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The changing face of robotics
In 1979, the Robotic Institute of America expanded on
earlier definitions of an industrial robot as follows: An
industrial robot is a reprogrammable multifunction
manipulator, designed to move materials, parts, tools,
or specialized devices through variable programmed
motions for the performance of a variety of tasks.

Reprogrammable is an important added word,
because early robots were simple teach -and -repeat
devices. High-performance microprocessors now
allow robots with sophisticated languages to interact
with their environments and make decisions.

The addition of computers to robotic systems
increases their capability in three ways: motions can
be described mathematically, communications are
possible with other systems, and there is added
decision -making capability. These things make it
possible for robots to perform tasks that were
previously impossible.

RCA Consumer Electronics is moving away from
the "islands of automation" approach, and toward
integrated systems that provide the necessary
feedback of information into the process. System
integration makes it possible to achieve additional
levels of productivity and quality through real-time
monitoring of processes. Adjustments can be made
"on the fly" if tolerances are exceeded or products
change, and communication between "intelligent"
machines allows product information to be passed
along the line.

The advanced instrument line (AIL) in the
Bloomirgton, Indiana assembly plant is an example of
the direction Consumer Electronics is taking in the
integration of robotic workcells on a manufacturing
line. GMF robot -based workcells perform assembly
functions on the line, with status information being
passed back to a host data collection system. The
robotic workcells have resident programs for
assembling several models, and when a model
change occurs, the host broadcasts the model to be
produced over a data highway to the workcells. Each

workcell then executes the resident program for that
model.

Future workcell developments will see a significant
emphasis on the use of off-line graphics processors
that allow the full simulation of all the workcell
elements. Motion sequences will be developed,
simulated, and tested to optimize the entire process.
With off-line development, none of the robot's
productive time is wasted.

Control system architecture will have to meet the
requirements of new robotic applications, which will
place a heavy demand on system processors and
memory in an attempt to achieve greater throughput.
Taking it all one step further, artificial intelligence will
allow real-time decisions to be made by the robot.

Sensor technology has placed a greater emphasis
on the integration of robots. Some say that by 1990, if
a robot does not have vision, it will not be considered
a robot. Vision will be as important to robots as
programmable controllers are now..

The most important aspect of all future robotic
applications will still be safety. With new sensor
technologies, artificial intelligence, and faster
processors, the robots will be able to "think" and
react" in emergencies when an employee cannot.
Continued training and education will be a priority to
keep employees current with the new technologies.

Research and development in robotics within RCA
today are being accelerated, and university
laboratories are addressing some of the fundamental
areas such as vision systems, artificial intelligence,
and tactile sensing.

There is no doubt that robots, when properly
applied to a task, can work longer for less, improve
quality, and reduce overall cost.

B. L. Borman
Division Vice President
Manufacturing Engineering and Technology
Consumer Electronics Operations
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R.F. Miller

A longer backplane PC board design increases
testability and reduces assembly

New production techniques allow mechanical designers to
develop larger, more efficient PC board backplanes for the
unique geometry and microcircuit module components
associated with tactical phased -array radar antennas.

The advent of leadless chip carrier printed
circuit modules and the economies of scale
realized in wiring and testing large back -
planes have generated a need for larger,
more complex printed -circuit board back -
planes.

The concentration and miniaturization
of electronics, coupled with geometric
requirements imposed by a new phased -

Abstract: The design of a reliable,
producible, large-backplane product
requires careful consideration by both the
engineer and the manufacturer. Feature
size and the trace and space widths are
particularly critical in maintaining
annular ring requirements (Le., a
minimum of 0.005 inch between the
perimeter of through -holes and the edge
of the plated through -hole pad). This
paper presents the design methodology
used to develop a long, complex printed -
circuit (PC) board backplane using
standard press -fit connector technology.
Included in the discussion are the methods
of circuit design artwork master creation,
artwork processing techniques, special
tooling -hole registration and drilling
considerations, and backplane product
testing. The solutions to the production -
related problems encountered-backplane
bowing and connector anomalies from
tolerance build-up-are also presented

©1986 RCA Corporation.
Final manuscript received May 14. 1986
Reprint RE -31-4-1

array radar antenna design, presented our
backplane designers with a unique problem.
Structural considerations dictated a max-
imum allowable backplane width of six
inches and a possible length of over six
feet. The additional requirement for five
voltages used in the logic made a multilayer
printed circuit approach attractive. From a
manufacturing viewpoint, automated testing
and wire -wrap parameters make a large
backplane preferable to a small one.

A design advantage of a long backplane
is that it allows the use of a large common
groundplane that eliminates the need for
balanced signal lines, reducing assembly
weight and cost. Additionally, busbar
hookups do not have to traverse the distance
to a second board, and a set of board -to -
board connectors and connections are
eliminated.

Initially, long backplanes were produced
in three lengths: 19.4, 25.7, and 32 inches.
However, certain wiring and testing pro-
cedures were hindered when two 19.4 -
inch backplanes were stacked together in
one assembly. Therefore, we decided to
produce a 38.3 -inch version to replace two
stacked 19.4 -inch backplanes (see Fig. 1).
The situations we encountered in developing
a backplane of this size and entering it into
production are the subject of this article.

Design methods
The first step in building the backplane
was to find a suitable vendor-not many
were receptive to the idea of manufacturing

a 38.3 -inch, nine -layer backplane with a
0.008 -inch line width, 0.010 -inch spacing,
and 0.065 -inch pads. The next priority
was the generation of artwork and tooling.

Master artwork development

The magnetic tapes that drive the artwork
machinery are produced form logic netlists
generated on the Applicon CAD system at
Moorestown. The first problem encountered
was that the backplane was too large to
be input to the Applicon data files.

The CRT display of the Applicon rep-
resents a width of 32.766 "DA units."
Normally each DA unit is assigned a value
of 0.001 inch. Since all measurement read-
ings performed by the Applicon are given
in DA units, no conversion to thousandths
of an inch is necessary. But the maximum -
size board design that can be displayed
on -screen is, consequently, 32.766 inches.

To create the 38.3 -inch backplane file,
the DA unit was reassigned a value of
0.002 inch, permitting the entire length of
the board design to be displayed on the
CRT screen. We then had to write a
program to reconvert the DA unit data to
the thousandths -of -an -inch scale for output
to the standard Gerber plotter that generates
the master artwork for the backplane board
design. This program takes about six hours
of computer time to convert the 0.002 -
inch DA unit data file.

After generating the magnetic artwork
tapes, the process of plotting the actual
artwork masters can begin. All plotting

4 RCA Engineer  31-4  July / Aug. 1986



Fig. la. The 38.3 inch, press fit compliant pin backplane developed at
Moorestown.

Fig. 1 b. Antenna column assembly showing position of two adjacent backplanes
(bottom center of photo).

was done on a Gerber -32 plotter at Camden.
The size of the board created no problems
in the plotting operation.

Originally, the artwork masters were to
be plotted on 0.25 -inch -thick glass, but we
later decided to plot them on 7 -mil mylar.
Glass has better stability characteristics than
mylar, but presents penalties in the form of
high cost, availability, weight, and handling
problems.

Plotting a board of this size and com-
plexity on mylar represented a new (and
controversial) frontier for photolitho-
graphic technologists. Variations in tem-
perature and humidity cause mylar artwork
masters to grow and shrink at a rate
expressed in inches/design inch. Logically,
one would reason that a larger/longer,
more complex board with small, individ-
ually shaped features such as strip lines
would hold a greater potential for tolerance -
defying variations in size.

We have discovered, however, that mylar
can be used for boards like our long back -
plane. The magnitude of the inch/design
inch artwork variation obtained over the
short feature size distances is too small to
affect the finished product. However, an
environmentally controlled lithographic
process is needed in order to achieve overall
backplane board design length and feature
location.

The temperature and humidity are con-
trolled at the point of mylar master artwork
generation to ±2°F and ±5 percent relative
humidity. The exact temperature and hu-
midity are recorded on the documents
accompanying the processed mylar art. To
ready the artwork for use in board pro-
duction, it must be restabilized-returned
to the temperature and humidity levels at
which it was generated.

During the artwork restabilization pro-
cess, a closely controlled mylar wetting

Soldering vs. press -fit
compliant pins

An alternative method of
obtaining a reliable electrical
connection between two
conductors has developed with
advances in printed circuit board
technology. Press -fit compliant
pin (PFCP) connections, where
contacts are made using spring
tension with gold-plated contacts
in plated through -holes (see Fig.
3), offer a number of general, as
well as application -specific,
advantages over solder
connections.

In backplane production, wire -
wrapped pins on one side of the
board and plug-in receptacles
for module cards on the other
side make a wave -soldering
process impractical. Individually
soldering the hundreds of
connections is slow and costly;
resoldering a broken contact
introduces heat that could
damage wire on the backplane.
PFCP connections offer an ideal
solution to this problem.

Flowers -of -sulfur tests (see
sidebar, page 6) show PFCP
connections to be gas tight, and
therefore highly resistant to
corrosion. Cost savings can be
realized in reducing the need for
the relatively expensive soldering
equipment.

and drying procedure is required to prevent
dimensional hysteresis. As the humidity is
adjusted up or down to meet the specified

Fig. 2. Compliant pins are inserted into
PC boards using presses of this type.
A vibrating conveyor shakes pins into
the connector shell holes, and the
press attaches the pins housed in the
connector shell to the board as a unit.

Millet: A longer backplane PC board design increases testability and reduces assembly 5



Is it gas tight?

MIL -STD -1130B requires that 75
percent of the wire -wrapped
assembly corners in contact with
uninsulated wire (except for the
first and last turns on the post) be
gas -tight. The contacts in the
wire -wrapped and compliant
sections are checked by
exposing them to the fumes of
two chemical solutions that react
and darken the metal surfaces
they contact.

The posts are first suspended
in a test tube above approx-
imately 2 mL of a 1:1, con-
centrated hydrochloric and nitric
acid solution for 10 minutes.
They are then transferred to a
second test tube and suspended
above 1 mL of ammonium sulfide
solution.

Once the chemical reaction
has darkened the exterior
surfaces, the posts are removed
from the test tube and either
unwrapped or pulled from the
test substrate. The gas -tight
portions of the post brightly
contrast with the copper or gold
sulfite colors that develop where
the vapors penetrate.

generation level, this phenomenon can pro-
duce restabilized artwork that is larger or
smaller (respectively) than its generation
size.

Care is also taken to avoid and counteract
the effects of temperature and humidity
variation during transport of the mylar
artwork masters.

Tooling, modeling, and
processing
The nine layers of artwork masters are sent
to the vendor, checked, and measured for
accuracy within ±0.003 inch throughout
their 38.3 -inch lengths. At this point they
are ready to be used in the production of
the backplane.

The grain structure quality of the board
laminate material controls shrinkage and
misregistration from material float. Grain
structure is tested by the backplane vendor
on a lot -by -lot basis. An 18X21 -inch
through -hole pattern is drilled in a sample
board pulled from the laminated lot, and
the distances between the through holes

0

PRESSURE

BOWING

PRESS FIT COMPLIANT
PINS

PRESSURE

COMPLIANT SECTION
OF PIN CREATES
SPRING TENSION

PIN HOUSING

)CENTER LINE BACKPLANE

PRESSURE THICKNESS
BOARD

--V-PRESSURE, f

4,800 PINS INSERTED/BACKPLANE PC BOARD

V V V

CUMULATIVE PRESSURE

BACKPLANE
'd11- PC BOARD

BOWING

Fig. 3. Spring tension from the insertion of the press fit compliant pin creates
pressure below the center line of the board thickness (A), causing the board to
bow upwards (B).

are precisely measured. The drilled board
sample is subjected to a hot oil reflow
procedure, and the distances between the
holes are remeasured. If the change in
distance between any of the through -holes
is greater than ±0.0028 inch, the entire lot
of PCB laminates is considered to be un-
suitable for production.

Lamination techniques are critical; the
processing parameters of press time and
cool -down time are held to close tolerances.
Careful control of these parameters has
sharply reduced board shrinkage below
the normal 0.005 inch/inch ratio. Also,
tight control during the press cycle has
helped to control warp and twist in the
board.

Most circuit board drill machines are
designed for drilling modular PC boards,
which are generally less than 24 inches
long. By restricting the drill span to 24
inches, equipment manufacturers can pro-
duce multiple -spindle drill machines that
occupy less floor space than larger single -
spindle machines. Consequently, our 38.3 -
inch boards were drilled using the multi -
spindle technique, whereby adjacent spin-
dles on a multi -spindle machine each drill
one portion of the board. This technique
eliminated the need to step the board to a
different location for drilling by the same

spindle, and also eliminated the errors that
could occur in repositioning the board.

