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FOREWORD

150 SHOP PRINTS and WIRING DIAGRAMS is a PRACTICAL reference book
for electrical workers. This book is a selection of diagrams and data from the large
600 page Coyne Electrical Trouble Shooting Manual.

The shop prints and wiring diagrams selected for this book cover a wide variety
of electrical apparatus, including MOTORS, CONTROLLERS, STARTERS, GENER-
ATORS, TRANSFORMERS etc.

Hundreds of short-cuts for fast trouble shooting are included. Much of this ma-
terial was taken right out of the electrical course of the Coyne Electrical School.

Most of the diagrams came to us as blue prints from engineering laboratories of
America’s leading electrical manufacturers. They have been duplicated exactly as we
received them to make certain they are authentic. You will note special markings on
many of the diagrams indicating inter-company departmental notations — this in-
dicates that many engineers have examined these diagrams for absolute accuracy.

In many electrical plants as well as industrial concerns the only wiring diagrams
on plant equipment the maintenance department ever had were the wiring diagrams
that came when the equipment was installed. In many cases these loose sheets become
lost or mislaid. This book has diagrams covering many types of equipment, much
of which you may actually have in your plant. Therefore, this book can be of great
value to you in the future.

Electrical shop print and wiring diagram reading is much like any other type of
reading — the more you do of it the more efficient you become. This book with its
dozens of diagrams gives you an opportunity to increase your knowledge. In addition
to the diagrams themselves we have special explanatory material to aid the electrical
worker.

The value of any reference book is determined by the use you make of it. There
is much data in this book that can be used everyday on the job—other material may
be referred to only occasionally. But whether you use it everyday or just occasionally
you have the assurance that this material is available WHEN YOU NEED IT. The
book 150 SHOP PRINTS & WIRING DIAGRAMS can be one of your most valu-

able reference books, so become thoroughly familiar with its entire contents.

RAY A. SNYDER, General Manager
EpucaTionaL Book PusBLisHING Division
Coyne Electrical School
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HOW TO LOCATE THE VARIOUS SHOP PRINTS
AND MOTOR DIAGRAMS

THE PURPOSE of this directory is to aid the user of this Shop
Print Book in locating the prints he wants QUICKLY. The
book is in sections, each section containing several valuable
shop prints on a specific subject. Use this guide to find the
prints you want—it will save time for you.

Section 1. Direct Current Equipment............................ 1—75

Voltage Drop, Relays, Instructions for Tracing Diagrams,
House Wiring, Electric Range, Meters, Standards of lllumi-
nation, Generators, Motors, Brushes and Brush Settings,
Maintenance and Trouble Shooting, Starters, Motors, Series,
Compound, Shunt, Universal Series, Generators, Brush
Setting, Trouble Shooting, Voltage Control, Paralleling,
Armatures and Stators, Growlers, Wattmeters, and WaH-
hourmeters, Circuits, Starters, Controllers, Dynamic Braking,
Amplidyne Generators, Arc Welding Systems.

Section 2. Alternating Current Equipment................ 76 —104

Transformers, Tesla Coil, Transmission, Power and Distribu-
tion System, Butt and Spot Welders, Neutralizers, Squirrel
Cage Motors, Rotating Magnetic Field, Selsyns, Polyphase
Motors, Speed Adjustment, Slip Ring Induction Motors,
Synchronous Motors.

NOTE:—The Coyne Elecirical and Radio Trouble Shooting Manual from
which the material in this book was taken is especially prepared for men
interested in learning how to read shop prints and motor diagrams. [t is also
a valuable book on the job, for Hectricians and Radio men. The book has over
600 pages with more than 500 wiring plans and diagrams. For information on
this book write to Department TSP, Coyne Electrical School, 500 South
Paulina Street, Chicago 12, Hlinolis.

~ 0000000000000 —



150 Shop Prints and How to Read Them

SYMBOLS FOR WIRING PLANS

ENERAL OUTLETS i -Switch ........... O  Controller .............ooiunnnt
o coume wa Aviomatic Door Switch $ Controtier . =
Ovlet ..o O O ectobior Switch ..o $e lsolating Switch «.o.ovnnnnnnnn.. .. =
Capped Oullet , ...ooovvnnnn..... © -©  KeyOperated Swikch ............. $x
AUXILIARY SYSTEMS
Drop Cord ... .. 000G 50000000006 ® Switch ond Pilot Lamp ............ $"
Push BOHON ...oveeennnrnneeennns @
Elecivricol Outlet—for use when con- Circuit Brecker ................... $ cs
fused with columns, plumbing sym- @ _@ [ 7 000G D/
bok, L% 500000 00000000a0003000 Woeott pr oof Circuit Breaker ... .. $ma
® ©® Bl ot ne s o
Fan Outlet .................. .... Momentory Contact Switch ....... $uc
. @ _@ Annyncigtor ............. DOOOOOS 'O
Junclion BOX ......... .eoiien... Remote Control Switch ...n. ... $pc -
Telephone ......cccocvvenvennnes o
lomp Holder ................ooL © © Weatherproof Switch ............. $wp
Telephone Switchboard ........... I Iq
omp Holder with Pull Switch ... ... ©,; ©,, g
Clock (low Yoltage) ............. o
Poll Switch ..........ooiiiiai, ® © Lo G
Any standard symbol with the ad- lectric Door Opener ............
Outlet for Yopor Discharge Lamp. .. ® © dition of a subscript letter designates Oo.bic-ete. Electric u
. i f
::zi:,:.z::m. veriation @ mmdo,d:@ a.bc-etc. Fire AlormBell ................... ED
Exit Light Outlet ... ........... ® ® vipment.
List the key of symbols on eoch .
. ® O drawing and describe in specifica- $ o.b,c-etc. Fire Alarm Station ................ A
Clock Ovtlet (Lighting Voltage) . . tions.
City Fire Alarm Station ............ U
CONVENIENCE ouTteTs PANELS, CIRCUITS & Fire Alorm Centel Scton ........ (FA]
Duplex Convenience Outlet ’@
L Avtomatic Fire Alarm Device ...... E
Canvenisnce Outlet other thon lighting Pane! ... ................ -
Duplex. 1=Single, 3=Triplex,.etc. ’@ .3 Watchmon's Station .............. E
PowerPanel ......................
Waeatherproof Convenience Outlet =@wv Wotchmon's Centrel Station ... [E']]
Bronch 2-Wire Circuit — Ceiling or
Range Ovtlet ... ................. %! WAL 000005003090009830090 0900 — Hom .....cvcvveenene 50000000AA0 E
Branch 2-Wire Circvit—Floor . .... ==
Switch and Convenience Outlet .. =@' $ Indicate o greater number of wires: Nurse's Signot Plug .............. E
~ A (3 wires), AAAL (4 wires), etc.
Radio and Convenience Outlet. SR Moaid’s Signal Plug ................ E
) Feeders. Use heavy lines and des-
Special Purpose Outlet (describe in ignate by number fram Feeder Radio Owutlet ........ creereieaas .. [®]
specifications) .............. .. O Schedule ...................... -
Floor Outlet ...... . e @ Underfloor Duct & Junction Box — Signal Central Station ........... o [IED
Triple System. For double or sin- -
gle systems eliminate one or two Interconnection Box ........ 0500000  s— |
SWITCH OUTLETS T S ==
Bottery ........ 00000000000560A0A0 l‘l'l'l'
Single Pole Switch ................ $ GeneraIon «..veeeeereeneen © .
Auxiliary System 2-Wire Circuit e = aam o e
Double Pole Switch .............. $2 MOIOR. ...eevienerneniaaernnnne ®
. 3
Three Woy Switch ........o.00.l $ Iostrument . .......ociiiiiiiiaiaann @ For o greater number of wires des-
d_) ignote with numerals — 12-No. 18W-
Four Woy Switch .............ue $ C Transformer .....cccoeiiiieieianans 3"-C., or by listing in schedule.
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—»— DETECTOR SNAP  OR  TOGGLE SWITCHES
© & —
PIEZO - l l
_'IUI_ ELECTRIC sp oP _o/l I o o__[]
CRYSTALS e @ oo cosen sovee soume
=5 CIRCUIT THROW
o—/
o—A
METHOD ®1
KRR | T o
— N
METERS
DOUBLE POLE
CONNECTION NO CONNECTION *BREAK"CONTACT
(== A amoLe PoLE JACKS
i ¢ 0 MAKE" CONTACT
| i RELAYS
. | J
1
| |
i | I ) &
———————— - DIRECT = CURRENT MACHINES
ASSEMBLY CONNECTION NO CONNECTION D D
WIRING BEL  BUZZER annuNCIATOR

(B X1 kN BR ==K

39

ALEERNATING = CURRENT MACHINES

GENERAL A DousLE CAPACITOR WMOVING COIL CRYSTAL -
SINGLE- BUTTON BUTTON |\ ROPHONES —(— _,I;
ALTERNATOR MOTOR
ONE CELL
3 E 3 <pile
i e ¢ MULT = CELL
IRON CORE =
00 : BAT TERY
o GROUNDS
g »
]
POWER AR AIR VARIABLE
VA:'IOA.%LE AIR CORE CORE CORE |N£(;‘T§;; m%& CORE
TRANSFORMERS
SWITCH CONNECTIONS FOR LIGHTING
ﬂ —B EB ; 1 SP CLOSED SP OPEN
HALF-WWE wavE oousLE SINGLE FILAMENT o op cLosen or oeen
ioce HEADPHONES @ 5
RECTIFIERS 3 - war 3- WAy
ONE POSITION  QTHER POSITION
—AAA— —N\l/v— —Alwv- —Ar— —M l i s :g ﬂ
FIXeD VARIABLE TAPPED VARIABLE FIXED TAPS OR A=y a-wy
VOLTAGE DIVIDER ONE POSITION OMHER POBITION
RESISTORS _@ _@
ELECTROLIER ELECTROLIER
ONE CIRCUIT TWO CIRCUITS
SHIELDED WIRE SHIELDED PAIR m%n%ms

T

SR

g—ﬂ— -

® o ©

A.C. VOLTAGE SOURCES

Symbols Used in Electrical Diagrams.




ELECTRICAL UNITS AND SYMBOLS

UNITS SYMBOLS DESCRIPTION

Coulomb q Unit of electrical quantity. The quantity which will deposit .0000116 oz.
of copper from one plate tothe 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 A or Amp.| Unit of current. (Rate of flow) One coulomb per second.

Milliampere. ma .001 amp. (The prefix ' milli'' means one-thousandth).

Microampere pa .000001 amp (The prefix '' micro'’ means one-millionth).

Ohm ohm or Unit of resistance (R); measure of the opposition offered to the flow of
current. The resistance offered by a column of mercury 106.3 centi-
meters long and 1 square millimeter in cross sectional area, at a tem -
perature of 32 degrees fahrenheit, or 0 degrees centigrade.

Megohm Meg. 1,000,000 One-million ohms.

Microhm .000001 One-millionth ohm.

Mho g Unit of conductance (g) - measure of the ease with which a conductor
will permit current to flow. It is the reciprccal of resistance.

Volt v Unit of pressure difference. (EMF - Electromotive Force). The pres-
sure required to force current at the rate of one ampere through a re-
sistance of one ohm.

Millivolt my .001 v One-thousandth volt.

Microvolt uv .000001 v One-millionth volit.

Kilovolt kv 1000v  (The prefix ' kilo'' means one-thousand).

Watt w Unit of power. One watt is equal to current at the rate of one ampere
under the pressure of one volt. P=IxE.

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.

Horsepower hp 746 w The power required toraise 33,000 pounds, one foot in one min.

Farad f Unit of capacitance. Capacity of capacitors (condensers).

Microfarad mf or uf .000001 f One-millionth farad.

Micromicro-

farad mmf or puf| .000001 mf One-millionth microfarad.

Henry h Unit of inductance.

Millihenry mh . 001 h One-thousandth henry.

Microhenry uf .000001 henry One-millionth henry.




Since each of these circles represents three formulas, we have a total of twelve formulas con-
cerning Ohm's law and Watt's law.

All twelve formulas may be conveniently arranged in the so-called "WIRE" wheel, which shows
three methods of finding any one of the four values, watts, amperes, ohms or volts, if we know
any two of the other values. This memory device is shown in Fig. 5.

I xR

VWXR | "W

Fig. 5. Memory Circle for Formulas Using Ohm's Law and Watt's Law.




