - OSCILLATOR 

8-t-

134-

BI-

41 GRID AcTS AS 6R/D 
Of OSCILLATOR 

#2 GRID IS CALLED 
THE ANODE GRID AND 

ACTS AS TH  PLATE OF THE 
7- OSCILLATOR 

e3ANDS GRID ACTS AS THE 
SCREEN GRID Of THE 
MIXER 
#4 GRID ACTS AS THE 
SIGN,4L INPUT GRID Of THE 
MIXER 

FIG. 4. SOUND CHANNEL MAI(E-UP I FIG.5. HIGH FIDELITY IF TRANSFORMERS 
SHARP TUNING BROAD TUN1NG 
RANGE UP TO 1-I/G1/ FIDELI TY 
500C C.P.S. AUDIO RANGE UP 

TO 7.5 0 0 C.P.S. 

15: 
LOWER 

SIDE-BAND: 

CARRIfR 
FREQUENCY 

KC 
C 

ek1PPER 
SIDE BAND 

TERTIAR Y) 
WINDING 

B+ 



2 

R F 

6SK7 

G   

G 

C _ 

Rv 
 vVvvvVNAN,  

2 

C9 

3 

117 VOLT 
PRIMARY. 

H 

R1 

3 

4. ANT. AND 
RE TRANSFORMER.( T2) 
BASE VIEW. 

14 
H 

T2 

SPKR FIELD• 

 ( OnV  

¡Cu) TCH 

80 

Vs.-
DEMODULATOR. 

6SQ7 

Pm 

CT2 PD S 
r- - H , 

Ca¡ «: 
-r- R2I FOR GRID BIAS DETECTION 

IMAKE CHANGES SHOWN 
- BY DOTTED LIMES. 

R.F CHOKE. C4. 

2.5 MH. 

R10 

R9 

6SK7 6SQ7 

G 2 

5:6V6 
NC:6V6-G Pef 

6V6 

C1 - .1 mfd. Tubular 
C2 - .1 mfd. Tubular 
C3 - .005 mfd. Tubular 
C4 - .01 mfd. Tubular 
C 5 - .1 mfd. Tubular 
C6 - .05 mfd. Tubular 
C7 - .0005 mfd. Mica 
Cs - .025 mfd. Tubular 
C9 - .05 mfd. Tubular 
Cl 8 mfd. Electrolytic c 
C11 - 8 mfd. Electrolytic 
C12 - .025 mfd. Tubular 
C71 - Trimmer Condenser (Ant.) 
CT2 - Trimmer Condenser (R.F.) 

CV1 - Tuning Condenser -Ganged  
CV2 - Tuning Condenser 

H 

A.F 

6v6 

H 

HCigtc. KEY 

6F6 

Rv 
R, 
R, 

R3 
R4 

R5 
R6 
R. 

R8 
R 

R10 
R11 

2 12 
1 
T2 
T3 
T4 

Cg 

T4. 
ce) DISCONNECT 

HEADSET. 

- 10 M--n- Vol. Control 
- 300 --11- 1/2 W. 
- 25 M -cl- 1/2 W. 
- 500 Mal- 1/2 W. 
- 500 M 1/2 W. 
- 20 M-n- 1/2 W. 
- 500 M-n- 4 W. 
- 250 -A- 1 W. 
- 50 -el- 3 W. 
- 10 MA1-10 W. 
- 5 M-0-10 W. 
- 5 M-£1-10 W. 
- 5 M--n-10 W. 
- Antenna Transformer 
- R.F. Transformer 
- Power Transformer 
Output Transformer 

8
3
A
1
3
0
3
8
 :
J.
81
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MECHANICAL LAYOUT FOR TR.F RECEIVER. 

• 

o 

115E. 

5 3 I 
POWER 

TRANSFORMER 

o 

80 
o RECT. 

ELECTROLYTIC. 

8 x 8MFo. 

UNDERSIDE VIEW OF CHASSIS. 

o 

o 

11-1 6SQ7. 

Rv 
LUGS TOWARDS TOP OF CHASSIS. 

--#VVVVN. 

FRONT. 
PLATE CIRCUIT. 

— SCREEN GRID OR D.C.VOLTAGE CIRCUIT. 
CONTROL GRID CIRCUIT. 

To ANT. 

_L 

PRECAUTIONS & CONSTRUCTION PROCEDURE 

6SK7. 

1.-Keep all parts in kit box until you are ready to mount them. This will pre-
vent loss and breakage. 

2.-Keep plates of tuning condenser fully meshed, except when tuning. 
3.-Do not short CV by using excessive solder when soldering to stator lugs. If 

it is necessary to remove surplus solder from lugs, hold Cv with lugs point-
ing down and run solder off. Cvl and Cv2 are ganged on one shaft. 

4.-Mount fibre plates on antenna and R. F. coils correctly. 
S.-Always use headsets --V.C. must not be connected. Resistor must replace V.C. 
6.-In antenna and R.F. coils with high impedance primary, the ohmic P. of the 

primary winding will be higher than the ohmic R of the secondary winding. 
7.-Connect outside foil end of tubular condenser to chassis, if used for by-

pass; to plate if used for coupling. 
8.-Before applying Dower to the set, BE SURE the job has been checked by an in-

structor and your job card has been punched. Violation will earn demerits. 
9.-Arrange sockets so that grid and plate wires will be short as possible. Refer 

to socket layout. 
10.-Run wires straight using right angle bends. Keep GI and P wires away from 

each other and from all other wires to prevent coupling. Keep all wires 
close to the chassis except GI wires which should be one-fourth inch away. 

11.-Never solder to a nut, screw, or chassis; always use a soldering lug. 
12.-Wire all heater circuits in parallel twisting the heater wires. 
13.-Connect circuit wires by wiring one circuit at a time. As each wire is in-

serted, score the line on the schematic diagram using same color pencil as 
used in diagram tracing. Order of wiring circuits is: 1st, heater; 2nd, 
cathode and suppressor grid; 3rd, screen grid; 4th, antenna; 5th, plate; 
and 6th, control grid. 
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THREE BAND RECEIVER. 

CND. 
,z'A2 

e' 
ANT. 

BANDSPREAD. 
MAIN TUNING.--

3 

CONVERTER. 
12 K8. 

If. AMP. 
I2SK7. 

STA NDBY 
SW. 

AV G. OFF SW.:  
- L 

VOICE.—CODE Sys.' 

BANDSPREAD. 
_L  

,MAIN TUNING. 1: 

2ND. DET. AMC. OUTPUT AMP. 
12SQ7. 35L6GT. 

VOL.1 CONT. 

115-125 E. A.G. OR D.C. 

MAIN 
TuNING. 

PHONES. SPEAKER. 
EEO 

"CASE. I2K8. 12J5GT. 

ECHOPH ONE. 

B ANDSPREAD 

TuNING. 

VOLUME. BAND SWITCH. 

STANDBY. 

OFF. ON. 

PHONES. 

SPEAKER. 

.•••••-

law 

• 

c 
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RADIO TRANSCEIVER 2.5 METERS. 

Co vp4;:...75. ileve et? 

CitilLeeri pi . colt 

CONSTRUCTION 
A Transceiver is a combination of transmitter and receiver designed for both trans-
mission and reception. The apparatus is usually enclosed in a metal case and pro-
vided with a self contained battery power supply. 

OPERATION 

RECEIVER 
When the control switch is in the receive position, the unit uses the type 6J5GT 
tube as a super-regenerative detector. The type 6G6G is used as an audio amplifier 
to increase the volume of the received signal. 

TRANSMITTER 
When the control switch is in the transmit position, the unit operates as a trans-
mitter, the 6F5GT functioning as a modulated oscillator using the class "A" Heising 
system of modulation. The power developed by this tube and circuit is fed to the 
antenna. 

When operating as a transmitter the 6G6G tube functions as a modulated using the 
class "A" Heising system of modulation. 

When transmitting, the antenna circuit is set for maximum output by adjusting tht 
length of the telescopic antenna until the antenna bulb that is used as a current 
indicator shows maximum brilliancy. 

The percentage of modulation, of the volume of the received signal> is varied by 
the volume control. 

The frequency of this transceiver is 112 to 116 megacycles. 
The distance range varies from 3 to 30 miles depending upon 
the nature of the terrain and the elevation. 

e04./rile Coni-ro/. 

i? - Receive. ....-.4 8 - + 
I 11111  T-77-cens Mi./ 

C, -T7"4 circW.74 lur1/7 . coneleenser used 

1-o aeljuste unit4 iv desired iç-equen_c.y. 

irir7W cii-cciilL ernd cznrieri /7 cf is roried 



SERVICE 

FREQUENCY MODULATION 
Taken from the book, "Frequency Modulation" by John F. Rider 

A COMPARISON OF F-M AND A-M 

FREQUENCY MODUL AT/ ON .5 A NEW ME Th'00 OF USING 
A RA 0/0 WAVE 70 TRANSMIT A MESSAGE. .5/NCE 
/5 EsseNr/ALLy A DIFFERENT METHOD OF 
MODULATION, A CORRESPONDINGLY DIFFERENT 
METHOD OF oemoa(JLAr/oni OR DETECTION 
MUST ESE USED AT THE RECEIVER //V ORDER TO 
ENABLE THE RECOVERY OF THE ORIGINAL 
MESSAGE. THIS MESSAGE MAY BE SPEECH, 
MUSIC, FACSIMILE, TELEVISION OR ANY OTHER 
INTELLIGENCE WHICH CAN BE CONVERTED 
INTO AN ELECTRICAL siGNAL. 

FA-M 
THE CARRIER 5/6/VAL 

1--41 

At 
\II\ Itl II 

1111W1 I 
0.4or.elj.e *'A vg An IOg4lr,CAL V rive JAM. , Od. I07,0 44f APIO .49f rfansa.nfl,03. 

r.lee s , 0 Ofletsfg 'viral-SO/Yee IerAMir, A, 4,4 A-M .11/6,AL nr.eg, Add/re/re 
OF rile .1,0,...0,11 IS .4.00(./LArdre. 

O 
AVOW 
vOL7.4.315 

A-4.1 

TIb E Au0/0 OR 

MOOVLATINO SIGNAL 

dc0,0s 

TIlE Lik4,re-R STAGE 

F-M 

THE L/A4/7-se STAGE /3 0.310 RECE/VeRS TO eemove- v4.42/Ar/on,s 
In/ AmeL/ruaz CA- THE AtEE.94.1E C V - n-1001./LA Tea WA VE . ALAT.C" 
ANO aCleteAl VOL-7AOSS MEE zmecordrp SO ?we ,e../..4/ree 
Oveez.0.403 ore", wren/ •rwe 7A/AU/7" 5145.4 j ,S /f,e,4/.c. rAes 0/../.,•1/4/7- pea 
To 7-NE eiscdir,-,,,Arroe S rA,e4rceir /r1.4/,7"..4/1.1.e0 CO,..17AA/r Ar,e.A.IraZZALS 
01 VAL/AY/DNS IN THE Sreswa7A, OF THE /A/CO/e/IVa .5/0n/AZ 0e/E TO 4,0/Se 

Or/vee C44/SES. 7A,ir L TEE /5 A,Or L./.5e0 egCe/i/Le...5. 

11 

HOiv TAIE L /M/ TER WOAW5 

I/ 
rms Avareer ..e/IOWS IN AICTOR1AL Poem ...op., 75E 1..//r1/7WE T>ows 
TO 411/00orw. 01/7. efroe /4/.4,.£./r/./o,c vAAr/A7/ONS 71,45 1À55.94/SNcY 
M0D1Fj 4750 SIONAL. 

CD 

C-) 
CD 

7.5 , 0 ,M0.04.4-...17,, T... G VO.0e5 AZZ EXACTLY reed SAImg podz 007M e-wf ANO A-..1 TAZA, 0,S. , onerse, Teo« Alre3c/cr..1,T .6•047”...erigp Ne...evas ....r. ..- -- ---



CHAR« MI 
AMPLo /MOE 

O' 
MODULATED 
NAVE 

E: 

TIME 

EFP'ECT oe SIGNAL 

ON 7AVE C.Adre/E  

VUVair 
IIMOMM 

OF 
MODULATOO 
WAYS 

IN AMPLIFV0E-MODULAY1Oni, reg AUDIO 
JAINAL CALIEE• TA! AMI=LITUREOP TME 
1/004ILATE0 WAVE, TO VAST /AI ACCORDANCE 
WITS 7, 5 A 4,0/0 ( d4004A I. A VAWO vOLTAOE 

CIJ 

SECOND, 

rheg—e. 

IN FIPERVENCV,MODIRATION, /WE.41/0/0 MONAL 
CM/14J TIVIC ER SR LIEA/CY TNE MENN.H.A71,0 
WAY, VARY IN ACCORDANCE res.., roee 
AMINO 0WOOVI.ArINO) VOLTADE. 

nee JASNAL AR7r4, M00,VeArioni 
TNt A14304I4ArItg, »AVE 

ROCOAMSD 

AeIiirgegg -MOOMLATRO oYAbig 

AIMINI-ITVOR-I4OgNICATION, Téerg Awe...It/rue« OP 
rang AMINE' v.45155 IN ACCORDANCE' WIT,? TAR 
MODIKATIAR VOLTAEL. TAR OF TAR 
RAY* IS A/OT Jr/V/ITED. 

MILD/Yee 
ai s a 'I • 

T AIS 

eareexeNcy-moetne4rso IVA Pir 

IN ARROURNCY- madin/gAreaN, TN& 
padraaRrecv O.. 7Ng WAYS /41 SMIPTED 
IN ACCORDANCE ONTII TAW MOMMAT/NO 
VOLTAeig . ?Ng AerPcIrelOg OF TAR NAVE 
RaalAINS CONergeIr. 

I HOW TNE 5/6NAL 
  MOO(/LATEO  

AMPLITLIDE MODULA7'001 

'\../"\P 

A TYPICAL MO Tv00 OP ANELITVOW 
IMERN/LATION A. A, A, /C TAIr MODULATING 
VO•LTAIR II *co TO TAR ISIS OF INS 
MODULATOR TIERR. 

AMMEAVIT/NIF 
CAECUIT 

AIIMO'XIODULATINIO 
JRNÁL 

A TYPICAL METHOD OP ARgalt/iNCY 
t.100,..N...ArION IN rPe A TED( 

fOlf`s.e.-̂71-,14 .coverielewe 

A-he eurrecrose 

swg Ampairimat-m0OULArew DETECTOR 
CONYEETE RIK VARIATIONS IN TIM 
AXIAL ITVAC oe rms ••00./i.A750 eAbg ee70 
TAR OR/OvieL AUDIO SIGNAL. 

AYA Aeneg 140 SC 

If NC cAeirear 
MOO. II0OXC 100 AC VIELC 15555 

FAY* ..1)C,NAL la 64 0 « .01-44-.1.1 

IT/VE pewit:Pa OR OISCRIMINAVOR I 

F.,44 otrICTOR 

ouremeNcr 
weatAA73,0 
/Nine 

'RIO. 
M eass• 

MIXO' IIIIFTED 
REITYAM ARO VE 
VAI.UE 

l 
(oistemobvAradr) 

-teeYel- t 

.°5212.7" 

FRI10. 

eggYO 
!RIVAL 

701 FEEMIENCY-MODULATION OSTECIVE CONVERT! 
FEE VAIPATIONI IN IREIKIENEY OV Nit Pe.* 
WAVE INTO VIII ORAIMAL Aeons 4110/4.41.. FIVE 
CIIIIIIACTERIERC OF TES OMPERAMMIATOR CIRCUIT 
ww,cre eceofteN.NiegO 'elf Ng egOvg • 

simeeivvvene a• RANOde/07N 

SAC SANDS 

wog ....0 F.*/ WAVE 

41, re 
0ERIA 

111.11 
= • SEE.INIEWC EMIR Pm' 

CAERACR 

sitf 100 Dal 
Xe 

t----Smac RANA, 
I..— TOTAL —4 

wurge 

AN A-M PIA VE Is comPeag0 oe A oweiriaAr 
A EMILE 557 SP OIDERANINI. TAR TOTAL 
RAND/ROTS OE CIIANNEL ..... IFERVAPEO IT 
All A.âC .5.4 VS IS ERLIAL 70 'NICE TAR VAINSIIT 
AUDIO peggpagNey rIPANgliAerril0. 
/OR EXAMPLE »WERE snug II/Onglr AUDIO 
PWRIKIINCY #RANIMITTRO IS JIXE TAR 
WINAPICO IIANDIVIPTN XC. 

EKE MOO. CAMI/E1 

C ARI MLA 

700 MI SOO ••• 

J 
0E042 

  zA•E   
000flt 

J411  -
MUM* 

ITC. 
ii/PLaANAO 

A F-M WAVE ,11 COMPOSED OF A CARLIER AND MANY 
JETS OF EILIIIRANDE AMICA, JJECOAR 
Im•ANGG Al TMEA• FRIFOVENCV Ode/AIRS .4025 
/EOM ?WI CARRIES 1•10LIENCY, TWe 707.41. 
j/.44,0*,07W OCCVelede SI' TAREE 5/oarellANOS II 
APPROXIMATELY' SRL/AL 1V TN/CC 'WS NAA7.444,0 
PgregaLNCY ernes OP reg MOO‘N.Arg0 ITRV4. 
AMISS r..ez MAX. Padde. ifeeer II %SRC, ?we 
AratknAreO RANDAVIOTN I! IFOICC. 
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AUTOMATIC ffiEQUENCY CONTROL- All 

TC 

R. E 

E TRANSFORMER 

•:.".4 L 
-1-- ei - 

:I -r--

MIXER F.. 2nd. DIT. 

DISL-RIMINATOR 

OSCICCATOR CONTROL 

O5C LLRTOR CONTROL C I RCUIT 

:66 MIXER 

I. F TRANSFORMER 

6K 7 \E./17 
, r , r__r__ ,, 

I . 

r ,--::::. I : 

,4-, :*_ e2"¡"-:•• - I-- L 
<•.:,, ,.-_-.. 1 , 

il 

TO P 

.0001 
mro 

.0004-
MFD 

à MEGOHM 

ie 
.o 5 P1FD 

.0005 
M F D 

B 

15,000 

DISCRIMINATOR AND SECOND DETECTOR 
mot MD 

k7  

6H6 

Fe• c' -r\.00025 
+13 rew 

a MEGOHM 
I/ 

--.Anivvw—e-(X) 
3 MEGOt4M5 

RI 
.5 MEC•OHM 

TO FIRST 

Ra 
.5 NEGOtIM 

DIODE 

LO ,WER' 

DIODE 

%PP 

e 
ABOVE RESONANCE Al RESONANCE BELOW RESONANCE 
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AUTOMATIC VOLUME  CONTROL (A.V.C) AND DIODE DETECTOR CIRCUITS 

e 

--v‘Nevs.eN 

X x 

T 
.05 INFO R.F. 

ISOLATING CONDENSER 

„.5. Open in F.   
ISOLATING RESISTORS 

I.F. FULL. WAVE DETECTOR 

ÍvVVVVV-

XX 
1 

.05 MO R.F. 

\ T ER CONDENSER 

MODULATED 

BY A. F 

APPEAL° TO 

DETECTOR 

TUNING 
METER 

 •\./VVv\ne..  
.5 MEGOHM 
EsEocKING RESISToR 

X X 

.001)25 mr-D •NF 
riLTER cowerewsER 

mEO0Hri 
1.0/40 RuStsroR 

A. F. 

X X 

 AA/NÍVNAA.A.,--÷ 

NOISE (N.S.C.) 
SUPPRESSOR 
CoNTROL 

---nRfer\-±----(-6115-6•L 

T-r 

MAGIC EYE 
M E C, OHM 

OUTPUT f ROM DIODE_ DETECTOR 

DELAYED il'1.\/‘ C. 

,Ooo 5 MrD 

CONNECTED To THE 
CONT 'ROL TuEtt-

LORD RUSISTOR 

CATHODE 

G - TRIODE GRID 

P- TRIODE PLATE 

V- RAY- CONTROL VANE 

T- FLUORESCENT TARGET 
C5 -CATHODE SHIELD 

BI-

L(EO voLTAGE. 

X X 

4 

II 
DUO— DIODE— TRIODE TYPE TU8E 

HALF WAVE DETECTOR 
55-75- 85-LTC 

.25 mE6omm Lo/iCe 
REZISTOR AND 
VOLuME CONTROL 

LELii 
-4••• 

DETECTOR LOAD RESIST/VICE 
AND VOLUME CONTROL 

"CONMELTED TO THE A.V.C. CONTROL TUBE 

ZERO GROD ElAS, 
miti‘mUm SIGNRE 

G 

NEGATIVE GRID 
BIAS, MAXIMUM 

0 S‘GNAL 

B+ 

ARGET 

\ 
RAY 
CONTROL 
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AUTOMATIC TUNING 

TUNING 
LEVERS 

HEART SHAPED 
CAMS 

FIG. 1—Belmont "Belmonitor" Tuning System—Front View 

MANUAL 
TUNING 
KNOB 

LOCKING 
SCREW 

BLACK 

VIEW OF CABLE 
PLUG LOOKING 
AT PINS 

®THERE IS NO MICA 
CONDENSER CONNECTED SCHEMATIC SHOWS ONE BUTTON DEPRESSED, 
TO LUG BA AND SHOWS CONNECTIONS TO GIVE FREQUENCY 

RANGES INDICATED. 

EMERSON MIRACLE TUNING UNIT 
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—Galvi,u (Motorola) "Press•Button Tuning"—Circuit Diagram 
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AUTOMATIC TUNING 

421 

411916, 

INDEXING PIN USED IN SETTING 
DISC FOR DESIRED STATION 

INSULATED 
BREAM IN 
PERIPHERY 

STATION SELECTOR 

COMMUTATION DISCS 

UNIVERSAL 
COUPLING 

PIG. 31-:—Typical Motor-Tuned Automatic Station Selector System 

PucAo 
Pat Iola 

1999/1 «1 %AM 
0.0191 le« 

UY 91.91. 
10/0199. « 

CLUTCH SHADED POLE INDUCTION MOTOR MOTOR ACTUATED 

TO SUPPLY WINDING ON POWER TRANSFORMER 

UNIVERSAL COUPLING 

SPLIT PHASE POUCTION ROTOR 
SHUNT CONNECTED SHOEING COIL S 

FIG. 32—Schematic Diagram of Typical Motor-Tuned System 

TO An. 01X990191109 

19 N.Col C.F: 
CLOW CC9991. 

"Sc. 

AFC MUTING CONTACTS 

STATION SELECTOR SWITCH 

GANG TUNING CONDENSER 

SOC fl(909 footcm 

WM«. 
90X 

61  
1- - - - - 

C63  Q 

,0199..« 
.0,Kt 

 1190•11431 

,09( 
tAA/C/C9491. 

—Admiral "Touch-O-Matic" Circuit Diagram 
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AUTOMATIC TUNING 

DETECTOR OSCILLATOR 
GRID GRIO 

TIITT TITÍTT 
o s • w 

Foc. 21—Typical Condenser Substitution Tuning System 

TO COIL 
ASSEMBLY 

FIG. 47—Admiral "Touch-O-Matic" Motor Car Conversion Unit—Circuit Diagram 

7 

MUTING CONTACTS 
comtcrto ACROSS 
OuTPUT TRANSPORIRIS 
PRIMARY WOOING 

OSCILLATOR CIRCUIT TRIMMERS 

ROUT CIRCUIT 
TRIMMERS 

1 

Foc. 73—General Electric "Touch-Tuning"---Circuit Diagram 



IP 

TO 

C
 I
 R
C
U
 I
T
S
 
m
o
m
 

 r- n  

CIRCUIT W IRU4Ç PIAqRAm OF BUt4qALOW WIRIt49 Sys-TU.«. 

y 14 E . cQ-

C)) 

C..014ST.: DEPT. 



64 Circuits and Wiring 

ELECTRIC RANGE CIRCUITS AND INSTALLATION 
TO LAMP _I 
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METER CONNECTIONS 

.0110r 

• 

411111.‘ 

2- WIRE SINGLE FUSED SWITCH, 
TWO 2—WIRE SINGLE FUSED BRANCH CIRCUITS. 

METER FUSE 

LOAD 

SERVICE WIRES 

LOAD 

LOAD "C" 

3- WIRE SOUP NEUTRAL SWITCH, 
FOUR a-WIRE SINGLE FUSED BRANCH CIRCUITS. 

2- WIRE 
METER 

d(uNE\• LORD 

NEUT L 
STRAP 

VICE 

NEUTRAL 
 STRAP 

BRANCH 
CIRCUIT 

rtrisgs 

BRANCH 
CARCUIT 
FUSES 

e-4  

LOAD "B" 

 LOAD "8" 

METER 
FUSE 

3- WIRE SOLID NEUTRAL SWITCH. 
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CIRCUIT 
FUSE 

SWITCH 

SERVICE WIRES 

3 PHASE METER 

POLYPHASE 

 (--MM  
(ZiMP  
r(50Un-
rnuP 

METER FUSE 

 ( 
BRANCH 
IRCUIT 
FUSE 

L 

SW TCH 

LOAD 
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REMOVABLE 
LINKS — TEST 
r 

LINE I 

0, 

0 

LOAD 
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WIRING METER BASE FOR SOCKET TYPE METER 

3- WIRE 

SERVICE 

LOAD 

WEATHER HEAD ,?•---1 

2-WIRE 

*--THESE WIRES ARE IN CONDUIT — 

SPRING CLIP FOR 
METER PRONG 

BINDING SCREW 

WIRES IN CONDUIT  

SERVICE 
SWITCH 

THROUGH WALL BOX 
To GROUND GROUND 
BUSHING - \BUSHING 

TOP LOCK NUT 

FROM GROUND 

METER BASE 4 II 6' FROM 
FLOOR 

CONDUIT 
OR ENTRANCE 

CABLE ---P 
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GROUND CLAMP-0 
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SERVICE 

LOAD 
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BINDING 
SCREW 

CONNECTIONS IN SERVICE BOX 
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--e 17- 1 nn 

QROUND 
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CONDUIT 
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WHITE OR 
NEUTRAL WIRE 
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e 

.1.1111b, 

HIGH VOLTAGE TEST SET FOR WIRING 
INSTALLATIONS R.E.A.RECOMMENDATIONS 

DOUBLE FILAMENT NEON TEST LAMP 

POLARITY TEST-INSERT NEON 
LAMP IN SOCKETS. LIGHTING OF CORRECT 
FILAMENT INDICATES PROPER POLARITY. 

fï) 
SHORT CIRCUIT 8, GROUND TEST- REMOVE 
LAMPS AND CLOSE SWITCHES. IF SHORTS OR 
GROUNDS EXIST PILOT LAMP WILL LIGHT. 

INITIAL GOST COMPLETE $10.00 TO 4 12..00. 
UPKEEP COST — AVERAGE 10 4- PER JOB, NEON TEST 
LAMP 2.5f TO el.50. 

2.25 E 25 IN PILOT 

LIGHT OUTLET 

DISTRIBUTION 

CABINET 

THIS EQUIPMENT MAY BE CARRIED IN REAR OF CAR, 

1-5 E 4-5E 4-5 E 4-5E 

METER 
SOCKET 

45E 

SUPPLY FOR TESTING — FIVE 45 E HOT— SHOT BATTERIES 

ANY D.C. SUPPLY OF 2,20 E MAY BE USED, SUCH AS THE 
POWER PACK USED IN AUTO RADIO. THEN THE CAR BATTERY COULD 
BE USED AS A SOURCE. MALLORY VIBRAPACK e V.P. 552 MAY BE 
USED IN CONJUNCTION WITH A CAR BATTERY. THIS VIBRATOR 
POWER PACK HAS AN OUTPUT OF 2.2.5 VOLTS AND UP, AND 
100 M.A. CAPACITY. MAY BE PURCHASED FOR e II. 00. - 

BRANCH 
CIRCUIT 
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TECHNICAL TERMS AND THEIR MEANING 

A clear understanding of Electricity can be acquired only if the terms employed to 
explain it and the units used to measure it are clearly understood. Words used in 
the technical sense have exact meanings frequently different from those associated 
with their every day use. Definitions here given refer to the technical meanings 
only. Some of the most important terms and their units of measurement are: 

FORCE - Force is defined as "any agent that produces or tends to produce motion." 
Force may be mechanical, electrical, magnetic, or thermal in character. Note that 
force does not always produce motion: a relatively small force may fail to move a 
large body, but it TENDS to do so. The word "body" refers to any material object: 
it may be a stone, a building, an automobile, a dust particle, an electron, or any-
thing that has size. Force is usually measured in pounds; therefore the UNIT of 
FORCE is the POUND. 

ENERGY This word refers to the ability or capacity for doing work. One may speak 
correctly of the ENERGY in a charged automobile battery, in a raised weight, in a 
compressed spring, in a tank of compressed air, etc., as work may be done by any 
one of these devices. Energy may be mechanical, electrical, magnetic, chemical, or 
thermal type, and the different kinds of energy may be readily converted from one 
form to another; however, each conversion results in a loss of some of the useful 
energy, although the total amount of energy remains the same. Since the energy of 
a device represents the total amount of work that it can do, the units for work and 
for energy are the same. The UNIT OF ENERGY most frequently used in electrical 
work is the JOULE. It is equal to approximately 0.74 foot pounds. 

WORK - Work is equal to the force applied to an object multiplied by the distance 
through which the object is moved. If the force applied to a given object is in-
sufficient to move it, no work is done. This definition illustrates the great 
difference that exists between the technical and the general meaning of the word 
WORK. The units used for measuring work are the same as those employed for energy. 
The most frequently used UNITS OF WORK are the FOOT POUND and JOULE. 

POWER - Power indicates the rate at which work is done. It is equal to the amount 
of work done, divided by the time required to do it. This unit does not show how 
much work has been done, it merely indicates how rapidly, or at what rate, the work 
is being done. The foundamental UNIT of electrical POWER is the WATT. When the 
power in an electrical circuit is one watt, this means that work is being done in 
that circuit at the rate of one joule per second, or 0.74 foot Pounds per second. 
Note that the WATT is not a quantity unit but a RATE unit. Larger power units are 
the horse-power and the kilowatt. The HORSEPOWER represents a rate of doing work 
equal to 746 WATTS, or 746 joules per second, or 550 foot pounds per second. Note 
that TIME, which is not mentioned in the definitions of force or energy, is always 
a factor in the measurement of POWER. 

(a) WORK 
POWER --------

TIME 

(b) 
WORK = POWER X TIME 

(c) WORK 
TIME 

POWER 

With the aid of the above formulas any of the given quantities may be calculated 
when the other two are given. Thus if work and time are given, the power may be 
found by (a). If power and time are given, the work may be found by formula (b) e 
and if the work to be done and the rate at which it is to done (power) are speci-
fied, the time required to do it may be determined by formula (c). 

A little time spent in studying the above definitions and formulas will be well 
repaid by an increased understanding and clearer conception of the units used. 

• 
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1. The only technically correct definition of force is: (A) that agent which 
produces motion (B) that which indicates a group acting together, such as 
a police force (C) that agent which produces or tends to produce motion (D) 
that agent which overcomes opposition, as when one force overcomes another. 

iver 2. The only technically correct definition for the term energy is: (A) the rate 
at which work can be done (B) the total work done in a given time (C) the 
ability or capacity of some agent to do work (D) the rate at which work is 
done. 

3. The technically correct definition for power is: (A) the force required to 
overcome opposition (B) the rate at which work is done (C) the total work 
done (D) the rate at which force is applied to an object. 

4. Work is always done: (A) when force is applied to an object (B) when the 
applied force produces motion or a change in motion (C) when one force 
opposes another. 

5. Of the four units given here the only one that measures force is the: (A) 
Watt (B) Pound (C) Joule (D) Foot-pound. . 

6. The unit of energy most frequently used in electrical work is the: (A) Watt 
(B) Joule (C) Foot-pound (D) magnetic only. 

7. Force can be: (A) mechanical only (B) electrical only (C) magnetic, me-
chanical or electrical (D) magnetic only. 

8. When the power used by an electrical circuit is one watt, work is being done 
in that circuit at the rate of (A) 0.74 ft. lb. per sec. (B) 1 ft. lb. per 
sec. (C) 550 ft. lb. per sec. (D) 75 ft. lb. per sec. 

9. When the power used by an electrical circuit is one watt, work is being done 
in the circuit at the rate of .74 ft. lbs. per sec. (A) always (B) sometimes 
(C) never. 

10. The watt, kilowatt, foot-pounds per sec., and joules-per-second all measure 
(A) work (B) Force (C) Power. 

11. When a battery is fully charged it is capable of doing work, To indicate 
this capacity for doing work and battery is said to store: (A) power (B) 
force (C) energy (D) work. 

12. To find the rate at which work is being done (power) divide the total work 
done by the time required to do it (true) (false). 

13. To find the total work done multiply the rate at which work is being done 
(power) by the time (true) (false). 

14. When work is being done in the electrical circuit at the rate of 0.74 foot 
pounds per second, the power absorbed is: (A) one watt (B) 74 watts (C) 
one watt-hour (D) one joule. 

15. When one ampere of current is forced through a resistance of one ohm, work 
is being done in the circuit at the rate of (A) one kilowatt (B) one watt 
(C) one joule (D) one watt-hour. 

16. The watt-hour, kilowatt-hour, joule, and foot-pound are all units of: 
power (B) work (C) force. 

17. The answers to the problems are A ( ) B ( ) C ( 

(A) 
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Coulomb q or Q 

Unit of electrical quantity. The quantity which will 
deposit .0000116 oz. of copper from one plate to the 
other in a copper sulphate solution. The quantity of 
Electricity which must pass a given point in a circuit 
in one second to produce a current of one ampere. 

Ampere I or A Unit of current. (Rate of Flow) One coulomb per second. 

Milliampere MI or MA .001 I (The prefix "milli" means one-thousandth) 

Microampere p.I or pA .000001 I (the prefix "micro" means one-millionth) 

Volt E or V 
Unit of pressure. (EMF - Electromotive Force) The 
pressure required to force current at the rate of one 
ampere through the resistance of one ohm. 

Millivolt ME or MV .001 E One-thousandth volt. 

Microvolt gE or gV .000001 E One-millionth volt. 

Kilovolt KV 1000 E (The prefix "kilo" means one-thousand) 

Ohm R or.ri.. 

Unit of resistance. A measure of the opposition of-
fered to the flow of current. The resistance offered 
by a column of mercury 106.3 centimeters long and 1 
square millimeter in cross sectional area, at a tem-
perature of 32 degrees Fah., or 0 degrees Cent. 

Megohm Meg. 1f 000 .9 000 R One-million ohms. 

Microhm gR .000001 R One-million ohm. 

Mho g 

Unit of conductance. A measure of the ease which a 
conductor will permit current to flow. It 4.s the 
reciprocal of resistance. 

Watt W 
Unit of power. One watt is equal to current at the 
rate of one ampere under the pressure of one volt. 
W = I x E. 

Horsepower HP or HP 
746 W Tâepower required to raise 33,000 pounds, one 
foot, in one minute. 

Milliwatt MW .001 W One-thousandth watt. 

Kilowatt KW 1000 W Unit of power. 

Watthour WH Unit of work. (Power x Time) W x H = WH 

Kilowatt-hour KWH 1000 WH Unit of work. 

Farad C Unit of capacitance. Capacity of condensers. 

Microfared Mfd. or gF .00001 C One-millionth farad. 

Micro-microfarad MMF .000001 mid. One-millionth microfarad. 

Henry L or H Unit of inductance. 

Millihenry ML or MH .001 L One-thousandth henry. 
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DIRECT CURRENT APPARATUS 

This section shows internal and externat wiring 

for devices and equipment that operate with di-

rect current. The pages are grouped in the follow-

ing order of subjects: 

Motors, also general Testing 

principles 

Generators or dynamos Starters and controllers 
Armature windings 

Except in the group devoted to starters and 

controllers most of the pages include explanations 

of the diagrams. The following additional notes 

apply to certain of the pages, as referred to by 

number. 

PAGE 82 

This sheet shows simple schematic diagrams for 

series, shunt and compound motors, and on the 
right-hand margin lists the connections from the 

power line to the motor terminals for counter-

clockwise (CCW) rotation and for clockwise (CW) 

rotation. The following abbreviations are used: 

Al and A2. Armature Li and L2. 

connections 

Fl and F2. Shunt field Comm. 
connections 

Si and S2. Series field 

connections 

PAGE 90 

D-c power line 

Commutating 
winding 

Here, on a single chart, is the whole story of 

motor operating characteristics and applications. 

Going from left to right on the chart you find the 

speed characteristics, kind of electric power, con-

struction and windings, usual horsepowers, start-

ing and stalling torque as compared with normal 

full load torque, variations of speeds with loads, 

the principal performance features of the motor, 

and finally the drives or applications for which 

each motor is especially well suited. Careful study 

of this table will add greatly to your knowedge 

of motors and their uses. 

PAGES 97 AND 98 

These diagrams of General Electric direct-current 

machines illustrate how winding connections and 

external terminal connections are shown. 

PAGE 99 

On this page is described a method for measur-
ing the performance of a generator and plotting 

the performance as a curve showing the relations 

between current and voltage. Measurements are 

made with a voltmeter and ammeter, while the load 

is varied by using a rheostat consisting of metallic 

plates in a salt water bath. This description applies 

to methods followed in the Coyne shops, but illus-

trates the general procedure for similar work done 

elsewhere. 

PAGE 111 

This sheet shows how records are made and kept 

for armature winding repair jobs. Entries are made 

under the heading "REWIND DATA" as the 

armature is being stripped. Positions to which coil 

leads connect on the commutator are shown on 

the large central diagram. On this diagram are 

entered the numbers of the core slots in which 

lie the coil sides. Below the coil diagram are shown 

two sets of commutator bars as they would appear 

if laid out flat. On one set the center of a bar is on 

the center line of a coil. On the other set the insul-

ation between bars is on the coil center line. Coil 
leads are run down to bars on whichever commu-

tator arrangement is used on the armature being 
wound or repaired. 

PAGE 115 

This sheet shows the construction, winding, and 

connections for a growler. A growler is a device 
which generates voltages and currents in the coil 

windings of an armature laid on the field poles of 

the growler. Readings of armature currents are 
made as shown on the following page. Correct in-

terpretation of readings allows determining the 

kind of trouble and its approximate location. 

PAGE 122 

These symbols are used in diagrams for motor 

starters and controllers for both direct-current and 

alternating-current. The following notes apply to 
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symbols as you read from left to right across the 

successive lines from top to bottom of the page. 

N.O. means "normally open." N.C. means "norm-

ally closed." A blowout is a device, usually an 

electromagnet, which lessens sparking as current-

carrying contacts separate. Main circuits are those 

carrying line power. Auxiliary circuits usually are 

control circuits. An interlock is a connection, either 

mechanical or electromagnetic, that causes certain 

contacts to operate when other contacts operate, 

or which cause any two actions to occur simul-

taneusly. 

Note that on double-circuit push buttons there 

are four small circles indicating the four terminal 

connections for the two lines. In a maintained con-

tact push button one terminal always remains con-

nected to the switch contacts. A limit switch is a 

switch operated automatically when some portion 

of a machine reaches the limit of its travel; as, for 

example, on a machine tool where the motor is to 

be stopped or reversed when the cutter reaches the 

end of its travel. 

A thermal overload relay opens its circuit when 

excessive current has continued for long enough 

to heat and expand a member that releases the 

contacts. 

An auto-transformer is a transformer in which 

part of the winding is in both the primary circuit 

and the secondary circuit. A potential transformer 

transfers voltage changes from one circuit to an-
other without having conductive connections be-

tween the circuits. A current transformer transfers 
current changes from one circuit to another. Poten-

tial tansformers and current transformers often are 
called instrument transformers, since their usual 

purpose is to connect voltage-operated and current-

operated instruments to circuits in which changes 

of voltage and current are to be measured or indi-

cated. 

PAGE 131 

The lower right-hand diagram shows the motor 

armature and field windings connected directly to 

one side of the line. The other side of the line, Li, 

connects through a starter to the remaining term-

inals of the motor. Either of the starters may be 
used. Both starters are of the "face plate" type on 

which the power arm or handle is moved slowly 

from left to right across contact points between 

which are resistors mounted on the back of the 

starter face plate. When the handle reaches the 

right-hand end of its travel it is held there by an 

electromagnet marked "No E (voltage) or no field 
release coil." Should line voltage fail or should it 

drop below a safe operating value, this release coil 

is demagnetized to an extent that releases the arm. 
Then a spring moves the arm back to the left-hand 

off position. 