One effective production technique used
was to run the boards two-up to utilize
laminate material efficiently. This was pos-
sible because of the relatively narrow (6 -
inch) width of the backplane.

PC board pin and connector shell instal-
lation was not hindered by the size of the
board. However, substantial bowing oc-
curred over the length of the backplane
from the press -fit pin insertion process
(Figs. 2, 3). We solved this problem by
securely fastening the backplane to a rigid
logic -nest assembly.

Other potential problem areas are the
size of the processing tanks and the photo-
graphic equipment as, once again, most
board manufacturers have selected their
equipment for the processing of 24 -inch
long (or smaller) PC board products.
Fortunately, some manufacturers do have
equipment that can handle longer boards.

Testing

The size of the backplane posed no problem
to semi -automatic and automatic wire -
wrap machines, nor to a bed -of -nails tester
designed and built specifically for this family
of backplanes. MIL -A-28870 requires that

6 RCA Engineer  31-4  July / Aug. 1986



testing for circuit opens and shorts be
performed at twice the maximum board
voltage. We routinely test metal plate
backplanes to 500 volts at 1 ampere to
catch possible wire -wrap insulation breaks.
It was determined that 500 volts could
possibly cause degradation of the multi-

layer backplanes, so the testing voltage
was lowered to 125. No problems were
encountered while testing at 125 volts.

Conclusions

A long, complex, multilayer backplane
design can be produced efficiently and
economically, offering substantial benefits
in wire -wrapping and testing. This sets
new standards for maximum backplane
size, and allows more options in forth-
coming electronic packaging and inter-
connect designs.

Given the size and complexity of the
backplane, locating a procurement source
may be difficult. But the opportunity exists

Roger F. Miller is a Member, Engineering
Staff at Missile and Surface Radar
Division. He received his Bachelor of
Science Degree in Aerospace Engineering
from the University of Arizona. Roger
designs and oversees production of
backplanes and logic nest assemblies that
are cabinet frame mounted or integrated
into phased -array radar antennas. He has
also done extensive work in the area of
wire -wrap and automated testing of wire -
wrapped assemblies. He is presently
involved with the design of pluggable
circuit module connectors and electronics
packaging on a system level.
Contact him at:
Missile and Surface Radar Division
Moorestown, N.J.
Tacnet: 224-7830

for additional advances in this area. The
ability to add more layers to the backplane
would reduce or eliminate wire -wrapping

and redundant testing. This process will be
investigated to determine if favorable trade-
offs are possible.

Miller: A longer backplane PC board design increases testability and reduces assembly 7



S.R. Miller J.E. Economou M.C. Sharp

Evaluation and optimization of
manufacturing inspection systems

The reduction of costs is of primary importance in a
manufacturing environment. The evaluation and optimization of
product inspection systems are two of the keys to successful
cost reduction.

The manufacturing environment is highly
competitive. It is an environment charac-
terized by incessant change and the struggle
for product survival. To assure product
survival, manufacturing constantly faces
the challenge of simultaneously attaining
the goals of product quality and reliability,
manufacturing efficiency, and enhanced
productivity. Survival in such an envi-
ronment also requires efficacious judg-
ments and decisions. Necessity often

Abstract: Within any manufacturing
environment, one is constantly faced with
inspecting a product and evaluating its
performance. However, the inspection and
evaluation are often complicated by the
variabilities that are inherent both in the
inspection system and in the product itself
Consequently, erroneous and costly
decisions can be reached This article
introduces a methodology for analyzing
single and multiple inspection systems and
their classification errors. In particular,
we present a numerical algorithm that
minimizes the misclassification costs
through optimization of performance
specification limit tolerances (i.e.,
guardbands). The methodology is highly
flexible and can be adapted to a wide
variety of manufacturing inspection
systems.

01986 RCA Corporation.
Final manuscript received June 13. 1986
Reprint RE -31-4-2

demands, however, that these decisions be
based on information that is incomplete,
or "clouded" with uncertainty. Conse-
quently, it is entirely possible that incorrect
decisions will be reached. Manufacturing
must then be alert to the frequency and
types of errors being made, and the costs
associated with such errors, in order to
minimize the subsequent effects of erro-
neous and costly decisions. Our paper
addresses this concern in the specific area
of inspection systems, but a similar analysis
could be applied to many other decision -
making areas. Because of its importance,
we shall preface our presentation with a
brief discussion of uncertainty and its rela-
tionship to scientific belief.

Uncertainty-Nature's "ubiquitous
creature"
A scientist is presented with three primary
tasks: (1) experimentation, or the measure-
ment of phenomena; (2) the generalization
to rules or laws governing these phe-
nomena; and (3) the creation of a theo-
retical framework that explains the derived
rules or laws and provides predictive capa-
bility. The first task is analytic (reduction-
istic) in spirit, while the latter two tasks
are synthetic (constructionistic). The phe-
nomenon of interest may involve the inter-
action of elementary particles, the synthesis
of messenger -RNA, the onset of agression
in the human animal, or the etching of
printed -circuit board patterns. Regardless,

scientists attempt to measure, generalize,
and predict. Their efforts at coordinating
phenomena are complicated, however, by
the presence of uncertainty. In fact, we
may more strongly assert that uncertainty
is a fundamental issue in any scientific
undertaking, because it directly impacts
our underlying belief structure. It is worth-
while, therefore, to consider this "ubiq-
uitous creature" of nature in greater detail.

The act of measurement is always ac-
companied by measurement uncertainty,
whether large or small. The sources of
uncertainty are various. The uncertainty
may be attributable to variability (random
error) and/or bias (systematic error) in
the measurement apparatus. White noise
(thermal fluctuations) and mechanical vi-
brations are examples of random errors,
while device calibration is a possible source
of systematic or constant error. Uncertainty
may also arise from the variability inherent
in the phenomenon itself, as, for example,
the variability associated with etching PC
board patterns, or that associated with
metal forming. Finally, the uncertainty may
arise from some more fundamental limita-
tion, as that imposed by nature upon the
simultaneous measurement of canonically
conjugate variables at the atomic and sub-
atomic levels (e.g., the Heisenberg uncer-
tainty principle). Regardless of the source,
the existence of uncertainty complicates
the task of generalization.

The synthetic role of the scientist is

also complicated by the fact that the gen-

8 RCA Engineer  31-4  July / Aug. 1986
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X . 8 BECAUSE THE MEASUREMENT ERROR E IS SUCH THAT TrE OBSERVED

VALUE 8 e> 10.

Fig. la. Type I error.

DEFINE

S1 = LOWER SPEC LIMIT

S2 = UPPER SPEC LIMIT

X = PRODUCT CHARACTERISTIC RANDOM VARIABLE

E= MEASUREMENT ERROR RANDOM VARIABLE

"BAD" PRODUCT = (X< Si ) or (X> S2)

"GOOD" PRODUCT = (Si< X < S2)

E

INSPECTION
STATION

r- a

P

WHERE,

R. PROB {PASSING A PRODUCT}

r = PROB {REJECTING A PRODUCT}

a= PROB {FALSELY REJECTING A GOOD PRODUCT}

PROB {FALSELY ACCEPTING A BAD PRODUCT }

Fig.lc. Single -inspection station system and parameters.

eralizat-on to rules or laws often proceeds
in an inductive manner from observations,
and is thus, of necessity, probabilistic in
nature. (This is not true, of course, of the
deductive reasoning employed by math-
ematicians, logicians and scientists.) Con-
clusions that are reached from finite num-
bers of observations, and generalizations
made f-om sample sizes of limited extent,
are extrapolative in nature, and hence never

FOR ILLUSTRATIVE PURPOSES THE GUARD -BANDS GI 8 G2 ARE ASSUMED 10

BE ZERO. U, IS THE PROBABILITY OF ACCEPTING A BAD PRODUCT WITH

VALUE x . 11 BECAUSE THE MEASUREMENT ERROR IS SUCH THAT THE OB-

SERVED VALUE 11 e < ID.

Fig. 1 b. Type II error

completely certain, although the degree of
certainty varies; that is, certain statements
are more probable than others.

The degree of certainty associated with
our acts of analysis and synthesis can be
placed on a quantitative level by means
of the calculus of probabilities. Statistics is
that branch of probability concerned with
samples drawn from populations, and sta-
tistical inference is the process of drawing

conclusions about the populations from
these samples. Thus, statistics is of funda-
mental importance to the scientist who is
formulating and testing hypotheses. Within
statistics, one considers a particular obser-
vation to be a value that arises with a
certain frequency of occurrence from some
probability density function (which may
or may not be known). A set of such
values constitutes the range of a function
known as a random variable, and a statis-
tical hypothesis is any assumption con-
cerning the probability density function
(pdf) or frequency function of this observed
random variable. The hypothesis could
be, for example, an assumption about the
value of the mean of the pdf, or its vari-
ance. Sampling from the random variable
gives rise to two fundamental issues: (1) a
consideration of what constitutes an appro-
priate sample, and (2) the question of
how one can make reliable statements
about the population once this sample has
been drawn. Statistical inference is con-
cerned with the second issue, and it is this
issue that is implicit in the work we shall
describe below.

Consequences of product
inspection
Although at the present time the trend in
manufacturing is away from excessive
product inspection and overriding specifica-

Miller/Economou/Sharp: Evaluation and optimization of manufacturing inspection systems 9



tion concerns and toward more process -
oriented approaches, product testing is still
of paramount importance in the assessment
of product quality. However, because of
product variability, and the variability
and/or bias inherent in the test equipment
itself, misclassification is possible. In par-
ticular, inspection can give rise to two
types of decisional error: (1) a Type
error, which involves the rejection of ac-
ceptable product, and (2) a Type II error,
which involves the acceptance of unac-
ceptable product. More specifically, let us
assume that we are testing a particular
product attribute. Given the probability
distributions for product attribute perfor-
mance and for measurement system error,
there is a probability a of rejecting prod-
uct that conforms to the performance
specifications for the product attribute being
tested (Type I error), and a probability /3
of accepting product that does not conform
to these performance specifications (Type
II error). Figures 1a -If show this situation
graphically. A Type I error results in a
direct loss to the producer, while a Type
II error results, in effect, in a loss to the
consumer, and ultimately also adversely
affects the producer. By knowing the two
probabilities a and /3, and also the costs
associated with making these errors, the
cost incurred by inspecting the product
can be computed. Thus, a and /3 are very
reasonable performance measures of an
inspection system. As will be shown below,
for 100 -percent inspection, a and /3 are
functions of the fixed lower and upper
performance specification limits S, and S2
and the guardbands G, and G2 about
these limits. The guardbands are tolerance
bands that are introduced to account for
measurement errors in the test equipment
and represent the differences between the
performance specification limits and the
pass/reject classification limits (i.e., the
test specification limits). The cost of testing
(i.e., the risk function) can be minimized
by choosing appropriate values of G, and
G2. This paper will describe a specific
numerical algorithm that we have devel-
oped at RCA Laboratories for performing
this risk function optimization. Further-
more, as we shall show, this algorithm
can be utilized to predict the benefits to
be expected from improvements in the
measurement system; that is, from reduc-
tions in the random measurement errors
(measurement variability) and/or the sys-
tematic measurement errors (measurement
bias). Finally, we shall describe a few
important generalizations of the basic
problem that we have considered.

For the single station case, the equations for al, a2,

/3,, and /32 are as follows:

a, =Pr (Si<X<S2, X+E<Sid-G1)

= f FE (Si+ Gi-x)fx(x)dx
s,

-= Pr (Si<X<S2, S2±G2<X+E)

=

fs,

11-FE (S2+ G2-.X.) fx(x)dx

/3, = Pr (X<S,, SI-FG,<X+E<S2+G2)
s,

= .[FE (S2+ G2-X)-FE (S1+GI-x) fv(x)dx

132 = Pr (52<X, SI-1-GI<X±E<S2+G2)

= [FE (S2+ G2-X)-FE (Si+GI-x) [ fv(x)dx

where:
E = measurement error random variable with pdf
fE(e)

X = product value random variable with pdf fx(x)
S, = lower and upper spec limits

G,, G2 = guardbands for lower and upper spec
limits

and

FE(x) =f X fE(e)de (distribution of E)

Mathematical formulation

To develop probability expressions for
Type I and Type II errors, we must define
the random variables of interest. We let
the random variable X denote the product's
"true" value, with x being a particular
value of X. The random variable E will
denote the measurement error, with e being
a particular value of E. Finally, we let Y
denote the product's "measured" value,
with y being a particular value of Y; that
is, Y represents the product's value as
read from the inspection (measurement)
device. With these definitions, we can write
the value observed from a particular mea-
surement as y=x-i-e. We note that E
represents the convolution of all non -
product random variables contributing to
Y, as, for example, setup variability, mea-
surement repeatability, calibration, etc., and
that the pdf of E is conditional on the
value of the random variable X.