WIRING - SYMBOLS AND DIAGRAM READING

ELECTRIC RANGE C/RCUITS AND INSTALLATION
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WIRING - LIGHT AND POWER

METER CONNECT/ONS

FUBED SWITCH,
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WIRING - LIGHT AND POWER

WIRING METER BASE FOR SOCKET TYPE METER

3-WIRE 2-WIRE
SERVICE SERVICE
-—THESE WIRES ARE IN CONDULIT —* NS
BINDING
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SPRING CLIP FOR

e
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=
W

-------- WIRES IN CONDUIT --------- .- [
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WEATHER HEAD A CONNECTIONS IN SERVICE BOX
NP L
™ Q‘UG
SERVICE 1
SWITCH i
THROUGH WALL +BoX /)
TO GROUND |5 15 GROUND 7
BUSHING -|¥ BUSHING y
y _—
T0P &' _ | LOCK NUT % S
FROM GROUND 2 Y
' 4
METER BASE T, & FROM Z ®
FLOOR C, O
CONDUIT -
OR ENTRANCE e
CABLE — k
1) €
h: z
E RANCH
SPECIAL _].LB" CIRCUITS
LB FITTING \f=-:7
R |
#4S0LID
COPPER WIRE~ GROUND BUSHING

LOCK NUT-7} WHITE OR
NEUTRAL WIRE

CONDUIT
GROUND CLAMP -~
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Circuits and Wiring
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CircuiT WIRING Diagram OF BungALow WIRING System.
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DIRECT CURRENT APPARATUS

This section shows internal and external 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
principles

Testing

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 12

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 L1 and L2, D-c power line
connections

F1 and F2. Shunt field Comm. Commutating
connections winding
S1 and S2, Series field
connections
PAGE 18

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 23 AND 24

These diagrams of General Electric direct-current

machines illustrate how winding connections and
external terminal connections are shown.

PAGE 37

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 40

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 46

These symbols are used in diagrams for motor
starters and controllers for both direct-current and
alternating-current. The following notes apply to

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.




10 Direct Current Apparatus

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 55

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, L1,
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 56

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 59

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 67

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 69

In tracing the diagrams on this and following
pages refer to the symbols shown and explained
on page 48

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.




Direct Current Apparatus
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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 70

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 71

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 73

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.
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MOTORS - DIRECT-CURRENT

G2

ENGINEERING INFORMAT | ON
CONNECTION DtAGRAMS FOR DIRECT CURRENT MOTORS
SINGLE VOLTAGE, REVERSIBLE, WITHOUT OVERLOAD PROTECTION

TYPE OF
WIND NG

Swuny

cowan

TYPE DM
1/3 HP & SMALLER 1/2 & 3/4 4P,
60-70-80 Frame, 70--80 FranE,
NC INTERPOLE NO INTERPOLE
SERIES SERIES
FiG, | Fie. 2
SNUNT SHUNT
L A4 vv"v‘v ‘!‘V""‘v‘v"‘
| F A: Al
FiG, 4 FiGe S
SHUNT SWUNT
A/MWW-
: SERIES J[RIEJ
A Ar Al
Fig, 7 FiG., 8

TO REVERSE ROTATION INTERCHMANGE LEADS
AT BRUSH HOLDER} STANDARD ROTATION 38
CeCoWo FACING END OPPOSITE SHAFT

TAG B82-A 18 FURNISHED WITH THESE
BOTORS ,»

TYPE DN

Awy HP,
90 & LARGER FRAMES
ViTH INTERPOLES

® = COMNECTIONS

cce cw
(Facina Enp OpPossTE
CONM. sgries SMATT)
LTOA L TO A
MmTosS AT
L2TO S LaTo $a
Ar Ad IS 85
FiG. 3
SHUNT
coni \ LToma LTOF; M
l O \"l LaTOR; A La TOA A
F Ar Az F2
FIG. 6
SHUNT
CoMM sepy bmﬁ;h LTo R; A
Y08 ATOS
LaTo Sl LLTOSKA
S
AlIA Alls g
Flg. 9

¢ = CONTROGL NOT COVERED = CONBULT
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Brushes
and

Brush
Setting

- ommwtator Commutating pole
bars
Startor Shunt
windig - . .[- - -
F

Brushes

FIG.3

Figs. i and 2—Fitting brushes to commuta-
tor with sand paper. Fig. 3—Brushes in
each group should be in line. Fig. 4—Field
circuit open to test brush location on
commutator
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Figs. 5 and 6—Locating neutral on commutator with millivoltmeter.

Fig. 7—Armature-coil lead locates neutral. Fig. 8—
Fibre brash used with millivolimeter.

Fig. 9—Shunt across commutating-pole coil leads to adjust field-pole strength.
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D.C. Motors

MAINTENANCE & TROUBLE -SHOOTING

A MAGHINE 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,

OVERLOAD RELEASE COM
LINE

SERILS

RELRY CONTACTS

| T
|
] )

/

TLST LAMP

2. VWorn 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.

BEARINGS WOV WORN WORN  BERRINGS

UPPER LEFT WMEIASUREMENT .026" UPPER LEFT WERSUREMINT D44

UPPER  RIGHT ¥ ORE6" MEASURE UPPER  RIGHT " LD44"

LowER 0e 20 026 " MR GAP WIitH ’ 008"
. AN AIR CAP LowER ¢ ’ :

LOWER LEFT 'y 026" LOWER \EFT o 008"

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.

CORRELT POLARITY INCORRECT POLRRITY

A magentic compass or large
nails can be used to deter-
mine if adjacent poles are
opposite polarity.

N N

REPULSION

RACTION

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 over heat. 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.
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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.

als o BRUSH WOLDER BRUSH
g“a?v':s SEATER STONE —
SANDPAPLR

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 GENLRATOR TO LOCATE .
CORRECT BRUSH POSITION POOR BRUSW TENSION

— 200000 —

TESTING A MOTOR TO LOCATE |
CORRECT BRUSH POSITION

SHUNT FIILD

/

- \

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 a 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 ma-
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.

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 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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MOTORS - POLYPHASE - ROTATING FIELD

THREE PHASE] CURRENTS

Fig. 60. This diagram of three-phase voltages covers two complete cycles. The numbers on it refer to the numbers on the

diagrams below. Each diagram shows the condition in the armature at the instant indicated by the corresponding number on

this curve. The action of the magnetic field is smooth and regular; the rise and fall of currents in the conduotors s also
smooth and regular
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The current entering the

The current in line 1 i3 small
motor on line 1 divides

This and the following dia:
is zero and that flowing in

equally and leaves the motor
on linc 2 and line 8

at line 1 leaves at line 3.
The magnetic field revolves
clockwise

and joining that from line £

flows out in line 3 which

carries @ marimum ncgative
current

grams show how the mag-

setic fleld continues to ro-

tate throughout the remain-
der of the oycle

Fig. 61. This series of twelve diagrams shows the clectric and magnetic conditions sn a
two-pole, three-phase motor at the end of twelve equal parts of one cycle
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| Approx. Approx. Approx. Apprex. |
Starting | Maximum | Starting Speed |
Motor Torque Torque Current Regula- Starting | Load
Type of Driven Machinery D:z:.m sl;’ee“i F‘::l;;n::i Fn::"‘f of F‘::i |7f of 7!!%"!” Equipment | Conditions
tion R Torque Torque Current ‘
125 200 450 2
i T
Pumps (Centrifugal, Rotary anq 1800 To To To To bey':etnorfe% ";‘;:z:: ﬂ;:‘y
Turbine); Cotton Gins; Fans (Cen > the
trifugal and Propeller); Line Shafts; 180 250 550 4 line at full voltage with | Require normal start-
Motor Generator Sets; Shapers; comparative low start- | ing torque for continu-
Screw Machines; Planers; Milling 125 200 450 2 ing current. ous duty. Infrequent
Machines; Keyseating Machines; load fluctuations. Mo-
Lathes; Buffers; Drill J"rr‘;seng Type 1200 To To To To 2 rpro}l:f!es pervice
yn;td.elrsG; 'afg;;rjgl"':: ’('Sm:ll :::d' QzK 180 250 550 4 Starters may be re- | conditions. Constant
Medium); Positive Pressure Blow- duced voltage or full | speed. No special con-
ers; Job Printing Presses; Brine 115 200 450 2 voltage types. Manual | ditions.
Agitators; Pulp Grinders; Jordans; 900 To To To To or magnetic, non-re-
Laundry Washers; Small Stokers. 140 225 550 4 versing or reversing.
Brcementys Ay Compresors; Re. a2 Ju 450 3
frigerating Compressors; Convey- 1800 To To To To Compressors and
ors; Stokers; Crushers (without fly- 275 250 550 5 pumps requiring less
wheels); Dough }é{iTeri;‘ .l?rin%erl. Type z:::;]:ﬁndl"!gm:n':!:yr
¥:ﬁ;::"c}:.m|;{,ue:.! Lnlrg'e' B::: QOZK 200 200 450 3 Across the line, full- | be successfully handled
Saws; Pug Mills; Dry Pans; Brick | Ratings| 1200 To To To To voltage manual or mag- | by type QZK Motors.
Presses; Gear Plungers; Brick and | 3 H P.& 250 225 550 5 netic, non-reversing or .
Tile Machines; Foundry Tumbling o reversing. Heavy starting. con-
Barrels; Centrifugal Sand Mixers; Larger tinuous or intermittent
Grain Elevator Legs; Bending and 190 190 450 3 duty; service factor for
Is!tlmighteningc Rolls; Bucket-type 900 To To To To overload conditions.
evat. g nve tarting
|°.dved_°rs onveyors s rt 225 200 550 5
1800 300-400 | 300-400 | 300-350 15-20 Across the li.ne. full- | Require .high .t'nrtinu
Passenger and Freight Elevators Typc ::\!!:o‘:t:;‘l,::tl:‘r::en‘{.; :!%;qu:in";:e:peedmnt::t
‘ "| QRZK | 1200 |300-400 | 300-400 | 300-350 | 15-20 | switches or drives. | versing service
1800 | 300-400 | 300-400 | 325-375| 15-20 .
3 . T Same as for Type | Intermittent duty
Hoists, Lifts, Small Cranes, Valves. ngplc( 1200 | 300-400 | 300-400 | 325-375 | 15-20 QRZK. single speed reversing.
1800 | 300-350 | 300-350 | 375-450 High starting torque.
Punch Presses, Laundry Extractor, Type Range | Across the line, full- | Heavy fluctuating
Shears, Power Hammers, Crushers | QFZK 1200 300-350 | 300-350 | 375-450 5.8 voltage, manual or au- | Joads, usually with fly-
wit: Ffly‘l‘\,heleh' Bending Rolls 8-13 :l%'::gsn:f::"ln‘ or | wheels or high inertia
with Flywheels. 900 | 300-350 | 300-350 | 375-450 ] ous g o
1800 75-100 |} 150-160 | 350-400 3-5 . Low starting and maxi-
Pumps. Centrifugal and Turbine Type 931'3’2 t:inﬂgfbrr:l:' :'t‘nurt'?n: oc:lgrg\:t' lég:
Blowers and Fans, Centrifugal and | QBZK 1200 75-100 | 150-160 | 350-400 3-5 tomngic' reversing or | tinuous duty, service
Propeller. 40 H.P. non-reversing. factor 1.0 and no over-
'8 Larger| 900 - | 75-100 | 150-160 | 350-400 | 3-5 load capacity.
i Type QXZK motors i Reaui | start
. . . ma tart equire normal start-
e ConveTe R Aton 1800/900| 125-180 | 200-250 | 450-550 | 2-4 | the line"at full voltege | ing torque for continu-
dry Machinery: {&lchine"rooh: QXZK with comparative low | ous duty. Infrequent
Mills; Mizing Machines; Positive | Multi- - = OITAL3ETET: Lo WK Ty L
Displacement’ Blowers;~ Positive | Speed | 1800/ Starters may be re. | foctor for overload con.
Dplacement eromPS PG | Constant| 1200/ | 125-180 | 200-250 | 450-550 | 2-4 | Safes vonese o G | disions,  Conscant
Woodworking Machines. Torque | 900/600 or magnetic, non-re- d‘i’tei:n;-.
versing or reversing.
Type QMZK motors
may be started across | Require normal start-
QMZK the line at full voltage | ing torque for continu-.
Multi- {1800/900( 125-180 | 200-250 | 450-550 2-4 with comparative low | ous duty. Infrequent
Machine Tools; Production Equip- Speed starting current. load fluctuations. Mo-
ment; Punch Presses; Winches, tor provides service
Bending Rolls, etc. Constant| 1800/ Starters may be. re- | factor for overload con-
Horse- 1200/ | 125-180 | 200-250 | 450-550 2-4 dulcted vtoltaae ﬁ' ful; d‘;e!ergn;‘-o 'C;:c'il:lt:o':‘!
e types. Manuat | s . -
ROWCY 900/600 :f .r:-unetic. non-re- | ditions.
versing or reversing.
Type QNZKedmotorl
QNZK [1800/900| 125-180 | 200-250 | 450-550 |  2-4 | (he’line at funl voitage | Require normal start-
Multi- with.compun!ivgtlo:r el ":“'&“; Taf equent
. K . . tarting current. Start- - ot
Blowers, Fans and Pumpn. VSp?egl %800/ 125-180 | 200-250 | 450-550 2-4 :" ‘::y ube reduced | load ﬂutt‘,a.:m._ #9.
| Variable] 1200/ voltage or full voltage | toF Pprovi Canild
l Torque | 900/600 typet. Manual or mag- | factor overload condi

netic, non-reversing or
reversing.

tions. Constant speed.
No special conditions.