The upper right-hand diagram shows a starter 

equipped with the no-voltage release coil, also with 

an overload release coil. The overload release coil 

is a magnetic switch that opens the line circuit 

should the current rise above a safe operating value. 

PAGE 132 

This is a setup diagram for testing the horse-

power output of a motor with a prony brake and 

for testing the efficiency by measuring the amper-
age and voltage from which are computed the elec-

trical power input in watts (amperes x volts). The 

voltmeter and ammeter are mounted on a separate 
panel shown at the upper right. 

PAGE 133 

The first movement of the power arm toward 

the right allows closing of the contacts shown at 

the bottom of the arm. Current from Li at the line 

switch then flows through these contacts, through 

the starting relay winding, and to L2. The starting 

relay contacts close. Then current from Li flows 

through the magnetic blowout coil, the relay con-

tacts, and the power arm so that the starter oper-

ates as usual. 

PAGE 134 

The upper left-hand starter is used for starting 

the motor, then for increasing its speed above 

normal. The power arm consists of two parts. The 

motor is started by moving the arm slowly toward 

the right, as usual. At the extreme right-hand of 

the travel one part of the arm is held in place by 

the no-voltage release magnet. Then the other sec-

tion of the arm is moved backward, to the left, to 

increase the motor speed. Moving this section of the 

arm to the left allows its contact to travel across 

contact points between which are sections of the 

field resistance. Thus more and more resistance is 
connected in series with the shunt field of the 

motor, which has the effect of increasing the motor 

speed. 

en" 
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The upper right-hand starter has resistors which 

are heavy enough and which will dissipate enough 
heat so that the power arm may be left at any 
position along its travel. The position of the arm 
determines the amount of resistance in series with 

the armature and the series field of the motor. The 
greater this resistance the slower the motor will 

run. 

PAGE 138 

The stationary contacts of the drum controller 
are shown by circles. The contact shoes which are 
on the drum and which move with the drum are 
shown by rectangular outlines. All the shoes move 

together, either to the right or to the left on the 
diagram. 

PAGE 147 

When the motor is to be started with the solenoid 
starter the start switch button (upper right) is 

pressed to close the switch contacts. Current from 

the line (L1.) flows through the solenoid magnet 
winding to terminal Cl, through the closed stop 

switch contacts, the closed start switch contacts, to 
terminal C3, and back through L2 to the other side 
of the line. The solenoid plunger rises, and with it 
the power arm. The power arm short circuits and 

cuts out more and more of the armature starting 
resistance as the motor starts and gains speed. 
Opening the stop switch by pressing its button 

opens the circuit through the solenoid winding, 

thus allowing the plunger and power arm to drop 
and open the motor circuit. 

PAGE 149 

In tracing the diagrams on this and following 
pages refer to the symbols shown and explained 
on page 124. 

In relays Type J-30 and Type J-31 closing the 
contacts of the control device (any suitable switch) 
lets control circuit current flow through the relay 
magnet winding represented by a circle on the 

right-hand heavy conductor. The magnet closes 

the contacts shown above the circle and allows 
current to flow to the load. 

On the right-hand side of the page the upper 

diagram is a connection diagram or wiring diagram 

for the starter, the start and stop push button 

switch, and the shunt wound motor. The lower 
diagram is a schematic in which it is easy to trace 

the current paths. On the lower line of the schem-
atic diagram the contacts in series with the motor 

are marked M. These contacts are closed and 

opened by the double wound electromagnet coil. 

One winding is energized by closing the start 
switch. Auxiliary contacts, shown inside the starter 

of the upper diagram, are holding contacts which 

close and maintain a circuit through the second 
coil until the stop button is pressed to open the 

entire control circuit. 

PAGE 150 

In this starter there is a relay, AR, on the mov-
ing plunger of which is a dashpot that allows the 
plunger to move only slowly while the coil is 

energized. The slow movement of the plunger suc-
cessively closes contacts that short circuit resistor 
sections R2, R3 and R4, thus reducing resistance 
in the armature circuit as the motor gradually gains 
speed. 

PAGE 151 

Of the two upper diagrams the one at the left 

shows terminal connections and the one at the right 
shows the schematic circuits. Pressing the FOR 

(forward) button sends current through the arma-
ture and commutating (COM.) field in one direc-
tion and caues the motor to rotate say clockwise. 

Pressing the REV (reverse) button reverses the 
direction of current in the armature and commu-

tating field, which reverses the direction of motor 

rotation. On the schematic diagram the forward 
contacts are marked F and the reversing contacts 

are marked R. There are two relay magnets, one 

forward and the other reverse, each operating its 
own set of contacts. 

The two lower diagrams are schematic diagrams 
for starters providing both time limit and reversing 
features. A dashpot on the magnetic relays limits 
the rate at which they close their contacts, thus 

cutting out armature resistance in one step after 
another at definite time intervals. The reversing 

feature operates similarly to that shown in the 
upper diagrams. 

PAGE 153 

This is a speed regulator that reduces the speed 
of the motor below normal by inserting more and 
more resistance in series with the armature, and 

that increases the speed above normal by inserting 
resistance in series with the shunt field winding of 
the motor. Armature resistance is shown by heavy 
lines on the controller, while field resistance is 

shown by light lines. The action of this controller 
is similar to that of the ones shown on page 136. 
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O.C.MOTORS AND GENERATORS. 
OPERATION 

The D.C. motor operates on the first 
law of magnetism which states that 
like poles repel and unlike poles at-
tract. Current flowing through the 
field coils produces the field poles, 
and current through the armature coils 
develops armature poles midway between 
the field poles. Attraction and re-
pulsion between these two sets of 
poles produces rotation. Note that 
the armature poles remain stationary 
in space. 

ROTATION 
By reversing the direction of current 
flow through the fields or through 
the armature, the field poles or the 
armature poles will be reversed, and 
the direction of rotation changed. 
Compare A with H and C with D. 

ARMATURE POLES 
Diagrams E and F show a 4 pole motor. 
Note that the number of armature poles 
always equals the number of field 
poles, and that the armature poles are 
located midway between the field poles. 
From the above it is obvious that a 2 
pole armature will not work in a 4 
pole field. Note also that when the 
direction of current flow is reversed 
all poles are reversed. 

GENERATORS 
Diagrams G and H show two generators, 
one arranged for clockwise and the 
other for counter clockwise rotation. 
Note that poles are set up on generator 
armatures also, but that in this case 
the poles oppose rotation. As more cur-
rent is drawn from the armature, these 
poles increase in strength; this ex-
plains why an electric generator is 
harder to drive as the armature cur-
rent increases. 

,011111.-

vs. 
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D.C.MOTORS AND GENERATORS. 

INTERPOLES 
To minimize sparking at the brushes, 
most D.C. motors are equipped with 
small poles placed midway between the 
main poles and called interpoles or 
commutating poles. For proper oper-
ation, these small poles must have 
the correct polarity. Reference to 
any of the diagrams will show that 
the polarity of the interpole is al-

ways the same as the armature pole 
ad-ja6Et to it. 

REVERSING ROTATION 
The windings on the interpoles are 
always connected in series with the 

armature winding and are considered 
a part of the armature circuit. 
Therefore, when current through the 

armature is reversed, the interpole  
polarity is also reversed. This 
arrangement automatically preserves 
the proper relation between the arma-
ture poles and the interpoles when 
the armature current is reversed. 

NUMBER OF INTERPOLES 
Machines equipped with interpoles may 
have as many interpoles as main poles 

or one-half as many interpoles as 
main poles. As the interpole winding 
is always connected in series with 
the armature, the interpole strength 
will vary with the value of armature 

current. 

GENERATORS 
Diagrams G and E show two generators 
equipped with interpoles. G is ar-
ranged for clockwise rotation and H 
for counter clockwise rotation. Note 
that the rule for the polarity of in-
terpoles applies to generators as 
well as motors. Note too, that the 
armature poles oppose rotation and 
thus produce the force against which 
the prime mover must work to maintain 
rotation. 
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D. C. MOTOR PRIMIPLES 

Electric motors are machines that change electrical energy into mecbnical energy. 
They are rated in horse power. (H.P.) 

The attraction and repulsion of the magnetic poles produced by sending current 
through the armature and field windings causes the armature to rotate. The arma-
ture rotating produces a twisting power called torque. 

Fleming's Left Hand Rule For Motors 

Place the thumb, first finger and remaining fingers at right angles to each other. 
Point the first finger in the direction of the field flux, remaining fingers in 
the direction of the armature current and the thumb will indicate the direction 
of rotation. 

N 

• 
The direction of rotation can be reversed on any D.C. motor by reversing either 
the armature or field leads but not both. It is standard practice to reverse 
the armature leads to reverse the direction of rotation. 

The amount of torque developed by a motor is proportional to the strength of the 
armature and field poles. Increasing the current in the armature or field wind-
ing will increase the torque of any motor. 

The armature conductors rotating through the field flux has a voltage generated 
in them that opposes the applied voltage. This opposing voltage is called counter 
electro motove force, (C E M F) and serves as a governor for the D.C. motor. After 
a motor attains normal speed the current through the armature will be governed by 
theCEMFgenerated in the armature winding. This value will always be in pro-
portion to the mechanical load on the motor. 

APPLItO YOLTAbt C E. re'l 

EFFECTIVE VOLTAGE 

ARMATURE CURREM 
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D.C. MOTOR PRINCIPLES (GonTinutlà) 

imor 

eek 

The applied voltage is the line voltage. The effective voltage is the voltage 
used to force the current through the resistance of the armature winding. This 
value can be determined by multiplying the resistance of the armature by the 
current flow through it. To find the resistance of the armature measure the 
voltage drop across the armature and the current flow through it and use ohm law 
formula. R equals E over I 

The lamps are used to limit the current through the armature winding. 

The revolutions per minute of a D.C. motor can be varied over a wide range. The 
maximum safe speed for the average D.C. machine is 6000 ft. per minute peripheral 
speed of the armature. D.C. motors can be designed to operate safely up to 
15,000 peripheral ft. per minute. Periphery means outer surface. 

2 ft. 
circumference 

46000 . 
3000 R.P.M. is the maximum safe speed for 

the average D.C. machine that has an armature 
that is 2 ft. in circumference 

The H.P. rating of a motor refers to the rate of doing work. The amount of H.P. 
output is proportional to the speed and torque developed by the motor. The Prony 
Brake Test is used to determine the H.P. output of a motor. 

PROW( BRRKE FORMULR 

11.1°.:= 2.7TXPXLXR,P.M. 
33,000 

2 lrequals 6.28 
Pull on the lever arm in lbs. 

it Length of the lever arm in ft. 
R.P.M. equals Revolutions per minute. 

OUT PuT  
EF FIG MM.), — 

INPUT 

3PR1RC, SÇA LE 

LEVER ARM 

MOTOR PULLEY 

BRME i5AND 

ADJUSTMENT 
SCREW 
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SHUNT MOTOR 

A shunt motor is a motor that maintains nearly constant speed from no load to 
full load. The shunt field winding consists of many turns of small wire and is 
connected parallel with the armature winding or across the line. The diagrams 
below show the proper connection for the armature and field. 

DETAIL WA 6114M 

CONVENTIONAL 
3METCH 

To reverse the direction of rotation re-
verse either the armature or field leads 
but not both. 

The characteristic curves below show that the torque developed by a shunt type 
motor varies with the armature current. This is true because the torque is pro-
portional to the armature and field flux. The field maintains constant strength 
because it is connected across the line and the armature flux will vary with the 
armature current. The torque of a shunt motor is considered to be fair in com-
parison to other D.C..motors. It will start about 50% overload before being 
damaged by excessive current. 

The shunt type motor maintains nearly constant speed from no load to full load 
because the shunt field strength is constant. The characteristic curve shows 
that the speed varies about 10% from no load to full load which gives this motor 
very good speed regulation. 

This motor is widely used where it is desired to control the speed above and 
below normal speed. A shunt field rheostat connected in series with the shunt 
field will cause the motor to increase in speed. A resistor connected in series 
with the armature will cause the motor to decrease in speed. 

Shunt motors sometimes have a few 
turns of heavy wire wound on each 
field pole and connected in series 
with the armature. This winding pro- SO — WOO 
duces the same polarity as the shunt 
field winding and produces a more 45 — 00 

stable operation when the motor is 4-0 — Boo 

carrying a fluctuating load. 
4,• 35 44 700 

For applications of the shunt motor c>So — 600 

see Motor Application Chart Number 2 
25 500 

115. 
_œ 400 4i 0 

(7 15 300 

0 
• 10 -- 200 

.5 — /00 

CfrMRACTERISTIC CURVES 

—   
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SERIES MOTOR 

A motor that has its field and armature connected in series with each other is a 
series type motor. The field is constructed of a few turns of heavy wire or 
strap conductor. The field strength will vary with the armature current under 
normal conditions. 

DETAILED DIAGRAM 

f•-•N r-N  

SERMS nE1-D 51.11.11iT 

The starting and stalling torque is excellent. It will start or carry very heavy 
overloads. The torque of a series motor varies with the square of the armature 
current. This is true because the field strength varies with the armature cur-
rent. Example - Doubling the armature current will likewise double the field 
strength and produce four times as much reaction between armature and field poles 
or produce four times as much torque. 

The speed regulation is very poor. The speed varies inversely with the load 
which means more load less speed and less load more speed. Care must be taken 
to see that there will always be sufficient load on the motor to keep the speed 
within safe limits. If the load drop to zero the motor probably would run fast 
enough to destroy itself. 

The series motor is limited in application 
because of its poor speed regulation. It 
is especially suitable for cranes, hoists, 
mine machines and electrical railway work. 
These loads can be handled more efficiently 
with a series motor because the speed will 
be slow if the load is heavy and a light 
load will be driven at a high speed. 

The speed of a series motor can be con-
trolled above normal speed by connecting a 
series field shunt parallel to the series 
field. The speed will vary inversely with 
the field strength. Controlling the speed 
above normeql decreases the possible torque 
output but does not affect the H.P. output. 
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COMPOUND MOTOR 

The field of a compound motor is made up of shunt and series coils placed on each 
field pole. The shunt winding is the main field winding. The series is the com-
pound winding and its strength varies with the load current. If the shunt and 
series coils produce the same polarity at each field pole the connection is known 
as CUMULATIVE COMPOUND. 

DET4ILED 01,1 GRAM 
Pl  

// 

COMPOUND MOTOR CONNECTED CUMULATIVE 

S S 
CONVENTIONAL SKETCH 

The TORQUE is very good. It will start to carry heavy overloads. The cumulative con-
nected compound motor produces a better torque than the shunt motor but not as good 
as the series motor. 
The SPEED REGULATION is fair. The speed will vary from 15 to 25% from no load to 
full load. The per cent variation in speed from no load to full load will be gov-
erned by the comparative strength of the shunt and series field. 
The CUMULATIVE CONNECTED COMPOUND MOTOR is suitable for jobs, such as, compressors, 
crushers, steel mill roll, etc. For a complete list of applications see chart #115. 

DIFFERENTIAL CONNECTED COMPOUND MOTOR 

If the polarity of the series 
as differential compound. 
The SPEED REGULATION of a dif 
approximately 75% of full loa 
beyond that point. 
The TORQUE is very poor. It is apt to start and then reverse its rotation when 
starting a load. 
There is very little use for the differential compound motor. 

field oppose the shunt field the connection is known 

ferential connected compound motor is very good up to 
d rating. It is apt to slow down or stall if loaded 

TESTS TO USE TO DETERMINE CONNECTION 
MADE FOR COMPOUND MOTOR. 

1. Test the speed as connected. Reverse 
the series field leads and retest the 
speed. The connection producing the 
higher speed will be differential com-
pound. 
2. Operate the motor as a shunt motor. 
(series field disconnected) Observe the 
direction of rotation. Next operate the 
motor as a series motor. (shunt field 
disconnected) Again observe the direc-
tion of rotation. If each field connec-
tion produces the same direction of rota-
tion. If each field connection produces 
the same direction of rotation, reconnect 
the fields the same as when testing and 
the motor will be cumulative compound. 
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UNIVERSAL SER/ES MOTOR 

e 

• 

A 
LINE 
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)s  

The above motor operates on the magnetic interaction between the armature and 
field poles, and runs in the same direction whether the current flows in on line 
A or line 13, since reversing the flow of current in the line wires changes the 
polarity of both armature and field poles at the same instant as shown at C and 
D. Therefore, if such a motor be supplied with A.C. the torque developed will 
always be in the same direction. Since this machine operates on both D.C. and 
A.C. it is called a Universal motor. To operate satisfactorily on A.C. all parts 
of the magnetic curcuit must be laminated to prevent undue heating from eddy 
currents, and element windings are usually desirable on the armature to ensure 
acceptable commutation. On the larger motors compensating windings are employed 
to improve operation and reduce sparking. 

CHARACTERISTICS  
This motor will produce about 4 times normal full load torque with 2 times normal 
full load current. The torque produced increases very rapidly with an increase in 
current as the curves below indicate. The variation in speed from no load to full 
load is so great that complete removal of load is dangerous in all motors of this 
type except those having fractional H.P. ratings. 

APPLICATIONS 
This motor is widely used in fractional +000 
H.P. sizes for fans, vacuum cleaners, 3600 

kitchen mixers, milk shakers, and portable 
equipment of all types such as electric 32 00 

drills, hammers, sanders, saws, etc. 2 8 0 0 

Higher ratings are employed in traction E u_ 
work, and for cranes, hoists, and so on. EL 2400 48 
In general, they are suitable for appli- 2000...J1-o 

cations where high starting torque or 
L4-1 1 6 450 e3Z universal operation is desired. 4.1 

PRINCIPAL TROUBLES i. ¿00 
es Commutator, brushes, brush holders, bear-

800 egltp 
ings. Opens, shorts, or grounds in the 

400 1- 8 armature, field, or associated apparatus. 
Loose connections. 
To reverse the direction of rotation, o 

AMPER5 
reverse the armature connections or the 0 2.5 S 7.5 

field connections, but not both. H. P. 
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ENGINEER ING INFORMATION 

CONNECTION DIAGRAMS FOR DRECT CURRENT MOTORS 

SINGLE VOLTAGE, REVERSIBLE, WITHOUT OVERLOAD PROTECTION 

TYPE OF 

WINDING 

SERIES 

SHUNT 

Compou 

I/3 HP & SMALLER 

60-70-80 FRAIE, 

Pc INTERPOLE 

TYPE DM 

1/2 & 3/4 AP, 

70...80 FRAME, 

NO INTERPOLE 

SERIES SERIES 

FIG . I 

SHUNT 

FIG . 4 

SHUNT 

FIG . 7 

FIG . 2 

SHUNT 

AZ 

FIG. 5 

SHUNT 

TO REVERSE ROTATION INTERCHANGE LEAD-6 

AT BRUSH HOLDER; STANDARD ROTAT ION 0.3 

C.C.,. FAC ING END OPPOS ITE SHAFT 

TAG 882-A is FURNISHED WITH THOSE 

MOTORS. 

TYPE ON 

ANY HP, 

90 & LARGER FRAMES 

TH I NTER POLES 

• •-• C ONNEC T I ONS 

Cei Ci 

(FAC ING END OPPOS ITE 

COMm. SERIES SHAFT) 

AZ 51 32 

FIG . 3 

SHUNT 

COMM. 

Ai Az 

FIG . 6 

SHUN r 

Fz 

COMM. SERIES 
—V\Ar 

Az 

FIG. 9 
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Si 
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CONTROL MANUFACTURERS 
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IS FURNISHED WITH 1HESE MOTORS, 

CENTURY ELECTRIC COMPANY, ST. LOUIS , MO. 
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D.C.MOTOR 8 GENERATOR CONSTRUCTION 

D.C. power is widely used in the industrial field. This type of power must be 
used for telephones, field excitation, lifting magnets and electro plating work. 
The characteristics of D.C. Motors make them especially suitable for loads that 
are difficult to start, where the speed must be varied over a wide range, and 
where the load must be started and stopped often; such as, traction work, mill-
ing machines, mine work, lathes, pumps, steel mill work, printing presses, 

elevators, etc. 

Any D.C. machine may be used as a motor or generator. This construction infor-
mation applies to both machines. 

The frame is made of iron because it is used to 
complete the magnetic circuit for the field 
poles. Frames are made in three types; open, 
semi-enclosed and closed types. The open frame 
has the end plates or bells open so the air can 
freely circulate through the machine. The semi 
enclosed frame has a wire netting or small 
holes in the end bells so that air can enter 
but will prevent any foreign material entering 
the machine. The enclosed type frame has the 
end bells completely closed and the machine is 
air tight. Some machines are water tight which 
makes it possible to operate them under water. 
The closed type frame is used in cement plants, 
flour mills, etc. where the air is filled with 
dust particles that damage machine insulation. 

The field poles are made of iron, either in solid form or built of thin strips 
called laminations. The iron field poles support the field windings and com-
plete the magnetic circuit between the frame and armature core. 

E MD MU-

RETRIMItit SCREW 
OIL WtLL COV 

BERRI/46 

OIL 

oRAIN 

OIL RING 

4bERIMNG HOUSING 

DRIIIM FLU(' 

514RFT 

OIL WELL 

ROCKER ARM 

The bearings are the parts of the machine that 
fit around the armature shaft and support the 
weight of the armature. They are made in three 
general types; sleeve, roller, and ball bear-
ings. Bearings will be discussed in detail 
later in the course. 

The oil rings are small rings used with sleeve 
type bearings. They carry the oil from the oil 
well to the shaft. The oil ring must turn when 
the machine is operating otherwise the bearing 
will burn out. 

The rocker arm supports the brush holders. This 
arm is usually adjustable to make it possible 
to shift the brushes to obtain best operation. 
When the brushes are rigidly fastened to the 
end bell the entire end bell assembly is shifted 
to obtain best operation. 
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D.C.MOTOR 8 GENERATOR CONSTRUCT/ON (  \CONTI NUECT 

BRUSH 
HOLDER 

COMUTATOR 

BR 5H 

eRus\-r TErvs\oN 
5PRItiG 

The brush holders support the brushes and hold them in 
the proper position on the commutator. The brushes 
should be spaced equi-distantly on the commutator when 
more than two sets of brushes are used. When only two 
sets are used they will be spaced the same distance as 
a pair of adjacent field poles. 
The brush tension spring applies enough pressure on the 
brush to make a good electrical connection between the 
commutator and brush. 

Brushes used on electrical machines are made of copper, graphite, carbon or a 
mixture of these materials. The purpose of the brushes is to complete the 

electrical connection between the line circuit and the armature winding. 

commu7R-ToR tnn 

COMMUTATOR 

COMMUTATOR 

ARMATURE WINDING 

COMPLETE ARMATURE 

CORE 

MiC› 

iN5ULAT ION 

SH FT 

ARMATURE 
5LOT5 

5H FT 

Commutators are constructed by placing 
copper bars or segments in a cylindrical 
form around the shaft. The copper bars 
are insulated from each other and from the 
shaft by mica insulation. An insulating 
compound is used instead of mica on small 
commutators. The commutator bars are 
soldered to and complete the connection 
between the armature coils. 

The armature core is made of laminated 
iron (thin sheets) pressed tightly to-
gether. The laminated construction is 
used to prevent induced currents (eddy 
currents) from circulating in the iron 
core when the machine is in operation. The 
iron armature core is also a part of the 
magnetic circuit for the field, and has a 
number of slots around its entire surface, 
in which the armature coils are wound. 

The armature winding is a series of coils 
wound in the armature slots and the ends 
of the coils connect to the commutator 
bars. The number of turns and the size of 
wire is determined by the size speed and 
operating voltage of the machine. The 
purpose of the armature winding is to set 
up magnetic poles on the surface of the 
armature core. 

The field windings are made in three different types: shunte series and com-
pound wound fields. Shunt fields have many turns of small wire and series 
fields have a few turns of heavy wire. The compound field is a combination of 
the two windings. The name of the field winding depends on the connection with 
respect to the armature winding. The purpose of the field winding is to pro-
duce magnetic poles that react with the armature poles to produce rotation. 
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Figs. I and 2—Fitting brushes to ccmmuta-
tor with sand paper. Fig. 3—Brushes in 
•ach group should be in line. Fig. 4—Field 
circuit open to test brush location on 
commutator 

Brushes 

and 

Brush 

Setting 

Figs. 5 and 6—Locating neutral on commutator with millivoltmeter. Fig. 7—Armature-coil lead locates nettral. Fig. 8— 
Fibre brush used with millivoltmeter. Fig. 9—Shunt across commutating-pole coil leads to adjust field-pole strength 
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MAINTENANCE & TROUBLE SHOOTING 

A MACHINE MAY FAIL TO START OR IMPROPERLY OPERATE DUE TO-
1. Opens, loose connections or high resistance contacts in the motor, line or 
starter. Use a test lamp or a voltmeter and make a continuity test as shown by 
sketch. 

OVERLOAO RUE RSE COIL 
LI NE 

INTERPOLE 
‘«imotric. 

- 

SERIES 
Fl ELI:1 \ 

2. Worn bearings, on small machines and bearings can be tested by moving the 
shaft. If bearings are worn there will be a noticeable clearance between the 
bearing and shaft. For a more accurate test measure the air gap with an air gap 
or thickness gauge. For best condition the surface of all field poles should be 
the same distance from the armature core. Use the same position on the armature 
for all tests. 

BEARINIb3 

UPPER LEr 

UPPER RUMT 

LOWER *#, 

LOWER LLF/ 

NOT WORN 

MERSUREMENT . 012-6 " 

J .0Z6" 

.0 6 " 
J .0 2. 6 " 

WORN ISERRINb5 

UPPER LEFT telEASURLYIENT .044" 
UPPER RIGHT .04-4." 
LOWER • .0 0 8" 
LOWER LEFT .0 0 8" 

3. Incorrect field pole polarity. Field pole polarity will not reverse itself. 
This trouble occurs when field connections are being made between coils. Ad-
jacent poles should produce opposite polarity otherwise maximum field strength 
will not be produced. A weakened field will cause a motor to run at a speed 

higher than normal and decrease the amount of torque it will produce. 

CORRECT POLARVTY 

A magentic compass or large 
nails can be used to deter-
mine if adjacent poles are 
opposite polarity. 

INCORRECT POLRRITY 

N 

REPULSION 

4. High or low line voltage. The armature of a shunt or compound motor will 
overheat if the line voltage is lower than normal if the motor is carrying its 
full load. High line voltage will cause the shunt field to overheat. Series 
motors will not be affected except the speed will vary with the voltage applied 
to the motor. 

5. Operating temperatures. The temperature rating on the name plate is the 
amount of heat the machine will produce when operating with full load. The 
maximum operating temperature for any machine is the name plate temperature plus 
normal room temperature. Example - Name plate temperature 40 degrees centigrade 
- Normal room temperature is always considered to be 40 degrees centigrade. 

This machine will operate at a temperature of 40° plus 40° or 80° centigrade 
which is equml to 176 degrees fahrenheit. The following formulas are used to 
change fahrenheit to centigrade or vise versa. F equals (C times 1.8) plus 32 
C equals (F minus 32) divided by 1.8. 

e 

• 
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MAINTENANCE & TROUBLE SHOOTING (continued) 

6. Brushes not properly fitted to the commutator. Use sandpaper, brush jig or 
brush seater stone to fit or seat brushes. 

BRUSH JI6 
BRUSH 

St ATER STONE 

7. Brushes off neutral position. This condition will cause brush sparking and 
cause a motor to operate at a speed higher than name plate speed. The correct 
position can be located by using one of the following methods. 1. If the ma-
chine is operating with load shift the brushes to a position of sparkless commu-
tation. 2. Connect a voltmeter across the brushes of a motor and the shunt 
field circuit. The brush position giving the lowest voltmeter reading will be 
the correct position. The motor must not rotate while the test is being made. 
For a generator the brush position giving the highest voltage will be the correct 
position. The generator should be operating without load when the test is made. 

TESTING A MOTOR TO LOCATE I I 
CORRECT BRUSH POSITION 76( 

SNUKT Fit LD 

TICSTINEI A bENERRTOR TO LOCATE 

CORRECT SPUSH POSIT ION POOR BRUSN TENSION 

8. Poor or unequal brush tension. Apply equal tension of 1 to 3 lbs. per 
inch of brush surface on the commutator. Measure brush tension by using a 
spring scale. 

9. High mica. Use hack saw blade or undercutting machine and undercut the mica 
about 1/16 inch. 

10. Wet or oily windings. All damaged windings must be properly cleaned and 
repaired before drying. Use carbon tetra chloride or other agents for cleaning. 
Dry windings by baking at 180 F. until dry. Motors can be dried out by operat-
ing them with an ammeter and a regulating resistor connected in series with the 
machine windings. Adjust the regulating resistor so the current through the 
chine windings will not exceed name plate value. After machine has been dried 
out make an insulation test to determine the condition of the insulation. 

square 
small 

11. Rough or dirty commutator. Smooth commutator with sandpaper or commutator 
stone. True commutator pi turning it in a lathe or using tools made for that 
purpose. After trueing a commutator in a lathe use #000 ar #0000 sandpaper to 
smooth commutator. Clean commutator with fine sandpaper or use a cleaning agent 
such as carbon tetra chloride. It is best not to use a cutting agent for clean-
ing. Never use emery cloth or a lubricant of any kind on a commutator. 

12. Incorrect grade of carbon brush. Carbon brushes vary in capacity from 40 I 
to 125 I per square inch of brush surface in the commutator. When renewing 
brushes always be certain that the brush used has sufficient capacity to carry 
the load without overheating. 
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D.C.MOTORS AND GENERATORS. 

A 

E 

G 

INTERPOLES 
To minimize sparking at the brushes, 
most D.C. motors are equipped with 
small poles placed midway between the 
main poles and oalled interpoles or 
commutating poles. For proper oper-
ation, these small poles must have 
the correct polarity. Reference to 
any of the diagrams will show that 
the polarity of the interpole is al-
ways the same as the armature pole 
adjac-éiTircrat. 

REVERSING ROTATION 
The windings on the interpoles are 
always connected in series with the 
armature winding and are considered 
a part of the armature circuit. 
Therefore, when current through the 
armature is reversed, the interpole  
polarity is also reversed. This 
arrangement automatically preserves 
the proper relation between the arma-
ture poles and the interpoles when 
the armature current is reversed. 

NUMBER OF INTERPOLES 
Machines equipped with interpoles may 
have as many interpoles as main poles 
or one-half as many interpoles as 
main poles. As the interpole winding 
is always connected in series with 
the armature, the interpole strength 
will vary with the value of armature 
current. 

GENERATORS 
Diagrams G and E show two generators 
equipped with interpoles. G is ar-
ranged for clockwise rotation and H 
for counter clockwise rotation. Note 
that the rule for the polarity of in-
terpoles applies to generators as 
well as motors. Note too, that the 
armature poles oppose rotation and 
thus produce the force against which 
the prime mover must work to maintain 
rotation. 

H 

C:feyer e 



D.C. Generators 89 

D.C.MOTORS AND GENERATORS. 
OPERATION 

The D.C. motor operates on the first 
law of magnetism which states that 
like poles repel and unlike poles at-
tract7—TiirrIFFE—flowing through the 
field coils produces the field poles, 
qnd current through the armature coils 
develops armature poles midway between 
the field poles. Attraction and re-
pulsion between these two sets of 
poles produces rotation. Note that 
the armature poles remain stationary  
in spaoe. 

ROTATION 
3y reversing the direction of current 
flow through the fields *or through 
the armature, the field poles or the 
armature poles will be reversed, and 
the direction of rotation changed. 
Compare A with B and C with D. 

ARMATURE POLES 
Diagrams E and F show a 14 pole motor. 
Note that the number of armature poles 
always equals the number cf field 
poles, and that the armature poles are 
located midway between the field poles. 
From the above it is obvious that a 
2 pole armature will not work in a 4 
pole field. Note also that when the 
cUrection of current flow is reversed 
all poles are reversed. 

GENERATORS 
Diagrams G and E show two generators, 
one arranged for clockwise and the 
other for counter clockwise rotation. 
Note that poles are set up on generator 
armatures also, but that in this case 
the poles oppose rotation. As more cur-
rent is drawn from the armature, these 
poles increase in strength; this ex-
plains why an electric generator is 
harder to drive as the armature cur-
rent increases. 

Cay 0. 
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WIDE APPLICATION 

SIMPLE CONTROL 
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150 
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5 11:-.)) C) O 

C A 
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HIGH TORQUE - LOW 
STARTING CURRENT 

3 TO 

100 Hp 
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TO 
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TO 
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5 

HEAVY STARTING 

SIMPLE CONTROL 0 0 

D K SQUIRREL CAGE 
HIGH TORQUE - HIGH Sup 
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TO 
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F W 
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80 
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LIGHT STARTING 

0 
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'' 

SQUIRREL CAGE 
LOW TORQUE 
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TO 
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WIDE RANGE 
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A
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I
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B
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- NA ARMATURE CONTROL 1/2  TO 
75 HP 150 

* LIMITED RANGE 
DEPENDENT ON LOAD O C) 

NA PCICENLTDROALND ARMATURE 1/2 TO 
50 HP 

150 / * WIDE RANGE 
LIMITED APPLICATION 

— NA CV OA RN ITARBOLLE VOLTAGE '/4 TO 
30 Hp 
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* WIDE RANGE 

LOW EFFICIENCY 

C
O
M
P
O
U
N
D
 NA ARMATURE CONTROL 1/2  TO 

75 HP 

1.1.705 

200 

/ 

/ 

+_ LIMITED RANGE 
DEPENDENT ON LOAD 0 

_ NA FIELD  CONTRO LAN,D ARMATURE 1/2 TO 
50 HP 

7 05 

200 / 

* WIDE RANGE 
LI MITE D APPLICATION 

_ NA CONTROLVARIl3.E VOLTAGE 'As To 
30 HP. 

175o  
200 / 

* WIDE RANGE 

LOW EFFICIENCY 

w 
'A 

' NA ARMATURE ,;ONTROL 1/2 TO 
75 HP 

34 0 

400 

/ 

/ 

+ LIMITED RANGE 
HEAVY STARTING 

* DEPENDENT UPON LOAD AT NORMAL SPEED 

* * HORSEPOWER RATINGS , TORQUE AND REGULATION DATA IS FOR 4 POLE (1800 R.Pm ) 60 CYCLE A.0 MOTO 

/ MAXIMUM TORQUE IS LIMITED By COMMUTATION . UNDER NORMAL CONDITIONS D.C. MOTOR DEVELOPS 200 T 

IHE LOUIS ALLIS 
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D. C. GENERATORS. 
GENERATOR ACTION 
An electrical generator is a device designed to chante 
mechanical energy into electrical energy. Note that it 

does not generate energy, it merely converts it from the 
mechanical to the electrical form. 

As no conversion device is 100% efficient, the power 
input to the generator must be greater than the rated 
generator output. For generators of 5 K W rating or 
above, a prime mover capable of supplying 1.5 H P for 
each KW of generator output is usually employed. 

S'EPARATELY EXCITED GEN:-.RATORS 
The D. C. Generator produces voltage by rotating con 
ductors through a magnetic field. In Figure B this 
field is produced by field coils that are enerized 

from a separate source external to the machine. This 
type of generator may be driven in either direction, 
for the field excitation is independent. The polarity 
of the brushes will reverse when the rotation is chan 
ged, the positive brush becoming negative and vice 
versa. 

SELF EXCITED GENERATOR SHUNT TYPE 
In this machine, the energy for the field is obtained 

from the armature and the generator is self exciting. 
The field poles retain some magnetism after having 
once been magnetized, and as the armature is rotated, 
the conductors cut this residual flux and generate 
voltage. This voltage is applied to the field, which 
is in parallel with the armature, and in this manner 
the field is strengthened. This increased field raises 
the voltage still further and this action continues 
until normal voltage is reached. The magnetic polarity 
set up by the field coils must be the same as the res 
idual magnetism, otherwise the voltage will not build up. 

FAILURE TO GENERATE 
The self excited type generator may fail to develop 
normal voltage due to: no residual field magnetism; 
magnetic effect of field coils opposing residual 
magnetism; poor brush contact; speed too low; wrong 
direction of rotation. 
When the direction of rotation is changed, the brush 
polarity reverses and this reverses the current flow 
through the field coils, causing the coil magnetism 
to weaken the residual field. Under such conditions, 
the generator cannot build up a voltage. For operation 
in the opposite direction, the field leads must be 

reversed. 

D.C. A 
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VARIABLE VOLTAGE CONTROL. 
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The variation in speed ob-
tainable by field control on the 
ordinary D.C. motor will not, 
in the average case, exceed 4 
to 1 due to the sparking diffi-
culties experienced with very 
weak fields. Although the 
range may be increased by in-
serting resistance in series 
with the armature, this can be 
done only at the expense of ef-
ficiency and speed regulation. 
With constant voltage ap-

plied to the field, the speed of 
a D.C. motor varies directly 
with the armature voltage; 
therefore, such a motor may 
be steplessly varied from zero 
to maximum operating speed 
by increasing the voltage ap-
plied to its armature. The 
sketch shows the arrangement 
of machines and the connec-
tions used in the Ward Leon-
ard type of variable voltage 
control designed to change 
speed and reverse rotation. 
The constant speed D.C. gen-
erator (B) is usually driven 
by an A.C. motor (A) and its 
voltage is controlled by means 
of rheostat R. Note that the 
fields of both generator (B) 
and driving motor (C) are en-
ergized from a separate D.C. 

supply or by an auxiliary ex-
citer driven off the generator 
shaft. Thus the strength of 
the motor field is held con-
stant, while the generator 
field may be varied widely by 
rheostat R. 
With the set in operation 

generator (B) is driven at a 
constant speed by prime mov-
er A. Voltage from B is ap-
plied to the D.C. motor (C) 
which is connected to the ma-
chine to be driven. By proper 
manipulation of rheostat R 
and field reversing switch S 
the D.C. motor may be gradu-
ally started, brought up to 
and held at any speed, or re-
versed. As all of these changes 
may be accomplished without 
breaking lines to the main 
motor, the control mechanism 
is small, relatively inexpen-
sive, and less likely to give 
trouble than the equipments 
designed for heavier currents. 
The advantages of this sys-

tem lie in the flexibility of the 
control, the complete elimina-
tion of resistor losses, the rel-
atively great range over 
which the speed can be varied, 
the excellent speed regulation 
on each setting, and the fact 

that changing the armature 
voltage does not diminish the 
maximum torque which the 
motor is capable of exerting 
since the field flux is constant. 
By means of the arrange-

ment shown, speed ranges of 
20 to 1—as compared to 4 to 1 
for shunt field control—may 
be secured. Speeds above the 
rated normal full load speed 
may be obtained by inserting 
resistance in the motor shunt 
field. This represents a modi-
fication of the variable volt-
age control method which was 
originally designed for the op-
eration of constant torque 
loads up to the rated normal 
full load speed. 

4ks three machines are usu-
ally required, this type of 
speed control finds application 
only where great variations 
in speed and unusually smooth 
control are desired. Steel mill 
rolls, electric shovels, passen-
ger elevators, machine tools, 
turntables, large ventilating 
fans and similar equipments 
represent the type of machin-
ery to which this method of 
speed control has been ap-
plied. 
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SERIES WELDING GENERATOR 
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IS CONSIDERAISElY LOWER. 

THE VOLT - AMPERE. CURVE -A- IS A 
COMPOSITE , AND THE CURVE AT -5- IS 
THAT OF ONE. OF THE CROSS FIELD 
WELDING GENERATORS. 

PER CENT RATED AMPERES 

COYNE 



96 D.C. Generators 

VARIABLE VOLTAGE CONTROL 

-1-

FIELD REVERSING 
SWITCH 

The variation in speed ob-
tainable by field control on the 
ordinary D.C. motor will not, 
in the average case, exceed 4 
to 1 due to the sparking diffi-
culties experienced with very 
weak fields. Although the 
range may be increased by in-
scrting resistance in series 
with the armature, this can be 
done only at the expense of ef-
ficiency and speed regulation. 
With constant voltage ap-

plied to the field, the speed of 
a D.C. motor varies directly 
with the armature voltage; 
therefore, such a motor may 
be steplessly varied from zero 
to maximum operating speed 
by increasing the voltage ap-
plied to its armature. The 
sketch shows the arrangement 
of machines and the connec-
tions used in the Ward Leon-
ard type of variable voltage 
control designed to change 
speed and reverse rotation. 
The constant speed D.C. gen-
erator (B) is usually driven 
by an A.C. motor (A) and its 
voltage is controlled by means 
of rheostat R. Note that the 
fields of both generator (B) 
and driving motor (C) are en-
ergized from a separate D.C. 