Consider now the situation where testing
involves both lower (S,) and upper (S2)
specification limits, and guardbands G,
and G2 about SI and S2, respectively. S,
and S2 define what is and what is not a
good theoretical product (regardless of the

measurement system) and, therefore, are
given constants. GI and G2, on the other
hand, are controllable and are set with
respect to the measurement system. As
we mentioned above, our criterion for
choosing appropriate values for G, and
G2 is based on minimizing the average
inspection cost per product.

There are four probabilities of interest:
(1) a, is the probability of falsely rejecting
a good product (one with x inside the
specification interval (SI, S2), because its
observed value y is below the guardband
adjusted lower specification limit (SI +GI ):
(2) al is the probability of falsely rejecting
a good product because its observed value
y is above the guardband adjusted upper
specification limit (52-FG2); (3) /3, is the
probability of falsely accepting a bad
product because its product value x is less
than the lower specification limit Si. but
the measurement error e is such that the
observed value y lies within the guardband
adjusted specification interval (S1-1-Gh
52+G2); and (4) )32 is the probability of
falsely accepting a bad product because
its product value x is greater than the
upper specification limit S2, but the mea-

10 RCA Engineer  31-4  July / Aug. 1986



UPPER

GUARD -BAND

WIDTH

(SIGMA

UNITS)

1.0

RISK FUNCTION R(G1, 02)

I r I

0.18 0.19
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TYPE 1 ERROR COST - $ 5
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LOWER SPEC -10
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WIDTH

(SIGMA UNITS)

THE OPTIMAL VALUES OF THE GUARD -BANDS ARE:

GI = 0.457

G2 = -0.457

AND

R(0.457,-fl.457) = S0.1717/unit inspected

Fig. 2. Risk function R(GI, G2).

surement error e is such that the observed
value y lies within the guardband adjusted
specification interval (SH-G1, S2±G2).
Now, since the events associated with a
and a2 are mutually exclusive, and the
union of these events is the event associated
with a (i.e., the total probability of falsely
rejecting good product), a can be expressed
as a==ai-Ea2. Similarly for [3 (i.e., the
total probability of falsely accepting bad
product), we have 13=f31+02. The mathe-
matical expressions for the probabilities
ai, a2, Pi, and /32 are given in the sidebar.

The risk function model

The expected cost of inspecting a product,
which we refer to as the cost or risk
function, has two components: (1) the
expected cost of falsely rejecting a good

1 1.5

product, and (2) the expected cost of falsely
accepting a bad product. (We are assuming
that the cost of making a correct decision
is zero and so does not enter into the risk
function.) Assuming a simple linear model
for the costs, we can write the inspection
cost per product as: R(GI, G2)=kia+k2/3,
where a and /3 are the Type I and Type
II probabilities defined above, lc, is the
cost associated with rejecting a good prod-
uct, and k2 is the cost associated with
accepting a bad product. The idea now is
to choose GI and G2 in order to minimize
the inspection cost per product, R(GI,

The risk function can be evaluated
for a given GI and G2, provided that the
probability integrals are solvable. This is
not possible in general, however. (For
example, we have been able to derive
explicit analytic results for only two special

. . . chance left free to act falls into an order
as well as purpose."

G.M. Hopkins
Journal, 1873

0.29

0.26

cases: the Laplace pdf and the logistic
pdf.) Moreover, even if the integrals can
be evaluated, the matter of optimizing
R(G1, G2) is by no means a trivial task.
Therefore, a numerical procedure was
developed to evaluate the integrals and to
minimize the risk function R(G1, G2).

0.23 Numerical algorithm

The numerical algorithm consists of two
essential parts. The first is the evaluation
of the risk function for some G1 and G.
This step requires a numerical integration
routine. The second part is the optimization
of the risk function with respect to GI
and G2. Since the risk function in general
is a function of more than one variable, a
line search alone could not be utilized to
perform the optimization. Instead, a multi-
dimensional search that employs single -
variable line searches was used. The multi-
dimensional search method chosen was
the method of Hooke and Jeeves, while
the line search method used was the
Fibonacci search. These search routines
are not derivative -or gradient -based. Con-
sequently, we were able to develop the
software for generic probability density
functions, and thus provide for greater
flexibility. The sidebar describes the
Fibonacci line -search algorithm. We should
also note that the numerical algorithm
was validated through comparison with
an explicit analytical solution derived for
the Laplace, i.e., the double exponential
pdf. Complete agreement with the ana-
lytical solution was found for the specific
example that we considered.

A specific example-Symmetric
product performance value pdf
Let us assume the following:

1. The pdf of the product value (X) is
normally distributed with a mean of 0
and a standard deviation of 5; i.e.,

2. The pdf of the measurement error E is
ft I v(e)=N, I,: (Note: this pdf is con-
ditional on the value of the random
variable X);

3. The cost ki of falsely rejecting a good
product is $5.00;

4. The cost 1c2 of falsely accepting a bad
product is $20.00;

5. The upper specification limit of X is
10, and the lower specification limit is
- 10;

where the situation is depicted graphically
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Fibonacci Search Algorithm

The following is the Fibonacci Search Method for
maximizing (minimizing) a quasiconvex function
over [al, b1].

Initialization Step

Choose an allowable final length of uncertainty 1>0.
(The point at which the maximum of the function lies
will be after completion of the algorithm in an
interval of length at most I.) Also choose a
distinguishable constant >0. Let [a], bi] be the
initial interval of uncertainty of the independent
variable, say x. Determine the number of iterations n
to be taken such that

F(n)>(b -a 1)/ I

where

F(n) = F(n-1) F(n-2), F(0) = F(1) = 1

or

Let

1 1 1+ N/ 5 \
rr

F(n) 1+
2

1 t 1 \t
21 \//1 1 2

+1 F(n-2)
F(n)

(bi-al)

= al +
I F(n)

F(n -1)
(bi- al)

Evaluate f(A I), f(µ1) where f is the function to be
maximized. Let k=1, go to main step.

Main Step

1. If [f(Ak)>(f(.1k)] then go to Step 3 (2), else if
[f(k)(/(µk)] then go to Step 2 (3).

2. Let ak+1=AA
bk+1=bk

Ak+l =Pk
PA + I =ak+ ±[F(n- k-1)/ F(n-k)]

If (k=n -2) go to Step 5.
Else evaluate /(4.1) go to Step 4.

3. Let ak+i=ak
boi =PA
PA+I=XA
Ak+i =ah+l-F[F(n-k-2)/F(n-k)] (bk+i-aol)

If (k=n -2) go to Step 5.
Else evaluate f(Ak+, ) go to Step 4.

4. Let k=k+1 go to Step 1.
5. Let A=An-1

112,-=Xn-id-e
If (f(A)<(>)f(p) then let a=X

b=b-1
Else if (f(X)(.).f(u) then let a=an-1

bn=k,

Stop. The solution lies in the interval (a. b). Use
I b

as the estimate of value of x which maximizes
I 2

(minimizes) f

Example

Maximize f(x) subject to: 0.x<3

f(x)=x, 0x52
=6-2x, 2<x<3

let /=0.1, E=0.05, and a1=0, b1=3, thus the condition

F(n)> 0.1(0) =30

gives n=8.
# (n) F(n)

0 1

1 1

2 2

3 3

4 5

5 8

6 13

7 21

8 34

Iteration a4 bh x4 iu4 f(.4k)

1 0 3 1.147 1.853 1.147 1.853

2 1.147 3 1.853 2.294 1.853 1.412

3 1.147 2.294 1.588 1.853 1.588 1.853

4 1.588 2.294 1.853 2.029 1.853 1.942

5 1.853 2.294 2.029 2.118 1.942 1.765

6 1.853 2.118 1.941 2.029 1.941 1.942

7 1.941 2.118 2.029 2.0295 1.941 1.941

8 1.941 2.029 2.029 2.079 1.941 1.842

2.029+ 1.941
=1.985 (actual is 2.0).v*=

2
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Table I.

Year
Units to be
inspected

Inspection
cost per unit Fixed cost Total cost

Present system

1 2000 $0.17 $0.00 $ 340.00
2 3500 0.17 0.00 595.00

3 5000 0.17 0.00 850.00

4 2500 0.17 0.00 425.00

Total 13000 $ $0.00 $2210.00

Proposed system

1 2000 $0.08 $1000.00 $1160.00

2 3500 0.08 0.00 280.00

3 5000 0.08 0.00 400.00

4 2500 0.08 0.00 200.00

Total 13000 $-- $1000.00 $2040.00

Fig. 3. Two inspection stations in series (e.g., vendor -customer plants).

in Figs. la and lb. Because fv(x) and
filx(e) are symmetric, the guardbands GI
and G2 will also be symmetric and
Gi=-G,. Therefore, the two-dimensional
optimization reduces to a one-dimensional
optimization. An algorithm was developed
for the special case of symmetric proba-
bility density functions which only requires
a line search as given in the sidebar. As a
result of applying this algorithm, it is found
that the minimum occurs at G1=0.457,
and so, G2=-0.457, and the value of R
at that point is $0.1717 per product
inspected. A contour plot of R(GI, G2)
versus GI and G2 is shown in Fig. 2. We
note that if guardbands were not utilized,
the risk function would have a value of
$0.1915 per product inspected. Thus, as a
result of minimizing the risk function R,
we can expect a savings of $0.0198 per
product inspected. If one were to produce
a million units, for example, this would
result in an overall savings of $19,800. If
we multiply this by many inspection
stations we have a very sizeable cost
reduction.

Let us now suppose that a new inspec-
tion (measurement) system is being con-
sidered and that its measurement error
distribution is AT,, os); that is, the new

measurement system is more precise. The
cost of purchasing this new system is
$1000. (For simplicity assume that no
extra labor or overhead is required for the
new system over the old.) The natural
question that arises in this situation is, "Is'
the new system worth purchasing?" With
the algorithm that we have developed, we
can supply the quantitative information
that is required to provide intelligent
answers to this question. Let us assume
that the costs of the Type I and Type II
errors are as given above, $5 and $20
respectively. The present system's optimal
inspection cost by using the guardband
optimization algorithm is $0.1717 per unit
inspected (G1= -G2=0.457). For the pro-
posed system, the optimal cost per unit
inspected is $0.0814 (G,= -G,=0.322).
The inspection cost per year was calculated
and is given in Table I. The payback
period is 3.24 years, which corresponds to
a breakeven number of 11,111 units. (For
simplicity, the present value of money,
taxes, etc. have been ignored.)

Extensions and future work
There are many variations on the basic
inspection station problem that we have

considered thus far. We have solved some
of these, and are currently working on
others. We wish to describe here some of
these extensions.

Vendor -customer problem

The most important extension that we
have considered and solved is that of two
inspection stations in series. This situation
arises, for example, with finished product
inspection at a vendor plant and incoming
inspection at a customer plant. It can also
arise with inspection of the same product
characteristic at two different locations
within a single plant's manufacturing oper-
ations (e.g., manufacturing and QC). We
shall consider the vendor -customer situation
depicted in Fig. 3. For such a situation,
each of the plants has its own concerns.
The vendor plant, for example, may ask
the following questions:

 What is the customer plant's perceived
quality of our product?

 How effective is our product screening
process?

 How often do we misclassify good
product as bad and bad product as
good?

 How can we add guardbands so that
we minimize our misclassification costs?

 Is it worthwhile to improve our mea-
surement system?

The customer plant may ask:

 Do we actually need an incoming
product inspection?

 How often do we pass bad product
through our system?

 What percent of incoming product can
we expect to have to return?

We have developed the mathematical
theory and the software necessary to
evaluate and optimize the guardbands (all
four of them) in this case. The solution to
this problem allows us to provide the
quantitative information that is required
to help answer in an intelligent manner
the questions that are of interest to either
the vendor or the customer.