FAIRBANKS-MORSE

ELECTRIC

MACHINERY
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of 2 w MOTOR 03 lo-g 2|9, REMARKS AR IEIEAEL
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onl e |X|x L [Cw-Ruw- Jw sigfsiegle -
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wo|da |24 ¥ Ix waidSai|va siS1&le121812
STANDARD SQUIRREL CAGE | ! 200 | 2
A | 5 | NORMAL TORQUE - NORMAL | /2 10 l1so| to | 7o | GENERAL PURPOSE ® @ ®
STARTING CURRENT 300 250 | 8 el T e
B|X ng‘fl’foc‘%ee LOW Th TO | 125 (2901 & SIMPLE CONTROL @® @@
o STARTING CORRENT 200 HR | 150 | 225 | 8
[ i SQUIRREL CAGE 3 TO 200 | 178 4 HEAVY STARTING
Zl« HIGH TORQUE - LOW 70 70 T0
o wix o AT T 100 HP | 280 {225 | 5 SIMPLE CONTROL ® @®
W g \ 200 HEAVY STARTING -
SQUIRREL CAGE e TO | 200 )
- DK e T0 T0 T0 INTERMITTENT AND
w3 HIGH TORQUE - HIGH SLIP | 100 HP | 300 | 300 | 18 | FLucranTIoe! LaND OO @®
Q fo SQUIRREL CAGE ofies| & SPECIAL PURPOSE
o |z|o| F | W | LOW TORGUE - Low 40 T0 130 | % | o | CoNSTART LoAD ®
= STARTING CURRENT 100 HP 1 80 [ 150 | 5 Ciowr STARTING
: "l wX| SQUIRREL CAGE % 10 | 190 ';'05 b4 SPECIAL SERVICE
- % LOW TORQUE 10 HP | 128 | 200 | SMOOTH REVERSAL
W
Z |~ - Yo TO |200][200 FREQUENT 8 HEAVY .
< |2 H | wOUND ROTOR 300 HP |20 | 2% | K | sTarTInG ® @ @®
- al . ¢ | cAPACITOR - INDUCTION %10 | 39 |73 [ & | LiouT sTARTING
» g LOW TORQUE 10 WP | 78 (200 6 DIRECT CONN. LOAD
S| _ {CN| CAPACITOR - INDUCTION Yo TO | 130|178 | 4 GENERAL PURPOSE
g Z| ~ |Cu| NoRMAL ToRQUE 10 P |20 |2 | ® | INFREQUENT STARTING | @ ®
'3 - o TO 7( 5 GENERAL PURPOSE
L NA[ SHUNT WOUND 78 wp | 130. 16 | STEADY LOADS @® ®®
O w Yy T0 175 10
Wl . (] ) HEAVY STARTING
< NA| COMPGUND WOUND 75 e | 290 f 23 | FLucTUATING LOAD ®@® @®
TS | 300
- /e TO 7[ 4k HEAVY AND
NA( SERIES WOuND 75 WP | 400 X | FREQUENT STARTING @®
o wl CONSTANT HORSEPOWER o TO | 125|175 | 4 SPEED INDEPENDENT
W 2 M| 2-3-4 speeos 150 MR | 50 [200 | & | OF Loap @®
. X
a [va)| CONSTANT TORQUE YaTO [ 1251175 | 4 SPEED INDEPENDENT
B |<w 2-3-4 SPEEDS 200 HP | 150 | 200 | & | OF LOAD ®@® ® (@
Wi e, VARIABLE TORQUE Yo TO | 125 | IS | 4 | SPEED INDEPENDENT
o] " 2-3-4 SPEEDS 200 HP | 450 | 200 6 OF LOAD
- ¢ -
~ I e TO ) WIDE RANGE
9 §§ NW| FIELO CONTROL 30 Hp | '30 7‘ 1o | FLEX1BLE cONTROL ®
S || VARIABLE VOLTAGE Yo TO EXTREME WIDE RANGE
<« [53] - [NA| conTROL 3o ue | '3° 7‘ ¥ | FLEXIBLE CONTROL
o | . ' TO |200}200 LIMITED RANGE
< H | WOUND ROTOR 300 MR | 255 | 2% | K | HEAVY STARTING ® e ©0 |@
. Yo TO LIMITED RANGE
8 N NA{ ARMATURE CONTROL 75 ne | '3 7‘ ¥ | oePeENDENT ON Loap | @ ®
z |
w - FIELD AND ARMATURE A TO WIDE RANGE
a | |2| = |NA| conTroL so e | '3° ¥ | LiMiTeD APPLICATION
z|wn
9wl [ NA| YARIABLE VOLTAGE % T0 | o0 s | WioE RaNGE
w | CONTROL 30 HP LOW EFFICIENCY
2103 e 10 | 78| LIMITED RANGE
@ |,_|g| = |NA| ARMATURE CONTROL 75 WP | 200 F | % | CEPENDENT ON LoaD ® ®
< S
- |wf@f . NA| FIELD AND ARMATURE Yo TO | 175 ¥ | WIDE RANGE
2 «|3 CONTROL’ 50 HP | 200 LIMITED APPLICATION
o -
> |®lo] _ NA| YARIABLE VOLTAGE ‘Yo TO [ 17D )‘ j | WIDE RANGE
CONTROL 30 HR | 200 LOW EFFICIENCY
«| _ < I TO [300 LIMITED RANGE
g.. NA| ARMATURE CONTROL 785 HP 4?0 Il * HEAVY, STARTING O

M DEPENDENT UPON LOAD AT NORMAL SPEED.

% % HORSEPOWER RATINGS ,TORQUE AND REGULATION DATA IS FOR 4 POLE (IlOO l.HM.) 60 CYCLE A.C. MOTO
7‘ MAXIMUMI TORQUE 1S LIMITED BY COMMUTATION. UNDZR NORMAL CONDITIONS D.C. MOTOR DEVELOPS 200 7
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VARIABLE VOLTAGE CONTROL.

+
+—GENERATOR FIELD RHEOSTAT.
MoTor FiELO RHEOSTAT. —
/9 RIVING MOTOR
/
Pes:
S FieLo Reversing ’ —
ui SWITCH. 7 —
=z /7
- /7
- /
o /
o <
/7
ENERATOR MoToR
ARMATURE . ARMATURE.
@
~GeNERATOR FiELD. MoTorR FieLD. —
A

.plied to its

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 oiily 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-
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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D.C. Generators
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SERIES WELDING GENERATOR

CROSS FIELD ODOESIGN

1 = MAGNEYIC SHUNTS

2= MAIN POLLYS

3= INTERPOLES

4 * SHORY CIACUITED BRUSHES.

y4

THIS WELDER ELIMINATES THE USE
OF A REACTOR, EXCITER, VOLTMETER,
[T T 7 AMMETER , METER SWITCHES , FIELD
~ | RHEOSTATS , AND FIELD DISCHARGE
RESISTANCE . HOWEVER IT OPERATES
\g- VERY SATISFACTORILY HAVING FEWER
\ PARTS THAN OTHER TYPES OF WELDING
GENERATORS. THE MAINTENANCE COST

\ IS CONSIDERABELY LOWER.

N THE VOLT- AMPERE C(URVE -A-

\ WELDING GENERATORS.

PER CENT RATED AMPERES

\ N COMPOSITE , AND THE CURVE AT -B- IS
THAT OF ONE OF THE CROSS FIELD

WELDING
LEADS

1S A

covne |
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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 coiil 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

F16.1

Fl 6. FIG. 4

armature. Fig. 4. A large number of coils are used to produce a strong magnetic
SEENEEREEEAEES

pole and a smoother twisting action.
3 ; ;
COMMUTATORD

comm urﬂ‘ro\n

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.

Fle.S

= |

SYMMETRICAL Fle.& NON ~-SYMMETRICAL
FIELD FIELD ] L
POLE AI POLE
FIELD FIELD
POLE POLE
= )
ARM. M*BRUSH
BRUSH \/
FIELD FIELD
PoLe PoLE
COMMUTATOR COMMUTATOR
BAUSH *BRUSH
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LAP WINDING AND ARMATURE CONNECTIONS (continveo)

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. 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 connected progressive and wave wound
armatures retrogressive.

FIG.7 PROGRESSIVE Fi6.8 RETROGRESSIVE
L i1 ]

’!IJI]IJLE_

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 sections) 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. 11.

Element windings are particularly desirable for high voltage machines. The
practical limit is usually three or four elements.

SINGLE ELEMENT TWO ELEMENT THREE ELEMENT

Fl6. 9 Fi6.10
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LAP WINDING SLOTS = 24

SIMPLENX BARS = 24
PROGRESSIVE POLES = 4
SYMMETRICAL ColL SPAN = (-7

SINGLE ELEMENT

COIL SPAN = THE NEXT WHOLE NUMBER ABOVE SLOTS + POLES
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D.C. Armature Windings

LAP WINDING
SIMPLEX
PROGRESSIVE
NON-SYMMETRICAL
TWO ELEMENT

SLOTS = {5

BARS = 30
POLES = 2

COIL SPAN=1-8

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
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.

Fig. 1 Fig. 2
SECTION OF A 4 POLE PROGRESSIVR SECTION OF A 4 POLE RETROGRESS.VE
LAP WINDING. LAP WINDING.

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
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 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.

Fig. 3 Fig. 4
4 pole progressive wave winding. 4 pole retrogressive wave winding.
ENEENNENEEN LN J LS ] LNy 3]
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LAP WINDING
DUPLEX
PROGRESSIVE
SYMMETRICAL
SINGLE ELEMENT

SLOTS =24
BARS = 24
POLES = 4

COIL SPAN=4-7
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MOTORS - MAINTENANCE

INSTRUCT/ONS FOR SETTING BRUSH HOLDERS (emcine Tyme)

TO PREVENT INJURY TO BRUSHES ANO COMMUTATOR
JANETTE MANUFACTURING COMPANY

BEUsy RADIAL TYPE
___ag°—_ 3w RS H
= HoL

WITH ARMATURE PUSHED

E’/Mﬂ ~ SET ALL UPPER BRUSHES
\ THIS WARY

u

STAGCER" OR
OVERLAPTO
[ —» PREVENT
GROOVING
CommyuTATOR

L:_J

E/Mc‘l-{- SEY ALL LOWER
BRYSHES WiTH ARMATURES
PUSHED THIS wARY
- — - —

BRUSM TIp
/ 8renxs ¢
/ B”QNS

WRONG

LOWRN SIOE OF BRUSH STUD - | INcH FrROM BRUSH STYD TOO CLOSE TO

Commurnronm. COMMUTRTOR.
BRUSH NOLDER ~ Jfo'MIAX. FRom commuTaTor .

BRUSK TIP BREAKS
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AN
BRUSK v/p avm

/ BREAks
-

’ -
More TaN 73

WRONG WRONG
BRUSH MOLOER TOO FAR FROM COMPMUTRTOR BRUSH ST VD 700 FARR FROM
CONTRCT ARER REDUCED By BREAKING OF TIPS COMMUTATOR.
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WAVE WINDING
SIMPLEX
PROGRESSI\VE
SYMMETRICAL
SINGLE ELEMENT

SL0TS =32

BARS = 32

POLES= 6

COIL SPAN= |~ 6
COMMUTATOR PITCH ={-12
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WAVE WINDING:

SIMPLEX
RETROGRESSIVE
SYMMETRICAL
TWO ELEMENT

SLOTS =13

BARS = 25

POLES =4

(OIL SPAN = {—-4
COMMUTATOR PYTCH={-13

A-B ENDS OF DEAD COWL.

COYNE




e —— e

D.C. Armature Windings

35

ARMATURE EQUALIZER CONNECTIONS.

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-
jaceht pairs of segments.

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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MOTORS - SELECTION AND APPLICATION

WIRING DIAGRAMS

The following connection diagrams are those used with standard windings of the types indicated.

Special connections are available with special windings.

w

g

LINE | [ LINE
SPLIT PHASE AND SYNCHRONOUS SHUNT WOUND 4 LEAD REVERSIBLE COMPOUND WOUND 5 LEAD
SPLIT PHASE 4 LEAD REVERSISLE REVERSIBLE
C.ROT.
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-

AAAAA
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C.C.ROT.\I_
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4
A CAPACITOR STARI 4 LEAD
CAPACITOR AND SYNCHRONOUS REVERSIBLE
CAPACITOR 4 LEAD REVERSIBLE

CAPACITOR AND SYNCHRONOUS
CAPACITOR 3 LEAD REVERSIBLE

¥
3 r LINE _I
SHADED POLE 2 LEAD NON-
REVERSIBLE
LINE ,]
3 SERIES 2 LEAD NON-REVERSIBLE
THREE PHASE AND SYNCHRONOUS Electric.

governor

THREE PHASE / contfocts

Connect condenser
and resistance
across leads os
indicated

Condenser.”
Resistance

GOVERNOR CONTROLLED SERIES
WOUND 4 LEAD NON-REVERSIBLE
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DATA SHEET FOR MOTOR AND GENERATOR REWINDING

Job No.
Address

Customer

Date received

How delivered

Date promised
Send

Terms of payment

wWill call
Estimate

Cost of materials used

Total hrs. labor

Write out in detail

WORK TO BE DONE

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

No. of wires in parallel
Slot insulation

wdg. conn.
Lbs. of scrap wire removed

No. of comm. bars.