'GENERATOR 
ARMATURE. 

supply or•by an auxiliary ex-
citer driven off the generator 
shaft. Thus the strength of 
the motor field is held con-
stant, while the generator 
field may be varied widely by 
rheostat R. 
With the set in operation 

generator (B) is driven at a 
constant speed by prime mov-
er A. Voltage from B is ap-
plied to the D.C. motor (C) 
which is connected to the ma-
chine to be driven. By proper 
manipulation of rheostat R 
and field reversing switch S 
the D.C. motor may be gradu-
ally started, brought up to 
and held at any speed, or re-
versed. As all of these changes 
may be accomplished without 
breaking lines to the main 
motor, the control mechanism 
is small, relatively inexpen-
sive, and less likely to give 
trouble than the equipments 
designed for heavier currents. 
The advantages of this sys-

tem lie in the flexibility of the 
control, the complete elimina-
tion of resistor losses, the rel-
atively great range over 
which the speed can be varied, 
the excellent speed regulation 
on each setting, and the fact 

RIVING MOTOR 

MOTOR 
ARMATURE. 

MOTOR FIELD. 

that changing the armature 
voltage does not diminish the 
maximum torque which the 
motor is capable of exerting 
since the field flux is constant. 
By means of the arrange-

ment shown, speed ranges of 
20 to 1—as compared to 4 to 1 
for shunt field control—may 
be secured. Speeds above the 
rated normal full load speed 
may be obtained by inserting 
resistance in the motor shunt 
field. This represents a modi-
fication of the variable volt-
age control method which was 
originally designed for the op-
eration of constant torque 
loads up to the rated normal 
full load speed. 
As three machines are usu-

ally required, this type of 
speed control finds application 
only where great variations 
in speed and unusually smooth 
control are desired. Steel mill 
rolls, electric shovels, passen-
ger elevators, machine tools, 
turntables, large ventilating 
fans and similar equipments 
represent the type of machin-
ery to which this method of 
speed control has been ap-
plied. 
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INFORMATION FOR WORKING GENERATOR CHARACTERISTIC JOB 

The object of this job is to make voltage characteristic curves for the generator 
when it is connected shunt, cumulative compound and differential compound. Trace 
the armature and field circuits. 

After the generator builds up a voltage adjust the shunt field rheostat to obtain 
no load voltage value for the cumulative compound connection. Next slowly lower 
the plate in the water rheostat and watch the voltmeter. If the generator main-
tains its voltage with increased load the connection is cumulative compound. If 
the voltage drops rapidly with increased load the connection is differential com-
pound. To change from cumulative to differential or vice versa reverse the series 
field leads and to operate the machine as a shunt generator take off the two 
series field leads and twist them together. 

To run the characteristic curves: 1st - connect the generator cumulative compound 
and adjust the shunt field rheostat to obtain the no load E value according to the 
chart on the reverse side of this sheet. 2nd - place a dot on the zero ampere 
line corresponding to the no load E value. 3rd - Lower the plate in the water 
rheostat until the ammeter reads 5 I. 4th - place a dot on the 5 I line corre-
sponding to the voltmeter reading. 5th - lower the plate farther in the water 
rheostat until the ammeter reads 10 I. 6th - place a dot on the 10 I line corre-
sponding to the voltmeter reading. Follow this procedure (increasing the load 
5 I each time) until the generator is carrying full ampere load. Connect the dots 
together to make the characteristic curve. Follow the same procedure for differ-

ential and shunt connections. 
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LAP WINDING AND ARMATURE CONNECTIONS 

An armature winding is an electro -magnet having a number of coils connected to 
commutator bars. There must be at least one start and one finish lead connected 
to each commutator bar. There are two types of armature windings, LAP & WAVE 
wound. The coil leads of a lap wound armature connects to commutator bars that 
are near each other and the coil leads of a wave wound armature connects to com-
mutator bars that are widely separated. See Fig. 1 & 2. 

When current flows through the coil in a clockwise direction a south pole will 
be produced on the surface of the armature. Fig. 3. If the current flows in a 
counter clockwise direction a north pole will be produced on the surface of the 
armature. Fig. 4. A large number of coils are used to produce a strong magnetic 
pole and a smoother twisting action. 
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FIG.2 
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ARMATURE WINDING CONNECTIONS 
Although there are only two types of D.C. armature windings there are a number 
of winding connections that apply to either a lap or a wave wound armature. 

SYMMETRICAL & NON-SYMMETRICAL CONNECTIONS. If the coil leads connect to com-
mutator bars that are on a line with the center of the coil the connection is 
symmetrical. Fig. 5. If the coil leads connect to commutator bars that are not 
on a line with the center of the coil the connection is non-symmetrical. Fig. 6. 

The brushes must always short the coil when it is in the neutral plane which 
means that the brushes be located on a line with the center of the field pole if 
the coil is connected symmetrical and located between the field poles if con-
nected non-symmetrical. 
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LAI' WINDING AND ARMATURE CONNECTIONS (coNriNveo 

PROGRESSIVE & RETROGRESSIVE CONNECTIONS. If the start and finish leads of a 
coil, or the element of a coil, do not cross the connection is known as pro-
gressive. Fig. 7. If the start and finish leads of a coil, or the element of 
a coil, cross the winding is connected retrogressive. Fig. S. 

If a winding is changed from progressive to retrogressive, or vise versa, the 
effect will be reversed rotation on a motor and reversed brush polarity on a 
generator. Lap wound armatures are usually connected progressive and wave wound 
armatures retrogressive. 

1/6.7 PROGRESSIVE 
1 1 1 1 

FIG.8 RETROGRESSIVE 
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ELEMENT WINDINGS are used to reduce the voltage across adjacent commutator bars 
and decrease the tendency of brush sparking. Example - An armature has 30 turns 
per coil and the voltage per turn is 1 volt or 30 E per coil. If the coil were 
wound in one section and connected to adjacent commutator bars the voltage across 
the bars will be 30 E. Such a coil would have one start and one finish lead and 
there would be as many bars as slots. This would be a single element winding. 
Fig. 9. 

If this coil were divided in two sections (15 turns per section) and each section 
connected to adjacent bars the voltage across adjacent bars would be 15 E. Such 
a coil would have two start and two finish leads and there would be twice as many 
bars as slots. This would be known as a two element winding. Fig. 10. 

If the coil were divided in three sections (10 turns per section) and each sec-
tion connected to adjacent bars the voltage across adjacent bars would be 10 E. 
Such a coil would have three start and three finish leads and there would be 
three times as many bars as slots. This would be known as a three element wind-
ing. Fig. U. 

Element windings are particularly desirable for high voltage machines. The 
practical limit is usually three or four elements. 

SINGLE 

FIG.? 

• . 

ELEMENT 

Fl6.10 

TWO 

- 

ELEMENT 

II 

F16. 

THREE 

II 

' 

• 

11 
.•..: 
: 

ELEMENT 

Il I 1 



I O2 D.C. Armature Windings 

LAP WINDING 

SIMPLEX 

PROGRESSIVE 

SYMMETRICAL 

SINGLE ELEMENT 

SLOTS = 24-

BARS = 24 

POLES = 4 

COIL SPAN = 1-7 

COIL SPAN = THE NEXT WHOLE NUMBER ABOVE SLOTS +4POLES 

COYNL 
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LAP WINDING 

SIMPLEX 

PROGRESSIVE 

NON-SYMMETRICAL 

TWO ELEMENT 

SLOTS = 15 

BARS = 30 

POLES = 2 

COIL SPAN= j-8 

COYNE 
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PRINCIPLES OF LAP AND WAVE WINDINGS 

The lap winding is usually used on a circuit where the operating volt-
age is 220 E or less in value. This type of winding is desirable for 
,?-,enernl factory work. It is possible to design an nrmn.ture for e 
higher ampere capacity by having it lap wound. The hiFher ampere 
esr,lacity is obtained because there will be a greater number of paral-
lel paths in the armature which increases its abilit'7 to carry c=ent. 
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The nnme wave wound in derived from the way the current circulates or 

waves through the armature. The wave type winding is usually used on 
a circuit where the operating voltage is 250 E or more in value. This 
type winding is desirable for traction work, steel mills & mine work. 
It is possible to design an armature for a higher opernting voltage by 
having it wave wound. The higher operating voltage is obtained be-
cause there will be a greater number of armature coils in series be-
tween the brushes which increases the operating voltage. 
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106 D.C. Armature Windings 

LAP VV I N DIN G SLOTS = 24 

DUPLEX BARS 24 

PROGRESSIVE POLES = 4 

SYMMETRICAL COIL SPAN =1-7 

SINGLE ELEMENT 

COYNE 
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WAVE WINDING 

SIMPLEX 

RETROGRESSIVE 

SYMMETRICAL 

SINGLE ELEMENT 

SLOTS = 25 

BARS = 25 

POLES = 4 

COIL SPAN = I-7 

COMMUTATOR PITCH =1-13 

COYNE 
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WAVE.. WINDING 

SIMPLEX 

PROGRESSIVE 

SYMMETRICAL 

SINGLE ELEMENT 

SLOTS = 32 

BARS = 32 

POLES = 6 

COIL SPAN = 1— 

COMMUTATOR PITCH =1 -12 
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WAVE WINDING 

SIMPLEX 

RETROGRESSIVE 

SYMMETRICAL 

TWO ELEMENT 

SLOTS =.-- 13 

E5ARS , 25 

POLES = 4 

COIL SPAN = 1 — 4 

COMMUTATOR P1TCM •-= 1-13 

ENDS or DEAD COIL. 

COYNE 
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ARMATURE EQUALIZER CONNECTIONS. 
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Although equalizers have 
been used on large armatures 
for many years, the applica-
tion of these connections to 
small machines is a compara-
tively recent innovation that 
has raised questions regard-
ing the advantages of such 
connections, and the method 
of testing such windings for 
faults. 

Briefly, equalizer connec-
tions provide better commuta-
tion, make possible one-half 
the number of brushes usually 
used on the lap-wound ma-
chine, and provide the manu-
facturer with a means of 
avoiding the special slot and 
commutator bar relationships 
.demanded by wave-type wind-
ings. Inasmuch as the equal-
izers here referred to are per-
manently connected to the 
commutator, and inasmuch as 
they make testing of the ar-
mature impossible by the reg-
ular procedure, the testing 
method and other information 
about these connections 
should prove of value to main-
tenance electricians and ar-
mature shop men. 
The principal purpose of 

equalizers is to connect to-
gether on the armature those 
points which have the same 
polarity and which should 

;Add 

have equal potential. For a 
four-pole winding this means 
commutator bars 180 degrees 
apart; for a six-pole arma-
ture, bars 120 degrees apart; 
for an eight-pole machine, 
bars 90 degrees apart. The 
number of bars spanned by 
the equalizer will equal bars : 
pairs of poles. For the arma-
ture shown in the diagram, 
each equalizer will span 
24:2, or 12 bars, thereby mak-
ing the connection 1 and 13, 
2 and 14, etc. The pitch for 
any other number of bars or 
poles would be determined by 
the same method. 
To test such an armature, 

current must be fed to the ar-
mature from an external low 
voltage D.C. supply, such as a 
battery, the leads being con-
nected to commutator seg-
ments one-half the equalizer 
pitch apart. Since the equalizer 
pitch is 12 segments in this 
case, the leads will be spaced 
six bars apart or 1 and 7. Any 
pair of bars so spaced may be 
used, in a fully equalized ar-
mature; bars 13 and 15 being 
employed in the diagram. 
The value of the test cur-

rent is adjusted to give satis-
factory deflection on the milli-
voltmeter, and volt drop read-
ings are taken between all ad-
jacerit pairs of segments. 

23 24 
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DATA SHEET FOR MOTOR AND GENERATOR REWINDING 

Job No.  Customer  
Address  
Date received  Date promised  
How delivered Send  Will call  
Terms of payment Estimate  
Cost of materials used  Total hrs. labor  

WORK TO BE DONE 
Write out in detail  

H.P. Volts 
Serial No.  
No. of slots  
Size and kind of wire  Wdg. conn.  
No. of wires in parallel Lbs. of scrap wire removed  
Slot insulation  
No. of comm. bars. Comm. pitch  
Dead coils  
Dia. of core 

REWIND DATA 
Amps.  R.P.M. Type  

Make   
Coil span Turns per coil   

Band wires  Size   

WAVE. SIMPLEX SY M . 

Dead bars Wires per bar  
Length of core  End room   
No. of turns  Solder balance weights  

I D.STAWCE 
FROM 

1 CORE TO 
COMM. 

I 

LAP SIMPLEX SYM. 

mint-III tIlt 

i 

WAVE SIM P L tX 
VIM. S ELEMENT 

LAP 31 PI FLEX 
I.4 ON - SNM. 

LAP SIMPLEX 
SYM. a 

‘04£ 



112 D.C. Armature Windings 

Coil Forming 

The sketches show the method of making the right size coils 
for an armature winding. 

The first step is to count the number of slots and commutatoft. 
segments for determining the coil span and what element it is. 
After the coil span is found measurements should be according to 
Fig. 3 which shows the size a coil should be in relation to the 
average size armature. Notice particularly that the coil end 
extends 1/2" beyond the slot, 1/4" before spanning over to another 
slot. It can also be noticed that the twist (or curl) made in 
each end of the coil must be made at the exact center, otherwise 
the coils will not fit in properly. 

Using a ruler, measure from a point 1/2" from the commutator 
in the exact center of the coil, (using a coil span of 1-7, slot 
#4, counting from #I would be the center) to within I/4" of slot 
#7. Referring to the armature in Fig. 3 this would be from C to 
D or 2- 1/4 ". Measuring from C to B would be 6-1/2", and from A 
to B would be another 2-1/4" making a total of 11 inches for the 
length of the coil. 

Set the coil winder (Fig. 1) at 11" and if the armature has 
twice as many segments as slots, or is two element, wind the two 
element coils with two wires in parallel, making both of the small 
coils in the two element coil in one operation. After the coils 
are wound on the winder they should be taped with cotton tape. 

Referring to Fig. 2 which shows the method to use in forming 
the coil and bringing out the leads for both lap and wave wound 
coils note that coil should be taped before forming, assuming the 
approximate point where the lead should come out. 

Extreme care must be taken in taping the coils to overlap exe 
actly 1/2 its width pulling each turn firmly against the wires of 
the coil (start taping the coil 1" from the end at which the leads 
are to be brought out). 

The next step is shaping the coil. The slots in the coil 
former that will hold the coil while it is being shaped should be 
set 6-1/2" on the scale (the slot on the pull arm should also be 
the same width and height). To get the length of the coil from 
one point to the other, measure from the center of the coil along 
the 4th slot (starting within 3/4" of the commutator and letting 
the ruler extend out at the other end) to a point the same distance 
at the opposite side. Referring to Fig. 3 this would be from D to 
A or 8-1/2". The adjustable rings on the shaft of the coil former 
will slide out so the holes in the knuckles will be held this dis-
tance (8-1/2") apart. Too much pressure should not be exerted in 
pulling the coil into position, as there is danger of breaking the 
insulation. When the coil has been stretched out the knuckles 
should be turned in the direction shown in Fig. 2, being very 
careful to see that the holes that the pins go through, to hold 
the coils in place, are exactly in the center of the coil. 

Note:- The leads that extend from the coil when winding should 
be only long enough to reach to the end of the commutator bar oppo-
site the riser. These ends should never be used to wind around 
the coil. Short lengths of wire may be used for this purpose, re-
moving them as the coil is taped. 

Note:- It is always good practice to make but one coil, shall, 
it and try it on the armature to see if it is the exact size de-
sired. Then if any alterations must be made only one coil will 
be wasted. 
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DC - ARMATURE WINDING TOOLS AND MATERIALS  

To test and rewind armature stators efficiently, certain tools and testing equipment 
are necessary. The list given below indicates the tools and testing devices that 
should be available to the winder if his work is to be done effectively. 

ARMATURE AND STATOR TOOLS  
1 - 16 oz. machinists hammer 1 - Pair tin shears 1 - Pair of scissors 
1 - 12 oz. machinists hammer 1 - Knife 1 - Set wedge drivers 
1 - Large screwdriver 6" 1 - Flat file 1 - Coil lifter and shaper 
1 - Small screwdriver 3" 1 - Cold chisel 1 - Long nose plier 
1 - #1 Rawhide mallet 1 - Lead scraper 1 - Diagonal plier 
1 - #2 Rawhide mallet 1 - Armature spoon 1 - Set coil tamping tools 
1 - Outside growler 1 - 6" Parallel plier 1 - 8" side cutting plier 
1 - Inside growler 1 - Set soldering irons 1 - Universal test meter 

The proper insulation of a stator or armature means the insulation of the slots as 
well as the coils, the former serving the dual purpose of insulating and mechanic-
ally protecting the coils at the same time. These insulations may be divided into 
groups which indicate the purpose for which they are most suitable. In the first 
group may be listed the purely electrical insulations: cotton tape, oiled cloth of 
cotton muslin or linen, varnished cambric, varnished muslin, varnished silk, and 
empire cloth. In the second group the materials which afford the greatest mechanic-
al protection: pressboard, presspahn, hard fiber, vulcanized fiber, and fish paper. 
In the third group those especially adapted to high temperatures such as: mica, 
micanite, mica paper, glass tape, and mica cloth. From this it may be seen that 
there is an insulation for practically every purpose, and that a certain degree of 
care must be exercised in choosing the insulation for any particular job. The most 
widely used slot insulations with their various thicknesses are given below. 

Black varnished cambric 
Yellow varnished cambric 
Yellow varnished silk 
Fish paper 
Duro 

Friction)Taping 
Rubber )splices 

Cotton ) 
Linen )Taping 
Silk )Coils 
Glass ) 

SLOT WEDGES OR SLOT STICKS  
Fiber - usually rawhide fiber Wood - generally maple 

SLOT INSULATIONS  
.012" thick Fullerboard 
.007 - .015 
.003 
.004 - .023 
.007 - .015 

Oiled asbestos paper 
Varnished " 
Mica paper 
Micanite 

INSULATING TAPES 

Oiled muslin 
Varnished cambric 

.007 - .015" 

.006 - .015" 

.006 - .015 

.005 - up 

.005 - up 

) Used for 

Duro ) taping 
Mica ) coi1J. 
Black varnished cloth ) 

Air dry) Baking not 
Shellac) essential 

INSULATING COMPOUNDS  
Clear baking varnish)Requires 
Black baking varnish)baking 

MATERIAL SUPPLY HOUSES  
Armature winding tools - Martindale Elec. Co. 1260 W. 4th St., Cleveland, O. 
Rewinding materials & wire - American Elec. Sply. Co. 626 W. Jackson Blv., Chgo. 
All insulating materials - Insulation Mfgs. Corp. 565 W. Washington St., Chgo. 
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ARMATURE GROWLER TESTS 

zpuB1.1, on»  ZaL 
THIS DEFECT SHOWS ITSELF ON THE OPERATING MACHINE BY 

SPARKING AT THE BRusim AND BURNING OF THE BARS ATTACH-
ED TO THE CO/L. WHEN TESTED ON THE GROWLER, THE METER READ-
ING BETwEER BARS 1 AND 2 WILL BE iERO. IF DE OPEN IS DUE 
TO POOR SOLDERING AT THE COMMUTATOR, RESOLDER. IF CAMFD 
By AN OPEN IN THE COIL ITSELF, DISCONNECT DIE ITEM, INSU-
LATE THE ENDS, AND COMM A JUMPER FFKAA EAR I TO BAR 2. 

Male Sileall.= 
WHEN THE MACH/NE IS IN OPERATION, A SHORTED COIL IS INDICA-
TED BY THE EICESsIVE HEAT IT GENERATES. WHILE OTHER COILS 
JR THE ARMATURE MAINTAIN A NORMAL TENPERATURE, THE SHORTED 
COIL Bw.naks SO HOT THAT IT BURNS THE INSULATION FROM THE 
WINLING. ON THE GROWLER, THE NED> READING BETwEEN BARS 4 
LIED 5 WILL BE LOW OR ZERO. I HACKSAW BLADE WILL VIBRATE OV-
ER TEAR SLOTS IN WHICH THE SHORTED COIL L/ES. 

 uwura.r.y 
A GROUNDED COIL WILL USUALLY GIVE NO INDICATION DIEING OPER-
ATION UNLESS THE TRAJ(E. OF THE UNIT BE UNGROUNIED; IN THIS 
CASE, A SHOCK MAY BE FELT WHEN TOTEHDC THE FRAME. TWO 
GROUNDS ON THE ARMATURE PRODUCE A SHORT-CIRCUIT. ON THE 
GROWLER, A METER READING IS TAKEN BETWEEN THE COMMUTATOR 

BARS AND THE SHAFT. DE READING BECOMES LESS AS DE SHORTE1 
BAR IS APPROACHED AND IS MINIMUM WHEN CONTACTED. 

TROUBLE: REVERSED COIL LEJ.IL 
IN OPERATION, TEIS DEFECT WOULD CREATE. UNBALANCE /N ThT.ARN-
ATURE CIRCUIT WITH THE RESULT THAT CIRCULATING CURRENTS 
AOULL PION AND TEND TO CAUSE OVERHEATING. ON THE GROWLER, 
MAKE 1 1 TO 5 BAR TEST. WHEN TESTING BETEEEN BARS 7 AND 9, 
THE READING ACLU BE 2ERO ARD THE GAME READING WOULD BE OB-
TA/NED BETLEEN BARS 8 ANI 10. THIS WOULL INDICATE THAT INE 
:EAU: OF DE COIL ATTACHED TO BARS 8 AND 9 ARE REVERSED. 

lboung: REVERSED COIL LOOPS 
THIS FAULT, AS/CH USUALLY OCCURS_ IN A REWOUND MACHINE, MAY 
PRODUCE SPARKING AT THE BRUSHE.S DUELING OPERATION. WHEN 
TESTES ON THE GROWLER, THE NMI WILL SHOW A DOUBLE READING 
BTNEEN BARS 10 AND 11, A NORMAL READING ON II AND 12, IND 
A LOUBLE READING ON 12 AND 15. TO RIXEDI, UNSOLDER LOOPS 
ON II AND 12 AND REVERSE TRIM. HACKSAW WILL GIVE ND /RD/-
CATION OF THIS FAULT. 

:ROUBLE: SHORTED BARS 
DEDICATION GORING OPERATION IS OVERHEATING 01 COIL ATTACHEI 
TO BARS 14 AND 15 AND POSSIBLE 'PARKING AT THE BRUSHES. ON 
GROWLER HACKSAW BLADE WILL VIBRATE OVER SLOTS CONTAINING 
COIL CONNECTES TO SHORTED BARS, AJAD emit READING BETWEEN 
14 AND 15 WILL BE EFRO. REMEDY: REMOVE LIENT FROM BARS OR 
DISCONNECT COIL AND INSTALL A JUMPER FROM 14 TO 15. 

TROUBLE. GROUNDED BARS  
IF THERE ARE MD OTHER GROUNDS ON THE MACHINE, THE FAULT 
WILL NOT AFFECT IRE OPERATION OF THE MACHINE AT ALL. IF 
OTHER GROUNDS- ARE PRESENT, SEVERE FLASHING ST THE BRUSHES 
NILE USUALLY OCCUR. THE lEET FROGEDURE ID THE SAME AS EM-
PLOYED IN DIAGRAM "C". TO DETERNINE IF GROUND /S COIL OR 
BAR, DISCONNECT AIRM FROM EAR 15 AND THEE TEST BAR FOR 
GROUND. REMEDY: REIF:STEAD BAR. 

THIS SKETCH SHOWS MN THE DIETEHENT FAULTS ABOVE LISTED ARE 
REXEDL.M. THE LETTERS ON THE SKETCH REF ¿H TO D/AGRAMS 
AbOVE IN WHICH THE FAULT IS GIVEN DETAILED TREAINDET. 'A' 
SHEIKS REMEDY FOR OPEN COIL, "El" FOR SHORT.1 CO/L, "C" FOR 

GROUNDED COIL. DOTTED LINES BETWEEN BARS REPRESENT JUMPERS. 
NOTE THAT WITH 1. SHORTED COIL IT IS ESSENTIAL THAT THE COIL 

ITSELF BE CUT AS SHOWN IN "B" TO REMISE THE SHORT CIRCUIT. 

THE PURPOSE OF A GROWLER IS TO PRODUCE AN ALTERNATING MAGNE-
TIC FIELD WHICH, CUTTING BACK AND FORTH THROUGH THE ARMA-
TURE COILS, INDUCES IN THD.1 A LOW VOLTA.:E MEASURABLE AT THE 
COMMUTATOR BARS WITH AN A.C. MILLIVOLTMETER. THE RESIS-
TANCE "R" IS USED TO ADJUST THE READING TO APPROXIMATELY 
MIDGCALE. WHEN A SHORTED COIL IS PLACED BETLUN THE GROW-
LER JAM, THE HEAVY CURRENT SET UP IN THE COIL CAUSES PER/O-
DIC RAGNET/ZATION OF THE SLOT IN ABU. THE COIL LIES, RESUL-
TING /N THE HACKSAW BLADE HELD NEAR THE SLOT BEING ALTERNA-
TELY ATTRACTED 1145 RTTFA"ED. 
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ARMATURE TESTS USING METER 

TEOUREE  - OPEN COIL 
• PREVENT INJURY TO THE METER, TRIS TEST MUST PRECEDE 
ALL OTHERS RUN THE MILLIVOLT METHOD OF TESTING IS USED. 
SET IIETE,12 ON THE 15 VOLT RANGE AND, MITE CURRENT FLOWING 
TnR0I1GH THE ANWATUEE, TUX READINGS RETALEN BARS 1-k, 
▪ 5-4, ETC., UNTIL ALL PAIRS OF SEMMENTS HAVE BEEN 
covez). A HIGH READING BETEEEN ANY PAIR OF BARS INDI-
CATES AN OPEN COIL. NOTE THAT IN THIS MOSTRAD OF TESTUG' 
THE METER IS USED TO MEASURE THE VOLTAGE DROP IN EACH 
.futeirai COIL, AND THAT THIS IS DONE BY TAKING READINGS 
BET.EEN COURUTATOR SEGMENTS. 

MOW - =BM 1_14M ugsâyg - e:,:vai.,LD COIL LEADS  
USUALLY AMGUNTEiED ON ARMATURE. THAT HAVE JUST BEEN NE-
ADUNL, TRI- i.AULT REQUIRES A DIFFEEENT TESTING METHOD. 

AvIrdi ON 5O U.V. RANGE, SELECT THE FIRsT COIL TO VE 
iL, AND FIND THE bECMENTS AH1CH THE ENDS OF THIS 

COIL .JE CO'rk4Te. MITE TEE METEE LEADS ON THE.* BARS 
• e tAGMET ACROSS THE SLOT IN WHICH ONE SIDE 
OF I COIL LIES Al) ADTE DEFLECTION ON THE UETER. RE-
?EAT I.Is SADI ON ALL OTRAS COILS, ELBEY5 UGVING THE 
.".G'IST IN IKE DIRECTION. RHIN DEANE ACROSS A RE-
V--c:;.1 COIL, TRE OE'ILA BILL READ bACKAARDS. 

DM& - SHOFETW COR, 
FOR TRIS TEST OLT METER ON THE N.V. RANGE THAT GIVES THE 
BEST DEFLECTION, STARTING BETH THE 300 SETTING AND WORK 
DOBN TO THE 50 M.V. RANGE IF NECESSARY. ADJUST CURRENT 
TRWOUGH ARMATURE UNTIL APPROXIMATMY MIDSCALE DEFLECT/ON 
IS OBTAINED ON A NORMAL COIL AND MAIM A BAR-TO-BAR TEST 
ON ALE SEGIENTS. THE DEFECTIVE COIL BILL GIVE A LOB OR 
2.0i0 READING DEPENDING UPON HOB MANY TUERO ARE SHORTED. 
/T MODULO HERE BE UNDERSTOOD THAT THIS METHOD OF TESTING 
IS MERELY A COMPARATIVE ONE, FOR IT IS IDS THE READINGS 
COMPARE THAT IS IMPORTANT. 

TROUBEL - VERSED COIL LOOPS 
USUALLY EDMORE! IN REWOUND MACHINES, THIS FAULT IS 
CHECKED HI THE REGULAR BAR-TO-BER TEST. PROCEED IN EX-
ACTLY THE SAME MANNES AS USED FOR LOCATING SRDRTSD COILS 
SINCE THE CURRENT IN PASSING FROM SEGMENT 10 TO SEGMENT 
11 MUST FLOW THROUGH TAO COILS, IT FOLLOBS THAT THE VOLT-
AGE DROP BETBEEN BARS 10 AND 11 MILL RE DOUBLE THE VALUE 
OBTAINED ON A NORMAL COIL: THE SAME IS TRUE FOR BARS 12 
AND 13. BARS 11 AND 12 WILL GIVE A NORMAL INDICATION; 
THUS REVERSED COIL LOOPS ARE INDICATED BY à DOUBLE READ-
ING, A MORSEL REeDING, AND A DOUBLE READING. 

TROUBD,E - GROUNDED coly 
TO MAKE THIS TEST, SEND A CURRENT OF SUITASLE VALUE THEW' 
THE ARMATURE AND MEASURE THE VOLTAGE DIEFuENCE BETWEEN 
EACH SEGMENT AND THE ARMATURE SHAFT. IF THE MINDING IS 
GROUNDED, A READING WILL BE OBTAINED THAT WIRES GRADU-
ALLY LESS AS THE BARS TO AHICH THE GROUNDED COIL IS CON-
NECTED ARE APPROACHED. THE REEDING MILL BE LOWEST ON 
THE BARS TO WHICH THE GROUNDED COIL /S CONNECTED. IT 
SHOULD ALSO BE KITED THAT AS THE GROUNDED COIL IL PASSED 
THE METES READING 01/1. REVERsE. TO DETERMINE IF THE BAR 
IS GROUNDED, DISCONNECT THE COI!.. LEADS AND REPEAT. 

MAKE SAME TEST AS FOR SHORTED COIL. BETH CURRENT FLOW-
ING THROUGH THE ARMATURE, MEASURE THE VOLTAGE DROP BE-
TBEEN SEGMENTS. WHEN THE SHORTED BARS ARE ENCOUNTERED, 
THE METER BILL READ ZERO. INASMUCH AS THE SAME INDICA-
TION MOULD BE OBTAINED IF THE COIL LEEDS «ERE SHORTED, 
IT WILL BE NECESSARY TO DISCONNECT THE LEEDS FROM TIEZ 
COMMUTATOR moons BEFORE IT CAN BE DETERMINED WILMER 
THE LOW READING »AS CAUSED BI SHORTED BARS OR SHORTED 
COIL LEADS. IF AFTER THE COIL IS DISCO'ROXTEM A LERO 
READING IS OBTAINED, THE BARS ARE SHORTED. 

NARIAIRLE 
ESIS fret 

 _ 

Et 

VARIABLE. 
RESISTANCE 

110 L 0.C. 

IRGUBLL - GRomme) PARE 
TEST FOR THIS DEFECT I. THE SAME AS EON A GROUNDED COIL. 
EATER READING FROM BAR TO SHAFT WILL BE ZUK) WHEN THE 
GROUNDED BAR IS CONTACTED). TO DETEMINE WHETHER THE BAR 
OR TEE COIL IS GROUNDED, DISCONNECT THE COIL FROEI THE 
BAR AND TEST AGAIN; IF BAR NOW TESTS CLEAR, COIL IS 
GROUNDED. WHEN MILKING THIS TEST, THE METER READINGS MAY 
CHANGE SO RAPIDLY AS THE GROUND IS APPROACHED, THAT A 
SATISFACCCRI DEFLECT/ON CANNOT BE OBTAINER M/TBDUT TURN 
ING TO A DIEFERENT RANGE. THEREFORE, AS THE READING 
FALLS, THE METES SWITCH SHOULD BE MOVED TO A LOWER RANGER 

ThOUBEg - BAD COMECTI01§ 
TROUBLE FREQUENTLY DEVELOPS IN ARMATURES AS THE RESULT 
OF POOR ELECTRICAL CONNECTIONS BETnEER THE C011 LEADS 
AND THE COMMUTATOR SEGMENTS DUE EITHER TO POOR SOLDER-
ING OR TO OVERHEATING OF THE ARMATURE WHILE IN SERVICE. 
HIGH RESISTANCE CONNECTIONS OF THIS TYPE ARE INDICATE]) 
BE HIGH READINGS ON THE MILLIVOLIBETER. TO POSITIVELY 
LOCATE WHICH BAR HAS TEE POOR CONNECT/ON, MAKE THE 
TEST INDICATED ABOVE. A POORLY SOLDERED JOINT BILL 
PRODUCE A READABLE DEFLECTION ON THE METER, WHEREAS A 
GOOD JOINT MILL GIVE NO READING. 

TESTING FROCESURE 
CONNECT THE ARMATURE 70 A 6 VOLT, 110 WILT, OR OTHER D.C. 
SUPPLY WITH à CONTROLLING RESISTANCE IN SERIES. THIS RE-
SISTANCE MAY CONSIST OF LODKBER OF PARELLEI,CONNECTEM 
LAMPS Ammar» TO BE STITCHED IN OR OUT OF THE CIRCUIT 
AT WILL. FEED COMERS INTO ARMATURE THROUGH ,ARS EXACT-
LY ORE POLE P/Teli APART, AND ansT CURRENT UNTIL THE 
MILLIVOLTMETER GIVES A MIDSCALE READING ON à NORMAL COIL. 
THE AMOUNT OF D.C. CURRENT REQUIRED WILL VARY BETH THE 
SIZE OF THE ARMATURE, FRACTIONAL H.P. UNITS REQUIRING 
ABOUT 2-4 AMPS, MACHINES UP TO 20 H.P. ABOUT 10 AMPS, 
MID THE LARGEST MOORES CURRENTS AS HIGH AS 20 UPS. 
AFTER THE CURRENT RAS BEEN ADJUSTED TO A SUITABLE VALUE, 
THEE MILLIVOLT READINGS BETWEEN BARS 1-2, 2-3, 3-4, ETC. 
IF NO FAULTS ARE PRESENT, THE READINGS WILL BE APPROX/ - 
KATI= EQUAL. HIGH READINGS INDICATE HIGH RESISTANCE 
CONNECTIONS, USUALLY CAUSED BY POOR SOLDERING, BELLE LOW 
READINGS SHOE SHORTED COILS OR COMMUTATOR SEGNEEITS.LETNE 
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COIL It 4 COIL It 3 

COL 1 COIL # 2 

ARMATURE AND FIELD TESTS 
..e• OPEN 

COIL 

SHORTED 
COIL 

OPEN ARMATURE COIL TEST 
Connect armature across line with current-limiting lamps 
in series. Place meter selector switch in the 50 volt or 
the 10 volt position and measure voltage across armature. 
Next make a bar-to-bar test; meter will read zero until 
open coil is bridged when total armature voltage will be 
registered. Example: 8E across armature; bars 11, 12 
read zero; bars 1, 2 read 8E. To protect the meter, the 
test for spans should always be made before any other 
check involving bar-to-bar readings. 

SHORTED ARMATURE COIL TEST 
Connect armature to circuit, as directed above. Set meter 
selector switch to 250 M.A. and make a bar-to-bar test. 
If necessary, change selector switch to obtain about half-
scale reading on a normal coil. A low or zero reading 
will then indicate a shorted coil; a high reading a poor 
connection - usually at the commutator riser. Example: 
Meter reads half scale on bars 11-12, 12-1, 1-2; gives low 
reading on 2-3, thereby indicating a shorted coil. 

GROUNDED ARMATURE COIL TEST 
With the test connection remaining the same as before, a 
meter reading between the commutator segments and the 

emmum shaft indicates a grounded coil. As the segment to which 
c OIL the grounded coil is connected is approached, the reading 

will become less and will be minimum when the test prod is 
in contact with the segments connected to the grounded 
coil. Example: With meter selector switch set on 50 M.A., 
a reading from bar 10 to shaft is full-scale and this 
value is gradually reduced to a minimum on bars 1 and 2. 
Beyond this point, the reading reverses and starts to in-
crease again. 

SHORTED FIELD COIL TEST 
Connect shunt field to line as shown in sketch and take 
the voltage drop across each field coil with a D.C. volt-
meter. If the voltage across all coils is the same, the 

3IEd I7Ed field is O.K. A reading below normal indicates a shorted 
or partially shorted coil. The normal voltage across any 
field coil is equal to the line voltage divided by the 
number of poles. Example: Coil 1, 31Ed; coil 2, 17E; 
coil 3, 31Ed; coil 4, 31Ed; coil 2 is shorted. 

OPEN FIELD COIL TEST 
Connect field as indicated in sketch and place voltmeter 
or test lamp across each field coil. If the field is 
open, no reading will be obtained until the open in the 
circuit is bridged. Then the open may be found by testing 

Cott.* 4- COIL 44 3 each coil individually, or by connecting one test lead to 
one of the circuit wires and movin; the other lead around 
the field toward the other line until a light is obtained. 
The open will then be in between the point at which the 
light was obtained and the previous point tested. 

GROUND FIELD TEST 
Apply line voltage between the field leads and the frame 
with a suitable voltmeter or test lamp in series. If the 
meter indicates or the lamp lights, the field is grounded. 
To locate the ground, disconnect and test each coil sepa-
rately. 
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• 

WATTMETER AND WATTHOIJRMETER DIAGRAMS 

LINE 

INDICATING WATTMETER 

CURRENT ELEMENT, POTENTIAL ELEMENT, 

LoW R.EsisTANcE. k HI6Ft RESISTANCE. 

AOIRI C ESSS 

MAY BE. USED ON EITHER 
A.C. OR D.C. CIRCUITS. 

SSS 

'RESISTANCE. 

TO LOAD 

D.C. INTEGRATING WATTMETER. 

LINE 

ALUMINUM DISC. 

GEAR 

COMMUTATOR AND BRUSHES. 

- CORE NON -PIA6NETIC 

e-N e•N 
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COMPENSATING 
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LOAD 
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ii 
STAROARD LIRE DIAGRAM SYMBOLS 
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Direct-Current Control Circuits 

EASE IN SHOOTING TROUBLE on d.c. controls depends 
largely on a clear understanding of the basic principles 
and circuits used. It is the purpose of these data sheets 
to give that information. 

In general, d.c. motors of less than 2-hp. rating can be 
started across the line, but with larger motors it is usu-
ally necessary to put resistance in series with the arma-
ture when it is connected to the line. This resistance, 
which reduces the initial starting current to a point 
where the motor can commutate successfully, is shorted 
out in steps as the motor comes up to speed and the 

countervoltage generated is sufficient to limit the cur-
rent peaks to a suitable value. Accelerating contactors 
that short out successive steps of starting resistance may 
be controlled by countervoltage or by definite-time 
relays. 

For small motors used on auxiliary devices the coun-
ter-e.m.f. starter is satisfactory. The definite time starter 
is more widely used, however, and has the advantage of 
being independent of load conditions. 

l'he following diagrams illustrate some of the circuits 
commonly used for d.c. motor control. 

Figure 1. Basic requirements of a non-reversing d.c. starter 
in its simplest form. 
When the start pushbutton is depressed line contactor 111 

closes, energizing the motor armature through the starting 
resistance. As the motor comes up to speed the countervolt-
age, and the voltage across motor armature and series field, 
increases. At a predetermined value the accelerating con-
tactor A closes, shorting out the starting resistance. 

Disch. Res H 
Sh. Fld 

01. M 
 IStart Res 

Stop Start 

Mo — AO 

Res. 

Pot. 