Product reinspection
Manufacturing is often under pressure to
get as much product through the door as
possible. Thus, there is a tendency to rein-
spect product until it passes. This could
be done by simply remeasuring a failed
product a number of times until it passes,
or by sending a product that failed at one
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inspection station to another station for
reinspection. It is important to understand
the implications of such measurement
policies (whether deliberate or inadvertent)
on the ultimate product cost. In actuality,
there are an untold number of measure-
ment policies that could be considered,
and we have investigated several. As an
example, consider a policy that specifies
that a product is acceptable if it passes at
least k times in n tries. That is, we continue
to inspect the product until one of two
events occur: (1) we observe the product
to pass k times, or (2) we have inspected
the product n times without it passing k
times. If event (1) occurs, the product is
passed; if event (2) occurs, the product is
rejected. The optimization software for
this situation is currently under develop-
ment. We note that in terms of optimizing
the risk function, R(G1, G., k, n), the
problem is now a four-dimensional opti-
mization, where two of the variables, k
and n, are constrained to be integers. We
also note that when k=1, this policy
reduces to a simple reinspection where
the product is acceptable if it passes at
least once. This situation is depicted in
Fig. 4.

Multivariate product and error
distributions

In many circumstances, more than one
product characteristic or attribute is in-
spected on each product. For example, on
a resistor, not only is the resistance impor-
tant, but also the length and width of
each lead is critical for proper assembly.
Let us suppose that we are to measure c
product characteristics. If each of the c
product characteristics were independent
of each other, we would just solve the
guardband problem c times. However, if
some of the characteristics were correlated,
we would have to consider the multivariate
problem. That is, where X has been a
random scalar variable, it is now a random
vector. Similarly, E and Y would also be
random vectors. The mathematical expres-
sions for the inspection station character-
istics in the multivariate case turn out to
be no more complex than the scalar case;
however, they do involve c -fold integrals.
This presents a numerical problem because
of the computation time required. We
estimate, however, that the computation
is viable for small c (say less than 5). We
also note that the optimization of the risk
function is now over 2c variables, which
also makes it extremely computation
intensive.

REINSPECT n TIMES

X

(PRODUCT)-.. v°

vl

Ire

r(n-1)

v

r(n)
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(n) n)

r1 -ay ay. a(i
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C

P Pv 2.0<02
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Fig. 4. Reinspection system.

Conclusions and future work
We have tried to show how the uncer-
tainties that are inherent in product inspec-
tion can be placed on a quantitative basis
through the use of probabilistic methods.
We have outlined the mathematical de-
velopment and described the numerical
algorithms that provide for evaluation of
the Type I and Type II errors. The numer-
ical algorithms are flexible and can be
adapted to a wide variety of manufactur-
ing inspection systems and to arbitrary
product and error probability density func-
tions. We feel that the intelligent use of
these algorithms can prove invaluable to
those individuals who are intimately in-
volved with inspection.

Although we have treated many varia-
tions of the basic inspection problem, there
are many avenues that remain to be ex-
plored. The first is that of sampling. Until
now we have assumed 100 -percent inspec-
tion of the product. We would like to
extend our results to encompass the eval-
uation of sampling inspection systems, of
both the batch and continuous -sampling
types. The second area of importance con-
cerns the decomposition of the error dis-
tribution into its component parts; that is,
into known and unknown sources of error.

Finally, the third major area of interest
is the development of an efficient proce-
dure for determining the probability density
functions of X and E from data. In our
discussion thus far, we have implicitly
assumed that these were known. Yet, only
the pdf of Y is actually known, because
this is the quantity that is directly measur-
able. Although some reasonable assump-
tions can be made concerning the pdf of
E (e.g., normality), this is not in general
true of the pdf of X. To determine this
latter pdf, we are investigating a generic
experimental design procedure that could
possibly be applied to most of the cases of
interest.
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H. Haslau J. Hart

In-house design of manufacturing equipment

A design group provides expertise for developing and building
equipment for the manufacture of competitive products.

For many years, Consumer Electronics
Equipment Development has been actively
developing manufacturing and assembly
equipment for deflection yoke and high -
voltage transformer components and other
associated manufacturing equipment. This
article will describe several machine and
tooling concepts for winding the saddle
and toroidal coils that are traditionally
used in deflection yoke assemblies and the
stick- and bobbin -wound coils that are

in high -voltage transformers.

Saddle coil winding tool
The deflection circuit engineer provides
the winding tool designer with contour
data for the coil that deflects the electron

Abstract: In-house development of
manufacturing and assembly equipment
for television deflection yokes and high -
voltage transformers has been and
remains active. Various yoke and
transformer manufacturing methods are
illustrated, and the development of specific
manufacturing equipment for RCA
Consumer Electronics is described. How
overall process development, product
design constraints, and technological
advancements in machine controls affect
the evolution of equipment design is
discussed. Finally, the authors conclude
that continued and increased levels of
cooperation between product -process -test
and manufacturing equipment groups will
be needed to ensure highly efficient and
competitive manufacture of yoke and
high -voltage transformer products.

..)1986 RCA Corporation.
Final manuscript received June 23. 1986
Reprint RE -31-4-3

beam in the horizontal plane.
Figure la shows a traditional saddle

coil. Two of these coils are matched; the
small flare end surrounds the picture tube's
neck, and the large flare end fits on the
tube's funnel. To alter the magnetic coil
characteristics the yoke designer changes
the coil cross section in the plane per-
pendicular to the tube's central axis or the
funnel contour of the large flare. Figure
I b displays a "peg" type saddle coil. This
coil gives the yoke designer flexibility for
distributing the wire between the pegs
during winding. Pegs are short pins that
block the cavity; they may be inserted in
various locations at different times during
the winding cycle.

Obviously, if one were to wind either
coil configuration in Fig. 1, one would
need some way to hold the shape and fix
the coil during winding. Figure 2a shows
such a device, which is called a rotary
saddle coil winding arbor, or simply the
arbor. The male arbor portion (Fig. 2b)
conforms closely to the exterior contour
of the picture tube on which the deflection
yoke will be mounted. End flanges that
control coil length constrain the male part
of the coil. A female arbor surface (Fig.
2c) conforms to the coil's desired outside
surface.

These two contours must be aligned to
each other, and the coil's center portion
must be blocked out to retain the desired
inner coil shape-the so-called "window."
Additional arbor features are required to
guide the wire into the cavity.

The following method was developed
to bond the coil in a permanent shape
after winding. For a short time, a high
current of up to 40 amps is passed through
the coil while the preformed wire is retained
in the arbor cavity. Resistance heating

(a)

(b)

Fig. 1. Typical electron beam deflec-
tion coils. (a) is the traditional saddle
coil produced for many years by RCA
Consumer Electronics, and (b) is a
typical peg -type saddle coil, developed
and produced by RCA.

occurs and melts a thermal adhesive coating
on the coil wire. After the coil heat has
been conducted to the arbor, the adhesive
sets and fixes the coil into a rigid permanent
shape. Cooling air, blasted through channels
in the arbor, may be used to cool the coil
after the bonding current is removed.

The arbor configuration will depend
largely on two things -tube size and yoke
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(a)

(b)

(c)

Fig. 2. (a) Typical rotary saddle -coil
winding arbor. (b) Male portion of rotary
winding arbor. (c) Female portion of
rotary winding arbor.

performance requirements. Throughout the
industry, either rotary or stationary winding
arbors that may or may not contain pegs
are used to wind these coils. Deflection

Complex contour machining

Arbors are manufactured with
NC machine tools. Programming
a coil's contours is very time
consuming. The outside coil
surfaces are described by a
series of arcs whose radii do not
lie on a common axis. Complex
calculations must be made to
determine the cutter configu-
ration that will optimize the
contour surface.

To reduce the tedium of NC
programming and the calculation
error rate, a small Hewlett-
Packard HP 85 computer was
used. A data communication link
was established with the HP
1000 computer in Magnetics
Engineering, which generates
and stores the coil contour data.

Vector equations were written
to describe various tool positions
relative to the contour surface
and to satisfy tool -to -surface
tangency requirements.
Agreement was reached on
standardized milling machine
fixtures and blank part sizes for
each arbor part that was to be
contour -machined.

Computer programs were
written that enabled coil data to
be downloaded to the HP 85
computer, where the data is
processed through the proper
set of vector equations to
determine tool cutting positions,
and into an NC program for the
milling machine. Later, all
programs were converted from
HP Basic to Fortran 77.

Contour measurements on male
arbor taken on Cordax machine.

These programs are menu -
driven and protected so that
noncomputer personnel who are
familiar with arbor fabrication can
effectively run the programs and
produce quality NC software. All
computer programs were
generated in-house because,
when the project started, no
commercial software was
available to machine three-
dimensional, convoluted, curved
surfaces with ball end mills.

Processing the coil data and
generating NC milling machine
software on a computer saves
about 80 manhours per arbor
manufactured. In addition, all
female and male arbor contours
are verified on a Cordax
Machine.

yokes with more demanding performance
specifications will usually require the use
of pegs.

To begin arbor development, all contour
data is transformed into computer -generated
programs for the milling machine (see
sidebar). For common parts, standard
programs are used. But as many as 13
numerically controlled programs are newly
generated or reused to contour -machine
various arbor parts. At this point, the tool
design is essentially completed and fab-
rication of parts can begin.

Completed parts are assembled in the
Equipment Development Lab, (Fig. 3),
and the finished arbor is installed on a

winding machine for initial tests and sub-
sequent prove -in. Coils are wound and
processed into fully assembled deflection
yokes, and their performance is tested.

Using the test information obtained, the
arbor may be adjusted to obtain desired
coil performance changes. When per-
formance is acceptable, the arbor is
approved for production use, and the tool
is released for shipment to CE production
facilities. All arbor approval tests are done
on production compatible equipment lo-
cated in the Equipment Development
Laboratory to ensure that the arbor will
produce an acceptable product when it
reaches the production plant.
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Saddle yoke coil winding
machines
In the late 1940s, RCA was instrumental
in developing rotary yoke saddle coil
winding equipment for black -and -white
television. From these early machines,
today's winding equipment (Fig. 4) has
evolved into very reliable, high -output
machines.

This rotating arbor design is very efficient
because it does not have periods of in-
activity during the winding cycle, as does
the oscillating type of machine. The high
rotary inertia of this system eliminates the
need for complex tension control devices
to take care of wire loops or pullback.
Wire dynamic loading in the tension device
is greatly reduced because the only moving
part is the wire.

The high-speed rotary winding machine
typically winds a non -peg saddle coil in
less than 10 seconds. Usually, the total
machine -cycle time will be less than 20
seconds. Figure 5 shows the winding con-
cept for this machine. As the arbor rotates,
a fixed -position wire guide and tension
device feeds wire via highly polished wire
guidance vanes into the arbor cavity. To
remove the coil, the arbor halves are sep-
arated along the axis of rotation much the
same as a plastic part comes out of an
injection press mold.

One machine feature that should be
mentioned is the arbor protection system
that prevents arbor damage from shorts
between the coil and arbor surface during
the bonding cycle. During bonding, the
machine provides up to 40 amps to the
coil and occasional breakdown of the wire
insulation cannot be avoided. Notable cir-
cuit design improvements have been made
for arbor protection so that arbor damage
from shorting or burning is an extremely
rare occurrence-in the early days, pro-
duction tools were removed frequently for
repair. This single improvement in arbor
protection contributes much to the overall
productivity and reliability of arbor and
machine.

Another machine concept that CE has
used for yoke development is the oscillating
flyer winder (Fig. 6) that feeds wire through
the rotary axis and out to the tip of the
flyer. The flyer may revolve up to 270
degrees before reversing rotational direction.
When one compares it to the earlier
machine, the arbor axis is perpendicular
to the flyer rotary axis.

To guide the wire into the cavity, the
outside contour of the female arbor half is
formed into a vane that is canted. Just
before the flyer reverses direction, the wire

Fig. 3. Arbors in final assembly stage handled by skilled and experienced
technologists in the Equipment Development machine lab.

Fig. 4. Rotary arbor mounted on production winding machine.

Fig. 5. Rotary arbor and winding machine concept.

Haslau/Hart: In-house design of manufacturing equipment
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Fig. 6. Stationary arbor and oscillating
flyer machine concept.

lift al -do.
' d

Fig. 8. Typical placement of first layer
turns on a ferrite core half. Wire
distribution patterns are numerically
controlled.

clears the vane tip. The wire tension device
provides pull -back to retain wire tension
at all times. Thus, the wire is forced to
slide up on the top or bottom of the vane
surface, depending on the direction of the
flyer reversal, and guides the wire into the
arbor cavity. To open the cavity, the flyer
must be revolved clear so that the female
arbor part may be removed from the male
portion.