Comm. pitch

Dead coils

Dead bars Wires per bar

Dia. of core

End room

Band wires Sige

Length of core
Solder balance weights

WAVE SIMPLEXR SYM,

No. of turns

wiT™
cont

CEMTER LWE OF COMW
Mo,

LAP JMALER SYM.

WAVE
In.

IMPLOA
S BLaMeNT

LAP MLt
SYR, 2 BARWENT.
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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 commutator
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 #1 would be the center) to within 1/4" 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 ex-
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, shape
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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TWO COILLS OF WIRE ARE USED
EACH CONTAINING 250 TURNS
OF * |7 S . C.E.WI\RE.THE COILS
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OTHER 8Y TWO LAYERS OF FISH
PAPER AND TWO LAYERS OF
EMPIRE CLOTH. THESE COILS
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OTHER OR IN TWO SECTIONS AS
SHOWN.
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ARMATURE GROWLER TESTS

TROUBLE: OPEN QUIL

This defect shows itself on the operating machine by exces-
sive sparking at the brushes and burning of the bars attach-
ed to the coil. When tested on the growler, the meter read-
ing between bars 1 and 2 will be zero. If the open is due
to pour soldering at the commutator, resolder. If caused
by an open in the coil itself, disconnect tne leads, insu-
late the ends, and cunnect a jumper from bar 1 to bar 2.

TROUBLE: SHORTED COIL

¥hen the machine is in-operation, a shorted coil is indica-
ted by the excessive heat it generates. While other coils
on tue armature maintain a normal temperature, the shorted
coil becomes so hot that it hurns the insulation from the
winding. On the growler, the meter reading between bars 4
and 5 will be low or zero. A hacksaw blade will vibrate ov-
er the slots in which the shorted coil lies.

TROUBLE: GROUNDED COIL

A grounded coil will usually give no indication during oper-
ation unless the frame of the unit be ungrounded; in this
case, a shock may be felt when touching the frame. Two
grounds on the armature produce s short-circuit. On the
growler, a meter reading is taken between the commutator
bars and the shaft. The reading becomes less as the shorted
bar is approached and is minimum when contacted.

TRUUBLE: REVERSED CULL LEADS

In operation, this defect would create unbalance in the arm-
ature circuit with the result that circulating curreats
would flow and tend to cause overheating. Un the growler,
make a 1 to 3 bar test. When testing between bars 7 and 9,
the reading would be zero and the same reading would be ob-
tained between bars 8 and 10. This would indicate that the
leads of the coil attached to bars 8 and 9 are reversed,

TRUUBLE: REVERSED COIL LOOPS

This fault, which usually occurs in & rewound machine, may
produce sparking at the brushes during operation. When
tested on the growler, the meter will show a double reading
between bars 10 and 11, a normal reading on 11 and 12, and
a double reading on 12 and 13. To remedy, unsolder loops
on 11 and 12 and reverse them. Hacksaw will give no indi-
cation of this fault.

TROUBLE: SHORTED BARS

Indication during operation is overheating of coil attached
to bare 14 and 15 and possible sparking at the brushes. On
grovwler, hacksaw blade will vibrate over slots containing
toil connected to shorted bars, and meter reading between
14 and 15 will be zero. Remedy: remove short from bars or
discount coil and install a jumper from 14 to 15.

TROUBLE: GROUND BARS

If there are no other grounds on the machine, the fault
will not affect the operation of the machine at all. If
Other grounds are present, severe flashing at the brushes
will usually occur. The test procedure is the same as em-
polyed 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,

This sxetch shows how the different faults above listed are
remedied. The letters on the sketch refer to diagrams
above in which the fault is .
shows gemedy for open coil, "B . "C” for
grounded coil. Dotted lines between bars represent jumpers.
Nute that with a shorted coil it is ential that the coil
itself be cut as shown in “B” to remove the short circuit,

"

o HRLW SR
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Y

110% 60~ WC.

The purpose of & growler is to produce an alternating magne-
tic field which, cutting back and forth through the arma-
ture coils, induces in them a low voltage measurable at the
commutator bars with an A,C. millivoltmeter, The resis-
tance "R” is used to adjust the reading to approximately
midscale. When & shorted coil is placed between the grow-
ler jaws, the heavy curreat set up in the coil causes perio-
dic magnetization of the slot in which the coil lies, resul-
ting in the hacksaw blade held near the slot being alterna-
tely attracted and released,
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ARMATURE TESTS USING METER

THUUBLE - OPEN COIL

To prevent 1njury to the meter, this test must precede
all others when the millivolt metnod of testing is used.
Set meter un the 15 volit range and, with current flowing
through the armature, take readings between bars 1-2,
2-3, 3-4. etc., untii all pairs of Segments have been
covered. A high reading between any pair of bars indi-
cates an open coil. Note that 1n this method of testing
the meter 15 used to measure tne voltage drop in each
armature couil, and that this is done by taking readings
between cuommutator segments.

TROUBLE - SHORTED COIL

For this test set meter on the M.V. range that gives the
best deflection, starting with the 300 setting and work

down to the 50 M.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 low or

zero reading depending upon how many turns are shorted.

it should here be understood that this method of testing
is merely a comparative one, for it is how the readings

compare that is important.

TROUBLE - GROUNDED COIL

To make this test, send a current of suitable value thru
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 grounded coil is con-
nected are approached. The reading will be lowest 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 and repeat.
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TRUUBLE - REVERSED CUIL LEADS

Usually encountered on armature that have Just been re-
wound, this fault requires a different testing method.
Set meter on 50 M.V. range, select the first cuil to be
tested, and find the seyments to which tie ends of tmis
coil are cunnected ¥1th the meter leads on these bars
draw a magnet swiftly across the slot in wuicn one side
of the coil lies and note deflection on the meter. Re-
peat this test on all other coils, always moving the
magnet in the same direction. When drawn across a re-
versed cull, the meter will read bacxwards.

TROUBLE - REVERSED COIL LOOPS

Usually found only in rewound machines, this fault is
checked by the regular bar-to-bar test. Proceed in ex-
actly the same manner as used for locating shorted coils
sioce the current in passing from segment 10 to segment
11 must flow through two coils, it follows that the volt-
age drop between bars 10 and 11 will be 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 loups are indicated by a double r
ing, a normal reading, and a double reading.

TROUBLE - SHORTED BARS

Make same test as for shorted coil. With current flow-
ing through the armature, measure the voltage drop be-
tween segments, When the shorted bars are encountered,
the meter will read zero. Inasmuch a8 the same indica-
tion would be obtained if the coil leads were shorted,
it will be necessary to disconnect the leads from the
commutator segwents before it can be determined whether
the low reading was caused by shorted bars or shorted
coil leads. If after the coil is disconnected a zero
reading is obtained, the bars are shorted.
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TROUBLE - GROUNDED BARS

Test for this defect is the same as for a grounded coil,
Meter reading from bar to shaft wiil be zero when the
grounded bar 1w contacted. To determine whether the bar
or the coil is grounded, disconnect the coil from the
bar and test again; if bar nuw tests clear, coil 1is
grounded. When making this test, the meter readings may
change sv rapidly as the ground is approached, that a
satisfactory deflection cannot be ubtained without turn-
ing to a different range. Therefure, as the reading
falls, the meter switch sould be moved to a2 lower range.

TRUUBLE - BAD CONNECTIONS

Trouble frequently develops in armatures as the resuit
of poor electrical connections between the coii leads
and the commutator segments due either tu poor solder-
ing or to overheating of armature while in service.
High resistance connectivns of this type are indicated
by high reading on the millivoltmeter. To positively
locate which bar has the poor connection, make tne
test indicated abuve. A poorly suvldered joint will
produce 3 readable deflection on the meter, whereas a
goud joint will give no reading.

TESTING PROCEDURE

Connect the armature to a 6 volt, 110 volt, or other D.C.
supply with a controlling resistance in series. This re-
sistance may coosist of a number of paraliei-connected
lamps arranged to be switched in or out of the circult
at will. Peed current into armature through bars exact-
ly one pole pitch apart, and adjust current until the
millivoltmeter gives a midscale reading on a normal coil,
The amount of D.C. current required will vary with the
size of the armature, fractional H.P. units requiring
sbout 2-4 amps, machines up to 20 H.P. about 10 amps,
and the largest armature currents as high as 20 amps.
After the current has been adjusted to a suitable value,
take millivolt reading betwees bars 1-2, 2-3, 3-4, etc.
if no faults are present, the readings will be approxi-
mately equal, High readings indicate high resistance
connectioas ually caused by poor soldering, while low
readings shov shorted coils or commutator segments.
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INSULATTON _TESTS
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Since the quality of the insulating materials used on any eletrical machine de-
teriorates with age, due to the action of moisture, dirt, oil, acids, etc., it
is necessary to periodically test the electrical resistance of the insulation so
that weaknesses may be detected and corrected before they result in complete
failure.

Insulation resistance tests are usually made up 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 measured by a sensitive instru-
ment, the scale of which is usally calibrated 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 temperature reducing the in-
sulation resistance as much as 50%. The dampness of the location, and the amount
of oil, dust, or dirt on the winding, will also materially affect the readings.
Vherever possible, the test should be made when the insulation is at the maximum
operating temperature, 167 degrees F., (75 degrees C.) The minimum safe in-
sulation resistance at maximum operating temperature should not be lower than
one megohm 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 insulation resistance on the top scale
of the dial. Usually a general test is made between one lead of the machine and
the frame, and if this proves to be too low, the windings are tested individu-
ally. 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 resistance of
each. In this manner, the faulty element can quickly be found. This same pro-
cedure 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 electrical equipment, and apparatus may be re-
moved from service and reconditioned before breakdown occurs.
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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 30 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 obm 1 watt fixed resistor.

One 400,000 ohm 1 watt fixed resistor.

One 250,000 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 (B) 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
O-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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WATTMETER AND WATTHOURMETER DIAGRAMS
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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,
whigh 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 sufhcient 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 molors used on auxiliary devices the coun-
ter-canf. 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.

+ o M Ser.Fld. _
2~ A G )W

L —
Start
SB:OP I @ iL
Mo

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.

o ™
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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 thc 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-u
or holding ability of the main coil but, when the latter 1s
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.
A\Vhen the start button is depressed accelerating contactor
coil Am is encrgized, causing contact A to open and auyxili-
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 cncrgized.
Opening of contact Ma deenergizes 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 linc.
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Figure 3. The same kind of a starter as in Figure 2 but ae-
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, 1A, does not short out all the
starting resistance. It also starts 2A timing, which finally
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shorts out the remaining resistance. The normally open
auxiliary contacts on the accelerating contactors in Figures
2 apd 3 are arranged so that it is nccessary 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 thc accclerating contactors are
not functioning properly.
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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 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 gut 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.
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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 encrgizing 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 thraugh its auxiliary contact, DBa. This arrange-
ment not only insures thet the dynamic braking contactor is
open, but also that it is open before the line contactor can

D.C. Motor Starters and Controls

close. In order to obtain accurate inching, such as is re-
quircd 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.
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Figure 6. Arrangement to secure quicker response of motor,
for more accurate inching.

Accelerating contactors 1A and ZA 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.
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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, are connected to short out the field rheostat
thereby applying maximum field strength to the motor dur-
ing the starting period.
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Direct-Current Control Circuits
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are connected in series with the overload rclay 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

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 specd to the speed set by the
theostat. Field accelerating relay FA is equipped with two
coils, one a voltage coil connected across ?he 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. Sctting of the FA rclay current coil deter-
mines the maximum current draw during this part of the
acceleration period. Since relay FA must %mndle 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 ficld loss relay, to prevent cxces-
sive speed if the shunt ficld 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
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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-

-Cr+-6r)

Shuntl field
Disch. res.
oL M Ser-rla.
stop S Ma m DFL 0L
FAa
Ma

EF-{Fes




50 D.C. Motor Starters and Controls

Direct-Current Control Circuits

balance of these voltages causes the relay to

: 3 : . Disch.res.
pick up, opening its' contacts and dropping
out the line contactor, deenergizing the motor. Shunt fld,

Dl .