Figure 2. Typical, non-reversing constant-speed, definite-
time starter. The accelerating contactor is equipped with 
a time-delay mechanism. This contactor, A, is of the mag-
netic-flux-decay type. It is spring-closed, equipped with two 
coils, and has a magnetic circuit that retains enough magne-
tism to hold the contactor armature closed and the contact 
open indefinitely. Main coil Am has sufficient pull to pick 

up the armature and produce permanent magnetization. 
Neutralizing coil An is connected for polarity opposite to 
the main coil. It is not strong enough to affect the pick-up 
or holding ability of the main coil but, when the latter is 
&energized, the neutralizing coil will buck the residual 
magnetism so that the contactor armature is released by 
the spring and the contacts close. By adjusting the poten-
tiometer the voltage impressed on this coil and hence the 
time required for the contactor to drop out can be varied. 
When the start button is depressed accelerating contactor 
coil Am is energized, causing contact A to open and auxili-
ary contact Aa to close. Contact Aa energizes line con-
tactor M, and normally open auxiliary contacts Ma establish 
a holding circuit. Neutralizing Coil An is also energized. 
Opening of contact Ma &energizes coil Am and contactor 
A starts timing. At the set time the main normally closed 
contacts on A close, shorting out the starting resistance and 
putting the motor across the line. 

Disch.Res  

Sh.F1d. 

 •i\MAA/  

Stop Start 

lAc 

Ma 

1a 

L 
Ma 2Aa 

I  

OL 

--I Pot.  

Figure 3. The same kind of a starter as in Figure 2 but ac-
signed for use with a motor of larger horsepower. 

This starter provides two steps of definite-time starting. 
The operation is essentially the same as in Figure 2 but the 
first accelerating contactor, IA, does not short out all the 
starting resistance. It also starts 2A timing, which finally 

Courtesy Westinghouse Co. 
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shorts out the remaining rcsistance. The normally opcn 
auxiliary contacts on the accelerating contactors in Figures 
2 and 3 arc arranged so that it is necessary for the accele-
rators to pick up before the line contactor can be energized. 
This is a safety interlocking scheme that prevents starting 
the motor across the line, if the accelerating contactors arc 
not functioning properly. 

Figure 4. One way of producing dynamic braking. 
Control circuits have been omitted, since they arc a 

duplicate of those shown in Figures 2 and 3. Line con-
tactor M has two poles, one normally open and the other 
normally closed. Both poles are equipped with an operat-
ing coil and are on the same armature, which is hinged 
between the contacts. In starting, when line contactor M 
closes normally closed contact MA opens. When the stop 
button is depressed the line contactor drops out and con-
tact MA closes. The motor, now acting as a generator, is 
connected to the braking resistor and coil MA is energized 
by the resultant voltage. It causes M to seal in tightly, es-
tablishing good contact pressure and preventing this con-
tact from bouncing open. 

OL 

Stop Start 
Ma 

_Ao 

Disch.Res.  

Sh.F1d. 

Mo DBo 

— I Pot   

Figure 5. In the more modern types of controllers a sep-
arate spring-closed contactor is used for dynamic braking. 

Operation is similar to that described for Figure 2, except 
that the energizing of coil Ani and the picking up of accel-
erating contactor A, closing contact Aa, energizes dynamic 
braking contactor DB, which in turn energizes line con-
tactor M through its auxiliary contact, DBa. This arrange-
ment not only insures that the dynamic braking contactor is 
open, but also that it is open before the line contactor can 

close. In order to obtain accurate inching, such as is re-
quired for most machine tool drives, the motor must 
respond instantly to the operation of the pushbutton. In 
the scheme shown in Figure 5 the closing of the line con-
tactor is delayed until the accelerating contactor and the 
dynamic braking contactor pick up. 

OL 

Stop Start 

Start. Res.  

1 A 2A 

F
IDisch.Res.  

/MAMA/  

Bkq. Res. 

CR 
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Figure 6. Arrangement to secure quicker response of motor, 
for more accurate inching. 

Accelerating contactors IA and 2A arc energized in the 
off position. Hence, when the start button is depressed, the 
dynamic braking contactor picks up immediately and its 
auxiliary contact DBa picks up M line contactor. 

OL 
Start Res. 

A 

Rheo. 

FF 
I I 

Stop Stan 

swna 

 VAAA/ 

Ser.F1d. 

Disch Res 
OL 

H  Pot. 1— 
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Figure 7. One method of connecting full field relay, used 
with adjustable-speed motors having a speed range in excess 
of 2 to 1. Coil FF is energized by the closing of the nor-
mally open auxiliary contact Aa and remains closed until the 
last accelerating contactor drops out. Contacts of the full 
field relay, FF, arc connected to short out the field rheostat 
thereby applying maximum field strength to the motor dur-
ing the starting period. 

Courtesy Weetinghouse Co. 
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Direct-Current Control Circuits 

0 L FA c m 

1-•-1 Start res. 

Rhea. 

See fie/. 

Arm 

Shunt fle/c/ 

FA 

*--1 1— *  

Disch.res. 

Figure 8. Another method of applying the full-field relay. 
This arrangement insures full held on starting, and pro-

vides for limiting the armature current when the motor is 
accelerating from the full-field speed to the speed set by the 
rheostat. Field accelerating relay FA is equipped with two 
coils, one a voltage coil connected across the starting resist-
ance, the other a current coil connected in series with the 
motor armature. See Figure 2 for the remainder of the 
circuit. When line contactor M closes the voltage drop 
across the starting resistor is practically line voltage, and 
relay FA is picked up quickly. When accelerating contactor 
A closes, voltage coil FAv is shorted, but closing of A pro-
duces a second current peak, and current coil FAc holds 
relay FA closed. As motor approaches full-field speed this 
current decays and allows the FA contacts to open, weak-
ening the motor field. When the motor attempts to ac-
celerate the line current again increases. If it exceeds the 
pick-up value of coil FAc the relay will close its contacts, 
arresting acceleration and causing a decay of line current, 
which again causes FA to drop out. High inductance of the 
motor field, plus inertia of the motor and drive prevent 
rapid changes in speed. Hence the motor will not reduce its 
speed, but the increased field current will reduce the arma-
ture current and cause FA to drop out. The fluttering 
action will continue until the motor reaches the speed set 
by the rheostat. Setting of the FA relay current coil deter-
mines the maximum current draw during this part of the 
acceleration period. Since relay FA must handle the highly 
inductive field circuit, a good blowout arrangement is neces-
sary. Hence the relay is usually equipped with a shunt 
blowout coil, FAbo. 

Figure 9. Connections of field loss relay, to prevent exces-
sive speed if the shunt field is deenergized while voltage 
remains on the armature. 

It usually consists of a current relay in series with the 
motor shunt field and is adjusted to pick up on full-field 
current and remain closed at any current within the oper-
ating range of the motor field cur-rent. Contacts of relay FL 

are connected in series with the overload relay contacts so 
that the opening of its contacts will &energize the control 
by opening the line contactor. This type of field loss pro-
tection does not protect against the possibility of a short 

circuit across a part of the field, say across the one field coil. 
This would cause the motor speed to rise considerably but 
the current in the field circuit would also rise. Conse-
quently, the series current relay would not respond. 

Figure 10. Application of differential field loss protection. 
The differential field loss relay DFL is equipped with two 

voltage coils connected to buck each other. Each is con-
nected across one-half of the field winding. Normally the 
voltage across each coil is the same, hence the relay stays 
in the out position with its normally closed contacts closed. 
Shorting out of one field coil or other failure causing an un-
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Direct-Current Control Circuits 

balance of these voltages causes the relay to 
pick up, opening its contacts and dropping 
out the line contactor, deenergizing the motor. 

Figure 11. One form of reversing dynamic 
braking control, consisting of multi-pole con-
tactors having two poles normally open and one 
pole normally closed. Accelerating contactors 
IA and 2A are energized in the off position, as 
in Figure 6. Depressing the forward button en-
ergizes forward contactor F, closing the two 
normally open contacts F and opening the 
normally closed contact FA. Opening of nor-
mally closed auxiliary contact Fa starts the tim-
ing cycle of the accelerating contactors. Closing 
of the normally open auxiliary contact Fa estab-
lishes a holding circuit. When the stop or re-
verse button is depressed contactor F drops out, 
closing normally closed contact FA and setting 
up a dynamic braking circuit through the brak-
ing resistors, which energizes coils FA and RA. 
These coils hold the normally closed contact 
closed, and the normally open contacts open 
until the braking current drops to a low value. 
This action prevents bouncing of the back con-
tacts and plugging the motor, because if the 
reverse button were depressed during the brak-
ing period contactor coil R would not have suf-
ficient strength to overcome the pull of the RA 
coil until the motor had almost stopped. 

[> 
Figure 12. Another form of reversing dynamic 
braking starter using a spring-closed dynamic 
braking contactor and single-pole normally open 
directional contactors. When start button is de-
pressed contactor IF is energized. Closing the 
normally open auxiliary contact IFa energizes 
relay LV to establish a holding circuit and also 
energizes accelerating contact I A; IA contactor 
energizes 2A, and 2A energizes DB. In turn, 
DBa energizes 2F and normally closed contact 
2Fa starts the accelerating timing. 

Depressing the stop button drops out LV, 
closing DB immediately. Plugging is prevented 
by relay PR, a voltage relay connected across 
the motor armature. Its normally closed con-
tacts remain open, preventing the pick up of the 
reverse directional contacts • until the armature 
speed drops down to a safe value for plugging. 

Courtesy Westinghouse Co. 



D.C. Motor Starters and Controls 127 

STARTING AND CONTROLLING THE SPEED OF D. C. MOTORS 

Small D.C. motors (fractional H.P.) may be started across the line. The resist-
ance of the armature winding is high in comparison to the resistance of larger 
armatures. Large armatures have low resistance because heavy wire is used to 
wind them. 

LINE 

Shunt <> 
field g c, 

Armature 

When starting a D.C. motor larger than fractional H.P. in size full line voltage 
should not be applied to the armature. A resistor should be connected in series 
with the armature to produce a voltage drop and apply a low voltage to the arma-
ture during the starting period. The starting period is from 10 to 45 seconds. 

The starting current should be limited to or 2 times full load current except 
when starting heavy torque loads which will require as much as 3 times full load 
current. After the motor attains normal speed the current through the armature 
canbedeterminedbytheformula,• effective voltage divided by armature resist-
ance. This value will be proportional to the mechanical load on the motor. 

The shunt field must be connected so it will receive full line voltage when 
starting The field must be maximum strength to produce good starting torque 
and for he armature to quickly generate GENF. 

FOUR POINT CONTROLLER 
Armature starting resistor 

Overload 
release SW. 

Line switch 

The NO VOLTAGE RELEASE COIL allows the spring on the power arm to return the 
power arm to the "off" position if the voltage on the line drops to a low or 
zero value. 

OVERLOAD PROTECTION is provided by connecting an 
with the load circuit. When the current reaches 
be drawn up and break the holding coil circuit. 
will return it to the off position. 

overload release coil in series 
overload value the plunger will 
The spring on the power arm 

COYNE 



I 2 8 D.C. Motor Starters and Controls 

STARTING AND CONTROLLING THE SPEED OF D.C. MOTORS (continued) 

The speed of a D.C. motor varies in direct proportion to the voltage applied to 
the armature and in inverse proportion to the strength of the field flux. 

When a motor is operating with the rated voltage applied to the armature and 
field (with or without load) it is operating normally and the speed obtained iE 
called NORMAL SPEED. 

SPEED CONTROL BELOW NORMAL SPEED (armature control) 

The speed can be controlled below normal by connecting a regulating resistor in 
series with the armature. The speed will vary with the voltage applied to the 
armature. The torque will not be affected because connecting a resistor in 
series with the armature does not change the amount of current through the arma-
ture. This value will be constant if the mechanical load is constant. The H.P. 
output will vary with the speed because the H.P. output is proportional to the 
speed and torque. 

FOUR POINT CONTROLLER 

Overload release switch 

L2 

C. 
t. 

Overload 
release coil 

L2 • Lj 

Power 
arm 

Armature resistor 

Spring 

No E release 
coil 

 vV4./VV‘  
Resistor 

Field 
res. 

• • 
A1 

o 
SPEED CONTROL ABOVE NORMAL SPEED (field control) 

The speed can be controlled above normal on shunt and compound motors by con-
necting a shunt field rheostat in series with the shunt field. The speed will 
vary inversely with the field strength. Weakening the field will increase the 
speed because the armature must rotate faster to generate a sufficient amount 
of CEMF to limit the current through the armature in proportion to the mechan-
ical load on the motor. Decreasing the field strength will decrease the torque. 
The H.P. output will not be affected because the H.P. output is always propor-
tional to the speed and torque. When the speed increases and the torque de-
creases the product of the two will not change. COYNE 
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3 PIT TAR= DIAGRAL:S 

Job #2A 

3 point starter for starting   
duty only. 

L1 1 

L1 Al 
ARMATURE 
RESISTORS 

rower arm 
spring 

No E or no 
field release 

coil 

LnE 

I I 
Job #213 

3 point starter for starting NI duty only. The overload re-
1,2 lease coil protects the 

mucor against overloads. 

Overload 
elease 

' coil 

LINE 
I I 

Connection diagram 

Starte terminals 

Connect as shown for 
compound motor. 
For shunt motor connect 
A2 to L2. 

Draw a detailed diagram of the motor. Show all parts such as 
field poles, brushes, armature, terminals and the position of 
the terminal board. Test the motor terminals with test lamp 
to identify them. Connect the motor tc the starter as shown by 
the connection diagram. Trace the armature and field circuits 
and have the diagram OKed by the instructor before wiring the job. 

COYNY. 
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e 

• 

FIG. 3 

+ Switch 

Line 
.4fflip40 

Switch 

Line 

FIG. Q. 

FIG. 4 

Starter 

FIG. 6 

Starter_ 

FIG. 5 

A, 
Commutating field 

Commutating 
field ----

Commutating 
field 

Starter 

Starter 

+Switch 
•um40 04444=  
Line Fuses 

(>4{1  

Fus 

Commutating pole,__ 

Shunt winding__ 

FIG. 2 

Commutating poles 

Shunt winding 

Ser es winding__ 

FIG. lo 

Reversing switch 

FIG. 13 

Commutating poles_ 

Shunt winding____ 

Star ter 

Ser res winding 

FIG. 14 

Starter 

Commutating po/es. . 

Shunt winding 

Series winding__ 

FIG. 15 

Armature__ 

Armature 

 rArmature 

Armature 

Fig. 1—Diagram of shunt motor and starter, Fig. 2. Figs. 3 and 4—Symbols for coils. Figs. 4 and S—Symbols for resistance. Fig. 6—Same 
as Fig. I. but current reversed in armature circuits. Fig. 7—Wrong connection for reversing shunt motor. Fig. 8--Same es Fig. I, except 
current is reversed in shunt field coils. Fig. 9—Diagram of compound motor and starter, Fig. 10. Fig. I2—Reversing switch connected 
in armature circuit of compound motor. Fig. 13—Reversing switch connected in armature circuit of shunt motor. Fig. I4—Series winding cut out 
of compound motor to test polarity of shunt-field coils. Fig. I5—Shunt winding cut out of compound motor to test polarity of series coils. 



COMPUTE 1-1.P. OUTPUT AND EFFICIENCY. 
ALLOW 17z_ LB. FOR THE WEIGHT OF THE 
LEVER ARM WHEN COMPUTING H.P. OUTPUT. 
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INDUSTRIAL CONTROLLER 
starting duty only JOB #2C 

INr 
Fuses 

Magnetic blowout coil 

))-4 

Starting relay 

rs r. 

Armature starting resistors 

Power 
arm 

No E release 
coil 

Draw a detailed dia-
gram of the motor. 
Show all parts such as 
field poles, brushes, 
armature, terminals 
and the position of 
the terminal board. 
Test the motor term-
inals with test lamp 
to identify them. 

Connect the motor to 
the controller as 
shown by the connect-
ion diagram. Trace the 

'starting relay, field, 
armature and no E 
release coil circuits 
and have the cliagram 
OKed by the instructor 
before wiring the job. 

Connection Diarram 

L2 

F2 

F1 

Fi 

Al 

A1 

Connect as shown for 
compound motor. 
For shunt motor connect 
A2 to L2 

COYNE 
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4 POINT CONTROLLERS 

Job #2F 

4 Point controller for 
starting ex regulating duties. 

Speed control above normal. 

Armature resistors 

Power 
arm 

L1 

Field 
res. 

• A1 

LINT' 
I 

(r 

Job #2G 

4 Point controller for 
starting & regulating duties. 

LINE 
I 

Connection diagram 

Connect as shorn for compound 
motor. For shunt motor connect 
A2 to L2. 

Draw diagram of motor in detail. Show all parts, such as, field poles, 
armature, brushes, terminal board and terminals. Test motor terminals 
to identify them. Trace armature, field and holdinr coil circuits. 
Have the diagram checked and OKed before wiring the job. 

gip 

• 
Coyne 
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CID 

JOB NO. 15 
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DRUM CONTROLLERS 

F 
o 
A 

FORWARD 

L % 

-0   

L z 
o 

 I 

o 
SHUNT FIELD 

REVERSE 
 p. 

Ft L 
1 h  

A I   AZ. 
1 .5 1 1 1 0  

1 6 

o 
SHUNT FIELD 

 UISISNISM} 

DRUM 
3 

CONSTRUCTION 

INSULATION 
Fi LLi 

III  

Ai 

STATIONARY COPPER 

CULAR CONTACTING SHOES 

et511LATION 

I- 1 A 2. 

CONTACTS 

Drum controllers are used extensively in the operation of D.C. motors where they 
must be started, stopped, reversed, and have their speed varied, as on street cars, 
electric trains, hoists, cranes, etc. 

The name is derived from their shape and the manner of mounting contacts on a 
round iron drum. The cylindrical arrangement of the contacts allows the drum to be 
rotated part of a revolution in either direction, and brings into connection one or 
more stationary contacts with the iron drum. The iron drum serves as a mechanical 
support for the shoes and forms a part of the conducting path. 

A drum controller, designed for reversing duty, is divided into two parts, com-
pletely insulated from each other and from the shaft by fibre insulation. 

When the controller in Fig. 2 is in running position, current will flow from 
positive line to stationary contact "L1" (Called "contact finger") and enter the 
iron drum at circular shoe #1, and then flows through the iron drum to shoe #2, 
which is connected to "A2", completing the circuit through the armature. The return 
circuit for the armature is from "Al" to Shoe #5, through iron drum to shoe #3, 
which is connected to "L2 n. 

Drum controllers are very rugged and will give excellent service with a minimum 
of maintenance. The contact fingers and bars may be replaced when burned or worn. 
Drum controllers may be equipped with auxiliary contacts that close when the drum is 
in the "OFF" position. These contacts are used to complete a dynamic brake circuit 
or to operate relays for overload protection. 
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DRUM CONTROLLER WITH 
OVERLOAD PANEL 

This diaà:ram illustrates how an overload panel is used to 
protect the motor against overload and "no voltage" conditions, 
ty usine7 contacts "Li" and "C" to complete the relay circuit 
when tne controllt:r iF in the "off" position. 
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Job 4B 
ALL CONNECTIONS 
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7 Id 

LU L2 Li 
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DRUM CONTROLLER & SERIES MOTORS. 

Job Al-E. 
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Job #5G 
Drum controller for starting, regulating and reversing duties. 

LINE 
I I 

1 

1 

R) 

"' • 

Armature starting resistors 

A1 

Interpole wind in 

Sl 

Sers field 

Shunt field 

Trace forward armature, reverse armature and field circuits. Draw 

the terminal board on the diagram and test and identify the terminals. 
Do not show the termlnals connected. Make all connections as shown 
if a compound motor is used. If shunt motor is used connect S1 to L2. 
If series motor is used omit F1 connection 

COYNE  



D.C. Motor Starters and Controls 

JOB 5-F 
DRUM CONTROLLER 
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DYNAMIC BRAKING 

FIG. 1 

RUNNING BRAKING 

\O 0 5 0)  
IN FIGURES 1, a &- 3 SWITCHES A g, D ARE CLOSED AND B &C ARE- OPEN 

WHEN RUNNING. SWITCHES B 8.-C ARE CLOSED AND A 8e (0 OPEN WHEN e RUING 

SHUNT 
FIELD 
RHEOSTAT 

SCHEMATIC DRAWINGS 

5 

VARIABLE 
4.--R ES ISTACE 

FOR BRAKING 

SHOWING DYNAMIC BRAKE CONNECTIONS FOR SEFOE5 MOTORS 

e 
DYNAMIC BRRHE FIG. 3 
RESISTANCE-> 

5 

FIELD BRAMNG 
RES 15 TANCE 

S 

ARM. SRAPE 
RESISTANCE-P 

The above diagram in Fig. 1 shows the connection used in dynamic 
braking, using a compound motor. Fig. 2 shows similar connections 
for a series motor. 

dhen the source of supply is shut off from a motor, the armature 
will continue to turn or coast because of its momentum. Any load 
connected to the motor will also continue to operate. In ca: es 
where motors must be stopped quickly, this momentum may be used to 
generate energy for dynamic braking. 

If the shunt field of the motor is excited during the coasting 
period, the motor will act as a generator and the armature will 
generate EMF until it stocs. By connecting a suitable resistance 
in the armature circuit, as shown above, the generated armature EMF 
will cause the armature current and the armature coles to reverse. 
The reversed armature poles, reacting with the field noles, will 
now tend to reverse the armature rotation and this action will 
result in stopping the motor and load. 

This form of braking provides a quick, smooth, magnetic form of 
braking that has many advantages over mechanical methods. 
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DRUM CONTROLLER USED FOR 
DYNAMIC BRAKING 

LI COPPER CONTACTING 
4. SHOES 

SERIES FIELD 

COMMUTATING FIELD 

SHUNT FIELD 

This diagram shows a compound motor controlled by a drum control-
ler having auxiliary contacts for dynamic braking. 

Advantages of this type of braking are: no mechanical wear, less 
maintenance, economical, effective and, although powerful, will not 
damage the motor is properly applied. 

Caution must be used, when applying dynamic braking, to prevent 
en overload of current through the armature. This is accomplished 
by connecting a resistance in series with the armature braking cir-
cuit, or by decreasing the field strength to lower the CEMF genera-
ted. 

Dynamic braking is known as "regenerative braking," when the cur-
rent generated by the CEMF is fed back into the power line. By lea-
ving the armature connected to the line and over-exciting the field, 
the CEMF becomes greater than the line voltage. This means that the 
motor will now act as a gener?.tor and will help to carry the line 
load. This method is used on electric trains which run down long 
grades. In some systems, as much as 35'1., of the power used is gener-
ated in this manner. 

Dynamic braking, or regenerative braking, is only effective when 
the armature is rotating. Therefore, where it is necessary to hold 
a load which tends to revolve after brought to a stop, some form of 
magnetic or mechanical brake must be used in conjunction with dynam-
ic braking. 



14 4 D.C. Motor Starters and Controls 

JOB ebick 
Mir CONTROLLER 

STARTING, REGULATING, REVERSING AND DYNAMIC BRAKE DUTIES. 

Trace armature, field and dynamic brake circuits. Test and identify 

terminals on the motor terminal board and have the diagram OKed before 
wirin7 the job. 
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STARTING, REVERSING AND REGULATING DUTIES 

÷ — 
Field dynamic 
brake contact 4 

Field 
resistance 

Dynamic 
brake 
res. 

• 
Armature 
starting res. 

Field 
res. 

1 

Arm. dynamic 
brake 

;77, 

• • 

.v/; 

Trace the following 
circuits. 

Armature. 
Field. 
Dynamic brake. 

• A 

Interpole 
winding 

Series field 

Shunt field 



146 D.C. Motor Starters and Controls 

Job #5D 

Drum controller for starting, regulating, 
reversing and d7namic brake duties. 

F 

WiegZ1 o 

Ai 

1 
 o 

)\ 

3 

Armature sbirtIng reslstors 

Al AAA A2 

Interpole windinp: 

s., 
Series field 

 1*--\JgLUDDM1) - 
Shunt field 

Trace armature, field and dynamic brake circuits. Draw the terminal 
board on the diagram and test the terminals to identify them. Do 
not show the terminal board connected. Make all connections as 
shown for a compound motor. If shunt motor is used connect R5 to 
L2. If series motor is used omit F1 connection. 

COYNE 
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SOLENOID STARTER 

ARMATURE START trIG . RESISTANCE 

 • 

FLEXIBLE 

CONNECTION 

SC‘..ENC I 0 

STICK SWITCH 

Láz 

POWER ARM 

SOt-Erloio 

ECONOMY 
RESISTANCE 

,e/   

ECONOMY 

RESISTANCE 9NtiCH 

c 

C3 

A 

QQ.494S2D.9 

STOP 

SVVITCH 

START 

SWITCH 

SOLENOID 5 TA R T IN G CI RCUIT 

SOLENOID sTicA CIRCUIT 

ARMATURE CIRCUIT 

FIELD CIRCUIT 

MAGNET/G BLOWOUT COIL 
A magnetic blowout coil is for the purpose of providing a 

strong magnetic field to extinguish the arc drawn when the circuit 
is broken. It consists of a few turns of heavy wire wound on an iron 
core which has its poles placed on either side of the contacts where 
the circuit is broken. This arrangement provides a powerful magnetic 
field where the circuit is broken. 

The arc is a conductor and has a magnetic field set un around 
it. This field will be reacted uron by the flux of the blowout coil 
distorting the arc so that it is quickly broken or extinguished. 
This prevents the arc from burning the contacts. 

Magnetic blowout coils are connected in series with the line 
or in series with the contacts being protected. 

IRON 

POLE sHoE 

INSULATION - 

CO PpER CONTACTS 

N o 
FLUX AROUND fi RC 

FLUX PRODUCED By 

MAGNET IC BLOWOUT COI L 

ARE DISTORTED BY FLU? 

0  
Ap,c NOT DISTORTED 
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CARBON PILE STARTER 
(ALLEN BRADLEY) 

CARBON 
CONTACTS 

mm  

SCMENMDC  

FLEXIBLE CONNECTION 

LEVER ARM 
CARBON 
PILE. 

OIL 

OIL DASH 
POT 

OVERLOAD RELEASE 
SW ITCH 

MAGNETIC BLOWOuT 
COI L 

A 2.• 

e-

OVERLOAD 
RELEASE 
COIL 

—o T o—c 

 IC\ 

STARTING 
RELAY 

o 

FLE XIBLE 
CONNECTION 

LZ 6 L 1 

In certain classes of work it is desirable to have very gradual appli-
cation of the starting torque of the motor when the machine is first 
put in operation. To accomplish this, it is necessary to start the 
motor with extremely high resistance in the armature circuit, and 
limit the starting current to a very low value. 

For this puruose, carbon pile starters are made with resistance 
elements consisting of small carbon disks stacked in tubes of non-
combustible material with an insulating lining. 

As long as these disks are left loose in the tube, the resistance 
through them is very high. If pressure is applied to these carbon 
disks, their combined resistance will be lowered because the greatest 
resistance is at the contacts between disks. As pressure increases, 
resistance decreases allowing more current to flow. 

This allows the motor to start very slowly, and its speed will gradual-
ly increase until normal speed is attained. 

COYNE 
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D. C. flIAGRETIE RELAYS ADD LIRE VOLTAGE STARTERS 
Class 7001 

LINE 

SEP. CONTROL 
CIRCUIT 

2- WIRE 
CONTROL 
DEVICE 

LOAD 

TYPE J-30 

LINE 

LOAD 

2-WIRE 
CONTROL 
DEVICE 

TYPE J-31 

NOTE: CLASS 7001- TYPE 
H RELAYS ARE WIRED 

THE SAME AS CLASS 8501 
TYPE K. SEE CLASS 8501 
WIRING DIAGRAMS. 

1748-C12 

Class 7032 

WIRIDG DIAGRAMS 

(LASSES 7001, 7032 

SQUARE D COMPANY 
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FRONT VIEW DIAGRAM 
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WIRIAG DIAGRAMS 
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MAGNETIC CONTROLLER 

STARTING 

RELAY 

The term "magnetic controller" is 
lers on which the operation depends almost entirely on relays. 
trollers of this type have a number of separate circuits, each 
by a relay switch. 

These controllers are used extensively on large industrial motors, 
steel mill motors, and elevator motors. They can be designed to give 
any desired operation. 

Example: Let us assume we start a 110E, 401, 5 h.p. motor without a 
load. 

Starting current equals l x 401 or 601. 
Armature starting resistance equals 1 ohm. 
Voltage drop across arm. starting res. equals 601 x 1R7-60Ed. 
Voltage drop across section of res. marked "X" equals 1/5 of Ed 
across entire res. or 20Ed. 

Therefore, the voltage applied to the armature resistance cut-out re-
lay when starting, equals 110E --20Ed or 90 volts. This relay is ad-
justed so that it will not close its switch until it receives approxi-
mately full line voltage. The voltage across the relay increases as 
the current through "I" + "X" decreases. Current flow will decrease to 
approximately 61, because of C.E.M.F. built up in the motor as it in-
creases in speed. This may be proven by the following figures: 
Total voltage drop across "Y"+ "X" after motor attains normal speed 
equals 61 x 1R=6Ed. 

Now the voltage drop across "X" will be la of 6 or 2Ed, leaving 110 
minus 2 or 108E to operate the armature res. cut-out relay. This volt-
age is high enough to operate the relay and close its switch, which 
cuts out or shunts the armature starting resistance. 

The field relay closes when starting to give full strength field. 
When the armature res. cut-out relay closes, the field relay is shorted 
out of the circuit. This allows the speed to be controlled above nor-
mal by adjusting the shunt field rheostat. 

L1 

ARMATURE 
STARTING 

RESISTANCE 

1. OHM 

START 
T STOP 

2 WIRE REMOTE. CONTROL SW, 

ADVANTAGES OF -5 WIPE 
REMOTE CONTROL OVER 2 WIRE. 
1- NO VOLTAGE PROTECTION. 
- MULTI PLAC_E CONTROL 

commonly used to apply to control-
Con-

operated 

COYNE 
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BRANCH CIRCUIT PANei..^-

; 1. CIRCUIT DREAKER 

g. SERIE. OVERLOAD TRIP COIL 

I ArlimETER SHU NT 
1 
4. PILOT LIGHT W. 

IS. Pol.( Sw. 

1 

_ - J__ _ _ _ _ 

— MAIN OR GENERATOR PANEL-

1. ARMATURE 
E. C OM . F. 
3.3 E RIE3 F. 
4.3Hu NT F. 
5.WATT HouR M ETER 
G. FIELD RHEOSTA T 
7. AMMETER SHUNT 
8. CI RCUIT 0 REAKER 
9. PILOT LIGHT SW. 
10.0 VER LOAD RELAY(SNVNT TYP1) 
11. SHUNT TRIP CO IL 
12.REv eRSE CURRENT RE.).. 
13-VOLTMETER W. 
14-MAIN 3W. 3 PoLE 
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‘ ,setiLbator designed as shown and operated with 
id be driven at constant speed, the main 

\ \ % turn produce an intense armature cross 

short circuited as indicated. Thi s 
s in relatively heavy currents in the arma-

the polarities shown and, if the poles are 
y designed to provide a magnetic circuit of 

uctance to this cross field, a strong magnetic 
will be developed in the air gap. The armature, 

, ting in this field, produces a relatively high 
tage at right angles to the normal brush axis and 
extra brushes are placed as shown, power almost 
.valent to the normal rating of the.machine may 
btained. 

D.C. Motor Starters and Controls 

AMPLIDYNE GENERATORS. 

the operating point for the field magnetism is 
set on the steep part of the magnetization curve, 
a small variation in the magnetizing force produced 
by the field coils will produce a relatively great 
change in the short circuit current produced by the 
armature, and this in turn will greatly increase the 
generated output voltage. Therefore, if special con-
trol coils be placed on the poles, and if these coils 
be fed from a low voltage or low power source, the 
variations which these coils produce may be caused 
to reappear in the output circuit in a greatly ampli-
fied form. This is the principle of operation of the 
Amplidyne Generator. 

The Amplidyne Generator may be regarded as a two 
stage electrical power amplifier, and its use is con-
cerned with control situations in which small con-
trolling impulses are employed to handle equipment 
that demands a large amount of power to operate it. 
The small control power is fed to the field coils 
where it effects a relatively high variation in 
field magnetism; this variation is amplified in the 
cross field and again in the output circuit. Am-
plifications of 20,000 to 1 are common and 100,000 
to 1 are possible. Thus a variation of one watt 
in the input control circuit may produce a change 
in generator output of 20 kilowatts, a range im-
practical for any electronic amplifier. The range 
may be extended by the use of a preamplifier using 
ordinary radio tubes. 

Instead of the split-pole construction shown above, 
the arrangement indicated in fig. C shows the con-
structional features of a modern amplidyne unit. 
Although four poles are shown, adjacent groups are 
wound with the same polarity, and the machine is 
therefore a two pole unit. 

Figure D shows the construction of an Amplilyne 
unit using interpoles. Although several field wind-
ings are employed in an actual machine, only the sig-
nal winding is shown. .The brushes V are the output 
brushes from which the amplified energy is obtained. 

SIGNAL FIELD. 

CROSS FIELD. 

SPLIT POLE DESIGN 
SHOWING CROSS FIELD. 

FIELD SIGNAL WINDING.  

• 
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AMPLIOYNE GENERATORS. 

ator designed as shown and operated with 
id be driven at constant speed, the main 
short circuited as indicated. This 

s in relatively heavy currents in the arma-
turn produce an intense armature cross 

the polarities shown and, if the poles are 
designed to provide a magnetic circuit of 

uctance to this cross field, a strong magnetic 
will be developed in the air gap. The armature, 

ting in this field, produces a relatively high 
tage at right angles to the normal brush axis and 
extra brushes are placed as shown, power almost 
«valent to the normal rating of the.machine may 
btained. 

the operating point for the field magnetism is 
set on the steep part of the magnetization curve, 
a small variation in the magnetizing force produced 
by the field coils will produce a relatively great 
change in the short circuit current produced by the 
armature, and this in turn will greatly increase the 
generated output voltage. Therefore, if special con-
trol coils be placed on the poles, end if these coils 
be fed from a low voltage or low power source, the 
variations which these coils produce may be caused 
to reappear in the output circuit in a greatly ampli-
fied form. This is the principle of operation of the 
Amplidyne Generator. 

The Amplidyne Generator may be regarded as a two 
stage electrical power amplifier, and its use is con-
cerned with control situations in which small con-
trolling impulses are employed to handle equipment 
that demands a large amount of power to operate it. 
The small control power is fed to the field coils 
where it effects a relatively high variation in 
field magnetism; this variation is amplified in the 
cross field and again in the output circuit. Am-
plifications of 20,000 to 1 are common and 100,000 
to 1 are possible. Thus a variation of one watt 
in the input control circuit may produce a change 
in generator output of 20 kilowatts, a range im-
practical for any electronic amplifier. The range 
may be extended by the use of a preamplifier using 
ordinary radio tubes. 

Instead of the split-pole construction shown above, 
the arrangement indicated in fig. C shows the con-
structional features of a modern amplidyne unit. 
Although four poles are shown, adjacent groups are 
wound with the same polarity, and the machine is 
therefore a two pole unit. 

Figure D shows the construction of an Amplidyne 
unit using interpoles. Although several field wind-
ings are employed in an actual machine, only the sig-
nal winding is shown. .The brushes I/ are the output 
brushes from which the amplified energy is obtained. SIGNAL 

SIGNAL FIELD. 

CROSS FIELD. 

SPLIT POLE DESIGN 
SHOWING CROSS FIELD. 
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U.- BRANCH CIRCU iT PANEL -.. 
1. CIRCUIT BREAKER 
E. SERIES OVERLOAD TRIP COIL 
I 3. "rim erta SHUNT 
I 4. PILOT LIGHT W. 
S• 2 POLE SW. 

-- MAIN OR GENERATOR PANEL-
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11.3HUNT TRIP COIL 
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Refrigeration Departaient 
Properties of Heat. 

The study ef Refrigeration is concerned with distru and rémoval f 
of heat .i  domestic Refrig it is the problesi of #040: removiug heat 

411\from insulated cabinets in which food is to be preserved. 
quir Altho the Refrigerator is usualy described as a devic designed to 

inerate cod this isn't true as cod i nothins more than absense of heat 
therefore cold is not introduced into cabin t but at is Aenoved. 

Heat is a form of energy whos temp is above 0 (¡- 460`'F) heat 
always travels from warmer to coo1er objects and the amount of heat trans-
fered from one body to another depends upon the nature of the boy and 
the systems of the material between that. 

Heat ,j.11 flow untill the ttsiperatures are eual. 
Heat will pass thru all substances, but some materials offer more 

resistance to flow of heat than others such materials are ealled Heat 
insulatorw. Some of our compion insulatins materials are; Cork, Balco 
Hair felt, Celatx berd. 

There are two units foe measuring heat (1) intensity (2) 7uanity. 
The unit of intermit is the degree Farah enhiet as indicated by a 

tneracaometer and is often called the because it is told by sense of touch. 
The heat ..luanity is the B. T. T. 
This id defined as the ,uanity of heat required t0 rais the .te p 

of one lb. os water lu F. This is called latent heat and is the hLat 
required to bring about a change in the physical state of a substance 
such as converting a solid to litluid or a lisuid to gas, This in 
of heat isnt :aeasureable on a thenermoter as a cnsnse in state and is not 
necessarily a change in temp. 

1 

1 

Exan„les-

lb of ice at 0 4 3s B.T.U. equals 1 lb of ice at 32 degree._ 
It " " " 32 " " " te 9 II .e 

II If water" " " 180 U 1 i-rtea 

By conduction which is heat transfered by contact molecules to molecu 
By conduction which takes place only in li suid and gases and de ,ends 

on circulation and results by changes in density and comes about by rtmova 
of neat. 

Heat transfered by radiation which takes ,lace by circilation ,ithout 
heating the space b, shicn heat is removed. 

Boiling point of liqid 
The temp at 'ehich any liqued boils de _ends upon tne pressure al, lied 

to its surface and a change in pressur automaticaly changes boiling i.oint 
at 14.7 1.0b per :-Jci in absolute pressure ater boils at 212 F at 240 lbs 
per sq in Presure water boils at 3 P. 

Pressure produced by atmosphere on surface of E. is 14.7 loe „er o i 
gas gage pressures are detenained by me;:ns of a pressur gauge. designed 
to indicate a diffeence in pressure between inside and outside of the 
Bourdon tube. 

And when these Pressures are equal gauge will read 0 (2 
Pressures may be classified under tow headings (1) absolute auge'pr 

### these two are related by following formula. absolute Tr.=gauge „r ,lus 
14.7 lbs 

Gauges are used for refrigerators pur,oscs, pressure gauges which is 
used for high side of system and register fre,1 0-1s0 lbs or 0-300 lbs 

diegb. Compound gagge used in low side uf system and register from 0-6') or 
O-lbO los and fro.J. 0-3- inc_i_s of vacune 



Cycle of Refrigeration. 

In order to absorb and reoiove an apreciable amount of heat from any 
space of subotitute it is necebs tu utilize either latent heat of fusion 

gleor Vaporization. 
Rifrig may be aceumplished by chan in„ solid to liquitt or liquid to é 

gas 

In which a liquid chemical having a low temp boiling 1.,oint is UV8 - 
oro.ted or boiled off inside the cooling 7une. 

Modern refrig equip is designed to convert the gas resulting from 
va,or to a liquid gas and to repeat cycle over and over again. 

All compression type refrig systenes arc corn oued of ba.oic parts. 
(1) Tne compresoor is used to withdraw a heat laden low pressure gas 

from the evaporater and compress it into high pressure gab which is then 
forced into the condenser as this gas was compressed its tem, w:s in-
creased. in tue average air cooled air -tcsip condenser under average eond-
itions this gas temperature will be about 30 abovL condenser air temi . 
(2) The condenser is the device that is ased to transfer heat fro- hot 

nigh pressure gas inside condenser tubing to the cooler room tenp ait 
which is being circulated across condenser as this heat is subtracted 
te ut) is converted inA li_uid under high „reboure and forced by this 
pr000ure u, thru the lis„,id control valve. 

(31). The li quiel control beby regulates flow of Nb,a_ors into evaorator. 
it reduces high pressure li quid to low pressure lio,uid due to restriLtea 
action of tralve orfic 
(4) Tho evaporater is designed to ablorb heat in 6ne cabinet ana cunvty 

it tu thé compr,.ssor tne 
(5) Rifrigerant is the carrier of heat it is tied to absorb heat in the 

evaporator and reject it at the condenser in this way the heat is con-
eyed fro:a the air inside cabinet to the air outside of cabinet 
(6) Meet switch automat,caly starts and stops the motor in accordance 

with cabinet temp. 
(0 The motor . The purpose of the prime mover is to pull the co-

res sor  

CO ..TRTI:SS ORS 

If the low pres gas has a pies increase and its temp raised above 
that of cooling medium flowing thru condenser. gas will lose its heat and 
a. change in state to li,uid will result. 