Machine and arbor system
performance test

Equipment Development has developed a
machine performance test procedure to
ensure that all production winding mach-
ines can be quickly tested. This test is
done with the arbor mounted on the mach-
ine. Signals from the winder control board
are processed by an HP 85 computer.
Prompting software guides the tester
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Fig. 7. Test curves for arbor acceleration: (a) rotary displacement and (b) velocity,
with bounds for average and standard deviations. Machine and arbor acceleration
must be within a certified tolerance window before arbor approval run can
begin.

through the test procedure, and ten data
sets are recorded as the arbor accelerates
from zero to steady-state speed. Time aver-
ages and standard deviations are com-
puted for each full revolution up through
the fortieth. This data is incrementally
differentiated to obtain the arbor velocity
as a function of time. The rotary dis-
placement (Fig. 7a) and velocity data (Fig.
7b) plus bounds for plus or minus three
standard deviations are plotted. This

documentation is used to coordinate arbor
and machine setup in the Torreon facility
for the newly approved arbor.

Toroidal yoke coil winding
machines

Equipment Development has designed and
fabricated manufacturing equipment to
wind toroidal coils on ferrite cores for
vertical yoke deflection. The windings on
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Fig. 9. Cradle -mounted flyer for winding
toroidal coils.

the core, which may be multilayered, are

characterized by the type of wire distribu-
tion, such as radial, slightly biased, and
severely biased. Figure 8 shows a partially
wound toroidal coil. For the machine
designer, this product presents interesting
challenges: How to hold the cores, how to
wind and hold the windings in place, and
how to wind cores with high machine
output?

Equipment Development has developed
the two -axis machine concept (Fig. 9)
where the core is fixed in space. Mounted
on a mechanical yoke assembly, the flyer
rotates radially to the core, while the yoke
pivots on an axis to keep the flyer tip
rotating in a plane that includes the central
core axis. With the two axes set this way,
radial coil turns will be wound onto the
ferrite core. If one designs the core holder
so that the core and flyer axes are not
perpendicular to each other, one can wind
slightly biased coil turns onto the core.
The degree of bias is a function of the
frictional coefficients between the wire and
ferrite core and between the wire and the
previous wire layer.

This concept evolved into a machine
(Fig. 10) that simultaneously winds four
cores in the vertical plane. Core clamps are
mounted on a four -level tree with several
branches. While one set of cores is being
wound, another core set that has been
wound can be removed and replaced with
unwound cores. This design has enabled
high machine productivity rates because
loading and unloading do not inhibit the
winding process. In addition, the floor

Toroidal coil winding process

\\\\\\>-
1\\.\\N\\\\\\.\\\\%:-...-

IvW1-

Core clamp concept for toroidal coil winding machine.

Another aspect of putting toroidal
windings onto ferrite cores is the
method used to hold the cores
during the winding process. The
fired ferrite material is like glass
in strength and impact resis-
tance. The accompanying figure
depicts the basic method used to
clamp the core on the end for a
two -axis winder, or in the middle

for a three -axis winder. Compli-
ance must be built into the clamp
mechanism to accommodate
core thickness variations-the
clamp must not crush the thicker
core, yet it must grip the thinner
core with enough pressure so
that the core can withstand
winding forces without moving in
the clamp.

Fig. 10. Four -level production winder for toroidal -type vertical deflection coils
under construction in the Equipment Development machine assembly lab.
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(a)

Fig.11. Numerically controlled "stick winder" with message display for machine
operator: (a) coil stick; (b) stick -wound coil cut from stick with taps pulled from
the cut ends.

Fig.13. High -volume HVT tertiary coil winder.

space required for the machine is greatly
reduced, and minimal operator movement
is required for servicing the machine.

High -voltage transformer winding
and assembly equipment

As with deflection yokes, RCA -CE has a
long tradition of producing its high -voltage
transformer windings on in -house -designed
equipment. Two fundamentally different
winding methods are currently in use to
mass-produce high -voltage transformers at

CE. One is the "stick winding" method,
and the other is the "bobbin winding"
method. Equipment Development has de-
signed and fabricated both types of winders.

The "stick" winder (Fig. 11) simulta-
neously winds a series of identical multiple -
layer coils. It coordinates two axes so that
the traverse placement of wire for each
layer can be numerically controlled. The
first coil layer is initially wound on a paper
tube that the operator slides over a long
winding spindle. After each wire layer is
wound, the machine stops or slows down

Fig.11. (b)

I I

(a)

(b)

tr

(c)

Fig.12. Three types of bobbins for
high -voltage transformer (HTV) coils:
(a) HVT tertiary coil bobbin wound and
terminated on in-house designed and
built winding machines; (b) ROSE
primary bobbin as it comes off the
winding machine prior to the dip -solder
operation; and (c) ROSE transformer
tertiary coil as it comes off the 12 -
spindle automatic winder.
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ROSE winding equipment

Production winders for ROSE transformer primary coils in ROSE production winder for tertiary coils. Winding on the
operation at CE's component plant in Indianapolis. right, load and unload on the left.

The ROSE winding machine
shown here mounts two sets of
twelve spindles. One spindle set
is located on each side of a turret
that rotates in the horizontal
plane. A wire guide nozzle bar,
which holds twelve nozzles,
locates and guides the wire to
the bobbin -mounted spindles.

This machine has a program-
mable six -axis numerical control.
Four of the axes are coordinated
by linear, circular, and helical
interpolation so that bobbin

rotation and movement of the
wire guide nozzle are inter-
dependent. Control resolution is
one ten -thousandth of an inch at
the wire guide nozzles. Resolu-
tion for the bobbin in rotation is
0.001 revolution for the primary
winder and 0.002 revolution for
the tertiary winder. Bobbins can
be rotated at more than 3000
revolutions per minute. All drives
are powered by dc servomotors.

Standard controls are used
that were modified for the

application. Winding machine
programs can be entered from
an on -console keyboard, read
from a magnetic tape, or
downloaded to the control
through the RS -232 interface.
Winding machine control
memory can be viewed on the
console screen. Also, memory
can be dumped to magnetic tape,
or uploaded through the RS -232
port to an HP 1000 computer for
program editing and storage.

LEMND FOR 6 AXIS
WIRE GUIDE X,Y,Z
ARBOR A
TURRET
TAILSTOCK C

WIRE GUIDE

CNC 12 BOBBIN WINDER

ARBOR

TAILSTOCK
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° INDEM
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(b)

HORZ.
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Fig.14. Movements of numerically controlled axis on CE's 12 -spindle bobbin
winder: (a) setup for ROSE -type tertiary bobbins; (b) setup for ROSE -type primary
bobbins.
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so the operator can insert a sheet of mytar
film that is wound onto the coil stick to
insulate each winding level. Much operator
and machine interaction is needed to ensure
a high -quality product.

After the coil stick has been wound and
removed from the spindle, an operator
cuts the stick to separate the identical coils
(Fig. 11b), pulls taps from the cut ends,
and mounts the coil with the other corn-

Fig.15. Horizontal wire guide in process of wrapping square stake lead on
primary bobbin.

Fig.16. A completed winding cycle on the 12 -spindle ROSE primary bobbin
winder. All wires are terminated on bobbin terminals. All wires from the supply
spools are secured and wrapped around the tie -off post. The turret is ready to
rotate 180 degrees and start the next winding cycle.

ponents that make up the transformer. The
method's advantages are: the winding
machine requirements are straightforward,
and a large number of coils can be wound
simultaneously on one machine. However,
this method of coil winding is somewhat
labor intensive, and requires that machine
operators have good coordination skills to
obtain high machine productivity.

To counter these disadvantages, the
various coils that make up the high -voltage
transformer (HVT) can also be wound on
plastic bobbins (Fig. 12).

Tertiary coils (Fig. 12a) for the stick -
wound primary flyback transformer are
bobbin -type coils. These coils are wound
on a four -axis winding machine (Fig. 13)
that simultaneously winds 30 wires onto
five bobbins with automatic wire termina-
tion. The horizontal -axis turret allows bob-
bins to be on- and off-loaded while the
machine is winding. The numerical control
and the machine were built in-house.
Winding machine programs are loaded
into erasable, programmable memory, and
installed in the control.

Until the new ROSE (reliability optim-
ized and stress engineered) high -voltage
transformer was introduced, four tertiary
coil machines produced all high -voltage
tertiary coils for CE.

The ROSE primary coils (Fig. 12b)
are usually wound with a larger diameter
wire than the tertiary coils (Fig. 12c). In
addition, the primary bobbin contains
square wire stakes for most internal and
external electrical connections to the
transformer.

The winding machine for the tertiary
coil (Fig. 14a) must coordinate axes to
rotate the bobbin, and move a wire guide
in a plane that is perpendicular to the wire
guide axis. It also moves the wire guide
along its own axis. Two additional control
axes are required for auxiliary functions
that permit loading and unloading the
bobbins while the machine is winding.

The primary bobbin winding machine
(Fig. 14b) requires one more control axis
for pivoting the wire guide nozzle to wrap
finish and start square stake leads that lie
on axes parallel to the bobbin's rotary axis.

Wire termination
A major reason for winding transformer
coils on preformed plastic bobbins is that
the wire can be automatically terminated
and controlled during and between winding
cycles. Several methods have been de-
veloped for doing this.

For primary coil bobbins, a square wire
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stake driven into the plastic bobbin acts as
a position for wire termination and a way
for mounting the completed transformer to
the printed circuit board. Figure 15 shows
the wrapping of the square wire stake.

But how does one move from a finish
lead to a start lead without having to
remove wire manually between the two
leads? This is done with a machine wire
tie -off post, Fig. 16. Here, the nozzle wire
wraps the finish stake and then moves to
the left to wire -wrap a machine -mounted
tie -off post. As the arbor rotates clockwise,
the wire breaks on the sharp edge of the
square wire stake.

The bobbin is then rotated to the next
start -lead stake, the nozzle moves to wrap
this square wire stake (Fig. 17), and the
wire nozzle stops above the start stake.
Again, the bobbin is rotated clockwise to
break the wire between the tie -off post and
square stake, and at the square stake. To
remove the wire from the machine tie -off
post, the post retracts, which strips the
wire from it. The wire falls into a collection
tray.

On tertiary bobbins, special bobbin fea-
tures control wire termination during wind-
ing. Figure 18 illustrates a simple bobbin
with square wire stakes and auxiliary tie -
off posts for automatically cutting the wires.
Suppose one comes from the machine tie -
off post and wraps start -stake one, winds
wire into the slot, wraps finish -stake two,
and then wants to wrap start -stake three.
Without the auxiliary post, you would

Fig. 17. Wrapping start lead and breaking of wire by rotating bobbin.

have to hold the wire while cutting both
ends next to stakes two and three. But, if
you wrap the auxiliary post before wrap-
ping stake three, the wire is secured. A
simple, square breaker bar then passes
just inside the stakes to break the wires
on each side from the stakes. Another
pass through the middle removes the aux-
iliary tie -off posts, and the bobbin is ready
for dip -soldering. However, the reflow sold-

ering termination technique requires that
additional features be added.

Figure 18b shows the method used to
break coil -start leads. To stabilize the wire,
the nozzle approaches the top of the start
post and wraps two turns about the taller
of the two prongs that rise from it. Then,
as the nozzle dives down to wrap the
bundle on the main post, it breaks the wire
near the start lead post. where the wire

BREAKER BAR I II

(a)

SHARP EDGE

NOZZLE

(b)

AUXILIARY
TIEOFF
POST

FROM
FINISH
POST

Fig.18. Controlling wire terminations for tertiary bobbins: (a) removal of temporary
wire termination posts by breaker bar; (b) wire control while wrapping tertiary
bobbin start post.
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Fig. 19. Inductance set and assembly machine for ROSE transformers.