Figure 11. Onc form of reversing dynamic | —3 A~
braking control, consisting of multi-pole con-
tactors having two poles normally open and one
polc nommally closed. Accelerating contactors
1A and 2A are energized in the off position, as R F
in IFigure 6. Depressing the forward button en- —} iF
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crgizes forward contactor F, closing the two

normally opcn contacts F and opening the

nomnally closed contact FA. Opening of nor- 2

mally closcd auxiliary contact Fa starts the tim- Fa R F

ing cycle of thc accelerating contactors. Closing - e H—®

P il1 o Ra

of thc normally open auxiliary contact Fa estab- s L &

®

lishes a holding circuit. When the stop or re-

verse button is depressed contactor F-drops out, .

closing nonmally closed contact FA and setting _3?1 Res
up a dynamic braking circuit through the brak- 8 I [ 3 -
ing resistors, which energizes coils FA and RA. Fot

These coils hold the nonnally closed contact

closed, and the normally open contacts o¥)en
ue.

until the braking current drops to a low va
This action prevents bouncing of the back con-
tacts and pﬁlgging the motor, because if the
reverse button were depressed during the Dbrak-
ing period contactor coil R would not have suf-
ficient strength to overcone the pull of the RA
coil until the motor had almost stopped.
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Figure 12. Another form of reversing dynamic
braking starter using a sYring-closc dynamic
braking contactor and single-pole normally open
directional contactors. When start button is de-
pressed contactor IF is energized. Closing the
«nonnally open auxiliary contact IFa energizes fa Ma o

relay LV to establish a holdin§ circuit and also o
energizes accclerating contact 1A; 1A contactor

cnergizes 2A, and 2A energizes DB. In tum,
DBa energizes 2F and normally closed contact

2Fa starts the accelerating timing,

Depressing the stop button cfrops out LV,
closing DB immediately. Plugging 1s prevented
by relay PR, a voltage relay connected across

the motor anmature. Its normally closed con- ,_?'"

tacts remain open, preventing the pick up of the

teverse directional contacts until the armature _"""' Iy
specd drops down to a safe value for plugging.
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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
R

field

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 peroid is from 10 to 45 seconds.

The starting current should be limited to 1-1/2 or 2 times full load current except
when starting heavy torque leads 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 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 the armature to quickly generate CEMF.

FOUR POINT CONTROLLER . .
Armature starting resistor

Overload
--—1 release sw.
L | l Spring
1 1L b1
No B +
release
Overload coil 4
release coil
Resistor
L L ¢ F A
ég; A 1 1 Armature

Shunt
field

|
Line switch |

The NO VOLTAGE RELEASE (OIL 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 éircuit. When the current reaches overload value the plunger will
be drawn up and break the holding coil circuit. The spring on the power arm
will return it to the off position.
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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 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 throught 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.

Armdture resistor
FOUR POINT CONTROLLER

Overload release switch Field

IreS.

Power
L L arm
1 2 // D Spring

' 74

Overload No E release :
. coil
release coil | '
)
Resistor
¢
Lo L F Ay
| |
L1 Lo £

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.




D.C. Motor Starters and Controls

53

3 POINT STARTER DIAGRAMS

LINE

3 point starter for starting

duty only.
Iq i ng

L1 ? Ay
ARMATURE
RESISTORS

Power
arm 1
No or no
Power arm field releasd
spring coil

Draw a detailed diagram of the motor.

3 point starter for starting
duty only. The overload re-
lease coil protects the
motor against overloads.

LlT Ay F1?
T Ovcrload
elease
P coil
D
LINE

Series ficld
Sg S1
Ag Ay

Shust fileld
Fo |31

Connect as shown for
compound motor.

For shunt motor connect
Ag to Lo,

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 to the starter as shown by

the connection diagram.
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Fig. 1—Diagram of shunt motor and starter, Fig. 2. Figs. 3 and 4—Symbols for coils. Figs. 4 and 5—Symbols for resistance. Fig. 6—Same
as Fia. 1, but current reversed in armeture circuits. Fig. 7—Wrong connection for reversing shunt motor, Fig. 8—Same as Fig. |, except
current is reversed in shunt field coils. Fig. 9—Disgram of compound motor and starter, Fig. 10. Fig. 12—Reversing switch connected
in armature circuit uf compound motor. Fig. 13—Reversing switch connected in armature circuit of shunt motor. Fig. 14—Series winding cut out
of compound motor to test polarity of shunt-ield coils. Fig. 15—Shunt winding cut out of compound motor to test polerity of series coils.
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DRUM CONTROLLER WITH
OVERLOAD PANEL

Thie diagram 1llustrates how an overload panel is used to
protect the motor against overload and "no voltage" conditions,
by using contacts "Li" and "C" to complete the relay circuit
when the controller is in tre "off" position, § \

40

Lo
L c ALL CONNEC TIONS
> r BETWEEN TERMINAL
e i BOARDS MUST BE
: 2 MADE WHEN WORWING
2 Al
&[] » S
Rs
(]| o
R R4
te—@
R2

LH

| B

OVERLOAD PANEL

lﬂl F%p

Ll Ce Ei) L
/

sl F] A] Al Fl <]
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DRUM CONTROLLERS

t

—ofL 02 <L3' ]
Clg

’“—_4 §

\

\

m R: §

\

441\\_// §

R2 \

SHUNT FIELD A
REVERSE I

L
C ]/O [ 1 O_j-‘
. Ay A2
C—=—10 [ 0—-
C{‘—i—ﬂ CIRCULAR  CONTACTING  SHOES

4

SHAFT, INSULATION

N\ Al A2
/

SHUNT FIELD

STATIONARY COPPER 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.

Vhen 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 "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".

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 "UFF" position. These contacts are used to complete a dynamic brake circuit
or to operate relays for overload protection,
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LINE
DRUM CONTROLLER |+ |-
STARTING, REGULATING & REVERSING DUTIES w;‘-‘w
1 Stationary contapts Moving contacts
'Ll
BElowout
g; colls
-
R
-
R3
-~
Ro
Ry
N N Y e
2
rJ"L
3
f
Forward —— <«——  Reverse
Armature starting resistor
(\/\/V\N\/V\NVV\N\M
‘R R R R R
MY Fob T P R
/NI J
N
F e\
Ve 2 g\
T
Trace the following circuits,
Forward armature-
Reverse armature-
Field-
A} %<::::>
Shunt field
F Fo

*—.00000000 ~%
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DYNAMIC BRAKING

RUNNING BRAKING

To oL o of

IN FIGURES 1,283 SWITCHES A & D ARE CLOSED AND B &C ARE OPEN
WHEN  RUNNING. SWITCHES B&C ARE CLOSED AND A 8&D OPEN WHEN BRAKING

7

SHUNT

FIELD
RHEOSTAT 2"

FiG, 1 VARIABLE
RESISTANCE
[ FOR BRAKING

S

prd

D

SCHEMATIC.  DRAWINGS SHOWING DYNAMIC BRAKE CONNECTIONS FOR SERIES MOTORS
{ “

FIG. 2 DYNRMIC BRAKE fFIG. 3 B
RESISTANCE—>

FIELD  BRAKING
RESISTANCE ARM. BRAKE
A ” { RESISTANCE ™
s

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,.

When 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 (D)(Y) TROLLER USED FOR

N SE
NAMIC BRAKING

® | @ Wl

t
m EIJ/COPPER CONTACTING
, SHOES
r-—‘@ |

| @I
®
@
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i |

—

pre—

5

SERIES FIELD

00000000 1

COMMUTATING  FIELD

SHUNT  FIELD

This disgram 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 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 tnat the
motor will now act as a generator 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 ase 35% 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 1t is necessary to hold
a load which tende to revolve after brought to a stop, some form of
magnetic or mechanical brake must be used in conjunction with dynam-
1o braking.
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DRUM CONTROLLER

STARTING, REGULATING, REVERSING AND DYNAMIC BRAKE DUTIES.

Armature starting resistors

j=e)
.rP-

A5

2z
joy)
(o)

)

L
<
[ ()

-

Line coil

Magnetic blowout -3

P
*

Shunt field F

A
<

000 A 4—
Interpole winding

S S
— Q000000 —-

Series field

Trace armature, field and dynamic brake circuits.
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Field dymamic
brake contact

STARTING, REVERSING AND REGULATING DUTIES
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SOLENOID STARTER

ARMATURE STARTING RESISTANCE =
[ ‘ )W r-%_. T ;
FLEXIBLE
CONNECTION £ J~——POWER ARM STOP |START
B il ) SWITCH |Switel
~——— SOLENOID
SOLENOID

STICK  SWITCH
z
ECONOMY
\ //// A RESISTANCE c'i A

,:r wio—]
( 1 cz2 |

b
ECONOMY
RESISTANCE SWITCH
Sn

| [
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SOLENOID STARTING  CIRCUIT

SOLENOID STICK CIRCUIT

~ Q0000000 / ARMATURE GIRCUNT

( ) FIELD CiRCcUIT

]

IRON

MAGNETIC BLOWOUT CO/L

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 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 contacts being protected

=) Mok o

ARC DOISTORTED BY FLUX
FLUX AROUND ARC

. rox PRODUCED B C=—=0

INSULATION MAGNETIC BLOWOUT COIL

COPPER

ARC NOT DISTORTED
CONTACTS COYNE
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(ALLEN - BRADLEY)
€
CARBON FLEXIBLE CONNECTION MAGNCE(;.t BLOWOUT L.:N -
CONTACTS / OVERLOAD RELEASE.
= - I o g
SOLENOID = = [ il I
N =\ E TN —
= = |
g T \ S;:'S\‘w? ° FLE XIBLE
—o 7 %‘ﬁ‘;h&’g’ CONNECTION
LEVER ARM | careon coi
ol PILE
OIL DASH
POT
T\ /T Vg o T
STOP  START L2¢ qua
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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 purpose, 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. MAGNETIC RELAYS AND LINE VOLTAGE STARTERS

Class 7001

Class 7032

69

WirinG DIAGRAMS

CLASSES 7001, 7032

LINE

CIRCUIT

\ SEP. CONTROL

2-WIRE
CONTROL
DEVICE
LOAD
TYPE J-30

|
i

N

B

20
»N

: qg:; gg% :

2-WIRE
CONTROL
DEVICE
LOAD
TYPE J-31

A2

g

SHUNT FIELD

CLASS 7032

Ll

TYPE S-2
D.C. LINE VOLTAGE STARTER

(omMIT c2)
c3 /

FLOAT SW., PRESSURE
SW. OR OTHER 2-WIRE
CONTROL DEVICE.

w2

NOTE: CLASS 7001- TYPE
K RELAYS ARE WIRED
THE SAME AS CLASS 8501
TYPE K. SEE CLASS 8501
WIRING DIAGRAMS.

START
€3 STOP (2 llm <

M
M, | M|

SHUNT
FIELD

Fi F2

ON GROUNDED SYSTEMS, L2 IS GROUNDED LINE.

DOUBLE WOUND
CoIL

‘ 2
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FRONT VIEW DIAGRAM WHEN AUTOMATIC RESET
O.L.RELAY IS USED
2 WIRE PILOT DEVISE
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D. C. REVERSING LINE VOLTAGE STARTERS

Wiring DiRGRAMS

CLASS 7732
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Wiring DinGRAMS
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CLASSES 7107, 7120

D. C. TIMe LIMIT ACCELERATION STARTERS
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D.C. Motor Starters and Controls

ot MAGNETIC CONTROLLER
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The term "magnetic controller" is commonly used to apply to comtrol-
lers on which the operation depends almost entirely on relays. Con-
trollers of this type have & number of separate circuits, each operated
by a relay switch.

These controllers are used extensively on large ipdustrial motors,
steel mill motors, end 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 1% x 40I or 60I.

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 1/35 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 "Y"+ "X" after motor attains normsl 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 releay. 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 fuil 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. __COYNE
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D.C. Motor Starters and Controls

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 SIGNAL FIELD
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
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 SPLIT POLE DESIGN
may be extended by the use of a preamplifier using SHOWING CROSS FIELD.
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 Jidgz}rﬁ— D
therefore a two pole unit.

Figure D shows the construction of an Amplidyne S
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 6 o
brushes from which the amplified energy is obtained.SIGNAL FIELD WINDING
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CONTROLS - A-C MOTOR - MAGNETIC LINE STARTERS

A. C. LINE VOLTAGE MAGNETIC STARTERS — SINGLE PHASE

Wiring DiAGRAMS

CLASS 8536

JUMPER CONNECTIONS
D » < A

FOR 110 vOLTS
1] < A
°o € o
FOR 220 vOLTS

k 4

ol

L2

:J;I

LINE QIAGAAM FOR $INGLE PHASE STARTER USED WITH SINGLE VOLTAGE MOTOR

AUTOMATIC
2-WIRE
CONTROL PRVICE

AUTO- OF F - NAND
SELECTOR SWITCH

(%]

LINE DIAGRAM FOR SINGLE PHASE STARTER WITH SELECTORA SWITCN
USED WITH DUAL VOLTAGE MOTOR CONNECTED FOR 220 VOLTS

(4] M o hdl
dL ™
v L ]
el
M
L2 1t { e\

LINE DIAGRAM FOR SINGLE PHASE STARTER
USED WITH DUAL VOLTAOE MOTOR CONNECTED FOR 110 VOLTS

M START
o ¢ =B cz 3TOP

™M
e
" oL

[¥) L h i)
{h- ~

MOTOR

M o

[%4 IL T2
mls N\,

LINE DIAGRAM FOR 31Z2E T ORM THREZLZ POLE STARTEZR USED ON SINGLE PNASE

TYPE R-6C

WIRING DIAGRAMS FOR 312E O,
SINGLE PHASE STARTERS USED WITH
A SINGLE VOLTAGE MOTOR, SEE
RIGHT HAND COLUMN FOR COIL
JUMPER POSITIONS AND CONNECTIONS
FOR DUAL VOLTAGE MOTORS.