The machine used to raise the temr and reo of the gas is celled the 
compressor The ires used for comp and sa.a.1.3 „ublie systems are of two 
typub;Reciprocating , rotary 

Reeiprocatinc; comp consits uf 1 or more cylinders in which pistons 
move bac ic and forth to create a suction nctics on inlet LIde End builds up 
pressure on discharge side These comp are usuraly provided with flat 
Reed of disc valve constricted of high grade spring steel 9sweedish steel) 

Some ccsapressors are provided with port valves which are passing 
ways that are upen or closed by piston action Insone ,istun rings are 
used to obtain a gas tight seal around the piston while in others the seal 
is obtained by oiled groves around piston which fill with oil when comp 
begins to operate . Clearance between piston and cylinders is usually 
about .0005 in. 

This small clearance is possible bLcnuse thes units operate nt slow 
---'peed and are not subjected to high temp. 

Reci_rocating compressors are usually bel: driven operate from 4!).-
600 R. P. 

mid JIueleit4.1'tnekteuesYcilew3Enbi/4 Wininetan22 



weight . 
On these oil level is on betom of shaft or litlt belou. whenever 

mfg seecifications are a ailable the ehould be follo-ed. 
Shaft eealed are needed on all coel, lehich have driving lot or located Outside of coel, housing . Thee seals arc located at the eoint 'ere 

shaft passes frwl comp howeing , and prevent L7 leakage thru bearinJ. 
.;tost eopeler type of shaft seal is s 1phon others types are Auffin 

box, Diaehram and Rotary. 

ROTARY co--:Turisnu 
notary co preesors are nor e compact and closely machined tnan 

reciprocating comp are thus they are more quiet in opr and operate eatis-
factorly at motor speeds. 

Rotary com, are divided into tro general groups (1) stationary vanes • 
(2) Rotating banes The Rotai vanes comp is more efficient than any other 
comp. It will move more gas for a unit of H.P. if gas is at relative low , 
pressure. 

Rotary comp require eositive lubrication and a good film of uil over 
all moving pe.rte to .ffect a Lae:, tight seal there. 

Therefore they usualy preeeure lubricated. 
The High pres gas is discharged frum erLinder directly thru 

heueeine , baffles are used to co-dense the eil that cumee frui cyl with 
gab eaueine oil to eetle nt bottom of heueine . The Iligh rig‘ee oh tep 
of o,1 then fofcee it ue thrtu varieue pae.ig e :a Hr) int b‘arinee and cyl. 

Some of the oil will flow tnru with the Uigh pree gas in va,or form, 
circilate thur the system and be returned. tu the comp thru suction line. 

All rotar' co .e with exeeption o: G. 7,.jr and 17c -F Point rotatt 
el ec,.wiee from drive end. 

All rotary coeip must be erovided with a cheek valve in suction line 
,revent 7i eh i7ee eee flo m f back thru cop into euctier lindeane 

eve eorator .heu cou;  stupe. 

C07.7).:1.«'7SreS 

''he condenser is a heat trans device used to trensfee hent from the 
not cuelpreeed :;r )k to the cooling med. el there .r Cl in e.a: to condene 
to ri li euid. cond are usualLy :ncle of co._eer,ce eer i a very g ood cend-
uctor o: 

The coolihe: ledia for deeetic is ueealle aititcommercial we te 

Air cooled Oindeeeer 
Tne fin tune and radin ter type air cooled cend are 'inch efficin 

than ,lain tube ty o one ft offin tubing is eeual in heat transfer to 7 ft 
of plain tubing. 

Air cooled coed must be dept clean an; should be exam on ever: servie 
call. 

The dirt elny be brushed of blo-n ont. 
To if there is an oil or L;r,(! fill; on tLe tubs clern it crr - ith 

a solvent (1(.ylene) 

Meter c -oled cendeneere. 
Seell and tube type ie eioet ;idely ieed diA: tu it,,, (.:0:1 ,F.cailt. C ane 

fflehimelicity and the fact it nlee ecrvee a lieid rece:.evcr. 
. The Inoue eff coud ie deuble tube of ccunter floY thie tee,.e re, uir. 

use of a Leeeerete recieve t ed it _•euide• the ,i- etet :cene, iei the 
use. of cooling weter. 



7ith suppressor running the adj nut sh-ti.d be adj untill Entire evapr 
wall is frosted. If the adj nut is turned to far clock wise the tuck 
line will 2rost over 

Refrigerants ; Characheres 
Domestic So.4 boils -13 above 0 Freon boils 11 above 0 

C,eeific volume o. varor Methyl Chloride - 4.5 Cu ft rer lb 
Latent heat - 176 .T.U. - 69 3.T.U. 

Spedific volume of vapor Freon - 1.4 Cu ft per lb 
Th be satisfactory a chemical used as a Refigerant (U) Low boiling 

point at low athmospheric pr s (2) Low condensing rres and temp 
(4 High latent heat of varorization (4) Low specific volume of vapor 
(5) Non corrosive action on metal (6) No detrimentlal action on lubricating 
oil (i) Sholld be no inflammable and none exrlosee (8) Non enjurus to 
Health (9) Easy to test for leaks (1()) Easy and safe to handle in liuid 
state (11) Low cost per lb and easily available/ Sulphur Dioxide shouldrels,, 
be placed in a hermatic unit which contains an ensulated material as 
sulation will'be uickly destroyed 

Methyl Chloride mustn't be used in. system of alumimum parts as it 
corrodes aluminum forms carbon monoxide gas. 

No brass or copper rires caebe used in an amtnia system ,it causes 
corrosion. 

HIGH SIDE PRESSURE'S 

A reading of T.S.P. is due to the fact that there are several factors 
effecting head pres that should be considered. The factors affecting the 
Hed reading (1) kind of refrigerant in the system (2) temp of condensing. 
medium (3) if t_e comrr is operatin,_ or not.(-,) low side pres (Back)pres 
at time reading startes-45# design and condition of condenser. (6) the 

akpresence or leke of air other things in condenser. (7) the amount and rate 
Wof flow of cooling medium (8) if unit is fully charged or not. 

(1) the rate heat tramsfer from Befigerant eps to cooling medium 
depends uron temp diff between gas and cooling medium 

(2 Heat resist of condenser surface clean or dirty' 
(3 Amount and rate of flow of cooling meduim 
(4 size of heat transfer sereceof condenser 

f' 

AIR COOLED CONDENSMS. 
Approx Hig Side 7ressure for A. C. condensers- using three old 

type refrig and under average conditions may be found in chart at bottom 
of pr -nt 412.it must be understood these pressures are aprrox and ray vary 
derending on and condition of condenser and amount and temperature of 
cooling medium. 

the ttmr pres chart of print 409 may also be helpful in checking head 
pres The head pre-sure will be same as saturated Vapor pres of refrig 
corresponding to temp of condenser. These pressures are on print 409 

Water cooled condenser 
Systems have some tyre of water regulating valve to control flow of 

water thnu condenser. This i: usually a pres.ure Evacceated valve with 
Bellows connected in high side of compressor altho it could be a solenoid 
valve across motor ctrcuit. 

In either case these valves are to be cleaned and inspected . v###*; 
valve seats and other defective parts replaced every 6 months. 

Air cooled systems 
High Side Pressure lower than normal caused by (1) under charge refri 

1,(2) lightly loaded evar. (3) liquid control valve stick o.,en. 
High Side Pressure higher than normal is cultnly caused by (1) 

Air in system (2) overcharge of refrig (3) over heated cond (4) heavy lead 
on evaP. 

4 



Normal High Pressure will drop to —ax taper presuire of refrigerant 
as cond cools it should drop at least 5 to 10 lbs. when unit is stopred. 

If High Pres dro,2s valve slowly or not at all it is an indication 
of air in system. 

An over heated cond may be detected by feeling cond at turn of coil 
ethere should be a gradual decrease of temi, with the bottom turn slightly 

above room temp if cond is over he .ttd it will be hot all the way down 
the reciever tank and lirid line be hot. 

Water Cooled System 
High Side Pressure lower than normal L.ay be caused by (1) under char 

of refrig (2) improper adjusted water valve (3) defective water valve (4) 
control valve stuck open.(1) 

H.S.P. above normal\improperly adjusted water valve (2) defective 
wat r valve (3) water »res below normal or sh ut off (41 large anount 
of air in system (5) an excessive overcharge of refrigerant 

While the fresher type of water valve if in good condit.Lon and 
water pressure is normal will keep constant :lead Pres within curtain lânit 
but cannot prevent II. P from rising if there is to much air in the cond 
or to much refrigerant. 

While a commercial system will not be underly affected by a small 
amount of air in its system it is necessary to guard against air in system 
because air contains moisture in vapor form and damage to systLm from 
moisture may be heavy. 

CHARGING BY LITID Y7THOD. 
Pur -ing So2 into lye solution. neutralizes So2 (1 lb of lye to 1 gal 

of water) 

sir 

Installing rotary shaitseals 
Put coolar and spring on fin,t putting collar next to shoulder of sha 

ft. install 1 ose collar on other end of spring the loose collar . 
will be lined will a Duerene or Neoprene elate then install eolishing sea,_ 
plate Next install nose ring plate with lead gasket underneath. 

The most frequent source of trouble in a compr is shaft seal section 
and D. S. V. 

The shaft seal prdiduce:, a gas tight contact hydraulically or by 
placing two smooth highly polished surfaces together with oil between. 
lack of oil will cause shaft seal to su ak and chatter destroying smooth 
surface. When this occurs if the unit is stopped and °l replaced some-
times ifflalefflie## seal may be saved, by placing blUck of wood against 
end of compr shaft and striking it a sharp blow causing seal nose to 
jump from shaft shoulder letting oil run in 

OIL CHARGING AND DEHYDr.ATION 

• Always check refrig çharge -before adding oil if a flooded systeM 
is undercharged some,of (Al from comer may be trapred in evap. 

Before adding oel to undercharged s:stem charge with proper amount 
or rifig. Then operate unit for several minutes to allow 01il in evapr 
to return to compr. 

e After unit has been opprating normaly with evap frosted for at least 
10 min. stop unit and check oil level. If lew add proper amount. 



e 

• 

Refrig mach. should be oildd with a spedial type moisture free oil 
refined espedially for the purpose These oils are obtained in various 
types for diff applications. 

So Sulphur Dioxide systems use a light bodied oil Ethyl chboride 
and Freon use a heavier oil as are mistboil 

In gene a1 rotary comrr use heavy oui Reciprocating to provide 
a good oil seal around the 

Low temp a,rlications such as ice cream cabinets and frozn food 
compartments use light oil IWO to prevent congealing. 

MOISTURE AND DEHYDRATION. 

After refrig systen has been in operation for some time moisture 
apears. This may be due to air drawn in during service operation or by 
a leak. smee#######ww#weweekeaeheoïwkiwiiJk 

In So systems moisture will be indicated by internal corrosion which 
isn't usually detected untill considerable damage has been dene 
Methyl and Freon systems the ,resence of moisture will be indicated by 
a freez u, of L.C.V. 

Moisture may be removed from system by. "Dehydration" which is dee 
by two methods (1) heating which is used on So2 systems. (2) Chemical 
methods used on methyl and Freon. 

To dehydrat and So2 system. com,letely deschdte and disassemble 
unit clean all parts thouroughly with a good sovent to remove sledge eat, 
overhaul compr and replace dmaged parts bake all parts in oven at 240 ,? ...L, 

(Do not bake Duprene'neorrene gaske.ts nor wash them in solvent either 
methods destroy then) 

Assemble unit while still warm and evuGate it It may also be ad-
visable to bake unit after it is assembled under 28 in vacume at sane 
time charge unit with fresh oil and refrigrant. 

A conrlete overhaul and baking job may be sometimes postrhoned by 
by the following procedure 

.Dfschage 602 and oil (dont save) wash compr reciever and alL Letal 
parts with a good solvent place over sized filter in line between -lawn fi/711, 
valve and evarr place intou dehydrators charged with ( Silica gel ) 
between filter and evapr recharge with mixture of lub oil and warrenol 
( 2 oz W- 1,2t oil) recharge with correct amount of refrig. 

MAINTAINENCE OF REFRIGERATORS 
• When refrig fails to opr properly the nature of trouble may generaly 

be found by consideration of complaint of sostumer and coml,lete investi-
gation of the parts of system that night cause such trouble. 

There are a no of thiggs to check carefully before deciding cause 
of trouble (1) Nature and history of complaint of trouble 
(2) Tyre L.C.V. (3) tighten elec switch screws (4) check for noises in 
comp motor ..nd Belt L.C.V.mounting springs cct. (5)check temp at various 
roints such as liquid and suction line , turns on cond inlet and outlet 
side of valve filters and dehydrator normal 1).quid line temp is slightly 
above nd suction line tem, slightly belovi room temp (6) #bïaÀ Observe 
provisions for air circulation ouside cabinet inside cooling comratment 
and inside macn,. com„artment. (7) Take High and Low side ,res. and the 
way they change when they stor. after installing gaug.. s and starting unit 
and awaiting conditions to staLbalize in system so accurate redings 
reading may be taken service man should keur busy oiling motor wiping off 
dust tightening cold control bulb checking door gaskets. hinges latch etc 4111 The cond mist be insrcuted and cleaned, check condition and tension 
oi• belt * spring 

When deternming source of trouble service man must be alert and eàe 
parts. 

• 'elood .t848t418;PIPERtU! leBK1Refiagyr“Ritlu§iîner of 



EVAPORATOR:7 

Ty_cs- Dry ty,e rnd 71looded 
eva 2orator is a heat trane.fer device ,Jflccd itin P refri :rca 

and conains a certain a:Iount of che;iicill. Tt transfers heat fron'air in 
cabinet to refegerant inside cabinet tubiil, T;(:13 heat causes huid to 
turn to gas and is drawn away by conpre;.,or. since the evaporator 71ust 
be a heat conductor it is made of co_per, Brass, Aluminum, etainless steel 
or porclain baked steel. 

Eva p are of 2 types- flooded and dry. 
And may be described as Direct and Indiredt 
Floode.1 Evap have 1 or more Truns or Tlead r at top from which extends 

a no. of paralell tubes which surrond trays. 
During normal opp evaporator is nearly filled with 1Ljuid refrig 

which amounts to several lbs depending on size of evar. 
Dry evaporator consists of a continoue length of tubing wound around 

a sleeve uontaining ice cube trys or wound in for of coil. On( end of 
tubing is fed by li,uid control valve te other Énd fastens to suction 
line of compressor. This type evap. contains only a fe- 07. of liuid 
during noral 

Dry dir et an flocdeU .irect eva, . arc su called beC.a.use the air 
in the cooler cones in direct coiltet with tube containing refri Lerant. 

The indirect type has the ifieë refrigerant in a non freeze solution 
i!.sidL of a tank so tht the heat Ti.ust go thnu thi. solution before it 

ean cotact the refrig tubes 

IT77D CONTROL vALV- :': 

Al]. evap flooded or dry ewe, he provided with Bone type liJ»iuid contre 
valve to regulate fIùw of li,uid refrigerant into then and to change 
high pressure liqii to low pres li euid intc the evap so it vvill boil at 
low temp the L. C. V. (;Old be called te dividing point petween lov res 
and the high pres of the system. 

L.C.V. or ?.T.V. 
Z. Low ifie side float valve is located inside the header of evapr it 

maintains a constant liquid level in evapr when unit is in opreration. 
The valve remains closed when compr. stops. 

2. High side float is located in high sides of system. sometil:es located 
inside liquid reciever tan sometimes nu rebiever tanK is used in which 
case cond leads directly into float chamber. sometimes in eeparated 
float chamber at side of reciever tan-. 

The hi gh side float allows lieuid to lieuid to flow thru 
fast as is condensed and :elivered to float chamber. 

The réfri charge is very important where the liquid control 'valve 
is used the liquid line running from L.V.C. to evaporator becomes part 
of low elide system and tends to frost. Frosting can be prevented by use 

of throttle valve at evarr. 

EXPANCTe VALV7S. 

Dry type egarr use either automatic expansion valve (A.E.V.) 
or Thermol expaneion valve (T.E.V.) to control the flbw of liu1d into the 

A.E.V. is a pressure activated valve used on domestic units is is 
activated by eva_ir pres or low dide pressure of risistance it is a aliened 
to maintain a constant evap pres all the time the comp is runnint and cut 
off refrigerant supply with valve. iiiiaeii#eecloees needle when pres stops 
to have these refrigeraters supplied with these valves make possible a 

cnange in frost line and evarr res. The vàlve is raised or lowered in 

accordance with difference in pres that ie on either side of elèment 
(Bello - 



AUTOMATIC TYPE UNITS: 
Air conditioning - principles 

Air coud works on the same principle as refrigeraton air condition-
ing is the processing and control of physical characteristics air for 
the _urpose of better adapting it té certain industr process and for the 

*production of greter human confort. The functions of ,ear around condit 
Ware (1) Heating air (2) cooling air (3) circilating air (4) Fumiditify 

it (5) de huAidify it (6) filter (7) de-odorize it. 
Any system that dousnt provide for all these factors isn't a year 

round Air Conditioning s:stem 
The summer variety of A.C. is known as comfort cooling. Agood com-

fort cooling installation is arranged for (1) cooli.g ait (2) De- Humid- $ 
Ify it (3) Circulate it (-.) filter it (b) De-odorize 

Ordinary air always contains a ceertain amount of moisture L. vapor 
form and when this amount becomes unpleasnt and unpleasant sticky feeling 
is had. 

As amount of moist in air affects its comf condition this factor 
must be controled. for com.f. the relative heijdity shouldn't be above 7 
nor less than 30% ad 'ern be betweeW 40 - 6. 

The feeling of comfort i. dependant upon the comb of temp and relativ 
nun dity which is known as effective temp. 

It is purpose o: cooling oil to cool the air and remove excess water 
vapor. 

:Relative humid is found following formulae the amount of moisture 
in the air at a given temp Divided •by amount of moisture laquired to 
saturate air at same temp R.H. -amount at 

When relative humid is 100;'; the air is saturatd with moisture. 
lower values of R.N. and constant ten indicate less moisture in the air. 

There is 7 7 grains in 1 lb of water. 

• 

• 

RELATIVE ITU711DITY 
The R.:1. of air is usually determined by using swing psychrometer. 

This pertaining to thermometer the bulb of one is closed in a linen 
wicket which is saturated in va.ter at roua temp. This instrument is swung 
about at high speed for approx 2b FiçO then reading is quickly taken 

is tnen obtained by transfering reading to psychrometric slide rile. 
R.H. is controled b: 17ising hinidstat. A humidstat is an elec switch 

operated by muisture content of air the Q..r clement, consist of some 
organic material usually La.man hair as moistre content rises the element 
expands causing liquid cotact to open as it lowers the element contracts 
closing the switch. The humidstat is used in conj ,nction with atomi7ing 
spray jets and a solenoid valve to accurately maintain condit;on of arLe 
(of moisture) 

CIRCuLATIO7 ArD DISTALUTIOU 02 AIR 
Wirder that te gnab bidt hay give off its heat to the surronding 

it is necess that the air around the body be kept in constant motion. 
This is a function of air conditioning ca led circulation 

Cir is necessary so that evap of perspiration nay take p&ace and dead 
spots be avoided. Circilation also equali es temp thru out conditioed are 

It is calculated in Cu ft per min (q.F. - .) OR VELOCITY 77 2T rim 7IN 
tnru a given duct. use following formulae C.2.7. iP... -.cross 

sectional area of duct in shaft r.r.7. -   
bee LiUIDLl ulen uf Lict in 

Sq ft 

As perspirktion.1 ta-es place butyric acid is given off by the sweat 
glands This subs contaminates the air and the odor beconps intensfied 
as air is recirculated. There are also odors from breath tobacco and 

Staltà0eiekeliiedieffidkIlabiliatielaiduldeRqecieWMOcetdiqUR %in 



CALC7LATI SIn 02 17;17 
For a wai . in cooler: 

(1) Wali: in cooler dimensions 10 X l X [• ft 
4" cork insulation 1" wood siding (srecial) a layer of ï,ater rroof 

arer inside and out. 4 Recn in Doors 7 2' double thick i_las. 
ari)lication busy neat iarket. 

Average :b desired teij ±i cooler 4 desired runniL time 16 h 
( ) Determine tend, differential 

-Teans the heat leakage and is known the 7 factor. 
R. facto indicates the no of B.T.U. for 24 hrs that will leak thnu lsq 

ft any sredified material or t,m_ difference between tie two surface of 1F 

fornulae for calculatinL hcat leakage. 
B.T.U. ,er 24hrs- area in sq ft X 17 X T.7%. (tem„, difference) 

Average shor temr 850 
Desired te mr of cooler 7)4 

teAlr difference - bl 



REFRIGERATION 

E L ECT RIC SW ITCHES 

4O5 
yci c_cf; ice 

d 

VOLATILE LI QUID THERMOSTAT 

COLD CONTROL. 

4 

t 

JO  

•-• 

PRESSURE -TYPE SNITCH 

PRESSURESTAT " 
-ro CONDENSER 

BI - METAL THERMOSTAT 

(DYNE 



APPROXIMATE PRESSURE CONTROL SETTINGS 

TYPE OF EVAPORATOR 

Flooded-direct 

APPLICATION 

Commercial or 
Domestic 
refrigerators 

T-SULPHUR METHYL 
DIOXIDI CHLORIDE 

. r 

FREON-12 

i/ 

OFF ON OFF ON OFF ON 

Ept 6# 5# 17# 

Flooded or dry-direct Ice cube maker 14" 17# 

Flooded-indirect Ice cream 
cabinet 14" 6" 12# 

Flooded-indirect 
(Sweet water bath 
with ice accumulation 
on coils) 

Beverage or 
water cooler 

-11 c 1111 19e 17e 27e 

Dry-indirect (sweet 
water bath with ice 
accumulation on coil) 

Beverage or 
water cooler 2" 10# 19# 16# 27# 

Dry-direct fin coil Walk-in-
(non-frost) cooler; Reach-

in-cooler; 
Show case 

Forced draft unit 
coolers 

Walk-in-
cooler; Reach-
in-cooler 

Dry-direct fin coils 

Dry-indirect (Eutetic 
Brine Solution) 

6" 

Ice-cream 
trucks & ice 
cream harden-
ing rooms 16" 

I12# 12e 
-I -4 

Ice-cream 
trucks 18" 

Dry direct fin coils Air Condition-
ing (Comfort 
Cooling) 

2" 3 tt 

12# 33# 

18# 

9# 

14" 

21e 25e 

611 

2# 

1Jt 

15e 

40# 32# 52# 

se. 

• 

e 



4o3  

LOW SIDE FLOAT HIGH SIDE FLOAT 

FF3e 
REFRI GE Y RATION /96 1.:«e 

FROM RECUVER 

TO COMPRESSOR 

F 0 1\-C VALV E 

IM.11•••••11, 

got 
ser 
taro 

9111111.11M11. 

IC TRAY5 

FROM CONDENSER 

TO COMPRE SSOR 

• 

^ 

 ̂

ICE. TRAYS fl_ORT 
VALVE 

DRY DIRECT EVAPORATOR DRY INDIRECT EVAPORATOR 

FILLER CAP FOR 
NON --F RE 12 

LI atii 

INLET 

e. 

OUTLET 

ISLET 

I I 

TRAY 
SLEEVE 

TRAY 
SLEEVE. 

OUTLET 

e 

Nt I 

I I 

T RAY 
SLEEVE 

TRAY 
SLEEVE 



REFRIGERATION 

EXPANSION VALVES 

tiy,P, I C.1 
leg  7 

Arm osiet(èric 
P-res•s 
4-Leyte y aroY 

Adius rfrieivr 
3c.ye 

AII sritleer 

e 

t-
 r 

,ficiatist-

-cee 
e-

:«4 i; -
-  L.. 

AUTOMATIC EXPANSION VALVE DETROIT LUBRICATOR 

AUTOMATIC, EXPANSION VALVE 

57 Leyergi, 
Vap o r 

r„he PS" i•tY 
Adi u 

c bib 

jeN rvidj 
Rekt 

THERMOSTATIC EY.PANSION VALVE 

DETROIT LUBRICATOR 

THERMOSTAT% C EXPANSION VALVE 

C_OYNE 



REFRIGERATION 
e/yIrr'l/ 

14o1 
COMPRESSOR COMPRESSOR 

RECIPROCATING,SINGLE CYLINDER, SINGLE ACTING , REED 
SUCTION VALVE, REED DISCHARGE VALVE, SPLASH OIL SYSTEM. 

OIL LEVEL 

RECIPROCATING, SINGLE CYLINDER SINGLE ACTING, PORT 
SUCTION VALVE, REED DISCHARGE VALVE,SPLASH OIL SYSTEM. 

NORGE " ROLLATOR" 

ECCE Rit.. DRIVE 
51..E.ENI   .003 CLtP9PNCE 

fie TAIZY VAte 

SYLPHON BELLOWS SHAFT SEAL 

MA JESTIC ROTARY 
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REFRIGERATION 

CO-EFFICIENT OF HEAT TRATTSFER FROM AIR TO AIR FOR BUILDING CONSTRUCTION 

CEILING AND FLOORS  

CONSTRUCTION MI" FACTOR 

Plaster ceiling, no flooring  .55 

Plaster ceiling, 4 in. joist, 1 in. flooring  .44 
Plaster ceiling, 4 in. joist, 1 in. flooring, 2 in. filled 

insulation.  .14 

4 ir. concrete. No flooring or ceiling  .51 
8 in. ccncrete. No flooring or ceiling  .41 
4 in. concrete, 1 in. flooring. Plaster direct to underside concrete. .34 

4 in. concrete, 1 in. flooring. Suspended metal lath and plaster 
ceiling  .19 

PARTITIONS 

Single glass partition.  .75 

Double glass partition.  .50 
Single wall metal partition  .91 
Double wall metal partition  .53 

1 in. wood door in partition.  .43 

Metal lath and plaster to one side of studding  .55 
Metal lath and plaster both sides of studding  .33 
Metal lath and plaster both sides, 1/2 in. insulation between studs  .18 

Metal lath and plaster both sides, 2 in. filled insulatio-,   .12 
4 in. hollow tile, no plaster  .39 

4 in. hollow tile, plastor.both sides  .33 
4 in. brick, plaster both sides  .37 

EXTERIOR WALLS 

Tood siding, sheathing, 2 in. X 4 in. studs, wood lath and plaster  .26 
nod siding, sheathing, 2 in. X 4 in. studs, wood lath and plaster, 

filled insulation.  .11 

Tcod siding, sheathing,2 in. X 4 in. studs, wood lath and plaster, 
1/2 in. insulation between studs  .15 

Brick veneer, sheathing, studding, plaster on wood lath  .25 

Stucco, 1 in. wocd sheathing, studding, plaster on wood lath  .30 
Stucco on 8 in. hollow tilo, 3/4 in. plaster on metal lath, furre:1  .23 

Stucco on 8 in. concrete, 3/4 in. plaster on metal lath, furred  .30 
8 in. brick, no interior finish  .39 

8 in. brick, 3/4 in. plaster on metal lath, furred  .26 
12 in. brick, 3/4 in. plaster on metal lath, furred  .22 
Brick veneer 8 in. hollow tile, no interior finish  .26 

Brick veneer, 8 in. hollow tile, plaster on metal lath, furred  .20 
Brick veneer, 8 in. concrete, no interior finish  .36 
Brick veneer, 12 in. concrete no interior finish  .33 

6 in. concrete, no exterior, no interior finish  .58 
12 in. concrete, no exterior, no interior finish  .41 

Window glass  1.13 

Double window glass  .45 
1 in. door to outside (25/32 in. thick)  .69 
1 1/2 in. door to outside (1-5/16 in. thick)  .52 

2 in. door to outside (1 5/8 in. thick)  .46 



LIST OF TCUS & SUPILIES inr.D7D FOR RI7EIGZRATION SL:RVICE 

I set flaring tools 1 tubing cutter 1 sot swedq.ing tools (1/4" to 1/2") 
1 set open end wrenches 3/8" toi") I set sockt -renches (3/5" to 7/8") 
1-6" adjustable wrench 1-lo" adjustable wrench 1-8" pipe -;:x.erc,:_ 1-1_4" pipe wrench 
1 set Allen "set screw" wrenches 1 ratchet va.1•72, •::ren311 1 e r stem adapters 
1 set valve packing gland wrenches 1 midget scre;:driver 1-¡:" screv:driver 
1-10" screwdriver 1 wheel puller I pr. 8" sido cutting pliers 1 pocket 
thermometer 1 Prestolite combination Halide leak detector and soldering torch 
1 Compound gauge (30" vac, to eo# pressure) 1 Pressure gauge (C to 300# press.) 
3 I.C.C.'Se'rvice drums 1 hermetic service valve kit 1 ball pein hammer 
1 center punch 1-set of punches and chisels 1 pr. 10" tin snips 
1 pocket mirror 1 flashlight I sheet 1/32" asbestos gasket material 
1 sheet 1/64" asbestos gasket material 1 sheet .010" lead gasket material 

Dehydrated seamless copper tubing 1/4", 5/16", 3/8", 1/2" and 5/8" 
Assortment of brass flare fittings such as els, tees,unions,flarecaps,flareplugs. 

Special fittings: Half unions, 1/8" I.P.T. to 1.4" s A E flare, and 1/4" I.P.T. 

to 1/4" $ A E flare; half els, 1/8" I.P.T. to 1/4" SA E flare and 1R" T.F.T. 
.to 1/4" S A E flare; Tees 1/4" S A E with one end 1/8" I.P.T. ;Pipe bushings 1/8" 
to 1/4" I.P.T.; Pipe plugs 1/8" and 1/4" I.P.T.; Female 1,.alf unions, 1./. female 
I.P.T. to 1/4" S A E flare (for connecting gauges). 

• 



REFRIGERATION 402 

CONDENSERS. 

PLAIN TUBE 

INLET   

 --

OUTLET 

AIR COOLED TYPE 

INLET 

OUTLET 

FIN TUBE 

i I 1 I I 1 I 1 I l 1 1 1 1 

IT f 11111111111 II 

«
1 I iiiitiiii ii ii 

I I I I I I I 1 1 I I I I I I I 

II I I IIII 111111 ll 

1 I I I I I I I I r r I I I I II 
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Low Side Float Valves 

• 

• 

Float Valve Showing Needle Construction 

Suction Line 
Entrance to 

Oil Return 

Float Ball 

Float Ball 

EVAPORATOR 
SUCTION LINE 

OIL BOUND EVAPORATORS 

An oil bound evanorator may be caused by the compressor slugging 
through an excess amount of oil. Thr float assembly is designed to 
return a certain amount of oil which naturally circulates through the 
system, but when the amount of oil coming through becomes excessive 
it is not returned fast enough and the oil tends to replace the 
refrigerant. The trouble in the compressor may be causedby oil 
baffles being out of place or the trouble may be in the design of the 
comrressor. In this case the condition may be remedied by placing an 
oil separator or trap in th' 7 compressor outlet. 

The trouble may also be caused by an overcharge of oil in the 

If the float is out of calibration so that the float rides too 
low, oil will tend to accumulate in the evaporator, and this condition 
may also cause the evaporator to become oil logged. 

After the cause of this trouble has been remedied, the oil may 
be n-turned from the evaporator by placing hot water in the ice cube 
trays. A more positive means would be to remove the evaporator and 
dump the oil out. If this is done the oil level in the compressor 
should be ch-cked to make sure it has sufficient oil. 

When overhauling a low side float system, the proper amount of 
oil should be rlaced in the evaporator. 

The normal oil charge carried in th:' se evaporators should be 
obtained from manufacturers specifications whenever these are avail-
able. Otherwise a good general rule to follow is to add from 4 to 6 
ounces of oil to the avrrage household evaporator. For larger evap-
erators increase this amount in prorortion.to the size of the float 
header. 



TROUBLE, CHART FOR LOW SIDE FLOATS 
, , 

TROUBLE SYMPTOM REMEDY 

1.plug!ed strainer 
or valve orifice 

starved evaporator—little or 
no refrigeration 

Clean or replace 
strainer—Clean or 
replace orifice 

2.011 bound 
evaporator 

Evaporator only partially 
frosted—Loud thumping noises 
in evaporator 

see notation under 
diagram on front of 
sheet 

3.Corroded valve 
needle or seat 

Valve leaking & causing frost- 
back on suction line at the 
start of the running cycle 

Replace needle valve 
& seat 

4.worn needle or 
seat 

Float rides too high causing 
frost-back on suction line 

, 

Replace needle valve 
& seat 

5.Yorn pivot Float rides too low, thus 
collecting oil & causing 
evanorator to become oil 
bound 

Replace worn parts 
or entire float 
assembly 

6.Float not level Licuid level in float chamber 
will be changed causing either 
frost-back on suction line or 
oil logging--If float is 
tinned to side float arm may 
bind at Pivot 

Use spirit level to 
adjust hanger straps 
supporting float ' 
chamber 

7.Sticking float 

. 

Frost-back on miction line if 
stuck open,little or no re- 
frigeration if stuck shut 

Dress float pivot 
with a file or re-
place 

8.moisture in 
system 

In SO2 systems,a corroded 
needle valve will result with 
same symptoms as in f4. If 
Methyl or Freon systems ice 
will form at needle valve 
n1u77,ing up the orifice & 
7iving same symntoms as for #1 

SO2 systems—clan 
sy,tem thoroughly & 
dehydrate--Methyl & 
Freon systems—apply 
heat(a cloth dipped 
in hot water)to melt 
the ice,then install 
a dehydrator in 
liquid line 

9.Punctured float 
ball 

Float will sink,onening valve 
wide & causing liquid to flood 
thru evaporator & down suction 
line to compressor—Loud hiss-
ing noise at valve & cold 
suction line--no refrigeration-
high suction pressure, low head 
pressure 

Replace float ball 

10.Und-rcharge of 
refrigerant 

Float rides low keeping valve 
open--High pressure gas comes 
thru with liouid—loud hissing 
noise-suction pressure high— 
head pressure low--no refriger-
ation--suction line temperature 
normal 

Locate & repair leak, 
then add the ')roper 
amount of refri7erant 



VOLTAGE DISTRIBUTION IN THE D. C. CIRCUIT 

Figure D shows a more complex circuit in which several batteries 
are employed, and graphs E, F, and G indicate the voltages at 
different points in this circuit. RI. Re1.5 OHMS. 

Re 0.5 " 
As the positive terminal Re 2.0 

of a source of supply is ri-r2 ANO r3 REPRESENT THE INTERNAL r12 re OA 
at a higher electrical pres-

RESISTANCES OF THE BATTERIES. 
sure than the negative, it D re 0.6 

s follows that, in passing El= E3 2.2 E. 

through a battery from neg. A B C Et H J K I I I L Eau 13.6 E. 
' I 

to pos., the pressure rises. ; E21 E31 1...-11.25 OHMS. 
7Ihen passing through the R1 I li Rz 1 r2 1R 1 r3 R4 t o 

battery from pos, to net. 
the pressure falls. 

As all batteries have inter-
nal resistance, the terminal  
voltage of the battery is 
diminished by the IR drop 
caused by current flowing 
through this internal resis-
tance. This explains why 
the open circuit voltage of 
a cell is higher than the 
closed circuit voltage. 

In graph E is shown the man-
ner in which the voltage of 
the different points changes. 
As F is used as the reference  
point, and as all points in 
the circuit have a lower pres-
sure than this point, all 
values are plotted below the 
reference line. 

N 
1.1 

qt N 
e e 

In graph F the reference , + + 
point has been moved to E. • 
As this is the point of lowestl; ,..: 

pressure in the circuit, all 4 1 I. .  

k':FŒFERENCE POINT E. 

Alt 

VOLTAGES ABOVE 

REFERENCE POINT. 

REFERENCE POINT F. 

other points have their voltage 
higher and are plotted above 
the reference line. 

In Graph G the point chosen as 
J;he reference has a voltage that 
is approximately midway between 
the other two (electrically) 
therefore, there are some 
points that are higher in 
pressure than point A and o 
some that are lower, 

G 

REFERENCE POINT A 

If one terminal of a sens -ii:ive 
voltmeter with a center zeru 
were connected to the reference, 
reading of the instrument would c:.rruspond 
to ti-ie values indicated on the various graphs. 

O 

co • • ef 
pi oi ° 
7- 7-- -4- + + 

VOLTAGES BELOW 

REFERENCE POINT. 

o 
14 in 
+ o ci 

+ o 

ç.  

9:C/70; 



VOLTAGE DISTRIBUTION IN THE D.C. CIRCUIT 
To determine the difference 
in electrical pressure be-
tween two points in a cir-
cuit, it is first of all nec-
essary to establish a refer-
P-nce point. 

Unless otherwise specified, 
'he negative terminal of 
any D.C. source is regarded 
as the reference point, and 
the difference in pressure 
between this terminal and 
any other point in the cir-
cuit is called the voltage 
of that point. 

If the point in question 
has a voltage that is  higher 
than the reference point it 
is marked (4.), if lower it 
is marked (--). Thus point 
"d" in Fig. A is marked+8,2 
-hereas point "h" in Fig. C 
is marked-7.5 volts. for 
he last figure indicates 

that point "h" has a pressure 
that is 7.5 volts below the 
reference point "e" which is 
used in Fig. C. 

In Fig. A and B, in which the 
negative terminal of the bat-
tery or point "a" is used as 
the reference, it is evident 
that the voltage rises through 

N' the battery and falls through \ 
each resistance until the ref-
orence value is reached. Cil-se6"ieer-6'17ce /99/IIe £7. 

Jr/2.214# 8cyl-4y, 

Z_n_ 

6 c d e 

Z 

A 

2 

4 

6 ece....r_:7_9e.s 'Mover 

c eeference /31/714 
el lei 

e N 
.7e N' Lti 

-I- N 
.9 4 -g 

4 ../ 

C7 RertcerelIce c7. PóWeges Se/orir ci 
li&ference 

ci 

fre-/2.2eileibecreeiy. 

3 2.e.n. 4 

46 C d e ii 

N 

N 4-
%4 

In Fig- C the reference  point 
has been changed from "a" 
to "e". .1th respect to this 
new reference point, the volt-
ages of the various points 
JilliDe. different from those 
indicated in Fig. B. Note 
that Foints f, g, h, j, and a cy 
have pressures below the refer-
ence velue, .nd points b, c, and 
d have voltaes above the 
ence point "e". 

refer-

It is usual to regard the 
pressure at the reference 
point as zero. All points 
above this value are marked 
(+), all 1-1low are marked 

o 

N 

(-12.2 ro/si 

+ .43 -n.- /_n-

c- d e 

C. 

G 

'4. Po/;771 e. 
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BAIIIRY DEPARTMENT CHARGING (Continued) 

239. What is meant by constant potential charging? 

240. How are batteries connected on a constant potential (C.P.) charger? 

241. Do they all charge at the same rate? Why? 

242. Is the rate the same from start to finish? Why? 

243. What is the standard operating voltage on a C.P. charger? 

244. What two conditions must be avoided when batteries are being charged 
on a C.P. charger? 

245. How are the above conditions controlled? 



BATTERY DEPARTMENT HY-RATE TEST (Continued) 

216. At what density is the least resistance offered by the electrolyte? 

219. What is a hy-ratè cell tester? 

220. What advantages and disadvantages does a hy-rate cell tester offer over 
a hy-rate discharge test set? 

221. Define ampere hour. 

222. That factors govern the amp. hr. capacity of an automotive battery? 

223. How does a heavy discharge rate affect the amp. hr. capacity of a battery? 

224. Does plate thickness have any practical effect on the amp. hr. capacity 

of an automotive battery? Why? 

225. What is the approximate capacity of 1 square foot of positive surface 
when discharged at the 8 hour rate?CHARGIN0 

226. Name two methods used to charge batteries in service stations. Which 
is the most popular? 

227. What type of equipment is used for the above methods? 

228. Are batteries connected in series or in parallel in a constant current 
charger? 

229. What are the usual maximum rates when bulb type charger is used? How 
long does it take to chargu the average battery at these rates? 

230. ¡a) What is the rated life of standard roc:IA.1'1er bulbs? (b) Possible life? 