Jack Hart joined RCA at Indianapolis in
1981 as a Senior Member of the Engineer-
ing Staff. Dr. Hart's chief responsibility has
been to initiate and support advanced
yoke development projects within the
Equipment Development group. Much of
his effort has centered on higher language
software development to produce NC
programs for product development and on
sigma reduction projects. Jack received
his PhD in Mechanical Engineering from
the University of Missouri. Prior to joining
RCA, Jack was an Associate Professor of
Mechanical Engineering with the Purdue
University School of Engineering and
Technology located in Indianapolis.
Contact him at:
Consumer Electronics Operations
Indianapolis, Ind.
Tacnet: 422-6953

Horst Haslau joined RCA in 1960 as an
Equipment Development Engineer in
Camden, New Jersey. In 1968 he
transferred to Indianapolis, Indiana to
become Manager of Mechanical Design in
CE's Equipment Development group.
Currently, he manages this group. Prior to
his service with RCA, Horst spent many
years in Europe designing and building
manufacturing equipment for the TV and
radio industry. He is a recipient of the
David Sarnoff Award for Outstanding
Technical Achievement. Horst received
his Engineering Degree in 1952 from the
School of Engineering in Kiel, West
Germany.
Contact him at:
Consumer Electronics Operations
Indianapolis, Ind.
Tacnet: 422-5476

breaks is controlled by the programmed
nozzle position and the sharp surface ground
onto part of the nozzle. All coil finish leads
and auxiliary bobbin tie -off posts are broken
or removed by the square breaker bar
method described previously.

Assembly
Assembly of the ROSE high -voltage trans-
former begins by inserting the primary -
wound bobbin inside the tertiary -wound
bobbin. Then, both bobbins are placed in
a thin -wall plastic cup. Epoxy material is
poured into the cup to fill all intervening
space. After the epoxy has cured, the trans-
former is ready for final assembly.

Using a machine developed in-house
(Fig. 19), the operator places one half of
the C -core onto a fixture, and puts the
encapsulated coil over the C -core half with
the stake leads down. The fixture moves
under a station that automatically cuts
and places a small length of twisted copper
wire on each upper surface of the C -core
half. It moves again, and the operator
puts the second C -core half in place. The
mating surface is coated with a fast setting
adhesive. Next, the fixture moves to where
a spring -clip is inserted to hold the two
C -core halves firmly together against the
twisted copper wire.

After the fixture moves to the next
station, a ram moves down to press the
upper C -core half against the copper wire
and the lower C -core half. Through elec-
trical connections made to the transformer
mounting fixture, transformer inductance
is tested, and the ram crushes the twisted
copper wire until the proper transformer
inductance is found. After the inductance
has been set, the ram retracts, and the
fixture proceeds to another station. Here,
adhesive is applied to the spring clip, the
upper C -core surface, and on each side of
the upper C -core where it passes into the
top of the cup. The transformer moves
through an adhesive curing station to a
final inductance test station. After final
test, an ink spray marks the good trans-
formers, and the operator removes them
from the machine. The machine can process
one transformer every 10 seconds.

The ROSE assembly and inductance set
machine is an example of a cooperative
effort between the Machine Development
and Test Equipment Development Design
groups. The basic machine is numerically
controlled, and the test and inductance set
equipment are computer controlled. The
machine was designed for manual and
automatic operation.
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(a)

(b)

(c)

Fig. 20. Machines designed for the Torreon production facility: (a) high -voltage
transformer primary coil stick winders; (b) saddle coil winding machines; (c)
toroidal coil winding machines.

Summary
Equipment Development has been fortunate
because we normally develop both the en-
gineering prototype and the manufacturing
production equipment. Therefore, we can
advise product development engineers of
the risks associated with product designs
that require new and unproven manufac-
turing techniques. Also, because we de-
velop the prototypes, we can use the
knowledge we gain to design production
machines. This helps to smooth the tran-

sition of the product from design devel-
opment into production.

The proximity of product design and
production helps Equipment Development
maintain the continuity of projects and
shorten project schedules rather than work
with outside vendors. The in-house design
group's expertise ensures that RCA -CE
interests are paramount when we deal
with outside vendors for those pieces of
manufacturing process equipment that are
not priority.

Without such a pool of expertise, much
stronger constraints would have to be placed
on product design groups to accommodate
the availability of vendor equipment. Also,
Manufacturing would have to increase its
pool of expertise or use more consultants
from vendors in order to maintain and
repair sophisticated manufacturing process
equipment.

Equipment Development is committed
to production machine designs that are
cost effective. It designs machines that
have high ratios of product to labor, to
capital, and to downtime. To achieve these
gains, most designs use state-of-the-art
electrical control systems. We follow
conservative mechanical design to ensure
that machines will outlast the product line
produced and require a minimum main-
tenance. All these machines were designed
with the idea that they will be serviced by
automatic materials handling equipment.

At this point some observations may
be in order about the future of Equipment
Development and its role. RCA -CE is
facing strong competition, and needs a
well -designed and manufactured product
that must be produced at a competitive
price. The level of sophistication of the
product and the manufacturing process is
increasing. The integration of automation
into the manufacturing process will become
necessary to keep the product competitive,
to improve product consistency, and to
enhance product quality and performance.

To provide this automation, all functional
groups involved must cooperate with one
another. Product design, manufacturing,
test equipment, and manufacturing equip-
ment will have to work in parallel to
collapse product development times and
ensure low -risk startup of new product
manufacturing lines. Support groups, such
as Equipment Development, must coor-
dinate their efforts to help identify possible
risks involved when their equipment is
merged into a manufacturing process line.

To achieve the needed level of integra-
tion, in-house expertise must be maintained
and upgraded to keep the manufacturing
equipment facilities at the state-of-the-art.
Equipment Development must aggressively
study changing technologies, anticipate what
skills will be needed in the future, and
then actively encourage upgrading personnel
to meet those needs. If we can do this,
Equipment Development will become
stronger, and RCA -CE will become less
dependent on outside vendors for new
manufacturing technology. Such a pool of
expertise produced the machines shown
in Fig. 20 for the Torreon facility.
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B.A. Whipple S.M. Huang

Imperfect computer simulations provide
valuable results

Nearly everyone agrees that the absolute values of plastics
processing computer simulations are unreliable, so why and
how do we use them to make decisions that may have serious
consequences?

Imperfect computer simulation results,
when used carefully, can provide valuable
insights. Plastics injection molding is widely
modeled in spite of known problems with
the accuracy of the simulations. But even
with their shortcomings, these programs
may be used with confidence to predict
actual conditions and get real answers.

The molding process
Before we move on to the discussion of
simulations, a brief description of the
molding process is called for. The injection
molding process can conveniently be
thought of as two relatively separate oper-
ations. The injection phase is the filling of
the mold with hot molten plastic; the
packing phase is the cooling and shrinking
of the part until removal from the mold.

Abstract: How can computer
simulations best be used in plastics
injection molding for mold and runner
design? How well can the structural
requirements of the final part be
determined before it is produced? We
describe the general method of analysis,
and we show where the simulation does
not agree with actual results, and how
these limitations of simulation can be
minimized Examples of actual analyses
and results are shown.

©1986 RCA Corporation.
Final manuscript received June 30, 1986
Reprint RE -31-4-4

Generally, the injection phase determines
many of the critical physical properties,
and the packing phase determines the
appearance and final dimensions.

As the plastic flows to fill the mold
cavity, the injection pressure depends on
the geometry, filling speed, and viscosity of
the plastic. The viscosity depends on shear
rate and temperature. During injection,
heat is generated by viscous dissipation
and removed by conduction through the
mold walls.

After the mold cavity is filled and cooling
begins, the plastic shrinks 10-25 percent.
As the material shrinks, additional plastic
is packed into the mold to keep the cavity
full and to reproduce the details of the
mold.

During the injection -molding process
the hot plastic is injected under pressure
into a cold mold. Injection pressure is
maintained as the plastic cools and shrinks
so that additional plastic is forced into the
mold cavity to replace the loss due to
shrinkage. The plastic continues to flow as
long as the pressure is greater than the
resistance of the solidifying material. As
the plastic cools in the mold, the slow
transfer of heat in the plastic controls the
process. The thicker the part, the longer
the time to cool. This means that areas of
concentrated mass, as where two walls
intersect or where bosses are attached to
the main part, will be the last to cool. As
the part cools and solidifies, material con-
tinues to flow and pack in areas with lesser
flow resistance. Since the areas of con-

centrated mass are last to cool compared
with surrounding areas, they are soon iso-
lated within a frozen mass. The material in
these areas continues to cool and shrink,
creating localized areas of reduced volume
called "sinks." These sinks are noticeable
blemishes on the outer surface of the part.
Sink marks dictate many of the limitations
of the part, mold, and process in the injec-
tion molding of quality plastic parts.

The impact of sink marks

A recent case in point was the structural
mask that forms the front of a TV cabinet
and supports the TV tube and many other
smaller components. To support the TV
tube in this structural plastic part, large
bosses are used as fastening points. These
bosses are located directly behind areas
that are decorated with reflective metallic
paint. Any surface imperfection in this
area is highly visible and constitutes a
major limitation in the manufacture of this
part.

There were several reasons for these
critical sinks-the generous radii at the
intersection of the ribs of the boss, the u -
shaped section just upstream of the sink in
the flow path, the part thickness in the sink
area, and the dimensions of the runner
system gates. Examining each of these
potential problem points showed that the
radii and the part thickness could be
changed with little effort by properly antic-
ipating the problem. The u -shaped channel
could be altered to enhance flow without
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Fig.1. This chart shows the cooling
temperature differences of the part and
runner system. The runner system
cooled first and prevented additional
plastic from packing into the cavity.
As a result, severe sink marks were formed.
The redimensioning of the runner to
cool at the same rate as the part
reduced this tendency.

detracting from the intended appearance
of the part. The runner system, however,
required the most analysis to determine its
effect. It is considerably more than a dis-
tribution system to deliver melted plastic
from the injection unit to the mold. The
system requirements for the injection phase
can differ considerably from those of the
packing phase. The flow resistance must
be low so that excessive pressure is not
needed to fill the mold. Runner dimensions
yield an important parameter for deter-
mining the temperature of the plastic as it
enters the part cavity. The sizes of the gates
and runners determine the flow distribution
into the mold. The cooling and solidifying
behavior of the runner system can control
sink marks (see Fig. 1).

Various processing temperatures and
packing pressure profiles were evaluated
prior to any mold changes, but the sink
marks were still objectionable. All of the
considered mold changes were made. The
radii were reduced, the part depth was
reduced, the u -channel was altered, and
the runner dimensions were altered. The
sink marks were reduced to an acceptable
level but not eliminated.

Simulation
Plastic parts are normally designed as a
"folded two-dimensional" construction sim-

Fig. 2. The filling pattern of a TV back
cover.

ilar to folded sheet metal parts but with
additional features, such as ribs and bosses.
Normally the part is designed first and
then the mold is constructed with little or
no alteration to the original part. The
simulation analysis proceeds as follows.

The part dimensions are entered and
gate locations are tentatively assigned. A
finite -element model is constructed and a
filling pattern is calculated and shown
graphically (see Fig. 2). The gate locations
are altered until the best possible filling
balance is achieved.

Next, a "layflat" of the part is constructed.
The two-dimensional layflat is similar to
the starting part in sheet -metal fabrication
prior to bending. Three-dimensional features
such as corners, ribs and bosses are indicated
by common boundaries, just as if the entire
part were to be constructed out of sheet
material.

The selected gate locations are indicated
on the layflat, and the filling pattern is
constructed. The filling pattern is based on
the concept that the flow -front distance
traveled at any time increment is propor-
tional to the inverse of the thickness. The
filling occurs in a manner similar to the
waves that are formed when you drop a
pebble in a pubble. Starting at the injection
point, the filling pattern is a constantly
increasing circle. Using relatively simple
geometric rules, a filling pattern for any
complex shape can be constructed. The
completed filling pattern clearly indicates
potential problem areas of weld lines and
trapped air. Further modifications of the
gate locations are made at this time.

The completed filling pattern of the
layflat geometry is further divided into
flow elements (cylinders, plates, and sections
of a circle). The dimensions of these flow
elements are then used as the input to the
computer simulation for the filling phase.
This phase utilizes some specific CAD
programs to simplify repetitious tasks.

Glossary

Cadmould. A computer
simulation program that
calculates the pressure and
temperature gradients in the
plastic mold -filling process.
Mefisto. A simulation of the mold
filling phase, indicating the flow
front at injection times.
Patran. A finite -element pre-
processing program used to
create the mesh for Mefisto.
Air pocket. An area of trapped air
created during the mold -filling
process.
Gate. Section of the runner
system that connects with the
part.
Hot drop. Heated portion of a hot
runner system that connects the
part and the distribution manifold.
Mask. The front portion of a TV
cabinet resembling a picture
frame.
Runner. Portion of the runner
system that connects the gate to
the sprue.
Runner system. -The distribution
section of a mold that connects
the injection unit to the part
cavity.
Sprue. Part of the runner system
that connects the injection unit to
the runners.
Weld lines.Places in the plastic
part where two flow fronts meet.