TYPE S-14A

TYPE S-14C

WIRING DIAGRAMS FOR SIZE I,
SINGLE PHASE STARTERS USED WITH
A SINGLE VOLTAGE MOTOR. SEE
RIGHT HAND COLUMN FOR COIL
JUMPER POSITIONS AND CONNECTIONS
FOR DUAL VOLTAGE MOTORS,

WIRING DIAGRAM FOR 31N6).E PHASE
STARTER USED WiTH BDUAL YOLTAGE
MOTOR CONNECTEZD POR HO VOLTS.

WIRING DIAGRAM FOR SINGLE PHASE
STARTER USED WITH DUAL VOLTASE
MOTOR CONNECTED FOR 220 VOLTS.

JUMPER CONNECTIONS FOR SIZES
O,1,AND 1) SINGLE PHASE STARTERS
»_ (3 A » . _¢ A

o> o &P o

FOR 110 YOLTS POR 320 VOLYS

TYYPE S-16C

WIRING DIAGRAMS POR SiZ£ 16,
SINGLE PMASE STARTERS USED WITH
A SINGLE VOLTAGE MOTOR, SEC
RIGNT WANO COLUMN FOR COIL
JUMPER POSITIONS AND CONNECTIONS
FOR DUAL VOLTAGE MOTORS.

WIRING DIAGRAM FOR JIZL RORE THREE
POLE STARTER USED ON SINGLE PHASE

SQUARE D COMPANY
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A.C. Polyphase Motors

HOW THE NEUTRALIZER QUENCHES A FAULT

Jransformer — 1y
C
B \
_ , e l1e ||
Fig. 2. Ground-fault currents, iso-
lated-neutral system I I —1Ip
Q-—Ic G
A
f1 1 L
nie 1 1
Transformer
Ic lx
Fig. 3. Ground-fault currents, sol- l >
dly grounded neutral system G
l 1 L
's I L
Transformer —1Ip
B " =
/ Lk
N 1Ic lIb
Fig. 4. Ground-fault currents, with
nevtralizer — Ic
A —_—
ITE

neutralizer

@ 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 a4 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 faul*ed phase, cansing current to flow through
the fau ., as shown in Fig. 8. This short-circuit
current, I, is lagging, and is nsually so much
greater than the charging current of the unfaulted
lines (I, and I.) that the effe¢t of the latter is
negligible. The fault persist§ until the circuit-
breakeristripped. This meansa scrvice interruption.

G
—=1In
In Ground-fault H H —I— ji

@ When the System Neutral Is Grounded
through a Ground-fault Neutralizer, transitory
ares to ground are extinguished without an outage,
without even a momentary interruption of service,
and without the aid of any moving parts. The 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, I, and I. (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,
cte. 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 fanlted line section from service.



A.C. Polyphase Motors

Squirrel-Cage Motors

80

FIG. 6

FIG. b

FIG. 4

FIG. 9

FIG. 8

FIG. 7

s windings are connected to a

Fig. 9—Direction of current generated in a rotor winding shown by dots and crosses on the rotor bars

Figs. 4 to 8—How the magnetic field in an induction-motor stator can be made 1o rotate when it

-phase circuit.
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Fig. 10—Skeleton stator frame. Fig.
11—Riveted stator frame. Fig. 12—A4,
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

A.C. Polyphase Motors

A

A

,Roror core
-Bar

H ;L'nd ring
/.96/( washer
: Fig. 16

Fig. 15

{

power

.. o
; Resistor or
reactor
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A
Line &'o'nfucfo/-\
v,
P —
FiIG.2
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X
it
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M0 3
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4o
N

-Fuses -~ t

-
«

Fig. 1—Diagram of star-connected sta-

z"'c""“'{ ; tor windings. Fig. 2—Stator windings
connected delta. Fig. 3—Connections

b for starting with resistors or reactors in

series with stator windings of a 3-phase
motor. Fig. 4—Two auto-transformers
counected 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 diree-
tions of rotation of a 3-phase motor

81
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A.C. Polyphase Motors

ROTATING MAGNETIC FIELD.

NOTE; FLEMINGS RULE IS APPLIED TO_, MOTION OF THE CONOUCTOR.
FLuX MOVING UP 1S EQUIVALENT TO GCONDUCTOR MOVING DOWN.

/ uﬂ,(,
//'ﬂ
’/ / /’ 1%

’/

4s /7 4%
06/ //u'// %
////’,/ ////,
o 1 i) ///,//

If a permanent magnet of the type shown above 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 there-
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.

Diagrams A B C D show 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
field 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.




A.C. Polyphase Motors 83

POSITION INDICATORS.

Position indicators are employed to transmit

motion by electrical means between points Sencler
which cannot be readily connected mechani- 0——————4VV¥V¢

cally. In Figure A rotation of the arm on

the sender rheostat varies the current l\

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

° Sender
instrument panel of a car.

o °
Figure B shows a similar arrangement except l //ﬁ\\
that clockwise rotation of the sender in- E3 \\_//‘f

[Tecewer

creases the voltage applied to the receiver
and the deflection is in proportion to it. o

Recerver

Diagram C shows a bridge type circuit in
which the meter needle is returned to zero
by 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.

Recerver:

~~ 60~ //0E.
SELSYN UNITS.

fFecerver

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 flow 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 -sindicators 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 nunber of remote points.




A.C. Polyphase Motors

1234567
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MOTORS - POLYPHASE - SQUIRREL CAGE

3 PHASE SINGLE SPEED

NO. | STAR-Y-CONNECTION NO. 2 DELTA-CONNECTION NO. 3 STAR-DELTA CONNECTION
220 VOLTS 440 VOLTS 220 VOLTS 440 VOLTS 380 VOLTS 220 VOLTS
8 EOm(Dm(e) | ) (@)
oyoyolexo HO OO
3;8@@@ oXoXolleXoXo I MCACACAICAC
L1 L2 L3 L1 L2 L3 L1 Lz L3 L1 L2 L3 L1 L2 L3 L1 Lz L3
NO. 4 STAR START NO. S | DELTA CONNECTION
DELTA RUN 2 STAR CONNECTION
| START RUN | DELTA 2 STAR
Cu(m(®) | &) @ %%
ol oJolloNo VIO O ©
pes ol
L1 L2 L3 L1 L2 L3 99 o 9 e
L1 L2 L3 L1 L2 L3

3 PHASE 2 SPEED

NO. 6 TWO SPEED TWO WINDING  No. 7 Two SPEED SINGLE WINDING

NO.8 TWO SPEED SINGLE WINDING
CONSTANT HORSEPOWER

Low H1GH CONSTANT TORQUE or VARIABLE TORQUE
@ @ @ ' SPEED |L1[L2|L3 speed|L1|Le|L3
% % L) @ L || wow [r1fr2[rs|14, T5. T6. Open Low |T1[T2|13|T4,75.T6, Together
(2) D @ OV wen [re]ralrs|ti. 12, 13 Tozetner | nich |16{1a [15{T1, 72,75 0pen

2 PHASE SINGLE SPEED

NO. 9 DUAL VOLTAGE
220 VOLTS Yyo VOLTS

1

2 PHASE TWO SPEED

NO. 10 TWO SPEED TWO WINDING NO.11 TWO SPEED ONE WINDING VARIABLE TORQUE
LOW SPEED HIGH SPEED
Speed|L1 L2 L1 | L2
oo XoXoRoIOXOXO) Lo flel o Lle)
L1] |L2] |L1 Li] |L2] L1
al a1 16 allalls Low [T2 [Ts| Tz [T6 T3 T4
0060 ) 3 @ Wigh [T1.75|T3{T2.76|Ta

U.S. ELECTRICAL MOTORS Inc.



MOTORS - POLYPHASE - SQUIRREL CAGE

TERMINAL MARKING & CONNECTIONS

A.C. MULT(-SPEED MOTORS
3 SPEED - 3 PHASE - 2 WINDING

495

er\
Speeds s
2Py
n 17
04
T * n

I Specea’ 2Ha5. Variable 7orgue

Terrwnal %/k'ﬂ;.s

Speed “oe ror| goen
fdow |7 | 7|75

2 7o | 7oe| 23| 522 e
'J”/,'f‘ ZZ 7/-' 7/} - (ot T udZ

Foresoeryf| £, | Ly| Ly
?th’}C Ly |L: | L

Ipered*/ ~ Ser ¥V
. “2- x Br b Conrsey. Rle
T CS-2X far ¥

The Lowss #Il/s Co.

%9
Socc s
™2z

7
.s’,u-u/

T,/k-

Termrinal [Warking s
3 Speca ZW@ ariad/e 70"’71/&_

Speeal | Y52 22 ¢owz Zog crher

Ylow |7 | Z|BITHT

2 | 7% 7| - 77
e (%3494 |72 7217

Forewerd| L, | £, | &3
Heverse <4, | 4, [‘d
Speed ¥/~ X/ar¥ ﬁn.re, Fole

*2~ 2xPry
w3 .. Sar V

7%e Lows Alls co.

/ L2
”ﬁ/‘;’“‘“l’_'.t 4 04 23

NEMA std. P pemy * y
somay 15 | %74
#707 lerminal Markings so¥ 7erminal Morfings
sffed B Specar 2WHaG. constant Torgus 'f/:‘_‘z"‘ 3 Specd 2 WAg. Constont Torgue
Speed | Ciidh”"| qwen [ogesns Speed Y1535 | Qoen [ogather
*loso 7|17 — - Y sLow |7 | 73|57 7a-75 T -
*2 |\ a | BT - h(4 % |\%\7&| -~ |ZXHA
I gk | Te| 70| 7] 570l 5 Hrgh |To |Toa [Tn| - -
Xo. i\ L, | Lyl £ Fore o |4, | L] L
%’:::ve LI,_ 1,' L: ﬂn/ F(u!:/:"t l; l: L:
7
.speea"z/_ . g:r AV Corsey. Fote 5,,:(/:/-2: g’rﬁ Consey Fole
~ vy - 2x/Sr ¥ - vy Sery
The zo;i: Allrs co. 7he dLows s Co
M,b'ov e, WWis. 7. whe < 7'®
- B4~ & ~ J‘y‘- o
NEMA S 8 =vd-ny 507 ﬁ;[Ml {//o"’ iS s-v0-3y #Jog
o7 Termirral Martirgs. ¥520 TERMINAL MARKINGS
Speaq Bspeed Z2/ag Constant [0 3 SPEED -2 WDG.- CONSTANT RORRE
* 2 2 e Svegps —
Speed| Tole | ooen ﬁyd»-r fryse SPEED | Yehna | OPEN [roetTHen
[/ dow |7 7|7 #LLow [T, [T Ty = TeTsTs Ty
2 v Z|ZeiZs| -~ Lz *2 To | To|WhH Ty Ty Ty | -
s CO < X i 24 ;r‘ ;v;‘ TR - % *3mien T, [Tplvy| - -
resverd|L, | L2 |4y Forewamo | L, Ll
a5 vl>aity
?2:"; Zs @»::f; 4 :_.’ - P Reverse [LafL, L
- L]
5 A SLAL - v Consey. Pose Speep *( -2 PAR ¥ Cowsee.Porg
*3- fma « - xPam A - -
« 3. SemY
=, % T{’Vellaa;:j{//;; GC 5 THE LOUIS ALLIS CO.
YEMA 574 o7 e MILWAUKEE-WIS,
[ Kl44 NEMA STD. 233 *#520

THE LOUIS ALLIS CO., MILWAUKEE, WIS.



MOTORS - SINGLE-PHASE - CAPACITOR

»— Condenser Box

I I 7]
——JIStart JRun

L N

A

WD-633

110/220 Volt Capacitor Start & Run
Motor-Condenser Box Mounted on Frame

1234 12314

Switch

e 7

oI I

To Reverse Rotation 110 Volts 220 Volts
Interchange Leads #5 & 8

Feb.1,1944 -~ R.C.W.

Janette Mfg.Co.
Chicago,I1ll.