231. Does the charging rate taper off sharply as the batteries approach a 
charged condition on a constant current charger? 

232. How is the charging rata controlled on a rectifier? 

233. That is the advantage of a full wave charger over a single wave? 

234. Mat is the bast method to determine the polarity of the battery 
terminals? 

235. Why should the vent plugs always be removed before a battery is put 
on charge? 

236. How high should the electrolyte level be? Why? 

237. Is it a good idea to thoroughly wash batteries before they are 
put on to charge? Why? 

238. What would active gassing while charging, indicate? 



BATTERY DEPARTMENT TESTING (Continued) 

gle 199. At which end of the voltmeter scale will the negative group indicate? 

(a) What would the reading be if the negatives were fully charged? (h) 50% 
charged? (c) Discharged? 

200. (a) What would normally discharged positives read? (h) Fully charged? 

201. How would you check cadmium tests against cell voltage if the negatives read 
(a) to the left of zero? (h) To the right of zero? 

202. What is the maximum allowable error between the two cadmium tests and 

cell voltage? 

203. After cells have seen considerable service, will both groups charge fully? 
Which grbup generally lags? 

204. What is the maximum allowable lag between positives and negatives on a 

cadmium test? 

205. When the positives read 2.3E what should. the negatives read (a) if both groups 
aro in the same state of charge? (h) If the negatives are lagging .1 ofavolt? 

206. In question #205 what is the percentage of charge for (a) the positive group? 
(b) the negative group? 

• 

• 

207. Would a sp. gr. test made immediately after water has been added to 
a cell be accurate? Why? 

HI-RATE TESTS -- CAPACITY (3rd LECTURE) 

208. Define: (a) Incoming battery. (b) Outgoing battery. 

209. Why is a hi-rate test made on incoming batteries? 

210. In making tests on incoming batteries what is the maximum allowable 
voltage difference between cells? 

211. That is the minimum passing voltage for outgoing batteries? 

212. In making this test how is the load calculated and how long is it kept 

on the battery? 

213. Describe briefly a hy-rate test set. 

214. When connected to a by-rate test set, and with a load on the battery, 
what indication would you get with a voltmeter on a dead cell? 

215. What causes the difference between an open circuit voltage test and a 

hy-rate discharge voltage test? 

216. What is the approximate difference between open circuit and hy-rate 
voltage tests if the cell is well charged and in good condition? 

217. What effect has an increase in temperature on the resistance offered 
by the electrolyte? 



BATTERY DEPARTMENT (Continued) 

TESTING (ON THE LINE) (2nd LECTURE) 

177. What is the composition of the electrolyte used in lead-acid cells? 

178. What three tests are made on batteries that are charging to determine 
state of charge? 

179. What conditions must be observed in order that the tests be accurate? 

180. What equipment is required to make these tests? 

181. Define specific gravity. 

182. What effect does charging have on the sp.gr. of the electrolyte in a 
cell? Why? 

. 183. Explain briefly the hydrometer method of testing. (a) Is this method 
always reliable? (b) Why? 

184. Under what conditions would the hydrometer method be reliable? 

• 

185. What are the correct fuel charged gravities for the following cells: 
(a) Automotive? (h) Stationary? (c) Tropical Automotive? 

4110 
186. Why should over-rich electrolyte be avoided? 

187. What should be done before any attempt is made to correct the 
density of the electrolyte in a cell? 

188. Explain how you would go about correcting a case of: (a) Weak 
electrolyte? (h) over-rich electrolyte? 

189. Does normal evaporation cause a loss of acid? 

190. How is acid generally lost from cells? 

191. What actually determines whether a cell is charged or not? 

192. When making voltage tests on batteries that ara charging, what is 
considered as (a) a practical maximum final voltage? (h) Good average? 

193. How does age affect the final voltage of a cell? Why? 

194. How would you rate a cell that would not exceed 2.3 volts (On the line)? 

Are voltage tests made while a call is standing idle of any value? 

196. That is the purpose of a cadmium test? 

127. That advantage does the cadmium test offer over a voltage test? 

198. Describe how a cadmium test is made. 

• 



AUTOMOTIVE DEPARTMENT (Continued) 

• 
155. Would high resistance at the generator cut-out contacts cause the lights 

to burn out? Why? 

' 156. Would the above condition cause the field fuse of the generator to blowout? 

BATTERY DEPARTMENT 

LEAD-ACID CELLS (1st LECTURE) 

157. Name 2 types of Lead-Acid cells. (h) Which is used for automotive 
service? (c) Why? 

158. (a) In what respect are primary and secondary cells alike? 
(h) In what respect do they differ? 

159. Why can't primary cells be charged? 

160. What materials are used to paste modern plates? 

161. What is the purpose of the grid used in plates? 

162. What is the composition of charged positive plates? Charged negatives? 

11, 163. How does discharging affect the composition of the positive and negative plates? 
111› 

164. How does discharging affect the strength of the electrolyte? Why? 

• 

165. Define forming. 

166. Do plates have a definite polarity before they are formed? 

167. Name the parts of a standard auto battery. 

168. That advantage do rubber cases offer over wood containers? 

169. What is the purpose of mud wells? 

170. Why do plate assemblies contain mora negatives than positives? 

171. (a) What kind of wood is generally used for separators? (h) Why? 

172. How many separators would be required for 13 plate 6 volt battery? 

173. Against which plate is the grooved side of the separator placed? (h) Why? 
(c) How far above the plates should separators extend? (d) Why? 

174. (a) Describe briefly a retainer. (h) What is its purpose? (c) Are 

they used in auto batteries? (d) Why? 

175. (a) What is the composition of the metal used to cast cell connectors, 

posts and grids? (b) Could solder be used? (o) Why? 

176. At what temparature should the above metal be kept to turn out good castings? 



AUTOMOTIVE DEPARTMENT (Continued) 

132. How often should interrupters be checked for synchronism? 

133. What is the reason for having two sets of breaker contacts 
in a distributor? 

134. What is a high tension ignition system designed to do? 

135. What factors must be known before the ignition wires may be properly 

placed in the distributor cap? 

136. How will cracks in the distributor cap effect the ignition? 

AUXILIARY GEN. CONTROLS AND PROTECTIVE DEVICES 

137. What disadvantage does third brush regulation have? 

138. What is meant by auxiliary control? 

139. How is auxiliary control obtained? 

140. What cars use lamp load control? 

141. Describe briefly the action of lamp load control. 

142. With lamp load control, would the generator operate with the lights turned 
off, if the resistor was burnt out? 

143. When a generator equipped with lamp load control is being adjusted for 
charging rata, should the headlights be turned on or off? 

144. What is meant by step-down or two rate control? 

145. How are the windings of a step-down control unit connected in respect to 
the armature of the generator? Are they potential or current windings? 

146. What causes the contacts of thié regulator to open? How does this effect 
the charging rate? Why? 

147. When this type of control is used, what must be watched closely? Why? 

148. What equipment is required to properly adjust these controls? 

149. Describe how you would go about checking and re-adjusting a 2 rate control. 

150. Do the fuses in the lighting circuits protect the lights? 

151. Why are vibrating circuits breakers used? 

152. How are they connected in the circuit? 

153. Describe the action of vibrating circuit breakers. 

154. If the lights on a car equipped with a vibrating circuit breaker tend to 
burn dim with the battery in good condition, where would you look for 
the trouble? 



AUTOMOTIVE DEPARTMENT (Continued) 

108. Name two types of distributors. Which one is used on modern cars? Why? 

109. Define spark advance. (b) How is it indicated? 

110 Why is spark advance required? 

111. That factors determine the amount of spark advance required? Why? 

112. Name several methods of advancing the spark. 

113. Does advancing the spark in a battery system increase the heat of the spark? 

114. What type of spark control do modern cars use? 

115. Describe briefly vacuum-automatic spark control. 

116. That is a locked cam type interrupter? (b) Solid cam type? 

117. Of the two types, which is used in modern cars? Why? 

118. How would you go about timrhg ignition on an engine? 

119. Could you expect good performance from an engine if ignition was 
perfect, but compression poor in some or all of the cylinders? 

120. In order to get good performance, what would be the maximum allowable. 
difference in compression between any two cylinders? 

121. Describe briefly how you would road test a car after timing the 
ignition in the shop. 

122. Incase of failure to start, what would you check first? 

123. If the battery is low, is it advisable to use the starter to start 

the engine? Why? 

124. In case of ignition failure, which circuit would you check first? 

125. How could this circuit be quickly checked? 

126. What would cause chronic flash-overs to develop? 

127. In modern high compression engines, how often should the spark 

plugs be checked? 

128. How far should the electrodes of the spark plugs be spaced? 

129. What is meant by synchronizing? 

130. What type of interrupters require synchronizing? 

131. What is the synchronizing angle for: 
(a) Straight 8? 
(b) 600 Vee 12? 
(c) 450 Vee 12? 



AUTOMOTIVE DEPARTMENT (Continued) 

85. At what point in the rotation of the armature is the maximum 
primary energy reached? 

86. At what relation to armature position should the breaker contacts 
open in order to produce the hottest spark? 

87. What is a safety gap? How is it connected? 

88. Briefly describe the action of the magneto control switch when 

in a closed or off position. 

89. What is internal timing? 

90. How would you reverse the rotation of a magneto? 

91. How wide should the breaker points open? 

92. What would cause a magneto equipped engine to miss on one half 
of the cylinders at certain speeds? 

93. How can weak magnets be detected without removing? 

94. What precaution must be taken when charging and reinstalling magnets? 

95. When more than one magnet is used, how are they installed as to polarity? 

96. Why are magnetos not used on present day cars? 

97. What are the tests that should be made before removing the 

magneto from the engine? 

BATTERY IGNITION 

98. Why is battery ignition so popular on modern cars? 

99. Name the parts of a modern battery ignition system. 

100. What affect does an increase in engine speed have on the amount of 
primary current drawn? How does this effect the secondary output? 

101. What is the purpose of the interrupter? 

102. What kind of contacts are usually used in battery ignition interrupters? 

103. How far apart should the points be spaced? 

104. What would be the results if they are set too close? Too far apart? 

105. How is the condenser connected? 

106. Name three places where a condenser could be connected and still 

operate properly. 

107. What is the purpose of the distributor? In which circuit is it found? 



AUTOMOTIVE DEPARTMENT (Continued) 

61. What is a cut-out? 

62. Briefly describe the action of the cut-out. 

63. Does it have any effect on the charging rate? (b) Does it prevent 

overcharging of the battery? 

64. What would cause cut-out failure? 

65. In modern cars, which sida of the battery is generally grounded? Why? 

66. Would accidently putting the battery in backwards cause it to 

• become reversed in polarity? Why? 

67. How can the rotation of a generator be determined? 

68. How many brushes are normally grounded in a standard generator? 

69. Is the third brush grounded? 

70. To which brush must the output lead be connected? 

71. How can the third brush be identified? 

72. In what direction is the third brush moved to increase the output 
of the generator? 

73. How is the field connected in a 2 pole generater? (b) 4 pole? 

74. How would you test for raversea field connections? 

75. When conneeted across a 6 volt battery and running as a motor, 
how fast should the armature of a a'ra brusn generator rotate? 

76. What fault would be indicated if the generator drew normal current but the 
armature rotates at a high speed? If the armature needle oscillates? 

77. What tests snoula be made before te generator is removed from tile engine? 

MAGNETOS 

78. Define high tension magneto. 

79. What are some of the advantages olierea by magneto ignition? 

80. How is the output of secondary current affected by an increase of 

engine speed? Why? 

81. Name the parts of a magneto armature? 

82. Is ..Ltinà eLrli sialliarie between a magneto armature and an ignition coil? 

83. liew is the breaker connected to tile primary winding? 

84. How is the condenser connected? Why is it used? 



AUTOMOTIVE DEPARTMENT (Continued) 

39. Should mica be under-cut on starter armatures? Why? 

40. If the field is not grounded, how many of the brushes will be grounded? 

41. Is it necessary to have field coils on all of the pole shoes? 

42. How much current will the average starting motor draw running free? 

43. What is a lock torque test? How is it made? 

44. Are the field coils of a starting motor always all connected in 

series with one another? 

45. What is the most common cause of starting motor failure? 

46. What tests should be made before the starting motor is'removed from 

the engine? 

GE•NZRATORS 

47. What type of generator is used for automotive service? 

48. Which is the most popular, the 2 or 4 pole type? Why? 

49. Does the out-put of a 3rd brush generator increase with an increase 

of external load? 

50. At about what speed will the maximum out-put be reached? 

51. How arc the field coils connected in relation to the armature? 

52. What controls the out-put of the generator? 

53. What is field distortion? To what use is field distortion put 
in automotive generators? 

54. Can these generators be operated successfully without a battery? Why? 

55. What two factors govern the voltage across the brushes of a 3rd 
brush generator? 

.5C. That is the average resistance of the generator circuit when in 
good condition? 

57. '::tat would be the normal difference in voltage between the generator 

and the battery? 

58. What would causo generator voltage to become excessive? As a rule, 

where is the trouble located? 

59. That size of fuse is used in these generators? In what circuit is 
it connected? 

60. What other type of protection is sometimes used? 



AUTOMOTIVE DEPARTMENT (Continued) 

22. How fast is a battery ignition unit driven compared to engine 

speed? (4 stroke cycle engine.) 

23. Define firing order. 

24. That two factors determine the firing order of an engine? 

25. What type of crank shaft is used by the following engines: 

(a) 6 cylinder? (b) Straight 8? (e) Vee 12? 

26. That two pistons are always paired together if a standard crank shaft is used? 

27. When #1 piston is coming up on compression, what stroke is the last 
piston on? (Standard crank shaft used.) 

28. Give correct firing order for a 6 cylinder engine using a right 
hand crank shaft; (b) Left hand. 

29. What would havC to be done to change the firing order of an engine? 

ee. new can the firing order of an engine be worked out from the valves? 

STARTING MOTORS 

31. What type of motor is used for starter service? 

What is the average current required to crank an engine? Break 

the engine loose? 

33. flame two typos of starting motor drives. 

(a) Describe operating cycle of each. 
(b) Give advantages and disadvantages of each type. 

(c) requires an over-running clutch? Why? 

34. Lf:Lct hat; cold weather c» th P amount of current required to 

crank an engine? 

35. Cive probable causes of trouble when headlights are used to chuck 
the starting circuit and the following indications are noted: 

(a) Lights dim and remain dim. 
(b) Lights dim and return to full brilliancy. 
(c) Lights go out and return to full brilliancy. 

(d) Lights not affected. 

36. After u startur has bcen disa2sembled, what tests should be made on 

the following parts? 
(a) Fields. 
(b) Armature. 

.(c) Brush holders. 

37. hlu..1 3- uru .uud? What i the average spring tension required? 

eada 

38. WI:ut effect would 3. worn brush have on spring tension? 



AUTOMOTIVE DEPARTMENT 

IGNITION COILS 

1. What is the purpose of an ignition coil? 

2. Name two types of cores used. 

3. How many turns are used in the primary winding of the average igni-
tion coil? Secondary? 

4. What is the average resistance of primary windings? Secondaries? 

5. How is the secondary connected internally? 

6. Why is a ballast resistance used? How is it connected? 

7. How much current should the primary of the average ignition coil 
draw when connected to a six volt battery? 

8. What is the average voltage drop across the secondary winding if a 
six volt battery and a 1500 ohm voltmeter is used? 

9. Why is a condenser necessary in making a spark jump test? 

10. Is a coil serviceable if it shows a complete circuit from the high 
tension terminal to both ground and primary terminals? 

11. Can an ammeter be used to test the secondary winding of a coil? Why? 

12. Will an open in the secondary of a coil always keep it from producing 
a spark? 

13. Should coils with open secondaries be kept in service? Why? 

14. What factors determine the secondary voltage of a coil? 

15. How does an increase in compression affect the resistance across 
the spark plug gap? 

INTERNAL COMBUSTION ENGINES 

1G. That type of internal combustion engine is used for automotive service? 

17. Define 4 stroke cycle engine. 

18. How many engine degrees are required to complete the four stroke 

engine cycle? 

19. How many degrees of idle time in a four stroke cycle single cylinder 

engine if the power stroke is 135 aegraes long? 

20. Figure impulse spacing for the following engines: (a) 6 cylinder; 
(b) 8 cylinder; (c) 900 Vee 8; (a) 450 Vee 12. 

21. How many cylinders fire per revolution in a 4 stroke cycle engine? 



AUTOMOTIVE 

HT-RATE DISCHARGE TEST 

O 

Carbon 
Discs 

Meter 
ester 

• 

Carbon 
ft/ Discs 

2 Meter 
Tester 

—1>+ 1E1E9 

Hy-rate Discharge Test Chart 

‘717-1J 

TEST LOAD AMPS 

No. of 
Plates 

Low 
or 

Med. 

Hi 

11 100 125 

13 120 150 

15 

17 

19 

111-o 

160 

180 

175 

200 

225 

No. of 
Plates 

Load 
Amps 

Sp. Gr. of 
Electrolyte 

Open 
Circuit E 

-, 
Hy-rate 
test E 

Condition 
of Cells 

- _ 

CONDITION OF BATTERY 

If all cell voltages are 
equal within .15 of a volt and 
above 1.8 volts battery is 
charged. 

If all cell voltages are 
equal within .15 of a volt, 
but below 1.8 volts battery is 
discharged. 

If cell voltages are un-
equal by more than .15 of a 
volt or if all voltages are 
less than .6 of a volt, 
battery is defective. 

Pla 

PLATES PER CELL 

te thickness 

a 
/ 

B 
3 

e 
/ 

r Case 11 13 15 

10 1/4" Case 13 15 17 , 

11 3/4" Case 15 17 19 

13 1/8" Case 17_19 21 

NOTE 
Thin wall cases may contain 
2 more plates than number 
given above. 



AUTOMOTIVE 
Vacuum Tests 322 

• 
SKETCHES SHOWING VARIOUS DIAL READINGS 

DARK NEEDLE INDICATES STEADY HAND - - LIGHT NEEDLE INDICATES MOVING HAND 

STEADY NE E DL E 

BETWEEN17-21 

15 

i0. 20 

25 

30 

STEADY NEEDLE 

BETWEEN 14-16 

io 20 

5 

1. Normal motor. 2. Poor rings or 
oil. Late ignition 
timing with possibly 
some needle motion. 

STEADY NEEDLE 

LOW \ACUJM 

5 

lo 

30 

25 

3. Loose valve 
guides. See also 
Nos. 2 and 4. 

STEADY NEEDLE 

LOW VACUUM 

10 

25 

4. Intake manifold 
or heat riser leak. 
Also see Nos. 2 and 
3. 

IRREGULAR DROP 

NORMAL VACUUM 

is 

25 

5. Gummy valve stems. 
Mixture too rich or 
too lean. Occasional 
plug miss. Internal 
carburetor trouble. 
Also see No. 8 

REGULAR DROP 

NORMAL VACUUM 

t5 

25 

6. Valve held open. 
Valve chipped, or 
burnt, or leaks. 
Warped valve seat. 
Head gasket leak. 

SLOW MOVEMENT 

LOW VACUUM 

7. Late valve 
timing. Also 
see No. 8. 

SLOW MOVEME NT 

LOW VACUUM 

/5 

5 25 

8. Carburetor out 
of adjustment. Plug 
gaps too close. 
Points not synchron-
ized. See also No.5 

OPERATING MOTOR BY QUICK LY 

OPENING AND CLOSING T1-IROTTLE 

IS /5 

9. Needle drops 
to 2 when opening 
throttle, and re-
bounds to 25 when 
closing, indi-
cates normal 
motor. 

25 5 

10. Needle drops 
to 0 when opening 
throttle, and 
does not rebound 
to 25 on closing. 
Poor rings, pis-
tons, or oil. 

MOTOR RACING 
OR IDLE 

• 

25 5 

11. Normal read-
ing at start, but 
gradually drops, 
indicates choked 
muffler. 

MOTOR RACING 

12. Wide varia-
tions of needle 
increasing with 
motor speed in-
dicate weak, or 
broken valve 
springs. 

Courtesy of ALLEN ELECTRIC AND EQUIPMENT CO. 
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STARTER 

TO LIGHTS 

STARTING MOTOR 
PUSH BUTTON 
Syv ITCH   

O 

TO TEMPERATURE INDICATOR 

HEAT//VG 
ELEMENT' 

BALLAST RES. 

TO HORNS 

STARTING MOTOR SWITCH 

LEFT SIDE 

ini 
BREAKER 

F.O. 

RIGHT 
SIDE 

• 



320 
AUTOWTIVE VOLTAGE TESTS (ENGIJE ARí) 

Make of Car or Enuiae 

TESTING STARTING CIRCUIT & BATTERY: 

(Starter switch open Volts Voltage at V-1 
(Starter switch closed Volts 

(Starter switch open Volts 
Voltage at V-2 

' (Starter switch closed Volts 

Voltage drop at V -3 starter switch closed Volts 
Voltage drop at V-4 starter switch closed Volts 
Voltage drop at V-11 starter switch closed Volts 

TESTING GENERATOR CIRCUIT (Charging at 15-20 Amps.) 

If auxiliary generator control is used, ground field 
terminal. Do not disconnect field lead from genera-
tor. 
Voltage at V-5 Volts Volt, drop at V-6 
Volta:i.e at V-2 Volts Volt, drop at V-7 
Difference Volts Volt, drop at V-3 
Difference should not Volt, drop at V-4 
exceed .75E. 

Volts 
Volts 
Volts 
Volts 

TESTING INTERRUPTER ASSEMBLY: 

Interrupter contacts must be CLOSED and ignition 
switch ON. 

Voltage drop at V-8  
Voltage drop at V-0  
Voltage drop at V-10  

Volts 
Volts 
Volts 

(Should be zero) 
(Should be zero) 
(Should be zero) 

STARTING CIRCUIT & BATTERY: 

Voltage at V-1 

Starter switch open, voltage should be 6 volts or 
better. If less, battery is not fully charged or de-
fective. 
Starter switch closed, voltage should be 4.5 or bet-
ter. If less, and battery is fully charged, check 
for: 

1. Bad connections at battery terminals and bat-
tery ground. 

2. Corroded starter cable or ground strap. 
3. Undersized starter cable or ground strap. 
4. Low battery capacity due to undersized battery 

or shedded plate. 
5. Battery overloaded due to defective starter. 

Voltage at V-2 

Starter switch open, voltage should be 6 volts or 
better. If less, battery is not fully charged or de-
fective. 
Starter switch closed, voltage should be 4.8 volts or 
better. If less, and battery is charged, check for: 

1. Loy battery capacity due to undersized battery 
or shedded plates. 

2. Battery over-loaded dun to defective starter. 

Voltage Drop at V-3 (StLrter Switch Closed) 

If more than .2 volts, check for: 

1. Bad connections at motor or battery end of 
starter cable. 

2. Corroded starter cable. 
3. Undersi8ed starter cable. 

Voltage Drop at V-4 (Starter Switch Closed) 

If more than .1 volts, check for: 

1. Bad connections at battery 02 frame end of 
ground strap. 

2. Corroded ground strap. 
3. Undersized ground strap. 

Voltage Drop at V-11 (Starter Switch Closed) 

Should be zero. If more, engine is not securely 
grounded to car frame. This applies especially 
to rubber-mounted engines. Ground with flexible 
ground strap. 

GENERATOR CIRCUIT (Charging at 15-20 Amps.) 

If auxiliary generator control is used, ground 
generator FIELD terminal. 

Voltage differenen between V-5 and V-2 should 
not exceed .75 of a volt. If over, make tests 
V-6, V -7, V-3, and V-4. 

V oltaze drop at V-6. If over .75 of a volt, 
check for: 

1. High resistance connection between genera-
tor and starter switch. 

2. Undersized cable between generator and 
starter switch. 

3. Bad cut-out contacts. (Make test V-7.) 

Voltage drop at V-7. If over .2 of a volt, cut-
out contacts are bad. 

Voltage drop at V-3. Should be zero. If more, 
chccil for bad connections at both ends of star-
ter cable. 

Voltage drop at V-4. Should be zero. If more, 
check for bad connections at both ends of ground 
strap. 

INTERRUPTER ASSEMBLY: 
Interrupter contacts must be CLOSED and ignition 
switch must be ON. 

Voltage drop_at_V-8. Should be zero. If more, 
interrupter contacts are rough. 

Voltage drop at V-9. Should be zero. If more, 
;:;rounding pig-tail between grounded contact and 
interrupter housing is broken. 

Voltage drop at V-10. Shoulà be zero. If more, 
install a flexible lead from any screw on the 
outside of the interrupter housing to motor block 
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AUTOMOTIVE VOLTAGE TESTS (SEE TEST SHEET AND INSTRUCTIONS) 

GENERATOR 

RE6ULATOR 

GENERATOR CUT-OUT 

it 7 
C 

TESTING A CONNECTION 
FOR HIGH RESISTANCE 

# 4-

CAR FRAME 

GE-N. 

- - 
I 

ENGINE 
BLOCK 

LIGHT FUSE 

BAT. I 
J 

eit 11 

4.- 5 

1 

CAR 
FRAME 

# 6 

TO LIGHTS 

#9 

CAR AMMETER 

IMPORTANT 

"ILL TESTS ON BATTERY 
MUST BE MADE FROM 

CENTER TO CENTER OF 

BATTERY POSTS, NOT 

ON CABLE CLAMPS. 

AT STARTING 
MOTOR SWITCH ALWAYS 

MAKE CONTACT WITH 

TERMINAL P051-, NOT 

ON CACLE LUG, 

IGNITION 
SWITCH 

# 1 

CAR FRAME 

Hu b 
11111- -1-

I 

III 

«It  

1 

# 8 

j.sey. RT ER SWITCH 

A
I
J
o
;
'
o
I
a
 

COyiVE 



AUTOMOTIVE 318 

BATTERY TEST CHARTS AND SCALES 

• 
SERIES CHARGING LINE 

CADMIUM 

METER 

CADMIUM 

STICK 

SPECIFIC GRAVITY, VOLTAGE AND 

CADMIUM TEST CHART. 

SPECIF IC 
GRAVITY 

E 

-I- 

CADMIUM 

— 
% CHM. 
-I- — 

REMARKS 

CADMIUM TIM 

CHGED. 

L NEC. -j?0UP 

CHGED. 

P05. GROUP 

CADMIUM VOLTAGE AND PERC E NIAGE SCALE — .04- E PER SCALE DIV IS I ON 

,  
CAD. VOLTAGE • .08 .04- 0 .04- .1.6 .20 .2 4- .2830 .08 .12 

NEG. CROUP <Ye CV-IGED:.•100 95 85 75 65 55 45 35 25 15 5 

CAD. VOLTAGE 

pos. GROUP "Yo CHGEO. 

2 
N 0 + CO (NI CO CD 

N c‘l N t 

R.1 «.1 C'‘.1 ni c‘i r‘1 ri 

o lo 20 30 40 50 60 70 80 90 100 



00 ea • 

FEELING PIN - 

PROTECTIN CAP - - 

COMPRESSION SCREW - 

SPRING CAP NUT-- - 

VALVE SPRINQ 

DRIP CONNECTION--

FUEL INLET 

SPINDLE- - 

NOZZLE CAP NuT - 

NOZZLE PLUNGER --

NOZZLE SODY 

SINGLE HOLE. CLOSED TYPE 

BOSCH FUEL INJECTION NOZZLE. 

-A- - B - 

CLOSED OPEN 

PINTU NOZZLE 

-c-

CLOSED 

DRIP LINE 

CONNECTION 

SPRING, 

INUCTION 
PUMP 

CONIM111011 

VALVE 

- ORIFICE 

CLOSED TYPE INJECTION NOZZLE 

-D - 

OPEN 

SINGLE HOLE NOZZLE MULTI HOLE NOZZLE. 

SINGLE ORIFICE 

OPEN TYPE. INJECTION NOZZLE 

MULTI ORIFICE 

OPEN TYPE INJECTION NOZZLE. 

SA
LL

OI
10

,1
,f

1Y
 

COYNE 
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FIG. 1 

UNIFLOW TYPE 2 STROKE DIESEL ENGINE 

FIG: 

S
A
L
L
O
R
O
I
C
 

pica Fla 3 
UNIFLCW DIESEL ENGINE CYCLE OF OPERATION 

Fig. 1 Start of compression stroke. Piston moves upward. 
Inlet air ports and exhaust valve closed. 

Fig. 2 End of compression stroke. Fuel injection starts 14 
degrees B.T.D.C. and ends 2 degrees B.T.D.C. 

Fig. 3 Power stroke. Piston forced downward by pressure 
generated by burning fuel oil and air mixture. 

I w. poi? T C1.0.SES 
Fig. 4 Cam operated exhaust valve opens 85P B.L.D.C. allowing 
exhaust gases to escape. 48° B.L.D.C. inlet air ports are Ex.VALvE 
opened allowing air under pressure to sweep into cylinder, 

air. Inlet air ports close 48° after L.D.C. and exhaust valve CIALSE.INt 
forcing out remaining exhaust gases, and charging cylinder with 

55° after L.D.C. One revolution of crank shaft completes the 
cycle. (See timing chart at right) 

INJECTION 

BEGS NS ---> 

lq 

N. poR T rOPEN.? 

Er viii.vE 
r-OPENs 



SO 

EXIlAuST 
PORT 

I NTAKE 
PORT 

5Y- PASS 
PORT 

COMPRESSION STROKE 

AIR IN CYLINDER StING 

COMPRESSED, VACUUM 

BEING DRAWN IN 

CRANK CASE. 

FUEL IMJECTION STARTS --.. 
T. D. E. 

S 

END OF COMPRESSION 

STROKE AND START 

OF POW ER TRO4çE. 

1 
1 

POWER STROKE 

AIR IN CRANK CASE 
DENG COMPRESSED 

BY DOWNWARD NOVE -

NEWT OF PISTON-

START OF EXHAUST 

PERIOD - EXHAUST 
PORT STARTIN6 TO 

OPEN. 

S 

2 STROKE CYCLE 3 PORT TYPE ENGINE. 

oe EAHAUST EXHAUST 
PORT %. .0 . _ _,..• V PORT 

OPENS - _ 

END OF POWER STROKE 

- PASS PORT OPEN. 

BLOWER 

CHARGED BY CHARGED BY 

BLOWER CRANKCASE 
COMPRESSION 

SA
I,

LO
W0

1,
11

V 

L.D.C. STROKE CYCLE 2 PORT ENGINE. COYNE 
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'. LINE TO INJECTION NOZZLE. TO INJECTION NOZZLE 

LINE 1"0 

- -• 

/ 

. 

t 

DISCHAROE 
VALVE 
OPEN 

At. 
P. 

DISCHARGE 

VALVE. CLOSED 

- F UEL SUPPLY LINE 

sTOI FULL LoAO CONNECTED TO 
POSITION POSITION eilvitRIMOR OR 

\ I THROTTLE 

- 
PULL surrtv 

GOVERNOR RACK 

I 

h 
ROLLER ROLLER , _ 1111(11 - @ III 

CAM 
: . • 

_ 0 

CAM 0 
- 

SIDE AND ENO 

VIEWS OF THE 

DISCHARGE VALVE 

ormOvCD FROM Mew 
CYLINDER 

0 

o 

..A.- START or INJECTION PCSItiOD 
DIsCHARM VALVE OPEN. 

PORT TYPE FUEL CONTROL 
VARIE:LE 

- — —  - — 

FULL LOAD STOP 

-5- — 

LIFT CAM TYPE FUEL CONTROL 

' LINE TO INJECTION NOZZLE 
FUEL LINE TO INJECTION NOZZLE 

LINE TO FUEL SUPPLY 

PUMP 

PLUNGER 

• SY- PAIS MORT 

• , 

" COMTROL 
 CONTROL ECCENT RIC Ut 
ECCENTRIC IN STOP 

CONTROL. FULL LOAD POSITION 
ECCENTRIC POSITION 

(3 - 

- mitt. SUPPLY LINE 

STOP 
PIN 

ROLLER 

CAM 

SLIDING 

0 

0 

BALL AM SONE1144 
CHECO  VALVE 

SLIDIN6 
we.Dia 114 WC 
FULL LOAD 

SURIN POSITION 

OM« 

' 1111 

\ . in 
s 

, 
tomsocTIO 111 ‘,0 ., 

\ 

ININORININ OR 
T_1 4 IROT E LI 

0 - - 0 
-A 

STEEL WEDGE TYPE FUEL CONTROL 

91.101 ,46 
061. lit 
STOP 

POSITION 

F 

- - 

CS) 

ROEMER ARM 

ROLLER - o 

CAM : (3 ) .A ., 
-__ 

BY - PASS VALVE 

- B -  o 
o 

TYPE FUEL CONTROL 
COYNE 

S
A
I
I
O
Y
M
I
C
 



011 

1 /MANE STROKE COMPRESSOR STROKE IPENET110114 A/40 START 
Of' MOWER STROKE 

POWER STROKE eXi1AUST STROKE. 

S
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AIR 
CU MU 

4 STROKE CYCLE ENGINE 

4- ST RelE CYCLE SINGLE CYLINDER DIESEL ENGINE 

.—F1JEL FILTER 
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AUTOMOTIVE 311., 
CURRENT -VOLTAGE GENERATOR REGULATOR (AUTO-LITE) 1 

/ i 
TO 5TARTE_R 

CURRENT-VOLTAGE GENERATOR REGULATOR (DELCO-RIMY) 
r- -- - - - - - - - - - - - - - - - — -I 

2.0 R 

30 R 
--É.R-7.- - - - - - 

TO STARTER 

DELco-RErw CURRENT-VOLTAGE GENERATOR REGULATOR 
VOLTRGE 
REGULATOR 

r_ ____ ..=_ ____ _ _ 

TO STARTER 

IGNITION SWITCH 

TO LIGHTS 

COYNE 



AUTOMOTIVE 312 

TESTING HOOK-UP FOR VIBRATING TYPE GENERATOR CONTROL 

JUMPER 

DISCoNNECTED FROM 
IGN, TERMINAL 

TEST Eqpt Pmtwr 

MN. SW. 
•  
•  
•  

AMMETER 

TO STARTER -4emmeîi  

  TO ION. 
COIL 

 TO LI6HTS 

TESTINU PROCEDURE - ylueriNu TYPE GENERATOR REGULATOR 

head these instructions careful.ly arm £1rry out in the oregi given. 

1. Start engine and run until it is warmed up ana running smoothly. 

2. Ground field terminal on generator, and set engine urottle so 
maximum output. 

3. ,;neck voltage across generator and across battery. (Battery 
to center of toe battery posts.) Tas oifference between tile 
of a volt. If 'Lae difierence is greater than .75 of a volt, 
resistance connections. 

4. :;top engine and remove ground from generator field terminal. 

5. witn engine stopped, connect ameter, rheostat ana voltmeter 
two-rate generator control. (See diagram.) 

b. If control nas "Ign" terminal, oisconnect regular lead from "Ign" terminal, and connect short 
jumper from "Ign" terminal to "Gen" terminal as shown in diagram. 

7. Set ammeter switcn for high scale. Voltmeter switch for low scale. Rheostat control, all re-
sistance out. 

tnat ammeter on the car indicates 

vottage muet be checked 
two readings should not 
check generator circuit 

from center 
exceed .75 
for nigh 

accoroing to instructions given for 

e. Start engine and gradually increase speed until ammeter reaue maximum output. If battery is ful-
ly chargea, this may be lees tnan e or 10 amps. In sucn cases, toe lights snould be turned on 
to increase tile output of toe generator or, with toe ignition off, the engine should be turned 
over with toe starter for about 10 seconos to partly discharge tce battery. 

9. With engine running, and ammeter indicating maximum output after the above instructions have 
been followed, gradually cut in resistance witn rheostat until ammeter indicates 8-10 amps. 

10. Cneck voltage indicated on voltmeter. If regulator is not, the voltage should be between 7.45 
7.55 and 7.55 - 7.85 at room temperature. Average 7.55 - 7.6. (If a manual is available, set 
accorcing to manual data.) 

11. If voltage is too low, increase spring tension on regulator and if too high reduce spring ten-
sion. 

12. Stop engine before disconnecting teat equipment. 

COYNE 



AUTOMOTIVE 
311 

TESTING HOOK-UP FOR 2 RATE OR STEPDOWN GENERATOR 

GENERATOR CUT-OUT 
FIELD CONTROL 

RESISTANCE OF 

TEST EQU EN IPMT r _  _ ---3-- --       

o oo 

-+o-
BAT 

GEN. 

TO STARTER« 

GROUND -ro ENGINE 

CAR AMMETER 

TO IGN, 
LIGHTS, ETC. 

TESTING PreOCEDURE -  TWO-RATE GENERATOR REGULATOR 

Read tnese instructions carefully and carry out in toe order given. 

1. Start engine and run until it le warmed up ana running smoothly. 

 o 

2. ...;rounn field terminal on generator, anc set engine tnrottle ao tnat toe ammeter on toe car indicate 
maximum output. 

3. Cnecx voltage across generator ana across battery. (Battery voltage must be checked from center to 
center 02 toe oattery poste.) The difference between toe two readings must not exceed .75 of a 
volt. If toe nifference le more tnan .75 or a volt, cnecx toe generator circuit for oigo resistance 
connect tone. 

4. Stop engine ana remove ground from generator field terminal. 

5. Witc engine stopped, disconnect lead from "Bat" or "Ameterminal on generator cut-out, ano connect 
testing ammeter and rneostat in series into "Bat" or "Ama' terminal and ena of lead just cisconnec-
tea. (See alegran.) 

6. Connect one side of testing voltmeter to either "Gen" terminal on cut-out or "A° terminal on toe 
generator. Ground toe otner side of voltmeter to clean metal surface on engine. (See diagram.) 

T. Set ammeter switch for oigo scale. Voltmeter molten for low scale. Rheostat control, all res' -
tance out. 

8. Start engine, and set tnrottle so mast testing ammeter inalcates 12-15 amps. If ammeter reads 
bacxwards, 1122 engine before cnanging connections. If ammeter nets reversing &wizen, idle engle 
oerore reversing ammeter. 

9. "iitn ammeter indica; 
dnen control contact 
8.25 - 8.65 volts. 
er must be in place 

10. If regulator contact 
spring tension. 

lag 12-15 amps, gradually cut in resistance witn rneostat and waten voltmeter. 
s open toe voltmeter, pointer will drop back eligntly. Contacts snould open at 
if a manual is available, obtain data from manual. (Important - ,iegulator coy-
wnen toe above test is made, otnerwiee tee teat will not be accurate.) 

e open too early, increase spring tension on regulator, and if too late, reduce 

11. Stop engine before disconnecting test equipment. 

COYNE 
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AUTOMOTIVE 

I 

O 

GENERAL IGNITION TIMING RULES 
309A 

1. Turn engine over slowly until #1 piston is at T.D.C. of the COM-
PRESSION STROKE, or IGNITION TIMING MARKS line UD with TIMING 
POINTER with #1 piston on COMPRESSION stroke. To determine com-
pression stroke: 

Method 1. Remove #1 spark plug and feel for pressure with thumb 
as piston comes up on compression. 

Method 2. Watch last valve (exhaust valve). As last valve 
begins to close #1 piston is approaching T.D.C. of 
the compression stroke. 

Location of ignition timing marks: 
(A) FRONT FACE of flywheel (viewed through timing window in 

flywheel housing) 
(B) ON RIM of crankshaft pulley at FRONT END of engine. 

2. Have breaker unit completely installed. Primary lead, spark 
advance equipment, etc., all connected. BREAKER POINTS Adjusted 
to manufacturer's specifications. (If no data is available set 
at .018") 

3. If octane selector or fuel selector is provided, set at ZERO or 
MID SLOT. If manual spark advance is used, set manual spark 
advance control in RETARDED POSITION. 

4. Connect 6 volt timing lite 
in PARALLEL with breaker ? 
points. (See Diagram.) 1(2, : Cb 
Diagram shows two places 
where timing lite can be ! 
connected. = 

5. Turn ignition "ON". 
6. If solid cam type unit: Loosen clamping screw under breaker 

housing and rotate housing AGAINST normal cam rotations until 
breaker points just begin to open (6 volt lite lights up) and 
distributor rotor lines up with distributor contact #1 if cap 
is numbered, if not numbered any contact segment that the rotor 
lines up with becomes #1. Tighten clamping screw. 
If locked cam type: Loosen breaker cam and rotate JITH normal 
cam rotation until breaker points begin to open and distributor 
rotor lines up with distributor contact el if cap is numbered. 
If not numbered, any distributor cam contact that rotor linee up 
with becomes fl. Tighten cam locking screw. 