Material properties and process condi-
tions added to the flow element geometry
are the inputs needed for the calculation of
pressures, temperatures, wear rates, and
shear stresses in the injection phase. The
examination of these initial values deter-
mines the next step in the analysis. If the
calculated values are close to the desired
ranges, then it's time to explore various
possible processing conditions. If the values
are not within those desirable ranges then
part, gate, and even material changes are
considered. Some iteration is usually per-
formed to examine the process window at
this stage.

Next, the runner system is detailed. Prior
to this stage the general type of runner
system has been determined. The tentative
runner system is added to the part, and the
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Mask mold configuration

Hot runner molds consist of
heated runner channels and
valves at the entrance of the
mold cavity. These systems
reduce or eliminate the need to
recycle runners and provide
more control during processing.
The question of how many "hot
drops" are optimum and the
tradeoffs involved were the
subject of the following
investigation.

A part design was established,
but the location and number of
gates had yet to be established.
The thickness of the part was set
tentatively. First, the gates were
tentatively located at points that
would fill the part as uniformly as
possible. The simulation program
was used to calculate the pres-
sures, temperatures, filling times,
shear rates, and shear stresses
for various combinations of
numbers of gates and part
thicknesses. The major results
are shown in Fig. 3. Note that a
two -gate configuration requires
injection pressures that are
above the operating limits of the
machine. The figures indicate
that the parts can still be molded
when their overall thickness is
reduced substantially. The final
results of this analysis allowed
the part thickness to be safely
molded to limits imposed by
physical strength required, rather
than by the process.

In addition to the material
savings, the cost and main-
tenance savings of using three
instead of four "hot drops" in the
mold are realized.
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Fig. 3. Most injection machines for this type of part operate up to a maxi-
mum of 11,000 psi, but 9000 psi is a much more desirable aim point. The 3 -
and 4 -gate arrangements need less than 9000 psi, so the effects of reducing
the part thickness was investigated.

total system is simulated. Various com-
binations of geometries, configurations,
materials, and process conditions are eval-
uated for the best compromise between a
particular part and runner system.

The simulation specifically addresses the
filling phase, but information from the
filling phase can be directly applied to the
packing phase.

The temperature distribution is known
at the end of the filling phase, which
corresponds to the beginning of the packing

phase. One of the key questions to be
answered in the packing phase is the time
it takes for the various parts to cool until
additional flow into the mold is no longer
possible at the available injection pressure.
Cooling rates for the various geometries in
the flow elements are calculated, starting
with the ending temperatures after filling.
Runner (or perhaps even part) dimensions
are changed to match cooling rates. The
entire simulation, or portions of it, may
have to be repeated at this stage.

Structural analysis
Another computer simulation that can be
applied to plastic parts is the finite -element
method (FEN). FEM is an established en-
gineering method that has broad applica-
tions in different areas. However, if the
finite -element method is applied indiscrim-
inately to the design of plastic structures,
or if it is assumed that a design analysis run
on a computer must be correct, the results
can be disastrous.

The finite -element method is an approx-
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Drop test simulation of the structural frame

A structural frame was recently
designed in Consumer
Electronics, and a finite -element
analysis was set up for the study
to help the design engineers
understand the mechanical
responses of the structural frame
subjected to the maximum
acceleration during the drop test.

Figure 4 shows the back view
of the structural frame. The
kinescope and speakers are
represented by the rigid steel
bars connected to each
mounting screw. For the bottom
drop simulation, a maximum
acceleration is applied at the
centers of gravity of the picture
tube and speakers in the Y
direction. For the back drop
analysis, the load is applied in
the Z -direction.

The injection -molded frame is
made of PS/PPO blend, which
behaves linearly up to the yield
point. The ANSYS finite -element
package was used for this
analysis. For the model, 752
node points and 1356 elements
were used (triangle plastic shell
element). Each kine mounting
corner was represented by 150
elements. Because the maximum
deflection during impact loading
is much greater than the
structure thickness, a large
deflection key was used in the
FEM analysis to update the
stiffness matrix in each iteration.
This resulted in a much more
accurate calculation.

Figure 5 shows the stress
distribution during the bottom
drop. All the high stress occurred
on the interface between the
boss and plate and on the ribs
connected to the boss. The
numerical results are consistent
with those observed in
experiments. The maximum
stresses are very close to the
yield stress of the material.

Based on the FEM results, the
design engineer has modified the
kine-mounting corners. After the
model was modified, another

ANSYS
86/ 6/13
14.7128
POST1
ELEMENTS

AUTO SCALING
XV-5
YV-5
ZU-5
DIST-19.1
XF-21
YF-10.3
ZF-1.06
HIDDEN

FINITE ELEMENT MODEL FOR STRUCTURAL FRAME
1

Fig. 4. Finite -element model of the structural frame.

ANSYS
86/ 6/13
14.7736
POST1
STEP -1
ITER-40
STRESS PLOT
SIGE
MIDDLE

AUTO SCALING
XV-5
YV-5
ZV-5
DIST-19.1
XF-21
YF-10.3
ZF-1.06
HIDDEN
EDGE
MX -2180
MN -1.1
INC-125

STRESS DISTRIBUTION DURING BOTTOM DROP SIMULATION
1

Fig. 5. Stress distribution of the structural frame during the bottom drop
simulation.

computer run was performed to
confirm the design. According to
the FEM solutions, the stress
levels are about 1000 psi less
than the previous design. Also,
by changing the staple locations,
we can distribute the reaction
forces on the fixed points more

evenly. Although correlation to
calculated results with part
performance is difficult in this
case, doing the FEM analysis
lets us identify the trouble spots
in the early design stage.
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imate method for solving differential equa-
tions in engineering and mathematical
physics. With this approach, a structure is
broken into a network of simple elements,
each of which has stress and deflection
characteristics easily defined by classical
theory. The network of simple elements is
called a "mesh," or "grid," with elements
connected at "nodes." The total pattern of
elements is called a "model." The simul-
taneous equations describing the model
usually number in the hundreds or thou-
sands, so that a computer and specialized
data handling programs are needed to
implement the method.

Due to the process -related properties
and the nonlinearity of the plastic material,
the strategies for the structural analysis of
plastic are more difficult than those for
metals. Good design of plastic structures
requires a sound understanding of basic
engineering design principles and their lim-
itations, as well as an appreciation of the
differences between metals and plastics.
For example, the structural integrity at
weld regions of injection -molded parts is a
major concern for FEM applications.

Tensile properties at weld lines

Whenever separate flow fronts of a polymer
melt meet, an area of different morphology
and properties from the bulk is formed.
these regions are called "weld" or "knit"
lines. In general, the weld regions constitute
weak spots that diminish the structural
integrity of the molded parts.

As mentioned earlier, in the application
of FEM analysis to injection -molded parts,
the structural integrity problem at weld
regions is a major concern. A basic under-
standing of weld line strength is important
for developing FEM analysis strategy in
molded plastic parts.

Recently, we conducted a study to
quantify the tensile strength at weld lines.
A systematic analysis that included injection -
molding experiments, CADMOULD anal-
ysis, and tensile tests were conducted to
address this issue. The standard yield stress
of PS/PPO blend without welding lines
was determined to be 6000 psi. By changing
the molding conditions, the yield stress at
weld regions varied dramatically. Table I
contains the experimental data with and
without weld lines in the center of spec-
imens. The weld line temperatures in
column 6 are based on the CADMOULD
prediction. The values of the yield stress
can be correlated to the weld line tem-
perature. A yield stress as low as 3800 psi

Table I. Experimental data gathered for specimens with and without center
weld lines.

(a) With center weld lines

Case no. Gate no.
Melt

temp.
(°C)

Mold
temp.

( C)

Injection
speed

(Ivo

Weld line* Young's Yield
temp. modulus stress
(°C) (psi) (psi)

B-1 2 238 40 30 218 319000 3800

B-2 2 238 40 60 235 320000 4150

B-3 2 240 40 90 251 325000 4600

B-4 2 252 40 60 240 328000 4550

B-5 2 270 40 60 247 320500 5000

B-6 2 240 60 60 239 330000 3900

B-7 2 253 60 60 243 325000 4500

B-8 2 270 60 60 250 315000 5100

*Weld line temperatures are based on CADMOULD predictions.

(b) Without center weld lines

Case no. Gate no. Melt temp.
(°C)

Mold temp.
( C)

Injection
speed

(%)

Young's Yield
modulus stress

(psi) (psi)

A-1 238 40 30 320000 5900

A-2 238 40 60 322000 6100

A-3 238 40 90 320000 6100

A-4 252 40 60 318000 6000

A-5 270 40 60 317000 5900

A-6 240 60 60 317000 5950

A-7 253 60 60 322000 5900

A-8 570 60 60 323000 5900

at weld lines was observed in the experiment
with low weld -line temperature.

Although the yield stresses change with
molding conditions, the Young's modulus
at weld regions is almost constant through-
out the experiments. Thus, in the FEM
analysis of plastic parts, one can treat the
whole structure (including weld lines) with
the same material data. However, in the
interpretation of FEM results, lower criteria
(lower yield stress) have to be used in the
weld regions.

For example, when the structural frame
is used during the bottom drop simulation
(see sidebar), the stresses are as high as
5000 psi inside the corner boxes. Outside
of the mounting area, the stress drops to
less than 2000 psi. Given the FEM results
and a knowledge of plastic weld line
strength, the designer can skillfully select
the gate locations and prevent the weld
lines going through the kine-mounting
boxes.

Summary
How well do the predicted results agree
with the actual results? The filling pattern
is remarkably accurate in predicting just
how a part will fill during molding. Weld
lines and trapped -air pockets are usually
just where predicted if the layflat and flow
fronts are made with sufficient detail.
Pressure predictions generally fall in the
±30 percent range. Accurate temperatures
of flowing plastic are extremely hard to
measure. Our experience with several
instrumented test molds and actual pro-
duction molds indicates, however, that
measurements of temperature and pressure
shifts from one operating condition to the
next are reliable.

Computer simulations of processes all
have limitations in predicting outcomes,
but they can be extremely useful when
used by knowledgeable specialists who
can relate the results to the actual process
situation. When this is done, the results
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become predictable and usable, resulting
in higher quality parts produced faster and
at lower cost.

Why, when nearly everyone agrees that
the absolute values of computer simulations
are unreliable, do we use them? Why do
we trust the results sufficiently to base
important decisions on them, decisions that
have serious consequences? Most will agree
that shifts in calculated values from one
condition to another are reasonably trust-
worthy, and that the ability of simulations
to indicate critical or potential trouble
spots is good. What appears to be needed
most is a successful combination of nu-
merical analysis with expert analysis and
comparison of known results.

The authors would like to acknowledge
the assistance of R. Lai in the FEM analysis
and I. Chen in the weld line studies.
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R. Jordan N. Gates J. Grayson

FACTS: Real-time information in the
manufacturing environment

The concept of using computer -based systems to provide real-
time manufacturing information has replaced traditional
methods of data collection and analysis.

FACTS (Factory Analysis, Control and
Tracking System) is a computer -based,
real-time manufacturing information sys-
tem that collects data from all phases of
the high -volume chassis manufacturing
process and makes information available
to interactive terminal users throughout
the plant. The objective of FACTS is to
utilize the power and speed of computers
as a primary tool for providing manufac-
turing and engineering personnel with
timely and accurate information on the
current status of factory operations, allow-
ing for real-time factory management.

Background
Information is the key to effective control
of any manufacturing process. Increased
manufacturing volumes, greater product

Abstract: Consumer Electronics has had
to make significant improvements in
manufacturing process yields across the
entire business to realize substantial cost
reductions through better product quality
and process efficiencies. The Factory
Analysis, Control and Tracking System
(FACTS) is an important element in a
comprehensive program of yield
improvements at the Color Television
Chassis (CTC) plant in Juarez, Mexico.

©1986 RCA Corporation.
Final manuscript received February 20, 1986
Reprint RE -31-4-5

complexity, and automation of test equip-
ment have outrun the capabilities of manual
information systems. Traditional methods
of data collection and analysis are slow,
incomplete, and often subject to error.