,~—Condenser Box
Leun L gt]
R St

]-un]_

alrt

Switch

[ WD-447

110/220 Volt Capacitor Start & Run
Motor-Condensor Box Mounted on Frame

P\
FN X[
—o0
—2D0

To Reverse Rotation 110 Volts 220 Volts
Interchange Leads #5 & 8

JANETTE MFG. CO.
Chicago, I11.
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MOTORS - SINGLE-PHASE - CAPACITOR

TCONDENSER

4

—]

WD-460

220 VOLT CAPACITOR START INDUCTION MOTOR

&)
Z/) MAIN
5
%
e
\ CUTOUT

TO REVERSE ROTATION INTERCHANGE

| SN |

#5

#8

\

#2

#1

#4

LINE

LEADS #5 & #8

JANETTE MFG. CO.,
CHICAGO, ILL.,

Condenser

N

To Reverse Rotation Interchange

WD-620

110 VOLT CAPACITOR START INDUCTION MOTOR

#5

#8

#1

#2

O—w/—‘

_ Line

Leads #5 & #8

Janette Mfg.Co.
Chicago, Ill.
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MOTORS - SINGLE-PHASE - CAPACITOR

MATERIAL PAT. MLo. DIE
e | VIE 7208 3
DRawn Br_ &4 ENTERNAL D48 G A7
INSPECTED —4 FIRST MADE FOR At Arord € - 5 3703
FIRST CALLED FOR ON ST 7492/ 934 I
a2 (3)
CCW. ROTATION A3 Sk/ow/n %
o C h Lormrron N7TE—-
CHANGE LEADS Ts BEo) L lke883)
75 eeo 78 BLACK oN TELrNAL BaeD. 3,29: %
Z fedl€ * 75 reD
7z g !
Z & L f_' =
/ \
? Npn :
/14
P 72 M"’\{
ET 78 wHITE ——
776 7 r&ccow
INOME
/-745_
THIRD ANGLE PROJECTION GENERAL ELECTRIC CO LR WAYNE woRks 227
V5872053
FF-608 um w1327
MATERIAL PAT. MLD. DIE
[0 @ DRAWN By_R And, EAXTE, A
[©! @ INSPECTED --{ FIRsT MADEZF‘OH/?/V < 0//9?/(’/?"7
FIRST CALLED FOR ON $A 7345357 L8 |
) BFg 2]
e CC W LoTATION A5 IMOWN., <o C./ i
Stz LOTATION INTERLCHANEE REL ANE o
v BUACK LEADS ON TNE 7ERr /AL Saser BI2#.2
() 15/ 28 F|
A B
l 3747
5 ees
} y/ s 7 ‘ 77 l
S e Y TAS o
L IN¢
X3 | { ra—5 Tre
< BLACK T 1
=J ufl
A
539
536 |Exr
~E
O- 75
THIRD ANGLE PROJECTION GENERAL ELECTRIC CO For IWAYNE WORKS
V-52870953

FF-68 1M 1pi3-27
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MOTORS - SINGLE-PHASE - CAPACITOR

W ENGINEERING INFORMATION

CAPACITOR START INDUCTION MOTORS

TYPES CSH » CSX; « 110/220 VOLTS; REVERSIBLE

Location of | # Frame Internal Conmnection Diagrams Label (Attached To
Terminals (Counter Clockwise Rotation) Cover Over Terminals)

WITHOUT OVERLOAD PROTECTION

ciong-c ‘
83G, 65G,
In Front 67G, 85L, i— ! —«E‘ —kD
Bracket 67L : 7 R
. o e
POR C. W. ROTATION ~¢‘.-K;A-I.t
Low CENTURY ELECTRIC.)
VOLTAGE
71' 73. ' C’837B'A |7_ | ——ow
In Frame | 81, 83, 2 A
3 3 3 B
91, 93 e Al
oL Tace cresez "iie, (ALTO)

REVERSE ROTATION iN FRONT CND SRACKET,
{ CAPCITQR TYPE INTERCHANGE LEADS 7 AND 8,
REPALSION TYPE SHIFY BRUSH HOLOER,

CENTURY ELECTRIC CO.
7. LOUIS, MO,

1135

63G, 65G,
In Front 67G, 65L
Bracket 67L

ST cmn e
rom € w. mnmum:;:;-llt
Lt CoMUST oe commmcren vo ve LIVE seoe
orohns CENTURY ELECTRIC C0. | | 34

LOwW ST LOUM. MO L. B AMENICA

VOLTAGE

- 3 -

In Frame 81, 83, 4 — —_—
91, 93 | L(?\VT!;JQ mzu—. o)
vt

VOLTAGE Cla3la)

| —————e | ———
Ci8376-¢ —
7, 73, E 1 -

AEVERIL ATUTATION [ FRONT END BRACKRER
CAPACITOR TYPE INTCACHANGE LEADS T AND &,
AEARLION TYPE T DAUSH HOLDER,

WHEN MOTOR 13 USED ON GROUNDED CIRCW
LEAD | MUST St CONNECTED TO THE L DL,
4 :1—-_-,:___ CENTURY ELECTRIC CO. 3¢

LOW VOLTAGE
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PRINCIPLES OF CONSEQUENT POLE WINDINGS FOR 3 PHASE INDUCTION MOTORS.

—_ — — —
\ N\ N\ N\,
\
\\\\ \\\\ \\\ //\\
RS (AR R TERN LN
] iy '
|| ‘o o 0
: ' 4 y !
4 4 4 77
s /S ’/ ’/
/ / / / / /4

"'\
-

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.

— J— —

VX W\
) \\ \\ \\ \\ \\
/ \‘\!\ //‘ \} \

]

[ |
\\/,;/} / /',}I/ . / /, /

-
S

"A" Phase only of 3 phase winding illustration 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.

— — — e

O\ 4 f
AN \\:\ N\ N\

\ \
IR
'
7 7 g p
/
S L '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
1/2 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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A.C. Polyphase Motors

SIMPLE DIAGRAM, 4-8 POLE, 3 PHASE CONSEQUENT POLE STATOR WINDING.

VARIABLE TORQUE, CONSTANT HORSEPOWER.
/\ E3 (: 3 PHASE, LAP WINDING, SLOTS = 24.
/

POLES = 4-8, COILS PER GROUP = 2.
FRACTIONAL PITCH COIL SPAN =1 TO 5.

w/ COIL PITCH = 66.6% OF FULL PITCH.
e ELECTRICAL DEGREES PER SLOT. = 30-60.
A C B A C B A C B A C B

SN
o
| |
| i

.

P oan a» aw o
- o
- - o -
- e - o

% A Gl T
~
~
<f</<:-
N
N
—
\\\
\\ | S
\\
~,

Fe &— 4
Sa Ss Se A Fa

Ta Ta Ts Ts Ts Te
INDICATE DIRECTION OF I FLOW AND POLARITIES' FOR 4 POLES IN SPACE BELOW.

[ T 1l | Ld 1 SR S Y[ T L [ |

I ] ) lI ) L] J[»‘ ] ] II I (I | t 0

7 1 WY 1 1 A to

INDICATE DIRECTION OF I FLOW AND POLARITIE§ FOR 8 POLES IN SPACE BELOW.

DITTI T T T T ! i

: ]
A C B ACBATCBAC B

, A

-—4)
~— y S 4
T Ta Ts T+ Ts T
SERIES STAR L'l L-l L'l PARALLEL STAR
4 POLES 8 POLES

Ty, Tg, Tz TO LINE T4, Ts, Tg TO LINE

T4, Ts, Te OPEN Ty, T2, Tz SHORTED
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COMPARISON OF LAP AND WAVE WINDINGS.

N\ \ \ \
NN AT NN\ NN
NN AN NN NN
N\ N\ N\ \ \ X \ \
NN N\ NN \ \
\ \ \ \\ N\ \
)
L] 2 7 ! 8 i 1301 14 29." 20! t) i}
/7 \/ /' \/ 7'\ /",
/ / / /
/ / / / / / / /
Va4 // / VA4
P Vs 4 / /7 7/
/ / // // / / /
( f { f
S IF

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.

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 phages 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 PHASE WAVE WINDING.

PHASES CONNECTED STAR.

THREE PHASE, WAVE WINDING.

A B _C SLOTS = 24, POLES = 4.
m FULL PITCH COIL SPAN = 1:7.
M COILS PER POLE PHASE GROUP = 2.

ELECTRICAL DEGREES PER SLOT = 30.
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CONNECTIONS FOR TWO VOLTAGE

MOTORS.

2 CIRCUIT STAR
220 L. 401,

184

Yo TS
NUMBERING
SYSTEM USED CONNE T 440C. 201, LINE. Connect
BY WASNER T1 7o uNned STRIES STAR TL TO LINE 1§
GL., AND LOUIS ™ Ta - "o AL T 1
ALLIS . Te s - " 3 Ty " ” 3
SUGGESTED T4-T7 TOBLTMER T4-T7 TOGETHIR
STANDARO Ts~TS® " T2-70 "
SYSTEM s T6-T9 “ T3~-To 0
T4-TS-Te *
T
T2
TY
T4
TST.
NUMBERING ' CONNECT semies CONNECT 2 CimeuIT
o T3 TO LINE L STAR T1 TO LINE § STAR
TEM USLE BY  w
=0 T2 0 v 2 T2 2
WESTINGHOUST ANO Ts ~ 3 ™ " " 3
e
ALLIS CHALMERS. T4-T7 ToGLTHER T1-T4 TOGETHER
TS-v® " TL-TS "
TS Te-To " 13-76 Q
TT-Te-TO"
CONNECT Ti-T6-T7 TO LING {
" TL-T4-Te " “ 2
SER\ES DELTA . TS-TS-%Y® = w 3
NUMBERING SYSTEM T
USLD ON DILTA CONMECTED CONNEET
MOTORS , BY ALL T1 TO LINE ¢
MANUPACTURERS e " " 2
i i Ii ':1 r;u. NER
- \l
Te A&d e e
i Te-T9  »
3 T2
T8 TS
NOTE :- CHANGING
COMNRLTION
DOES NOT
ALTER W.P.
OR SPLED
WHEN MOTOR
1S DESIGNEY
POR TWO
VOLTAGES Connections for applying D.O.
when testing an A.C, winding
with a oompass, If the winding
o is properly connected, the ocom-
1< 4 TO LK 1 H.p. 2208, 1-4 To LNt L ICRETTY & ’
2008 { 4.3 Toeetuin [ EECITY X TR “"{’,_.“"‘.F"‘"‘ l 101, 1TSOR.LM. pass will reverse on each pole
SINGLL PMASE

SINGLE PHAST

phase group and indiocate three

LEADS N A
4 POLE STATOR, 4 / &
3PN, S

123 times as sany poles as the ma-
ohine actually has,
B 3A-1 c

REDRAW “A7 T ANS"C™ AND PRACTICE (OMNELTING THEM POR ALL ABOVE CONNECTIONS,

SO |
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STAR OR Y gﬂt
CONNECTED
ENGINEERING INFORMATION

POLYFHASE INDUCTION MOTORS

TYPES SC, SCN, SCH, SCT, SCX, AS, SR - 3 PHASE

Thr#e Phase motors may b= 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.

Our standard method of marking leads and the schemetic representation of circuit?‘is as
follows: T,

DUAL VOLTAGE=*(119/220, 190/380, 220/440 etc.)

Consider T, and T4 (Fig. 1) as the end of one circuit®and T; and
the center of the stﬁr as the ends of the other circuit, in one phase. Do
th= same for each of the other two phases. To connect the stator winding

for the higher voltage, the circuits in each phase arz connected in series;
therefore, connect T4 to Ty, 15 to Tg, and Tg to To. Line connectiens will

)

]
-1

.L.]

be made to T3, Tp, and 13 fig. 2 and 5 show these connections, Ig %

To connect the stator windings for the lower voltage, the Te ) Is
circuits in each phase are connected in parailel, therefore connect T; to T/ ‘%\T
T7, T2 to Tg, and T3 to Tg. T4, Ts and Tg are connected together to form e
a point, thereby forming a second star in parallel with the star whose ends FIG. 1
are Ty, Tg, and Tg. Line connections, as before, will be made to Tj, T2 All terminal lugs are
and T3. Fig. 3 and 6 show these connections. 3%amped in'accordance

with this diagram,
Th=se motors have permanent connection plal- near terminal box.

SINGLE VOLTAGE*(199.208,220,440,550.2200 etc.)

Only leads Ty, T2 and 13 are brought out as shown in fig. 4 and 7 (single voltage motors
4171211y have single section windings rather than the double seciion winding shown in Fig. 1)

Conaections are indicated on lubrication tags sent with motor.

L L L 3
FIG. 2 FIG. 3 FIG. 4
High Voltage Low Voltage Single 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)

08 W B 4 | p o bp
N AN boa b
ViV ad s L Wy | & e o

e 5 Olg Q’I4 QTS Q Te
FIG. S FIG. 6 FIG. 7
High Voltage Low Voltage Single Voltage

DJAL VOLTAGE CONNECTIONS (Similar to B4270 & B4271)

All Form S motors. Form T motors 444 and larger.
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ENGI NEE!§ I %G INFORMAT I ON

POLYPHASE INDUCTION MOTORS

TYPES SC, SCN, SCH, SCT, SCX, AS, SR - 2 PHASE
Our standard method? marking leads, and the schemetic representation of circuitsﬂi!s as

folloms: TWO PHASE FOUR WIRE N
DUAL _VOL TAGE#{(110/220, 220/440 *+c.)

Consider T; 4rd Ts (Fig.15) as the ends of one circuit %, and
T7 and T3 as the ends of the circuits in the second phase. To connect Ts
the stator windings for the higher voltage, the circuits in each phase T
are connected in series; therefore, connsct Ts to 17, and T to T8 Tq—m'ma Te 080890002
Lins connections will be made to T}, T2, T3 and T4. FIGS. 16 and 19 r
show these connections. 7

To connect the stator windings for the lower voltage, the
cirouits in each phase ars connscted in parallel; erefore, connect

T to 17, T5 to 13, T2 to Tg , and T6 to T4. Line connection, as before, T3
will be made to T7, T2, T3 and T4. Figs 17 and 20 show these conn=ctions. FIG. 15
These motors have permanent connection plate near terminal box. All tenninal-l;.;gs are
stamped in accordance witt
SINGLE VOLTAGE * (199, 208, 220, 440, 550, 2200 etc.) this diagram.