7. Install spark plug cables according to numbers on distributor car 
or if not numbered according to firing order and rotor rotation. 

8. Testing: 
(A) Shop test: (If timing marks are provided) Connect neon 

timing lite in SER.D.:à with spark plug fl. Start engine and 
run at SLOW idle. Hold neon lite so that its flash will 
illuminate timing pointer. If timing is not correct, correct 
by LOOsENING and ROTATING housing or cam according to type of 
unit. DO NOT MAKE CORRECTIONS WITH OCTANE SELECTOR OR FUEL 
SELECTOR. CORRECTIONS ON SOLID CAM TYPE UNIT MADE WHILE 
ENGINE, IS RUNNING AT SLOW IDLE. 

(B) Road test: Âith engine WARM, drive car at 7 - 8 m.p.h., then 
push throttle wide open. If engine is sluggish, spark is 
too late. If engine knocks very noticeably, spark is too 
early. Correct either condition with octane selector or 
fuel selector. A slight ping should be heard as car speed 
increases from 10 to 20 m.p.h. on a level road with wide 
open throttle. 



TO 6 ENERATOR 

BATTERY IGNITION  

STEEL ARMOUR° 
c-Ast.t. 

•  czezz=a4s1s=   
AUXILIARY CONTACT 

IGNITION SW. \ BATTERY  CONTjICT 

I6NITION COIL 

T 0 STARTING MOTOR 

SPARK 

P LUG5 

CONNECTED T 
INTAKE MANIFOLD 

"e— VACUUM SPARK CONTROL 

ADVANCE 

RETARD 

The top &agrees slows the connectione for a =speed dis-
tributor using me mil en an eight-cylinder is shown 
tile seine type breaker using two coils end • •=1. different arrange-
ment el the pecuniary rotor arms and distributor cap contacts. 

MOH ¿PILO DUTMOUTOR WIT- ON( 

1.1101.1 .11MTO DéST buTtee WITS, yo COILS. 

HIGH SPEED DISTRIBUTOR 

GIRiPTO 0. DE n -s -3-G-2-4. 

DUAL IGNITION 
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AUTOMOTIVE 308 

TESTING MAGNETOS 

MAKE 

OF 

MAGNETO 

— — 

No. 

OF 

EYE. 

ROTATION 

CHECK CONDITION OF 
ARMATURE MAGNETS 

LBS. 

PULL 
CURRENT 
THRU. 

PRI " 

vOLriffl. DROP 
ACROSS SEC.. 

svi\ays 

JUMP 
eauena COLLECTOR 

RING 
BEARINGS INSULATIOR 

\I . M. WINDING 

TESTING   
I 

PRIMARY 

TESTING 

SECONDARY 

SCRE.Vg DRIVER 

TEST CIRCUITS 

 L_ 6 E, BATTERY,. 
 o 

0- 0 

c)( 
SPARK JUMP 

TEST 

TESTING 

CONDENSER 
fi 

- 1/4 "GAP 

 o o 

MAKE AND BREAK 
PRI. CIRCUIT HERE 

 o o 

o o 

re 
CONDENSER 
TEST LEADS 

IN ORDER TO TEST 

COND. PRI \MINDING 

MUST BE DISCONNECTED 

AS SHOWN. 

COYNE 



AUTOMOTIVE 307B 

WICO MAGNETO TYPE E.K. (For Single Cylinder Engines) 

Bar MrQnets — ;, 

Sec. 

.-park • 
Plus C_ 

Prim. 

  Sec. 

Wooden 
We 

  Breaker 

Trip Rod.---+-

Points 

N, 
Armature 

e Lj e"-

Coil Coil 

‘ ... 

 )Magnet 
  Charger 

'Iooden 
Wedges 

^ 

WICO MAGNETO CYCLE OF OPERATION 

(TYPE EK) 

1. When laminated steel armature is in contact with ends of the sta-
tionary cores, a complete magnetic circuit is formed which is 
energized by a set of bar magnets at opposite end of stationary 
cores. 

2. When armature is pulled away from the ends of the stationary cores, 
the magnetic circuit is broken, and the magnetic field generated by 
the bar magnet collapses, cutting across the two primary windings, 
causing a current to flow in these two windings. This current 
builds up the primary magnetic field. 

3. As the primary current reaches maximum value, which will be when 
the armature clears the ends of the stationary cores 3/32 of an 
inch, the breaker points, one of which is actuated by the moving 
armature, break the primary circuit, causing the primary magnetic 
field to collapse and cut across and generate a high voltage in 
the two secondary windings to which the spark plug is connected. 
A condenser connected across the breaker points speeds up the 
collapse of the primary magnetic field and at the same time 
reduces arcing across the breaker points. 

CHARGING MAGNETS 

1. Remove outer sheet brass housing. 
2. Wedge armature open with wooden wedges 1/16 of an inch thick. 
3. Determine N and S and of bar magnets. 
4. Set entire magneto across magnet charger as shown in diagram with 

N end of bar magnets on South pole of magnet charger. 
5. Turn on charger current and charge for 20 to 30 seconds. Strike 

magnets lightly while charging. 
6. Remove wooden wedges. 
7. Remove magneto from charger, and re-install outer sheet brass 

housing. 



AUTOMOTIVE  307A 

TWO-POLE SCINTILLA ROTATING MAGNET MAGNETO 

Distributor Gear 

111111111111111111111111111111111111111i 
N\\ 

11-* <  
Safety GaP rrrr •-t 

JJJ J L L 

Control Switch 

4------ Breáker Arm 

Figs. 1 and 2 show how position of the 
rotating magnet determines direction 
of flux flow through the stationery 
core. Fig. o shows position of magnet 
when primary current reaches maximum 
value. 

PRINCIPLE OF OPERATION 

Current is generated in the primary winding by rotating a per-
manent magnet which produces an alternating magnetic field in the 
stationary core which supports primary and secondary winding. 

For one revolution of the 2-pole rotating magnet, the magnetic 
flux will change direction 2 times or once every 1800. The primary 
current will reach maximum value in the primary circuit just as the 
magnetic flux in the stationary core reverses in direction. 

At this point, the 2-lobe cam opens the breaker points and in-
terrupts the primary circuit causing a rapid collapse of the primary 
magnetic field, which in turn induces a high voltage in the secondary 
winding. COYNE 



O e 



AUTOMOTIVE 
306A 

GENERATOR TEST CHART 

Lof Generator  

Make of generator   

No. of poles  

No. of brushes  

Thermostatic  

Protection Fuse  -

None  
_ 
Open  

Grounded  

FieldeED across each coil 

Insulation  

Condition of field _ 
_ 
Grounded  -

Shorted   
Armature< 

Opens   

Insulation  _ 

Worn  
Brushes 

Oil soaked  

Grounded  
Brush 
Holders O.K.  

Worn  
Bearings 

0.K.  

Amps running free  

1000 r.p.m. 
3rd brush 
retarded 1500 r.p.m._ 

Output 
Test 1000 r.p.m. 

3rd brush 
advanced 1500 r.p.m. 

Draw a diagram of each generator tested on back of this sheet. 
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R.F.A. OR 
LIGHT 
BULB 

.0002.5 

3 OR 4 
TURNS 
1/4 " COPPER 
TUBING. 
COIL PIA. 
254IN. 

11.0005 

777005 

5000-100c4o 
^.^.^Aw 

6 TURNS 
'/4" TUBING 
COIL. DIA. 2s/e"• 

H a rtley Circuit. 

R.F.C. 

q0-e   

10 

M.A . 
OPTIONAL 

BATT. 

 0—'50:3=111111111111 + 

" B" BATT. 

40 ME.TER BAND 
7 000-7 300 K C 



AU TOMOTI VE 

STARTI NG MOTORS 

STARTING MOTOR TEST CHART 

CHECK CONDITION of ON TEST BENCH 
MAKE NO. NO. 

0 F or or 
BRUSH 

AMPS. 

RUNNING. 

LOCK TORQUE 
TEST DI AGRAM 

MOTOR POLES BRUSHES FIELDS ARM. BRUSHES 
HOLDER 

BEARINGS 
FREE AMPS. FT I-151. 

le 
TO AM M ETÉR 

164., LI6HTS ETC.. 

r 

d 

STANDARD 4 POLE. STARTER ii 

Im  
. 

. 

STARTING MOTOR 

FIELD CONNECTIONS 

CONSEQUENT POLE STARTER 
( 4 POLE ) 

cOYNE 



AUTOMOTIVE 304 

TESTING IGNITION COILS. 
COIL TEST CHART 

N 0. 

or 

COIL 

NUMBER 

or PRIM. 

TERMINALS 

SECONDARY CURRENT 

THROUGH  

PRIM. 

VOLTAGE DROP 

ACROSS SEC. SPARK 

JUMP. CONNECTED 

TO PRIM. 

GROUNDED TO 

COIL CASE V. M. WINDING 

A SIMPLE. IGNITION SYSTEM 

(GM. SWITCH 

BATTERY 

COIL - - 

CONDENSER 

SPARK PLUG — • t 

_L 

TESTING PRIM. 

o  

th 

3 

INTERRUPTER 

10 A. 
FUSE WIRE 

3 

TESTING SEC. 

2 

'/4 GAP 

SCREW DRIVER 

• 
 o 

INTERNAL SEC. 

CONNECTIONS 

SPARK JUMP TEST 

Kit 

SEC. HOOK-UP IF 

Su. Es GROUNDED 

o 
MAKE ANO 
BREAK PRIM. 
CIRCUIT HERE 
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OVERLAP CHART FOR 4 STROKE CYCLE ENGINES. POWER STROKE f40°LONG. 

4 CYL. 

6 

140 ° --te- 40 ° 

f 140° 1 

12.0° 
I-204 

440° 

 140°  •-i 
STRAIGHT "8"  i 

I  
90° VEE "8"   go° .4  

I  
  50 ° 40° --i 1 

1-4— 50 ° ,-14 40 ° • I 

140 ° 

60°  60 ° 1,4  

VEE “42." 

45 ° 

VEE"16" 

140° 

60 e 4  

 1 

45 ° 

40°   

Fe—  45°   

1-4— 45° 

Z
A
L
L
O
I
T
O
I
L
I
V
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THE INTERNAL COMBUSTION ENGINE - CRANKANGLES AND FIRING ORDERS 

INTAKE VALVE 

CARBURETOR 

INTAKE PIPE 

CAM • 

SPARK PLUG 

EXHAUST VALVE 

PISTON 

EXHAUST PIPE 

CORNEtTiNG Roo 

- CYLINDER 

•CAM 

• CRANK5HAFT 

OPERATING PRINCIPLE OF A SIMPLE 

ONE cyLINDER INTERNAL COMBUSTION ENGINE. 

U.D. C. 
EXHAUST CLOSES — - INTAKE OPENS 

•er 

INTAKE CLOSES 

L. D. C. 

EIHAUST 
OPENS 

GAS ENGINE CYCLE CHART (4 STROKE CYCLE). 

r--

2-3 

4 

4 cYL. F.O. ¡Bo° CRANKSHAFT 

1 - 2 - 4 - 3 

OR 

1 - 3 - 4 - 2 

1-6 

2-5 

3-4 

3-6 

1- 6 

6 CYL. F. O. R. H. CRANKSHAFT 

S-4 1-5 -3-6 - 2.--4 

2-5 

6 (NI.. F. O. L.H. CRANKSHAFT 

1- - - 6 - 3 - 

STRAIGHT "B" 

1- 3 - 2. - 5 - e - 6 - 7 - 4 

OR 

4-6 - 5- 8 - 3 - 7 - 4 

V B 480° CRANKSHAFT 

RIGHT BLOcK 4- 2. - 4 - 3 

LEFT BLocK 4 - 3 - 4 - Z 

oR 

RIGHT BLOCK 1- 3 - 4- - 

LEFT BLOCK 4 - 2_ - 1- 3 

3 

2 

j. 

FORD V B 900 CRANKSHAFT 

6 

5 

FIRING ORDER 

1-5-4 -8 - 6- 3-7-2 

V 12 120° CRANKSNAFT 

RIGHT BLOCK 1- 5 - 3-6 -2-4 

LEFT BLOCK 6 - 2 - 4 -4- 5- 3 

OR 

RIGHT BLOCK 1-4 - 2- 6 -3-5 

LEFT BLOCK 6-3 - 5 -4 -4 -2 

V 16 

R. BLOCK 

L BLOCK 

90 0 cRANKSHAFT 

1- 5 - - 6 - B - 4 -7 - 3 

8-4 -7 - 3 -1 - 5 -2-6 

'I
JI

LL
07

10
If

IV
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o 
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AUTOMOTIVE 301 

Magnet Charger. 
LIST OF MATERIAL. 

2 SOFT IRON CORES (ROUND) 41'7.2". 

SOFT IRON TOPS 33/4 *31/4 ).. Va". 

1 SOFT IRON KEEPER 61/433/4",.3/4". 

4 FIBER OR BAKELITE WASHERS 
33/4"DIA. 2" HOLE Yu:THICK. 

4 FLAT-HEAD MACHINE SCREWS 
3/8" DIA. 1'/4" LONE. 

4 HEXAGON-HEAD MACHINE SCREWS 
3/8" DIA. 11/2 ." LONE. 

SOO TURNS 1$14.S.C.E. MAGNET WIRE 
ON EACH CORE LAYER WOUND. 

91/2. LBS, COPPER WIRE ARE 
REQUIRED FOR THE WINDINGS 
WHICH ARE. CONNECTED IN SERIES. 

CD 
TOP 

a 
— 33/4 " 

) 

6VOLT BATTERY 

0   FOOT OPERATED 
STARTER SW. 

00 

0 0 
o 

0- 

33/1" 

OP 

CORE 

-2- 3" 

ÍIT 

33/4" 

- y - OP 'fi' 

I' ) 

RE 

KEEPER 

4" 

TOP of 13LNC14 

DOLTS USED TO MOUNT MAGNET 
CHARGER ON BENCH 

COYNC. 



A 

LOAD 

TO 
SPARK 
PLUGS. 

MAGNETO 

EXTERNAL 
RES. 

NON-
CONDUCTOR 

CONTACT & ARE. OPENED 
BY GOVERNOR AT 700 R.P. M. 

D 

SERIES FIELD 

SHUNT FIELD 

ô 9 r. t. r. .... Ar..... .-+ 

CH OKER COIL . 

..., r. r, .-.  

se, se sse ,.., ... ‘J ..... 
C 

BATT. CHAR6IND RESISTANCE. 

KOHLER FARM 
LIGHTiNG CIRCUIT. 

2.4 VOLT 
BATTERY. 

iMMI 

.IMMI. 

IIIMIII 

I 

S
A
 I
I0
11
0.
1f
lY
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OVERHAULING A COMPR7SSOR 416-B 

When overhauling a compressor extreme care must be taken to keep 
all work absolutely clean and free from moisture. The general pro-
cedure is as follows: 

1. Clear a space on the work bench. 
2. secure a container in which all bolts and small parts can be 

placed as they are removed. 
3. center-lunch mark the compressor parts before disassembling. 
4. Drain out the old oil. 
5. xamine all valves and valve seats very carefully. Any valve 

seats that are not in perfect condition should be lapped until 
a perfectly smooth clean surface over the entire seat is 
obtained. They may be lapped on a lapping block using an 
approved lapping compound or plain Bon Ami and oil. For 
lapping recessed seats in pistons a disc valve may be used and 
the lapping compound will be the same as that mentioned above. 
If this procedure does not restore the valve seat to perfect 
condition the whole valve plate or piston should be replaced. 

6. Replace or lap all valves that are not in perfect condition. 
7. Replace or re-surface the shaft seal. 
8. Replace worn wrist pins or bearings. 
9, wash all parts thoroughly in carbon-tetra-chloride or some 

other solvent. 
10. Lubricate all valves, valve seats, and seal surfaces before re-

assembling the compressor. 
11. when assembling a compressor, it is standard practice to use 

new gaskets on all parts and to oil both sides of the gasket 
with clean compressor oil before putting it in place. 

12. Be sure to tighten the bolts on the compressor head and • 
housing evenly otherwise leaks, cracked castings or broken 
bolts may result. 

13. After the compressor is assembled, add the correct amount of 
oil to the crankcase. 

14. Connect a short piece of tubing from the DSV to the SSV. 
15. Take the compressor to the testing bench, connect it to a 

motor and operate it for at least an hour. 
16. After the running period, check the condition of the com-

pressor with a regular efficiency test. The DSV should be con-
nected to an air pressure hose which will enable the compressor 
to pump against a head pressure of from 40 to 80 lbs. 

17. Check the shaft seal for leaks. This may be done by connecting 
an s02 refrigerant drum to the SSV. This will subject the 
crankcase and seal to about 40 lbs. pressure. Any leaks may be 
located by using an ammonia swab. The test may also be made by 
connecting an air pressure hose to the SSV to build up a 40 lb. 
pressure in the crankcase, place the compressor in a pail of 
water until the shaft seal is submerged. The appearance of 
bubbles will indicate a leak in which case the seal must be re-
surfaced again or replaced. 

18. If the compressor break-down was due to moisture, it should be 
taken to the bake oven and dehydrated. 

19. Remove the service valves and plug the suction and discharge 
ports with cork or wooden plugs. Remove the fly-wheel, then 
return the compressor to the unit and re-install. 

In the case of rotary compressors,leaky or defective check valves 
should be replaced. Broken vane springs should also be replaced. 



R1EMOVING A!M InSTALLING A COM'PR7SOR 41.6 
To remove a compressor, proceed as follows: 

1. stop the unit and install a compound gauge. 
2. Balance the pressure on the compressor 

(a) Front-seat the sV. 
(h) start the unit and operate until it shows a good 

vacuum. 
(c) stop the unit and crack the SqV until the vacuum 

builds up to zero lbs.pressure. Then front-seat 
the sqV again. 

(d) Front-scat the DSV. 
3. Remove the service valve flange bolts and break the 

valves away from the compressor body. 
4. Remove the compressor base bolts and lift it off the 

machine base. 
5. Take off the fly-wheel at once. 

In case the compressor won't pump, proceed as follows: 
1. Front-seat the S1V and DSV. 
2. Remove the gauge fitting plugs or gauges and allow any 

refrigerant in the compressor to escape into the air. 
(If the unit is charged with sulphur dioxide the odor 
will be very objectionable if the so 2is purged into 
the air. In this case pour some 261 ammonia on a rag 
and hold close to the fittings where the gas is being 
purged off. The ammonia will neutralize the SO2 and 
kill most of the odor.) 

3. Then proceed as in stens 3, 4, and 5 above. 

on compressors with a discharge shut-off valve in the head in-
stead of the regular DSV, the general procedure is the same as for 
a unit with standard service valves. The only exception is, that 
instead of removing the DSV from the compressor head, the whole 
cylinder head must be removed from the compressor. The head with 
its shut-off valve closed is then left on the discharge line to 
the condenser to trap the refrigerant in the rest of the system 
while the comnressor is being repaired. 

some refrigeratórs having this type of shut-off valve are as 
follows: 

1. some models of Frigidaire 3. King Kold 
2. some models of zerozone 4. Cold Coast 

To re-install a comnressor proceed as follows: 
1. Put on the fly-wheel. 
2. Bolt the compressor in place on the machine base. 
3. Use new service valve gaskets, dipped in compressor 

oil, and bolt the service valves in place. 
4. Install a comnound gauge on the SW. 
5. Remove the gauge fitting plug from the DSV. 
6. Start the compressor and o?erate until the vacuum will 

increase no farther. Air in the system will be pumped 
out thru the open gauge fitting port in theDSV. 

7. To remove any remaining air, crack the SSV and allow gas 
to pass from the suction line thru the compressor and 
out thru the gauge fitting port in the DSV to the atmos-
phere. hen a strong odor of gas is evident, replace the 
gauge fitting plug or the pressure gauge, back-seat both 
valves and start the unit. 



4-15-B 

BALANCING THE PRm7SSURE TO REMOVE DEFECTIVE PARTS 

on the majority of conventional type refrigerators,the entire 
refrigerant charge can be pumped into the liauid receiver. when 
this is Possible,the follówing parts can be removed without dis-
charging the system: 

1. Liouid line 
2. Liquid control valve (except a high side float or a 

canillary tube) 
3. strainers in the liquid line 
4. Dehydrators in the liquid line 
5. Evaporator 
6. Suction line 
7. Compressor 

The procedure is as follows: 

1. Close the king valve and start the unit. 
2. Run the compressor until the evaporator is entirely de-

frosted and about a 25" vacuum is obtained on the com-
pound gauge. 

3. Crack the king valve and bring the low side pressure back 
UD to zero or one lb. pressure. 

4. Close the king valve again and front-seat the DSV. 

The Pressure is now balanced from the DSV back thru the low 
side of the system to the king valve and any part between these 
two points may be removed. 

purging Air from a unit 

An indication of air in the system is given by high head 
pressure and the failure of this pressure to drop back several 
pounds when the unit stops. 

The air will be trapped in the condenser and receiver tank. 
same units have a purge valve on the receiver tank. On this type 
unit the procedure for purging is as follows: 

1. stop the unit and allow it to remain idle for about two 
minutes. 

2. Crack the purge valve and allow air and gas to slowly 
escape until the bottom of the receiver tank begins to 
get cool. Then close the purge valve. 

3. start the unit and operate for a few minutes. If the 
presence of air is still indicated, repeat the purging 
procedure. 

On units which contain no purge valve, remove the gauge 
fitting plug or gauge from the DSV and purge system by cracking the 
DSV. 

some refrigerant will be lost during the purging procedure. 
After purging, the unit should be checked for proper refrigerant 
charge. 

• 

• 
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CHARGING AND DISC".ARGING R7rRIniMANT (Continued) 

5. Close sueely drum valve first and allow the tube to drain 
out into the small drum before closing its valve. 

Cleaning Service Drums  

The service man should carry two drums for every refrigerant 
he uses,one to be used as a supply drum and the other as a ser-
vice drum. To keep the sunply drum clean and free from oil it 
should never be used to discharge a unit. In many cases, when a 
refrigeration system has been in use for a time,it will contain 
sludge and deposits of foreign material. The service drum should 
be used to discharge a dirty system. Dirty refrigerant may be re-
claimed by pumning it out of the service drum in vapor form 
through a chemical dehydrator charged with silica gel or calcium 
oxide. 

A dirty cylinder may be cleaned by first evacuating it,then 
removing the valve and flushing it out with carbon-tetra-chloride 
or some other solvent. To thoroughly dry it out,it,should be 
baked in a bake oven for four to five hours at 240-F while drawing 
a vacuum on it at the same time. If the drum contains a fusible 
plug, this should be removed during the baking process. 

Safety Rules  

1. Handle refrigerant drums carefully. Do not drop them or 
tip them over. 

2. Never allow a refrigerant drum to be exposed continuously 
to the sun. 

3. when aeplying heat to a service drum,submerging it in hot 
water (not to exceed 125°F) is preferable. Never under any 
circumstances apply a torch to any refrigerant container 
unless a pressure gauge is installed where it will register 
the pressure created by the heat. Safe pressures will vary 
according to the refrigerant as follows: 

(a) maximum safe pressure for SO2 135 lbs. 
(h) tt 11 " CHIC1 175 lbs. 

(c) " CC ,,r2 190 lbs. 
4. Never exceed the maximum rated capacity when filling a 

refrigerant cylinder. 
5. Be careful when opening up any part of a refrigeration 

system (especially low side float evaporators). Even 
though the system has been discharged,vapor may still be 
boiling up out of the oil and may create enough pressure 
to blow refrigerant saturated oil into your face. wear 
goggles. 

6. Never try to stop a liouid refrigerant leak with your 
hand or fingers. The rapidly expanding liquid will absorb 
heat from your hand or any part of your body that it 
comes in contact with. A bad case of frost-bite may result. 

7. Do not open the service drum valve more than 4 or 5 turns 
as it may screw cluar out and cause a bad accident besides 
losing all the refrigerant in the drum. 

415 
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CHARGING AND DISCHA7GING R7FRIGETUNT(Continued) 

Tith the machine still idle, the procedure for charging is as 
follows: 

1. place the refrigerant drum in hot water at 125°F for a few 
minutes until the drum pressure is from 10 to 25 lbs. 
higher than the head pressure of the unit to be charged. 

2. Connect a short charging line to the drum. 
3. Back-seat the DSV and install a half union. 
4. Connect the drum to the DSV,Purge the connection and 

tighten. 
5. place th - DSV in the neutral position. 
6. Invert the drum and open the drum valve (Do not open the 

drum valve before the drum is inverted). Then the weight 
of the liquid plus the vapor pressure above it will force 
the liquid refrigerant out of the drum,through the conden-
ser and into the receiver. When the liquid is flowing out 
of the drum,a hissing noise will be heard, When this sub-
sides the drum is empty or the pressures have become 
ecualized. In this case apply heat by again placing the 
drum in hot water. 

7. When the system is fully charged,close the drum valve 
first to allow the liquid to drain out of the charging 
line into the system. Then back-seat the DSV and remove 
the drum and charging line. 

When charging a completely discharged unit,charge in the 
proper amount by weight. When charging an under-charged unit, 
add a few pounds, then close the drum valve and place the service 
valves in normal operating position. Operate the unit for a few 
minutes to observe the operating pressures and the frost-line on 
the evaporator. When these are normal,the unit is fully charged. 
Most commercial units have sufficient receiver capacity to hold a 
few pounds of reserve refrigerant; in which case, an amount equal 
to about 100g of the regular charge may be added to compensate for 
gas losses in purging and minor service operations. 

Transferring Refrigerants  from one Drum to Another  

Refrigerant may be transferred in the liquid form from a 
large supply drum to smaller drums by the following procedure: 

1. place the supply drum in hot water (not to exceed 125°F) 
to raise its pressure. 

2. place the small drum in a pail of cold water (preferably 
ice water). Set the pail with its contents on a scale 
and record its weight. 

3. Invert the supply drum,raising it above the small drum, 
and connect the two together with a flexible charging 
line looped in such a manner as not to interfere with the 
weight recorded on the scale. 

4. Open both drum valves and allow the desired amount of 
chemical to enter the small drum (Not to exceed its 
rated capacity). 

O 
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CHAR= AD DIC7ARGINI 1:17.FRIG7MANT (Continued) 

Capillary Tube systems  

The amount of refrigerant charge in a capillary tube system is 
equally as critical as it is in high side float systems. The operat-
ing characteristics of these two systems are very similar,therefore, 
the procedure for charging is the same, except that the capillary 
tube system should be charged more slowly. 

Low side Float systems  

len charging a low side float system, use the general method 
of charging thru the low side by front-seating the SSV and drawing 
in the proper amount by weight. 

When adding refrigerant to an undercharged system,add refrig-
erant intermittently until the loud hissing noise in the evaporator 
has ceased and it is frosting properly. Then add from 1/4 to 1/2 
lbs. to give the system a reserve of liquid in the receiver tank. 
The charge in this type system is not so critical. Any excess re-
frigerant will be stored in the receiver tank. 

Expansion valve systems 

use the same general procedure for these systems as for low 
side float systems. when adding refrigerant to an undercharged 
unit, charge intermittently until the entire evaporator is 
frosted. Then add from 1/4 to 1/2 lbs. to give the unit a reserve 
of licuid in the receiver. 

After any charging procedure observe the operating pressures 
during a running cycle to see that they are approximately correct. 

Charging by the Liquid Method  
(High Side Charging) 

This method of charging is usually used for charging commer-
cial systems and for some hermetically sealed domestic units. 
care must be taken to see that the refrigerant drum is absolutely 
clean and contains no sediment or foreign material as this would 
be carried into the system with the liquid. 

The machite should remain idle during the charging procedure. 
When charging a completely discharged unit,all air should be 
evacuated from the unit. This may be done by operating the unit 
with the DSV front-sèated and blowing the air out through the 
open gauge fitting port in the DSV. On hermetically sealed units, 
it is usually necessary to use an auxilliary compressor to draw 
out the air. Before charging an under-charged unit, it should be 
stopped and allowed to remain idle until the head pressure has 
dro7ped to the maximum saturated vapor pressure of the refrigerant. 



Page Eight REFRIGERATION 

Tuesday Third Week 

72. How many B.T.U. will leak through each square foot of glass in a skylight? 
East Window? West Window? South Window? North Window? 

13. What is meant by "K" factor? 

14. That is the formula for calculating the heat leakage? 

Wednesday Third Week 

1. What is the temperature differential range in air conditioning? 

2. How many B.T.U's does the average 'Human Body' give off per hour? 

3. How many B.T.U's are produced per watt of electrical power? 

4. How many B.T.U's does 1 Cu. ft. of natural gas give off? Artificial gas? 

5. What is meant by I. M. E? How is it figured? 

5. That horse power motor should be used for a given compressor? 

7. That is meant by a water regulating valve and how is it operated? 
8. Name the parts of a humidistat. 
9. How does a solenoid valve operate? 

10. What is the purpose of spray eleminators? 
11. Unit air conditioning equipment consists of what elements? 
12. That is the difference between refrigeration and air conditioning equipment? 
13. That is a "Plenum chamber"? 
14. What type of filters are used in air conditioning work? 
15. What is a "Thermostat" and how does it operate? 

Thursday Third Week 

1. That is a walk in cooler? 

2. What is meant by the term "Service Load"? 
3. How would you calculate the size unit required for a walk in cooler? 

4. What is a "hermetic unit"? 
5. Is it practical for small shops to repair hermetic units? 
6. What method is used on most hermetic units to "unload" the compressor 

while starting? 
Give the service procedure for installing a purge valve on a hermetic unit. 

8. That unite have a valve fitting on the suction side of the compressor? 

2. 

GENERAL  

That is the most efficient type belt? What is the proper "play" for a belt? 

What is a tube bender? How is it used? 

3. What is a pressure relief valve? A liquid indicator? 

4. Why should foodstuffs be covered when placed in a cabinet? 

5. How would you disassemble a badly stuck-up compressor? 



REFRIGERATION Page Seven 

Monday Third Week 

3. That is a constant pressure valve? How does it operate? 

4. That is the operating range of a C.P.V.? 

5. That is a snap action valve and how does it operate? 

6. That is the operating range and pressure differential of a S.A.V.? 

7. That is the purpcse of a check valve in a multiple installation 
and wherè is it located? 

8. How are "dry" evaporator coils connected and controlled in a rmiltiple system? 

9. That is "Air Conditioning"? 

10. That are the functions of year around air conditioning? 

11. That are the functions of the summer variety of air conditioning? 

12. How do we decrease the moisture content of the air in air conditioning? 

13. How do wo increase the moisture content of the air in air conditioning? 

14. That is meant by the term "relative humidity"? 

15. That is the correct 'R.H.' for health and comfort? 

le. That is a sling psychrometer and what is its purpose? Explain its operation. 

17. That is the purpose of a psychcmetric slide rule? 

Tuesday Third Week 

1. That is meant by the term "circulation"? 

2. What is an anemometer? 

3. How many cubic feet of air must be circulated per minute per person? 

4. That is meant by the term "C.F.M."? Give formula for calculating. 

5. What is meant by the term "F.V.M." How is it measured? 

6. That are the requirements of a good summer cooling installation? 

7. What factors are included in the total heat load the cooling coils 
must remove in air conditioning? 

8. What is meant by the term "Deodorization" and how is it accomplished? 

9. That is meant by the term "Occupancy Load"? 

10. Should a building to be air conditioned be insulated? Why? 

11. What is meant by "Sun Load"? 



Page Six REFRIGERATION 

Thursday Second Week 

8. Can the pressure be balanced on a machine not equipped with a receiver? 

9. What parts may be removed after the pressure is balanced? 

10. How would you purge air from a conventional unit? From a hermetic unit? 

11. What are the indications of air in the system? 

12. What solution is used in the emergency discharge of an So2 machine? 

13. That chemical is used to neutralize the odor of SO2 when removing gauges? 

Friday Second Week 

1. Is there a special oil used in compressors? 

• 2. How would you know how much oil to add to a system? 

3. Give the service procedure for adding oil through the S.S.V. when no 

oil plug is available. 

4. How does moisture usually get into a system and what are its indications? 

5. What is meant by dehydration? 

6. What methods are used to dehydrate a system? 

7. That chemicals are used in chemical dehydrators? 

8. Give the service procedure for installing a dehydrator. 

9. How long should a dehydrator be left in the system? 

10. How long should a unit "run"? How long should a unit "idle"? 

11. Give causes for a noisy unit. 

12. Give the causes for a unit not starting. 

13. Explain the term "restriction". 

14. What causes a machine to short cycle? 

15. That is the proper way to diagnose a unit for mechanical troubles? 

16. What distance should there be between back of refrigerator and wall? 

17. What are the indications of air in the refrigeration system? 

Monday Third Week 

1. Are multiple installations inspected by the city before their operation 

is allowed? 

2. What is meant by the term "multiple installation"? Where used? 



REFRIGERATION Page Five 

e Tuesday Second Week 

12. If the room temparature is 890 F. what should be the correct high side 
pressure gauge reading for CH3C1? 

13. That factors effect the high side gauge reading? 

14. What might cause the high side pressure to be higher than normal when 
using a water cooled condenser? 

Wednesday Second Week 

1. What compound is used in lapping valves or shaft seals? 

2. What is a 'dry' seal? 

3. How do we repair a seal leak? 

4. How would you eliminate a squealing shaft seal? 

5. How would you remedy a leaking shaft seal? 

6. What is the "seal nose"? 

7. That is a replacement shaft shoulder and where is it used? 

8. Give the service procedure for removing a shaft seal. 

9. What may be used for lapping piston valves? 

10. What should be done to a gasket before putting it in place? 

11. That is the correct method of tightening head bolts? 

12. How would you prepare a compressor for ."running in"? 

13. How would you test a seal shaft for leaks after an overhaul job? 

14. Give the service procedure for reinstalling a compressor. 

Thursday "Secund Week 

1. Give the service procedure for discharging a refrigeration system. 

2. Give the service procedure for pumping air out of the system. 

3. Give the service procedure for charging a unit through the low side. 

4. How would you speed up the operation of charging? Discharging? 

5. Give the procedure for chaiging through the high side of a system. 

6. Where is high side charging used? 

7. Give the service procedure for balancing pressure. 



Page Four REFRIGERATION 

Monday Second week 

2. Where is the compound gauge installed? The pressure gauge? 

3. Give the service procedure for removing gauges. 

4. Give the service procedure for the compressor efficiency test. 

5. What would be the results if the suction valve on the compressor should leak? 

6. What would be the reaction if the discharge valve should leak? 

7. How would a too thick head gasket affect the efficiency of the compressor? 

8. What is the purpose of a piston ring? 

9. Give the service procedure for making the "ring test" 

10. Give the service procedure for removing a compressor. 

11. How would you neutralize the odor of sulphur in removing a gauge? 

12. How would you remove a compressor equipped with shut-off valves without 

discharging the unit? 

13. What are the requirements for a good refrigerant chemical? 

14. Name two units equipped with shut-off valves instead of conventional 

service valves. 

Tuesday Second Week 

1. What would be the indication of moisture in Sulphur Dioxide? Methyl Chloride? 

2. Give the boiling point of Sulpnur Dioxide, Methyl Chloride, Freon, Ammonia? 

3. What is the chemical formula for Sulphur Dioxide, Methyl Chloride and Freon? 

4. What would be the best method of testing for leaks in So2,Ch3C1, and NH3? 

5. What is the trade name for Dichlorodifluoromethane? 

6. What is the correct low side pressure for So2 and Ch3C1? 

7. What is the correct head pressure on a So2 unit having an air cooled con-
denser, at 1000 F. room temperature? 

8. What method is used to dehydrate an So2 machine? 

9. How many B.T.O's of latent heat of vaporization per lb. does Methyl 
Chloride absorb? 

10. Name the method used to test leaks on Iso-Butane. 

11. If the room temparature is 760 F. what should be the correct high side 
pressure on an So2 machine? 



REFRIGERATION Page three 

Thursday First Week 

8. What are the indications of a leaky expansion valve? 

9. To lower the back pressure on domestic refrigerators, which way would 
you turn the adjusting nut on the automatic expansion valve? 

10. Name all the parts of an automatic expansion valve. 

U. Should a control valve be located at the top or bottom of a 
dry direct evaporator? Why? 

12. What would be the reaction if the strainer in an A.E.V. become clogged? 

13. Are A.E.V. adjusted according to the low side pressure or the frost line? 

14. How would you "flush" an A.E.V. to remove sediment from the valve? 

Friday First Week 

1. Name all the parts of a thermostatic expansion valve. 

2. What is the purpose of the power bulb on a T.E.V. 

3. What precautions must be taken in installing a T.E.V.? 

4. Should the T.E.V. be installed in the refrigerated area? Why? 

5. What is an S.A.E. half union? Full union? A flare nut? 

6. What is tubing made of? How thick is the tubing wall? 

7. Name the types of service valves used onarefrigeratorandgive theiruSes. 

8. Give the service procedure for packing a service valve? 

9. How does a 'cold control' work? 

10. How does a Bi-metal switch operate? Low pressure switch? 

11. What is a defroster and how does it operate? 

12. Could we use a low side pressure type switch with an automatic 
expansion control valve? Why? 

13. What is the purpose of a compressor? Condenser? *Electric Switch? 

14. Name the different types of compressors, control valves and electric switches. 

15. How does an auxiliary high pressure cut out operate? 

16. What determines the cabinet temperature in a refrigerator? 

Monday Second Week 

1. Give the service procedure for installing gauges. 



Page two REFRIGERATION 

Tuesday First Week 

12. That is the correct oil level for reciprocating compressors? 

13. At approximately what speed are reciprocating compressors driven? 

14. What is a trust bearing and why is it used? 

15. What is the purpose of a piston ring? 

Wednesday First Week 

1. In which direction does a rotary compressor turn? 

2. For what type of compressor duty is the rotary vane compressor adapted? 

3. What types of suction and discharge valves are most generally 
used on rotary type compressors? 

4. Namc the most efficient type of compressor used in domestic machines. 

5. That must all rotary compressors have in the suction side? 

6. What is meant by an evaporator? Control valves? 

7. That is meant by direct or indirect in speaking of evaporators? 

8. What difference is there between a flooded evaporator & a dry evaporator? 

9. Where is the low side float located? The high side float? 

10. Name the most efficient air cooled and water cooled condenser. 

11. How many types of air cooled condensers are there? Water cooled condensers? 

12. What is a non frost evaporator? 

Thursday First Week 

1. What methods are used to prevent frosting of the liquid line when 
using a high side float? 

2. At what place in the system would you install a liquid indicator? 

3. Why is suction line tubing larger in diameter than liquid line tubing? 

4. Name all types of liquid control valves. 

5. That might cause improper operating of a low side float? 

6. What is the first indication of moisture in the system? 

7. Should a unit equipped with a high side float be overcharged with 
chemical, what would be the reaction? 



REFRIGERATION Page One 

Monday First Week 

1. What is meant by 'Refrigeration'? 

2. Do we 'make cold'? 

3. What determines the rate of heat transfer? 

4. How many B.T.U's does one pound of ice absorb while melting? 

5. Define heat? Sensible heat? Absolute pressure? Absolute zero? 

6. How is heat measured? How is latent heat measured? 

7. What is heat leakage? 

8. What is used as cabinet insulation? 

9. What are the correct temperatures for domestic cabinets? 

10. What is the temperature of dry ice? 

11. That is an Australian Water bag? 

12. That effect does pressure have on the boiling point of a liquid? 

13. That is a compound gauge? How does it operate? 

14. What is a pressure gauge? How does it operate? 

15. What is the coldest natural temperature registered by man? 

Tuesday First Weak 

1. Name the seven fundamental parts of a refrigerator. 

2. What is an oil blanket? 

3. What is meant by the term cycle in refrigeration work? 

4. Why doesn't the refrigerant chemical in a service drum boil? 

5. Name the two methods whereby refrigeration may be accomplished. 

6. That is the purpose of the compressor in the refrigerator system? 

7. That is meant by the term reciprocating? 

8. That is meant by the term."single acting"? The term "double acting"? 

9. What is a flapper valve? A poppet valve? A port valve? 

10. Give the use of a shaft seal. 

11. Name the common types of shaft seals. 
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TROUBLE CHART FOR CAPILLARY TUBE SYSTEMS 

TROUBLE SYMPTOM REMEDY 

Undercharge of 
refrigerant 

7vanorator only partially 
frosted--head pressure 
low--suction pressure low. 
Unit orobably will run 
continuously 

Locate & repair leak--
Add refrigerant 

Overcharge of 
refrigerant 

Poor refrigeration--high 
head pressure--high 
suction pressure-suction 
line frosted--long 
running time 

purge out a little 
refrigerant 

plugged 
capillary Tube 

No refrigeration--head 
pressure very high if no 
receiver tank is used-- 
head pressure below normal 
if unit has receiver tank. 
Unit runs continuously un- 
less head pressure is very 
high when overload relay 
will kick out 

Remove capillary tube 
& blow out from outlet 
end--A stubborn tube 
may sometimes be clear-
ed by straightening 
tube & inserting a fine 
wire. If these methods 
fail,replace tube. 
Clean or replace filter 

Air in system High head pressure-Refrig- 
oration normal unless head 
pressure is very high--
suction pressure normal un-
less head pressure is very 
high--Long running time 

purge air thru D S V 



The Capillary Tube 
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CAPILLARY TUBING 

CAPILLARY TUBING 

FITTING 

FRIGIDAIRE RESTRICTOR 

The canillary tube liouid control device is used with flooded 
tyme evanorators. In some few cases it is used with the continu-
ous tube or dry type evanorators in which case an accumulator must 
be used at the outlet end of the evaporator to trap and evaporate 
any liouid which may be slopped thru the evaporator and thus pre-
vent it from frosting the suction line. 

The capillary tube consists of a length of tubing of very 
small inside diameter tubing (about 1/64"). This tube is designed 
to feed the necessary amount of refrigerant to the evaporator and 
also to mroduce the correct pressure drop from the high to the low 
side. The longer the tube and the smaller the diameter, the more 
restriction is offered to the flow of liquid. A good filter is 
always located ahead of this tube to mrvent it from becoming 
clogged. The Frigidaire restrictor consists of a threaded plug in-
side a brass-shell so arranged that the liquid has to follow the 
path of the thread. This provides exactly the same action as a 
camillary tube. 



II e 6 

3/4 TON FREON ROOM COOLING UNIT 
AIRTEMP —MADE BY CHRYSLER 

DRY FIN TYPE 
EVAPORATOR ---1 THERMOSTATIC 

— 1 CONTROL VALVE 

i it'll Ill Il MI 1  ai 

 (S  IIIIII1 III  

 ) t t t t t 

i I1 
IIIIIII III 

t II I 

4 tt t t 
AIR FLOW --+ 

— I I 
=---

h•"?  

CIRCULATOR FAN 
MOTOR 1/40 1-4. P. 

FAN MOTOR 
SWITCH --• 

L 1 

L 2. 

1 I 

I  

I 
H. P. GAUGE 

e 

L.? GAUGE -----....,, 

-ao 

COMPRESSOR 

/ 

r-) g.?----j 
STRAINER 'S WATER REGULATING 

\  1 
Li I 

WATER COOLED SHELL AND 
TUBE TYPE CONDENSER 

Li 
•  

-17issi-
HEATER COILS 
OR FUSE TRON 

L 2 

4,hir,i_ 

r  

N 

WATER TO___›-
DRAIN 

rA / 

.  
VALVE \ 

\..'"  
\ AUXILIARY HIGH â n PRESSURE 
L CUTOUT --. 

r---i 

WATER\ 
INLET 

r 

f,  
\`  

 Pt», 

.T2 T 

WATER JACKET TO COOL MOTOR 

1 
COMPRESSOR 
MOTOR 3/4- H. P. 

z 



REFRIGERATION 140 6 

REFRIGERATION CYCLE & DIAGRAM OF 
CONNECTIONS FOR COMMERCIAL APPLICATION 

LI NE VALVES 
//7 / // /17 / // e/// / /7 / / / • /7 / / 

No. 1 

Z 5 e UNIT 

CHECK VALVE 

EVAPORATOR 

▪ THERMOSTATIC 
LINE STRAINER EXPANSION VALVE e 

-1-0" HIGH PRESSURE LIQUID 

  111614 PRESSURE GAS 

  LOW PRESSURE GAS 

e'v ece ‘V.3%*.ise LOW PRESSURE. LIQUID 

  OIL 

1NATER 

.11 SUC TION LINE 

COMPRESSOR DISCHARGE 
SEWER VALVE 

SUCTION 
LINE STRAINER 

COMPRESSOR 
SUCTION SERVICE VALVE 

e  

COMPRESSOR 

MOTOR' 

LINE VALVES 

No. Z. 
45* UNIT 

LINE. STRAINER 

TWO TEMPERATURE 
CONTROL VALVE 

EVAPORATOR 

e 
NqPIERIMO STATIC e 
EXPANSION VALVE 

LOW SIDE FLOAT 
TYPE EVAPORATOR 

e 777 / 777777777/ 7//7/ 

CleEtCK VALVE 

/ I/7/ / // .1/ 

/ 

.—...,,o 

et. o 

d) pee o 

o e 0:08 I boei) ;d -O- . 

o 04.--.: 
o 

o 4 e 
d p 

LINE. p e' 
4 0' /e 0 1 e VALVES c â / 

/ 0  

e 
e LINE STRAINER e e e 
e e 
e NO. 3 , , , 

55° UNIT . e . 
e . 
e-e-/- , 7 e fern, 777, z ezezezzzzee7777/' 

LI QUID LINE 

RECEIVER 
INLET VALVE 

,,V V>, X )05(X), k‘ XV 'x X ‘cX.ttcx),X)" 
' Y ‘,4 V•Y x `A X V, ,^ >XX ty> SOO, 

)( )YÇ( k V. 1( V k 1 YA )(Ng 
++ -t-t• -t-i• -ri-

YA RECEIVER 'IL^ Y /0( Y )4 : t I‘ )‘)te)h, 

++ 1-+ +4- H- ++. -}4. We+++ 
-0+ -1.-e• -++ 

RECEIVER SHUT OFF VALVE 
OR -KING" VALVE 

by 
PASS 

COYNE 



REFRIGERATIQN 14.09 

DIAGRAM OF THE MILLS MODELS 26 & 30 
ICE CREAM FREEZER. 
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ELECTROLUX AIR-COOLED  UNIT 

The air-cooled Electrolux is practically the same as the water-cooled 
unit with tne exception of the medium for cooling. This unit has two 
air-cooled condensers as shown. The lower one is charged with methyl 
chloride which is used to absorb the neat from the absorber and re-
lease it at tne condenser wnere it is carried away by convection. 

By using air-cooled condensers, there is no need of a water supply as 
in tne water-cooled unit. Caution in moving should be exercised to 
prevent tipping beyond 45 degrees. 

Careful study of the diagram, using tne Code at tne bottom, will ex-
plain the operation of the unit. 

COYNE. 
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ABSORPTION TYPE REFRIGERATION UNIT - ELECTROLUX WATER-COOLED. 

This unit has no moving parts and is operated by means of heat energy. 
The refrigerating effect is governed by the amount of neat applied to 
the generator. It is sealed under a pressure of 200 lbs. and in nor-
mal operation attains a pressure of about 225 lbs. per sq. in. 

Nater is used as a medium to carry away the heat, making it necessary 
to have water pressure in any home where this unit is to be used. In 
shipment or moving, it is important to keep the cabinet as level as 
possible. If tippea over 45 degrees, the chemicals are apt to mix 
and thus make it inoperative. 

Careful study of the diagram, using the Code at the bottom, will ex-
plain the operation of the unit. 

COYNE 



It is reduced- in nressure to conform to approximately a 28 
boiling point as it enters the food compartment evaporator. 
part of the licuid will evaporate here to maintain the fi)od 
comnartment temperature. The remainder of the liquid and 
low nressuro gas nasses thru the Differential Pressure 
Control (D.P.C.) valve into the freezing compartment evapor-
ator. This D.P.C. valve, as may be observed from the 
diagram, is constructed like a snring loaded check valve. 
This valve further restricts the flow of the refrigerant 
and nroduces about a 20 lb. pressure drop. The Mc:mad in 
the second evanorator under a lower pressure thus has its 
boiling point reduced to about -5 F. and maintains a lower 
evaporator temperature. This unioue arran7ement Fives us 
two different temneratures in the same refrigerating 
system. 

From the second evaporator where the remaining Mould 
evaporates the low pressure gas passes thru the accumulator 
and suction line to the evaporator. As noted in the dia-
gram the accumulator is located at the outlet of this 
second evanorator. The accumulator traps any liouid which 
may be carried thru with the gas and thus prevents it from 
entering the suction line until it has comPletely evaporated. 

I 
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accumulator 

FREEZING LOCKER 

COMPRESSOR 

COLD 
CONTROL 

CONDENSER 
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VALVE 

Tflere '-lavu been sevrral two teerature dome:7tie refriT-
crators placed on the market. They employ the use of two 
senarate evaPorators with a wide variation in tempera-
ture maintained in each, one evaporator is usually placed in 
the wall of tir• cabinet in the main food compartment. The re-
frigerant temperature in this evaporator is maintained at 
approximately 28 F. The other evaporator is located in a 
frozen food compartment and contains the ice cube trays. The 
refrigerant temperature in this evaporator is maintained at 
about --5 F. 

The above diagram illustrates the principle of operation 
of these units. After the refrigerant is liquefied in the con-

denser it pares thru the dehydrator and capillary tube where 
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REFRIGERATION 412 

SZRVIOE LOADS FOR VARIOUS TYPES OF REFRIGERATORS 

Temperature 
difference 
in degrees 
Fahrenheit. 

USE OF CABINET 

Flo- 
rist 

Grocery 
or 

normal 
market, 

Busy 
market 
or 

fresh 
killed 
animals 

liestau-
rant or 
short 
order 

40 degrees 40.0 65.0 95.0 120.0 

50 u 50.0 80.0 120.0 150.0 

b0 " 60.0 95.0 145.0 180.0 

70 " 70.0 114.0 167.0 210.0 

60 " 60.0 130.0 190.0 240.0 

90 " 90.0 14b.0 214.0 270.0 

In B.T.U.'s per cubic foot of gross interior per 24 
hours. Used in calculating the size unit and evap. for 
commercial application, for use in selecting evap. coils. 

Heat leakage through cabinet walls, windows in 
B.T.U.'s per sq. ft. of outside wall surface per 24 hours. 
If wood is not used on both sides of cabinet deduct Jà. inch 
of cork insulation. 

Temperature 
difference 
in degrees 
Fahrenheit. 

Thickness of insulation 
(cork or equivalent.) Glass 

2-P 3" 3-12-1' 4" 
Dblel 
Thickness 

Triple 

40 degrees 64.0 72.0 64.0 b0.0 440.0 280.0 

50 " 105.0 90.0 60.0 75.0 550.0 350.0 

(DU u 12b.0 108.0 9b.0 90.0 bb0.0 420.0 

70 " 147.0 12b.0 112.0 105.0 770.0 490.0 

SO " 1b8.0 144.0 128.0 120.0 880.0 560.0 

90 " 189.0 1b2.0 144.0 135.0 990.0 b30.0 

On non-frost coils the heat transfer is 300 B.T.U.'s per 

24 hours per square foot of evaporator surface. 



FROSTED SUCTION LINE: 

Low side float: leaky needle valve. 
Stuck open float, moisture in the 

system. 
High side float: Overcharge of 

chemical. 
Leaky needle valve. 
Automatic Expansion Valve: Out of 
adjustment, moisture in the system. 

Thermostatic Expansion Valve: Out cf 
aijustment, power bulb loose in holder: 

Moisture in system. 

• 

é7 /P ye_ 
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NOISY UNIT: 

Loose belt. 
Loose pully or flywheel. 

Belt squeak. 
Loose fan. 
Too much refrigerant. 
Too much oil. 

Not enough oil. 
Weak springs on flapper valve. 

Surging power supply. 
Oil missing from around bellows in 

seal,causing it to vibrate. 
Spring or rubber cushion missing. 

Frame striking cabinet. 

Vibrating tubing. 
Shipping bolts not removed. 

Loose bolts on frame. 



TROUBLE DIAGNOSIS 

Do not attempt to make any service adjustment on the system if tempera-
tures are still satisfactorily maintained and pressures are within the normal 
operating range. 

The following notes give details and hints that will be 
lug trouble. 

UNIT WILL NOT START: 

Power shut off. 
Poor contact at wall socket. 
House fuse blown out. 
Burned out heater in overload relay. 
Defective electric switch. 
Defective motor. 
Broken wire. 
Refrigerator too cold. 
Motor fuse blown out. 

FREEZES WATER TO ICE, BUT FOOD 
COMPARTMENT NOT COLD ENOUGH: 
Heavy frost on evaporator. 
No air circulation in cabinet due to 
arrangement of food. 
High service factor caused by putting 
hot foods in refrigerator. 
Door gasketing worn out - worn hinges. 

EVAPORATOR DEFROSTS BETWEEN CYCLES: 
Temperature control set too warm. 
Refrigerator in a cold room. 
Short of refrigerant. 

RUNS TOO LONG - OFF A SHORT TIME. 

Control valve not functioning properly. 
Temperature control set too cold. 
Short of refrigerant. 
Air in condensor. 
Dirty condensor. 
Warm water in ice trays. 
Improper air circulation around unit. 
Poor door gasket, admitting heat 
Cabinet too close to radiator or stove. 
Plugged strainers and restricted 
liquid line. 

HIGH POWER CONSUMPTION: 
Air in condenser. 
Short of refrigerant. 
Too much refrigerant. 
Control valve not functioning properly. 
Cabinet too close to radio or stove. 
Cabinet in direct rays of the sun. 
Low voltage.Tight belt. 
Dust in condenser fins. 
Loose belt. 

of help in locat-

OVERLOAD CUTS OUT CONTINUOUSLY: 

Wrong line voltage, or current. 
Low voltage. 
Tight compressor. 
High resistance short circuit in 
motor. 
Poor connection in junction box. 
Too much refrigerant in the system. 
Too much oil in the compressor. 
High back pressure. 
Defective electric switch. 
High head pressure. 
Air in system. 
Centrifugal switch contact poor. 
Tight belt. 
Dust in condenser fins. 

CABINET COLD BUT WATER WILL NOT FREEZE: 

Control valve not functioning properly. 
Too much ice in tray sleeve. 
Temperature control not set properly. 
Cabinet in too cold a place where 
unit does not run enough. 

RUNS ALL THE TIME - NO REFRIGERATION: 

Control valve not functioning properly. 
Air in condenser. 
Short of refrigerant. 
Inefficient compressor. 
Air leaking into cabinet. 
No circulation of cool air through the 
condenser. 
Loose belt. 

LEAKS - CAUSED BY 

Cracked tubing. 
Cracked connections. 
Loose connections. 
Loose cylinder head. 
Loose service valves. 
Blown gaskets. 
Broken seal bellows. 

Burned out seal bearings. 
Sand hole in casting. 
Corroded solder joints in evaporator. 
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CHEMICAL DEHYDRATOR. 
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Chemical dehydrators are used in methyl Chloride and Freon 
systems to remove poisture. The dehydrator is usually installed 
in the liquid line at the king valve. It is filled with a 
moisture absorbing chemical which may be one of the following: 
calcium chloride, calcium oxide, drierite (calcium sulphate) 
activated alumina, or silica gel. 

A comparison of these various dehydrating chemicals 'is given 
below 

Calcium Chloride 

Calcium Oxide 

Drierite 
(Calcium Sulphate) 

Activated Alumina 

Silica Gel 

ADVANTAGES 

Cheap 
Available in all locations 
Will absorb large amounts of water 

Cheap 
Efficient 
Has acid neutralizing value 

Reasonable in cost 
Efficient 
Can be re-activated by heating 

Reasonable in cost 
Will not break down into finely 

divided particles 
Can be re-activated by heating 

High Efficiency 
High moisture absorbing capacity 
Will not break down 
Can be re-activated by heating 

DISADVANTAGES 

Corrosive to the system if it is left in, 
the system any length of time and 
if it gets out into the piping system. 

Will corrode iron and steel parts and 
also solder ¡oints. 

Breaks down to finely divided par-
ticles on absorption of moisture. 
These particles might get through 
the filter and into the lines clogging 
other strainers or filters. 

Breaks down into small particles but 
not as objectionable from this 
standpoint as calcium oxide. 

Not quite as efficient as other driers' 
Does not have as much moisture absorb-

ing capacity as some other agents. 

High Cost 

Calcium chloride is sometimes used as a temporary drier to 
quickly absorb the moisture. It must not be left in the system 
for longer than a day. 
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CHARGING OIL THROUGH THE S.S.V. 

Suction line. 

-goer 

C
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.
 

I Hand volve. 

Bottle graduated 
in ounces.   

The Procedure for charging oil thru the sSV is as follows: 

1. Back-seat the SSV and connect a 1/4" copper tube (with a 
hand valve in this line)from the SSv to the bottom of the 
oil container. 

2. Crack the SSV, open the hand valve and purge the air by 
blowing it out thru the oil. 

3. Close the hand valve, front-seat the ssv and pump a 
vacuum on the crankcase. 

4. Stop the unit, slowly open the hand valve and allow the 
desired amount of oil to be drawn in. 

5. Close the hand valve. Back-seat the SSV and remove the 
hand valve and tubing. 
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CHAR1ING AND DISCHARGING R7FRIGERANT (Continued) 

6. Loosen flare nut at gauge and purge air out of line by cracking 
the drum valve. Then close drum valve and tighten flare nut. 

7. Front-seat the sSV and start the unit. 
8. open the drum valve slowly to keep the pressure down to about 

5 or 10 lbs. above normal low side pressure. 
9. When the drum begins to get cold and the pressure drops, place 

the drum in a pail of warm water. 

place or hang drum on a scale so the proper amount of refrigerant 
by weight may be added. When adding refrigerant to an undercharged 
unit, place SSV in neutral position then open and close the drum 
valve intermittently and observe the operating pressures and the 
evaporator frost line during the time the drum valve is closed. 
When the operating pressur-2s are normal and the evaporator is com-
pletely frosted, the unit is fully charged. Then add from 1/4 to 
l/2 lb. to give the system a little reserve (except on high side 
float and capillary tube systems). 

Detailed procedure for Charging Various Types of systems  

High side Float Systems  

The amount of refrigerant charge is very critical in this type 
system. When charging a completely discharged system, front-seat 
the SSV and charge the refrigerant in at a pressure slightly above 
normal low side oresFure. Charge in the proper amount of chemical 
by weight plus about 2 oz. to compensate for gas lósses in purging. 
7:Then adding refrigerant to an undercharged system, connect the drum, 
purge the charging line, and place the ssV in the neutral position. 
Then start the unit and open and close the drum valve at intervals 
of one or two minutes depending upon the head pressure. If head 
pressure increases more than 10 or 15 lbs. above normal, close drum 
valve until it settles down again. Continue this procedure until 
the suction line frosts out from the evaporator a few inches. 
Operate the unit for 10 or 15 minutes to allow any oil that has 
accumulated in the evaporator to return to the compressor. If the 
frost disanpears from the suction line, add a little more refriger-
ant. When properly charged the suction line should frost 3 or 4 
inches out from the evaporator. 

During the above charging procedure, maintain a pressure in the 
refrigerant drum about 20 lbs. higher than the low side pressure in 
the unit. This can be accomplished by placing the drum in a pail 
of warm water. 

Any condition indicating air in the system should be correeted 
by purging thru the purge valve on the float chamber. On floats 
lacking such a purge valve, air may be purged thru the DSV on the 
compressor. puite a bit of refrigerant gas will be lost when 
purging at the DSV; thr-refore, enough refrigerant should be added 
to comnensate for this loss. 
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CHARGIM7 AY!) DISOUR1I7G R-EFRIG7RA7T 

General procedure for Discharg,ing a Refrigeration system 

1. ston the unit, and install a compound gauge in the SSV. 
2. Back-seat the DSV, remove the gauge fitting plug and install 

a half union. 
3. Connect one end of the charging line tightly to this half 

union and the other end loosely to the drum. 
4. purge the air from the line by cracking the DSV. when a 

strong odor of gas is evident at the loose connection, all 
of the air has been removed, t e and 
tighten the connection. V. 

va,  

5. onen the service drum valve. 
6. Front-seat the DSV. 
7. place the chemical drum in a pail of cold water and start 

the unit. On flooded systems place hot water in the ice cube 
trays. 

C. Alen the compound gauge shows a good vacuum and there is no 
frost on the evaporator or receiver, the unit is discharged. 

9. stop the unit, close the service drum valve and remove the 
charging line. 

10.Place a gauge fitting plug or pressure gauge in the rsv and 
back-seat th n- valve. 

pumping out Air  

Before charging a completely discharged unit, care must be 
taken to see that all air is removed. The procedure for remov-
ing the air is as follows: 

1. - ith the unit idle, front-seat the DSV. 
2. Remove the gauge fitting plug from the DSV. 
3. Install a compound gauge in the S1V. 
4. start the unit and allow it to operate until a good vacuum 

is obtained (25 to 28 inches), then stop the unit. The air 
will be pumped out thru the gauge fitting port in the DSV 
and into the atmosphere. Hold a rag over the open DSV 
fitting during this operation to Prevent any oil that is 
slugged thru the discharge valve from being pumped onto the 
walls or floor. 

5. Insert a gauge fitting plug or presFure gauge in the psv and 
back-seat the valve. 

General procedure for chargin .12x the Gaseous method 
-rLow ST Cha rg15ig) 

1. ston the unit. 
2. Install a pressure gauge in the DSV. 
3. Back-seat thn 1SV and install a tee fitting (1/4" SAE flare-

one end 1/8" IPT). 
4. Install a compound gauge on tee. 
5. Connect the charging line between remaining branch of tee and 

drum. 

' - t 
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PRESsURE SWITCH SETTINGS FOR NON-FROST FIN COILS 409-B 

AIR TEMPERATURE 
REMIRED 

35 °F. 

38oF. 

40°F. 

42°F. 

45°F. 

50oF. 

SUL1DHUR 
DIOXIDE 

OFF ON 
6" vac. 9 lbs. 

4" vac. 10 lbs. 

3" vac. 10 lbs. 

1" vac. 11 lbs. 

0 lbs. 11 lbs. 

3 lbs. 14 lbs. 

METHYL 
CHLORIDE 

OFF ON 
7 lbs. 23- lbs. 

9 lbs. 25 lbs. 

10 lbs. 25 lbs. 

11 lbs. 26 lbs. 

12 lbs. 27 lbs. 

15 lbs. 31 lbs. 

FREON-12 

OFF ON 
13 lbs. 32 lbs. 

15 lbs. 33 lbs. 

16 lbs. 33 lbs. 

17 lbs. 34 lbs. 

19 lbs. 35 lbs. 

23 lbs. 40 lbs. 

PRESMR7 SWITCH SETTINGS FOR BLOWER COILS 

AIR TEMPERATURE 
REMIRED 

35oF. 

38°F. 

40° F. 

42° F. 

LeF. 

500D F. 

SULPHUR 
DIOXIDE 

OFF ON 
0 lbs. 9 lbs. 

i- lbs. 10 lbs. 

2 lbs. 10 lbs. 

3 lbs. 11 lbs. 

4 lbs. 13 lbs. 

6 lbs. 16 lbs. 

METHYL 
CHLORIDE 

OFF ON 
11 lbs. 23 lbs. 

12 lbs. 24 lbs. 

14 lbs. 25 lbs. 

15 lbs. 26 lbs. 

17 lbs. 29 lbs. 

20 lbs. 33 lbs. 

FREON-12 

OFF ON 
17 lbs. 31 lbs. 

19 lbs. 32 lbs. 

21 lbs. 33 lbs. 

22 lbs. 35 lbs. 

24 lbs. 38 lbs. 

28 lbs. 43 lbs. 

THERMOSTATIC CONTROL qETTINGS 

APPLICATION 
Flooded or dry indirect evaporators (Brine tanks) 

Bulb attached to side of tank 
Bulb attached to suction line outlet 
Bulb immersed in brine,not touching evaporator 
Bulb immersed in brine,touching evaporator 

CUT-OUT 

IfF. 

16 
17 
11 

CUT-IN 

2J)F. 
27 
25 
26 

Flooded-direct (copper evaporator) 
Bulb on frosted tube 14 28 

Dry-direct (copper evaporator) 
Bulb on fin 
Bulb on ice tray sleeve 
Bulb on last turn of coil 

20 
20 
15 

40 
28 
28 

Flooded-direct (porcelain evaporator) 
Bulb on side 
Bulb on header 

15 
15 

28 
30 

Dry-direct (porcelain evaporator) 
Bulb on side 15 28 

stainless steel evaporators 
Bulb on side 7 23 



TEMPERATURE PRESr7TRE CHART 1409 

Temp. 
Deg. 

Fahr. 

Sulphur 
Dioxide 

So) CH3C 1 

Methyl 
Chloride 

Freon-12 
CC12F2 

F-114 
(Frigidaire) 

C2C 1F4 

carrene 

CH2Cl2 

Herveen 
(substitute 
for F-114) 

-20 17.9" 6.1" .5 lbs. 22.9" 

-15 16.1" 2.3" 2.4 lbs. 21.8" 

-10 13.9" .2 lbs. 4.5 lbs. 20.6" 28.1" 

-5 11.5" 2.0 lbs. 6.8 lbs. 19.3" 27.8" 11.0" 

0 8.8" 3.8 lbs. 9.2 lbs. 17.8" 27.5" 8.0" 

5 5.8" 6.2 lbs. 11.9 lbs. 16.1" 27.1" 5.5" 

10 2.6" 8.6 lbs. 14.7 lbs. 14.3" 26.7" 0 lbs. 

15 .5 lbs. 11.2 lbs. 17.7 lbs. 12.1" 26.2" 2 lbs. 

20 2.4 lbs. 13.6 lbs. 21.1 lbs. 10.1" 25.6" 4 lbs. 

25 4.6 lbs. 17.2 lbs. 24.6 lbs. 7.7" 24.9" 6 lbs. 

30 7.0 lbs. 20.3 lbs. 28.5 lbs. 5.0" 24.3" 8 lbs. 

35 9.6 lbs. 24.0 lbs. 32.6 lbs. 2.1" 23.5" 10 lbs. 

40 12.4 lbs. 28.1 lbs. 37.0 lbs. 0.5 lbs. 22.6" 12 lbs. 

45 15.5 lbs. 32.2 lbs. 41.7 lbs. 2.1 lbs. 21.7" 14 lbs. 

50 18.8 lbs. 36.3 lbs. 46.7 lbs. 3.9 lbs. 20.7" 16 lbs. 

55 22.4 lbs. 41.7 lbs. 52.0 lbs. 5.9 lbs. 19.5" 18 lbs. 

60 26.2 lbs. 46.3 lbs. 57.7 lbs. 8.0 lbs. 18.2" 20 lbs. 

65 30.4 lbs. 53.6 lbs. 63.7 lbs. 10.2 lbs. 16.7" 21.5 lbs. 

70 34.9 lbs. 57.8 lbs. 70.1 lbs. 12.6 lbs. 15.1" 23 lbs. 

75 39.8 lbs. 64.4 lbs. 76.9 los. 15.1 lbs. 13.4" 28 lbs. 

80 45.0 lbs. 72.3 lbs. 84.1 lbs. 17.9 lbs. 11.5" 32 lbs. 

85 50.9 lbs. 79.4 lbs. 91.7 lbs. 20.8 lbs. 8.4" 37 lbs. 

90 56.5 lbs. 87.3 lbs. 99.6 lbs. 24.0 lbs. 7.3" 45 lbs. 

95 62.9 lbs. 95.6 lbs. 108.1 lbs. 27.4 lbs. 5.0" 

100 69.8 lbs. 102.3 lbs. 116.9 lbs. 31.0 lbs. 2.4" 

105 77.1 lbs. 113.4 lbs. 126.2 lbs. 34.8 lbs. 0.19 lbs. 

110 85.1 lbs. 118.3 lbs. 136.0 lbs. 38.8 lbs. 1.6 lbs•  ? 

115 93.5 lbs. 128.6 lbs. 146.5 lbs. 43.1 lbs. 3.1 lbs. 
, 
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INSTALLATION OF GAUGES AND COMPRESSOR EFFICIENCY TESTS (Con't.) 

Valve Test  
1. Stop the unit. 
2. Install a compound gauge in the SSV and a pressure 

gauge in the DSV. The high side pressure should be at 
least 40 lbs. before starting this test. 

3. Front-seat the ssv and start the unit. The compound 
gauge should begin to show a vacuum that rapidly in-
creases to at least 25 inches. If the compressor 
pulls a vacuum slowly at first, it may be due to the 
fact that gas is boiling up out of the oil which may 
be saturated with refrigerant. During this pump-down 
procedure, the compressor may slug oil. This will be 
indicated by a knocking noise in the compressor valves. 
If this noise becomes too violent, stop the compressor 
for a few minutes until the oil foam settles, then 
start up the unit again. 

4. When the vacuum will finally increase no farther, stop 
the unit. Crack the SSV to build the crankcase pressure 
back up to zero lbs. Then front-seat the valve again. 

5. start the unit and time it to see how long it takes to 
pull a vacuum the second time. It should pull down to 
at least a 25" vacuum in less than 1/2 minute. 

6. stop the unit and allow it to remain idle for 5 minutes. 
The vacuum reading should remain steady during this off-
period. 

If during the above test, the compressor pulls the vacuum very 
slowly or will not pull a vacuum greater than 15 inches, the reed 
suction valve is usually leaking. If the compressor nulls a vacuum 
but will not hold it, the reed discharge valve is leaking. 

Excessive clearance between the top of the piston and the 
bottom of the valve plate may also cause the compressor to be in-
efficient. This can be due to using a gasket material that is too 
thick or to worn wrist pins and bearings. When the piston is at 
too dead center, the clearance between the piston and valve plate 
should be from .007 to .010 of an inch. 

Ring Test  

1. Stop the unit and install a pressure gauge in the DSV. 
2. Start the unit and allow it to operate for a few min-

utes so that the pistons, rings and valves will have a 
good film of oil on them. 

3. Stop the unit and front-seat the DSV. 
4. Start the unit. Caution---be sure to keep your hand on 

the switch. When the pressure gauge registers 125 lbs. 
pressure, stop the unit. If the rings are in good con-
dition, this pressure will be attained rapidly (in a 
few revolutions). If the rings are leaking, the high 
pressure gas will blow back to the compressor base and 
the Pressure will not attain 125 lbs. rapidly •or per-
haps not at all. 

5. After the test, back-seat the DSV immediately to place 
the unit in normal operating condition. 
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INSTAUATION OF GAU1ES AND COMPRESSOR EFFICIENCY TESTS 

• 

5. 

6. 
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7. 
8. 

• 

The proper procedure for installing gauges is as follows: 
1. stop the unit. 
2. Back-seat the service valve. 
3. Remove the gauge fitting plug. 
4. Insert a half-union (usually 1/8" 

flare thread). 
Connect the gauge to the half-union with a short length 
of tubing. Leave the flare nut at the gauge loose. 
Crack the service valve and hold open until a strong odor 
of gas is noticed at the loose connection. This is to 
purge the air out of the gauge tube. 
Tighten the loose connection and start the unit. 
Crack the valve away from its back-seat to get a gauge 
reading. If the gauge needle vibrates too much, turn the 
valve stem slowly to the left until a fairly steady 
reading is obtained. 

The procedure for removing the gauge is as follows: 
1. stop the machine. 
2. Back-seat the service valve. 
3. Remove the gauge and half-union. 
4. Insert, the gauge fitting plug and check for leaks. 

* 

IT by 1/4" SAE 

Compressors with shut-off valves 

some compressors are equipped with a discharge shut-off valve 
in the head instead of the regular discharge service valve. The 
gauge fitting port will be in the compressor head. To install a 
pressure gauge on this type of compressor, proceed as follows: 

1. stop the unit. 
2. Install a compound gauge in the SSV first. 
3. Front-seat the SSV. If there is no vacuum on the base of 

the compressor, start the unit and operate until the 
comnound gauge shows a vacuum. This procedure is to pre-
vent gas in the low side from surging up thru the com-
pressor valves and out the gauge fitting port in the head 
when the plug is removed. 5. 2L>wceL 

4. Close the discharge shut-off valve in the head. 
5. Remove the gauge fitting plug and install the pressure 

gauge. 
6. Be sure to open the shut-off valve again before starting 

the compressor. Otherwise the gauge may be ruined. 

COMPRESSOR EFFICIENCY TESTS 

Shaft Seal Leak Test 

 ̀

To test the shaft seal and other compressor parts for refriger-
ant leaks to the atmosphere, place hot water in the ice cube trays 
to build up about a 40 lb. pressure in the low side of the system. 
Then test for refrigerant leaks using 26e ammonia for sulphur dioxide 
systems and a halide torch for methyl chloride and freon systems. 
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If the valve leaks at the packing, proceed as follows: 

1. Sto p the unit and back-seat the valve. 
2. Remove the Packing nut and gland. 
3. Remove the old packing. 
4. Repack the valve with graphite string or packing 

washers, then replace the gland and nut. Tighten 
the packing nut and if necessary add more packing. 

Tlhen service valves are stuck or difficult to turn, 
loosen the packing gland as this will sometimes remedy the 
trouble. The packing glands on some valves reouire the use of 
special gland wrenches to loosen or tighten them. 

some units are not eouipped with standard service valves, 
but the operation of the valve can usually be determined by 
observing the position and external construction of the valve 
casting. Two such examples of special service valves may be 
found on the majestic and orosley conventional units. 

on the majestic unit, the DSV and SSV are constructed 
differently. The gauge connection on both valves is on the end 
of the valve where the tubing connection is located on stan-
dard service valves. To shut off the gauge connection, the 
valve has to be front-seated and this is the normal running 
position. The SsV on the majestic unit contains a check valve 
and when this valve is back-seated the suction line from the 
evaporator is shut off. The construction of the DSV is such 
that with the valve back-seated, the discharge port from-the 
comnressor is shut off. Therefore, it is imperative to NEVER  
UNDER AY CIRCUMSTANC7S OPERATE THE MkJESTIC COMPRESOR WITH 
TH DSV  gaà-Is not able I-6 escape thru 
the back-seated valve, it will continue to build up pressure in 
the compressor housing until the bellows in the shaft seal 
bursts. 

In the Crosley conventional unit, the construction of both 
the DSV and sSV is the same. The gauge connections on the ser-
vice valves am in the same position as they are on standard 
service valves, but the flanged connection to the compressor 
housing is on the end of the valve instead of on the side. The 
procedure for installing gauges on these valves is exactly the 
same as for standard service valves. It is, however, impossible 
to make a compressor efficiency test, since when the SSV is 
front-seated, both the gauge connection and the suction line 
connection are shut off from the compressor and the gauge will, 
therefore, not register the vacuum being drawn in the compressor 
housing. With this compressor UNDER NO CIRCUMSTANC7S OPERATE 
THE COM?RrSSOR WITH THE DSV FRONT-SEATED. 
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In order to simnlify service operations such as adding or re-
moving refrigerant, adding or removing oil, removing air (purging) 
or removing defective parts, most refrigeration systems are 
equipped with service .valves. service valves consist of the 
following: 

1. suction service valve (SSV) 
2. Discharge service valve (DSV) 
3. Receiver shut-off valve or king valve 
4. Other shut-off valves in the system 

(KV) 

In order to determine the pressure existing in the high and low 
sides of the system, gauges are installed in the service valve 
connections, the pressure gauge in the Dsv and the compound gauge in 
the SSV. 

when maninulating service valves, never front seat the Dsv and 
operate the compressor unless the gauge fitting port is open, as 
this action may result in blowing a gasket and on large compressors 
may even blow the head off the comnressor. If a gauge is installed 
in the DSV, the gauge will be ruined if the compressor is operated 
with the valve frontseated. 

:111en manipulating service valves, do not turn the valve stem 
too tight. Merely turn it snuggly to the seating position. 



TROUBU CHART FOR CAPILLARY TUBTP. SYITP.MS 

TROUBLE 1YMPTOM 1«1\17DY 

Undercharge of 
refrigerant 

7vaporator only partially 
frosted--head pressure 
low--suction pressure low. 
Unit Probably will run 
continuously 

Locate & repair leak--
Add refrigerant 

Overcharge of 
refrigerant 

poor refrigeration--high 
head oressure--high 
suction pressure-suction 
line frosted--long 
running time 

purge out a little 
refrigerant 

plugged 
Capillary Tube 

No refrigeration--head 
pressure very high if no 
receiver tank is used-- 
head pressure below normal 
if unit has receiver tank. 
Unit runs continuously un- 
less head pressure is very 
high when overload relay 
will kick out 

Remove capillary tube 
& blow out from outlet 
end--A stubborn tube 
may sometimes be clear-
ed by straightening 
tube & inserting a fine 
wire. If these methods 
fail,replace tube. 
Clean or replace filter 

. 

Air in system High head pressure-Refrig- 
oration normal unless head 
pressure is very high--
suction pressure normal un-
less 11,--ad pressure is very 
high—Long running time 

purge air thru D S V 
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CAPILLARY TUBING 

CAPILLARY TUBING 

FITTING 

ru 
FRIGIDAIRE RESTRICTOR 

The canillary tube liquid control device is used with flooded 
tyPe evaporators. In some few cases it is used with the continu-
ous tube or dry tyre evanorators in which case an accumulator must 
be used at the outlet end of the evaporator to trap and evaporate 
any liouid which may be slopped thru the evaporator and thus pre-
vent it from frosting the suction line. 

The canillary tube consists of a length of tubing of very 
small inside diameter tubing (about 1/64"). This tube is designed 
to feed th necessary amount of refrigerant to the evaporator and 
also to nroduce the correct pressure dron from the high to the low 
side. The longer the tube and the smallr the diameter, the more 
restriction is offered to the flow of liquid. A good filter is 
always located ahead of this tube to nrwent it from becoming 
clogged. The Frigidaire restrictor consists of a threaded plug in-
side a brass-shell so arranged that the liouid has to follow the 
oath of the thread. This provides exactly the same action as a 
canillary tube. 



TROUBL7 CHART FOR HIT SIDE FLOATS 

TROUBLE SYMPTOM REMEDY 

1.0vercharge of 
refrigerant 

Frosted suction line-- 
suction nressure above 
normal--head nressure 
above normal 

purge out a little 
refrigerant 

. , 

2.Undercharge of 
refrigerant 

7,vaporator only partially 
frosted--suction pressure 
low head pressure low 

Locate & repair leak, 
add refrigerant 

3.Leaky valve Frosted suction line at 
beginning of running cycle 

Replace needle valve 
& seat or entire 
float assembly 

4.Float stuck 
closed 

No refrigeration--suction 
pressure very low,head 
pressure very high if no 
receiver tank is used(',7ith 
receiver tank head 
pressure will be low 

Replace float 
assembly 

5.Float stuck 
open 

Very little or no refriger- 
ation suction line cold-- 
base of compressor may be 
cold also. Hie' suction 
pressure low head pressure 

Replace float 
assembly 

6.punctured float 
ball 

Same as #4 same as #4 

7.Air bound float Little or no refrigeration 
High head pressure--low 
suction pressure 

purge air from 
float chamber 

8.Throttle valve 
stuck closed 
(s-ldom occurs) 

same as #4 Replace throttle 
valve 

9.Throttle valve 
stuck onen 

Frosted liquid line be- 
tween float chamber & 
evaporator 

Replace throttle 
valve 

10.voisture in 
system 

may be same as either 
#8 or 19 

Apply heat to 
throttle valve & in-
stall dehydrator in 
liquid line 
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High Side Float Valves 

Flooded System Using High Side Float Valve 
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CONDENSER 

High Pressure Gas 

High Pressure Liquid 

Medium Pressure Liquid 

COMPRESSOR LIQUID RECEIVER 

Low Pressure Liquid 

LIQUID LINE 

Low Pressure Gas 

Kelvinator Oil 

THROTTLING 

VALVE 

Weight 

Body 

Valve 

Valve Seat 

•••"— Liquid Line Connection 

Cooling Unit Connection 

REPLACEMENT HIGH SIDE FLOAT 

KEY TO LETTERS IN REPLACEPFNT FLOAT DIA -RAM 

A. Liouid inlet from condenser 
B. Licuid outlet to evaporator 
C. Float lock screw 
D. Float ball 
7. Purge connection cap 
F. Needle valve 
G. Needle valve lever 

or receiver 