Only leads B , T2 and T3 are brought 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

1, s Lr b3 L2 Ig
2
1 2
: o1 q
o—D
FIG. 16 FIG. 17 FIG. 18
High Voltage Low Voltage Single 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. Hg L L L L )7 La L LA L T3
I S 11 3 I I
é i | 1
qd1> Téa 12 iz i‘l ia I’z ih J) (L CL
P ¢ ¢ ¢ - & &% O LY
FIG. 19 FIG, 20 FIG. 21
High Voltage Low Voltage Single Voltage

DUAL VOLTAGE CONNECTIONS (S*milar to B42BQ & B4272)
All Form S motors. Fona T motors 444 and larger.

WO PHASE THREE WIRE

For connection to a three wire systein, connect motor leads T3 and Tp, together. Line
connections will then be made to T1, T3.2 , and T4; the common (or return wire) being connected

to T3.2,

% -~ The terms’ "circuit" as here used refers to one-half of the number of poles in one phase.
® -~ 8ee price sheet for standard voltage and horsepower of individual ratings.

Sec. 53,F,RD
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VoL

ENGINEERING INFORMATION

CONNECTION PLATES MULT1-SPEED SQUIRREL CAGE MOTORS
2 SPEED 1 AND 2 WINDINGS

3 PHASE

STAMPING OF AUXILIARY NAME PLATE 2 SPEED 1 WINDING 3 PHASE

Lew SPEED HIGH SPEED LOW SPEED HIGH SPEED
B AR E L, Bl Ly Lf 3 L L L
l ¥ ‘l' ot | L l‘ o 2 3
T, T Tj [--E:::::;_J [----J | |
[ *
,1,6 ,}4 Ts ¢ » O
2 Sveed 1 Wirding VAR. T0RQUE 2 Spe-d L Winding CON. TORGUE
SIMILAR TO B4494 SIMILAR TO B4494
LOW SPEED HIGH SPEED

E R S e o slilels

D (s a—"

2 Speed 7 Winding CONS1. HP

SIMILAR TO C17131

AUXILIARY NAME PWTE 2 SPEED 2 WINDING 3 PHASE

LOW SPEED HIGH SPEED

Ly | Li Ly Ly L L

ol }3 e |o |e SIMILAR TO B4248
J e e

T, I 1

2 SPEED 2 WINDING MOTOR

| | ToRAE | ] yep
3 PHASE SERmaL ™ (|

THESE DIAGRAMS ARE REPRODUCTIONS OF PLATES ATTACHED TO MOTORS WHEN THEY LIAVE THE FACTORY.
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VoL

ENGINEERING INFORMATION
CONNECTION PLATES MULTI-SPEED SQUIRREL C AGE MOTORS

3 SPEED = 2 WINDING — CONSTANT HP

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.

LOW SPEED MED SPEED HIGH SPEED
Llj 13 Ly ts3
. v [ .
T16
“i4 ) Vo0
b hs - ¢
CONSTANT HP 3 PHASE SERTAL M. L[ 1
L 1

SIMILAR TO C17132

AUXILIARY NAME PLATE 3 SEED 2 WINDING CONSTANT HORSEPOWER
4-6~8; 6-8-12; 8-12-16 POLEL

CENTURY ELECTRIC COMPANY
ST. LOUIS, MO.
LOW SPEED MED. SPEED HIGH SFEED

1 3 o o Ly . ! 5
1 % i j

T, L AP ' ’ ¢
T{ T Ts 'Pla [ ] [ Y ) } [ ] [ ]

CONSTANT HP 3 PHASE SERIAL NO. E:

L

SIMILAR TO C17134

AUXTLIARY NAME PLATE 3 SPEED 2 WINDING CONSTANT HORSEPOWER
4-6-12; 6~8-16 POLE

CENTURY ELECTRIC COMPANY
ST. LOUIS, M.
LOW SPEED MED.SEE HIGH SEID

U:‘I{% T6'r11 . 11‘1'3. . . Ll‘fB

T 3( T, '1'5 ‘%_ . . ) [ [}
CONSTANT HP 3 PHASE SERIAL 0. L]

— 1
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G

ENCTINEERING INFORMATION
CONNECTION PLATES MULTI-SPEED SQUIRREL CAGE MOTORS
3 SPEED = 2 WINDING - VARIABLE TORQUE

3 PHASE

—_———————————ara=

AUXILIARY NAME PLATE 3 SPEED 2 WINDING VARIABLE TORQUE

4-6-8; 6~8-12;  B8-12-16 POLE
CENTURY ELECTRIC (0 MPANY
ST, LOUIS, MD.

LOW SPEED MED, SPE~ HI'GH SPEED
Ll 3 Ll L

[ ( J
1) |Te ™ ) T ’
T ™ M2 .
4 1 Ty *

VARTABLE TORQUE 3 PHASE SERTAL NO[—

s |

AUXILIARY NAME PLATE 3 SPEED 2 WINDING VARIABLE TORQUE

4-6-12; 6-8-16 POLE
CENTURY ELECTRIC COMPANY
31, LOUIS, MD.
LOW SPEED MED. SPEED HIGH SPEED

hie Lir . hlply o o Rlefs
Ty 6 il )
T2 of a 'TJ.Z [ [ *
T,¢ g eTyy . o O

VARTABLE TORQUE 3 PMASE SERIAL N[
) = 1

AUXILIARY NAME PLATE 3 SPEED 2 WINDING VARIABLE TORQUE

2=4-6;

4-8-12; 6-12-16 POLE

LCW SPEED

"}')'j'n f1s

CENTURY ELECTRIC COMPANY

ST. LOUIS, M
MED. SPEED HIGH SPEED
j v H.j“
) ) J
[ ]
SERIAL O] )
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SLIP RING INDUCTION MOTOR

34 LINE HOLDING MAGNET
AND RO VOLTASE RELEASL
MAIN CONTACTS. )
.STIEK CONTARYS.
| f7 NOTE THAT THERE
o

1S NO ELECTRICAL
CONNGCTION BETWEEN
THE RESISTANCE BOX
AND THE LINE.

CUTLER HAMMER
ALKRDSS~THE - LINE
STARTER.

220L. 60~ I NP

ROTOR RESISTORS.
HI6H RES. TYPE

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. cuavg.'r_ ROTOR RES, ALL CUT OUY.

CHARACTERISTICS ot -2- RLS. FOR M“.To‘?’[:
The average slip ring motor will produce 3 times normal : ..:. :::: ::::::: .:..
full load torque with 2.5 times normal full load current.

T LI

With all the external resistance cut out, the variation g)oo[-- . 1]
in speed from no load to full load will not exceed 5% of g L L ’"".. =
the full load speed. As resistance is inserted, the speed o 33
regulation becomes rapidly poorer. :zoc wjg

APPLICATION < &
Air compressors, large ventilating fans, conveyors, punch < :t |
presses, printing presses, lathes, elevators, etc. may be jtoo b~ +
used wherever a high starting torque, a smooth starting E
action, or adjustable speed is desired. ©

PRINCIPAL TROUBLES °

Sliprings, brushes, brush holders, external rotor resist- = & < s 3 ,8_

ance, loose connections, bearings, insulation. 7o 3YN. R.F.M,
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Speed Adjustment

To 3-phose
power supply Stator, e i',f,‘:/'}g;’y
. 1.0 /7
' fr;;re.\'/armer: Rotor~ 2\ -\ 5 % Primary
AN (N ‘, ] K. X Wwinding
' AN Sz =
2 4 , 5

1 D N
' -

% 000000 *

o

Secondory
FIG. 1
Ventlating fan ._...._. 7/’
Comnulortor . Speed-odjusting
3 Y winding

Slip rings,

Fig. 1—Diagram of polypbase commutator motor, speed of which is varied by changing position of brushes. Fig. 2—Rotor for
adjustable-speed polypbase: motor. Fig. 3—Diasgram of rotor and stator circuits for a polyphase adjustable-speed motor

Slip rings
/)

Wound-Rotor

Motors

—— —
f' Slip rings on 1 1
Line rofor shatt -
contactor W 2 2
—r—|+ FIG. 2 ! 3 3
To 3-phase 4 £4
power supply Starty

g —

7 Squirrel-cage windin, “Sfarﬁng resistors’
—— ~Insulated winding

Fig. 1—Rotor for a wound-rotor or slip. d S
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.

i ol
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Synchronous

Motors

How They Operate

Fig. 2 shows the rotor and stator
assenbly of a synchronous motor. When
the stator winding is connected to a
polypliase 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.

S

L N3
FIG. | "~~~ Squirrel-cage . --- B; > -

winding -=~ As
FIG. 2
. f/elq co‘nlacfar ______ _ Starting contacts
Field winding Ship R Stip
\ £ -~ Running :
—4 A Z "'{‘ [/ contacts rings

line contoctor
)
H

Stator £ -

F16.3 winding \

-
To O € power supply J

Freld winding
Field contactor

Synchronous motors are designed for Commutotor

two standard full-load power factors:

Auto-transformer

unity and 809 leading. Unity-power- Toa C
factor motors, at full load and normal A, fg;;/’y
field current, have 1009 power factor. g“*}

At less than full load, their power factor 2o,

. . . otor

is less than unity leading, but can be windings

regulated by adjusting the field current. Lo |-Snp

4 rirgs
Commutatcr Compensator....|-|-»

“Field poles  FIG. 5

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 II—HORSEPOWER AND SYNCHRONOUS-SPEED RATINGS
OF GENERAL-PURPOSE INDUCTION MOTORS FOR
DIRECT CONNECTION

Cycles 60 60 60 60 25 25
Hp 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
5 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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Construction and Connections of a Thermal Starter.

Thermal Starter —

This type includes a resistive element which carries the filament current and is heated by
this current. The heater elements heats the bi-metallic thermostat blade and causes this
blade to bend and open the filament connection after the filaments have been heated enough
to glow.
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ELECTRONICS - PHOTOTUBES

PROCEDURE FOR SELECTING COMPLETE PHOTO-TROLLER EQUIPMENT

1. Measure the distance between Photo-Troller and light source on
your proposed installation.

2. Refer to charts below or on page 7 and select Photo-Troller
type based on distance between light source and phototube; also
on service required.

3. Check the specification of the type chosen (pages 4 to 11) to deter-
mine if it is suitable for the following variables.

A. Sufficient interruption of light beam necessary for maximum
operating distance as explained in paragraph under Contactor

or Load Relay. Ratings are based on complete interruption of
a vigible light beam under ideal conditions.

B. Speed of operation. See paragraphs under Speed of Response
and Operations per Minute.

C. Operating conditions such as temperature, dust and weather
conditions. See general description.

D. Space for mounting the light source, phototube housing and Jor
Photo-Troller.

TYPE RQ—FOR INDOOR USE ONLY

Style Numbers Include All Components Shown in Chart
INCLUDING LIGHT SOURCE—Measure Distance and Select Control Here STYLE NUMBER
WITHOUT SEPARATE PHOTOTUBE HOUSING
' - 108 T e proTo-TROLLER —
PHOTO-TROLLER
1%" LENS UP T0 B FT. ] 3" LENS
LGHT | - ooo-oooboooo2m oot 1183 192
SOURCE !r ----------------------------------
TYPE
F1 < 3" 1w WITH SEPARATE PHOTOTUBE HOUSING
H 238238 l%P:T:O:]:I :FT: ooz PHOTO-TROLLER PHOTO-TROLLER 1183 193
TRANS- AND PHOTOTUBE :
s AND PHOTO-TUBE
FORMER HOUSING-1%2" LENS HOUSING. 3" LENS
1%2" LENS UPTO®F
r:::::::::::::::::::::::::::::::::::::1_! 1183 194
3* LENS 8 FT. 11 FT. 28 FT.
DISTANCE BETWEEN LIGHT SOURCE AND PHOTOTUBE*
USING YOUR OWN LIGHT SOURCE—Measure Light Intensity at Phototube Location
WITHOUT SEPARATE PHOTOTUBE HOUSING
( O s oC-Z=z=z== PHOTO-TROLLER TS
3 " %begﬁ?mfs PHOTO-TROLLER
LESS THAN 40 but AT LEAST 8 FOOT CANDLES H LENS
Q CoCIIIIIIIIIoIoIoIIoIoIoIoIIoIIoITII- 1183 196
YOUR
OWN * WITH SEPARATE PHOTOTUBE HOUSING
<
Slblg:gﬁ Q ::::::::::I::::::::::: PHOTO-TROLLER 1183 189
y FOR 20 FOOT CANDLES OR MORE AND pHm(l)nlj’B[ PHOTO-TROLLER
HOUSING-12" LENS AND PHOTO-TUBE
LESS THAN 20 but AT LEAST 8 FOOT CANDLES HOUSING 3" LENS
Q :::::::::::::::::::::::::::::::::::::m 1183 190
\. t-3 I 1
40 20 8
FOOT CANDLES AT LOCATION OF PHOTO-TROLLER OR PHOTOTUBE HOUSING *

* The maximum operating distance is reduced to one-third of above distances when a [0% transmission light filter is used.
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