The concept of using computer -based
systems to provide real-time manufactur-
ing information is not new to the Consumer
Electronics (CE). The first such system,
DARTS (Defect Analysis for Real-time
Supervision), was developed in 1978 at
RCA Laboratories for the chassis test por-
tion of two television instrument lines in
the Bloomington plant. The second gen-
eration of Factory Information Systems
(FIS) was the Manufacturing Analysis and
Control System (MACS). It was developed
in 1980 by a joint team from CE's Manu-
facturing Technology Center (MTC) and
RCA Laboratories with assistance from
Indianapolis VideoDisc Operations and the
Bloomington VideoDisc Player Manufac-
turing facility. MACS supported the test
portions of three VideoDisc Player lines.
The most recent system, FACTS, was
designed and implemented by MTC with
specification assistance from RCA Lab-
oratories and Juarez. The initial installation
was in 1982 on two color television chassis
lines and about 15 ACI (Automatic Com-
ponent Insertion) machines. Since then,
FACTS has undergone continuous expan-
sion and enhancement, so that now all
ten chassis lines and about 70 ACI ma-
chines are supported. Additional FACTS
systems have been installed in Torreon

(February 1986, for ROSE transformer
production) and Bloomington (July 1986,
for instrument assembly).

System overview

Each of the 100 chassis area data collection
devices and 70 ACI machines in the Juarez
plant is connected to one of four DEC
11/23 minicomputers (Fig. 1), which act
as communications controllers. All device -
level communications protocol functions
are implemented on these controllers. Data
packets are forwarded to a single DEC
11/44 communications concentrator, where
they are then passed to the main com-
puter system, a Prime 750, for final storage
and analysis. Over 50 user terminals spread
throughout the plant's production and of-
fice areas are connected to the Prime via
a system of short -haul modems. An X.25
packet -switching interface to other Prime
systems in Indianapolis, RCA Laboratories,
Bloomington, and Torreon permits external
access to real-time information.

FACTS is implemented as a group of
independent processes communicating in
real-time through a number of globally
accessable, main -memory -resident common
areas and a semaphore -based packet queu-
ing system. In order to achieve the speed
necessary for real-time response, most data
storage and interactive report generation
is done through the specially structured
common areas. All data is eventually
written to disk files where it can be
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Fig.1. Juarez FACTS hardware configuration.
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Fig.3. Chassis flow and data collection points on a typical Juarez chassis tine.

accessed using more traditional data re-
trieval methods. Disk files are also used to
save snapshot dumps of the common areas
for automatic recovery in case of a catas-
trophic system failure. Most data storage
work consists of structuring the collected
data for fast, simple access by the many
interactive terminal users.

Data collection is automatic, whenever
possible. For those locations requiring
manual input, special data entry devices
were designed for high speed and accuracy
so that normal production operations
would not be adversely affected. Each TV
chassis is uniquely identified by a bar-
coded serial number. This label is read by
a hand-held scanner at each data collection

point, and serves as the basis for discrete
chassis tracking.

ACI area data collection

The automatic insertion of bare PC boards
is a four-part process. First, the bare PC
boards, produced in Indianapolis, pass
through the staking department where
stakes, terminal beads, and eyelets are
pressed onto the board. No FACTS data
is presently collected from this area due to
its lack of automation. In the next step,
sequencer machines produce tapes of
axially -leaded components to match a
programmed insertion sequence. Using
both the sequenced tapes and the staked

Fig. 2. The VCD machine inserts parts
from sequenced reels into each cir-
cuit board.

PC boards they are then axially inserted
using a variable center distance (VCD)
machine (Fig. 2). Finally, these partially
populated boards are sent to radial inserters
for the last phase of automatic component
insertion.

Each ACI machine has a minicomputer
that controls the machine and records per-
formance statistics. FACTS accesses these
controllers every hour for each of the
three working shifts to collect machine -
level information that includes run time,
downtime, number of boards/sequence pro-
duced, and component -level information.
Included as part of the component -level
information are data indicating the total
number of components (hits) inserted and
all machine -related errors (misses, toler-
ance, opens, non -taped). These statistics
not only provide total machine perfor-
mance, but also head -level information.
Sequencer machines have up to 100 heads,
radial machines have 40 heads, and VCDs
have t wo heads.

Chassis area data collection
Once the boards are ACI-inserted, they
enter the head of a chassis line (Fig. 3).
Brackets, wire harnesses, and other parts
are manually assembled to the chassis
board prior to wave soldering. After solder-
ing, the bar-coded serial label is attached
to the chassis (Fig. 4). Solder inspection/
touchup, additional assembly, and several
visual inspections are performed prior to
entry into the test portion of the line.
Each chassis proceeds through a prelim-
inary light -and -play test, and then to auto-
matic test equipment (ATE) for final test
and alignment. Failure at either location
results in analysis by a troubleshooter and
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re-entry at the head of the test sequence.
Good units are sent to a packing area for
eventual shipment to Bloomington.

FACTS collects five major data types
from every chassis line: on/off line counts,
assembly (visually detected) rejects, light -
and -play results, ATE results, and all
troubleshooter repairs. Counters are the
simplest and most automatic data input
devices in use. Photocells are mounted at
three locations on each line and sense the
passage of each chassis. The counter loca-
tions used by FACTS measure the number
of chassis coming onto the line, the number
leaving the assembly portion of the line,
and the number leaving the end of the
line. Each controller is linked to FACTS,
and accumulated counts are transmitted
in response to scheduled FACTS requests,
normally every six minutes.

As a chassis proceeds through the first
part of the line, inspectors visually check
for proper assembly. Any defects detected
are written as part name/defect type pairs
on a travel tag connected to the chassis.
Just prior to the test area of the line, an
operator scans each passing chassis for
defects noted on the travel tag. The oper-
ator enters these defects into FACTS using
an on-line data entry device called a FRED
(Factory Reject Entry Device), shown in
Fig. 5. A digitizer pad within the FRED
converts touched points on a template
into part and defect type names. All defects
for the chassis are accumulated and auto-
matically transmitted to FACTS.

The first power -on test of a chassis
occurs at light -and -play. There are three
or four parallel semi -automatic test stations
on each line. Each operator removes a
chassis from the line, mounts it on a test
fixture, and the microprocessor -controlled
light -and -play tester performs a test se-
quence. Each operator has a hand-held
bar-code reader connected to the tester's
microprocessor. Sometime during the test
sequence, the operator wands the chassis
serial number. On completion of the test,
the microprocessor transmits the serial
number as well as the results of the test
sequence.

After a chassis passes at light -and -play,
it proceeds to one of two or three parallel
automated testers for final test and align-
ment. As with light -and -play, the operator
places the chassis on the ATE's test fixture
(Fig 6) and the actual testing and alignment
is performed automatically. During the
test cycle, the operator wands the chassis
serial number using a hand-held bar-code
reader connected directly into the ATE.
On completion of the test cycle, the results

Fig. 4. Each chassis has a unique bar-coded label identifying the chassis
model, assembly line, and production date and shift.

Fig. 5. All defects detected at troubleshoot and visual assembly inspection are
entered using the FRED terminal.

are automatically transmitted from the
ATE into FACTS. The information in-
cludes the chassis serial number and details
of the test result. Any chassis rejected at
either light -and -play or ATE is given to a
troubleshooter for problem analysis and
repair. Each troubleshooter has a FRED
station identical to the one used to enter
assembly -detected defects.

System products
FACTS report generation is heavily ori-
ented toward fast interactive references to
the current day's production information.
There is no schedule for automatic report
generation. Information is available in
reports as soon as it is received from the
factory floor-normally within a few sec-
onds of its collection. Although the em-
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Major FACTS reporting packages

ATEMON is used by Test
Maintenance to monitor the
performance of the chassis
ATEs. Subject matter includes
counts, yields, equipment status,
rejects, test measurement
distribution, statistical process
control, and detailed cycle -by -
cycle tester histories.

CTCMON is designed for line
superintendents, supervisors,
and group leaders. It concen-
trates on subjects similar to
ATEMON, but covers the
assembly, light -and -play, and
troubleshoot sections of the line.

SN_LIST retrieves the history
of any requested chassis.

ANALYZE_CTC_RUNS is an
interactive, investigative tool for
study of the relationships
between the individual events of
any line/shift production run.

EMS_GUIDE rates the

effectiveness of all attempted
repair actions to any test reject.

SEQMON, VCDMON, and
TDKMON provide count, yield,
reject, difference to rate, machine
speed, and total downtime
information for each of the three
major ACI areas for a single
production day.

SEQ_DT, VCD_DT, and
TDK_DT are used for detailed
analysis of the causes of
machine down time in each of
the major ACI areas.

PRODEFF produces
information similar to that
available with the MON
packages, but covers any
span of production days.

QC_REPORT and
QC_DEFECT_REPORT support
analysis of all QC -detected
defects for the ACI area as well
as the chassis and module lines.

Fig. 6. As each chassis is tested and aligned at an ATE, the operator wands
across the bar-code. The serial number is read by the ATE and passed back,
along with the test results, to the main computer.

phasis is on screen display of reports, most
terminals have small printers attached that
can produce a local hard copy of any
information presented on the screen. Most
reporting packages extract data directly
from the memory -resident common -area
data structures. Snapshot common -area
dumps and other file -based data structures

are available for longer term or other
specialty reporting packages.

Each real-time reporting package is
customized for its intended users. A hier-
archical structure is common to all. An
upper level of relatively general reporting
screens is continuously displayed and up-
dated. More detailed screens are accessed

by single function keystrokes. The contin-
ually updating automatic screens show the
presence (or absence) of problems, while
the detailed lower level screens are used
to determine the cause of problems. A set
of selection options is assumed for each
lower level screen, but the user can easily
specify his own options using English/
Spanish key -worded statements. This per-
mits a "guided tour" for the casual or
unsophisticated user, while still allowing
the more skilled user to do investigative
analysis. On-line help screens are provided
for all options.

There are five major reporting packages
for the chassis lines, five more for the
ACI area, and two for plant quality control,
providing a total of over 70 different screen
presentations. Utilization of these packages
is rather heavy, with between 2000-2500
individual report references (automatically
measured) each working day. Information
presented covers the relatively simple,
traditional manufacturing subjects (counts,
yields, failures, repairs, down time) as well
as analysis of the relationships between
them (effectiveness of repairs for various
failure symptoms, effect of assembly defects
on ATE performance, etc.). A few of the
available reports are detailed in Figs. 7-10.

Recent enhancements to the system
allow FACTS to automatically apply
continuous statistical process control algo-
rithms to identify production abnormalities
as they occur. For example, one algorithm
monitors the ordered sequence of pass/fail
results from an ATE to detect abnormal
failure frequency. Once a problem has
been detected, it is flagged as 'out of
control' on all CRT screens monitoring
ATE operation. The flag remains raised
until continued automatic examination
indicates that the process has returned to
normal. Multiple test cycle windows, each
with its own triggering failure and recovery
parameters, can be externally defined for
each machine. The multiple windows allow
identification of both long and short term
problems. External specification of trigger-
ing parameters makes it easy to adjust the
sensitivity of the alarm system in response
to real improvements or reductions in
process capability.

Although FACTS was specifically de-
signed to collect, store and process data
for factory applications, the use of the
PRIME computer has not been limited to
just those applications. Juarez personnel
also have available many stand-alone soft-
ware packages to do things as simple as
electronic mail, text editing and file
manipulation as well as more complex
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Internal data flow

All raw data transmitted by any of
the on-line devices (ATE, FRED,
ACI machine, etc.) is initially
received by that device's
servicing DEC 11/23. These raw
packets are then sent to the DEC
11/44, where they are passed to
the Prime 750. The process
DECHND implements the
communications protocol
between the Prime and the
11/44. Received data packets
are placed into a memory block
(coreblock) obtained from a sys-
tem pool, and then placed in a
queue to the central clearing
house process BACKUP. Here
the coreblock is routed to one of
several data storage processes.
If the destination process has
fallen behind its incoming data
load and has more than some
configurable amount of waiting
packets, the raw data passes
through a circular disk file. As
the consuming process catches
up, the data is recovered from
disk and passed on for process -

ATE STORE

MTE STOR
DEC

BACKUP DECHND 11/44

REP STORE

Memory -resident UserREPORT
ACI STORE data storage areas PACKAGES CRTS

QC STORE

ing in its original order. This
insures that no data is lost during
those peak periods when data
collection exceeds data storage
capacity. Five major storage
processes handle message
packets from different machine
types. The coreblocks are
analyzed and stored in memory -
based data structures and, in
some cases, disk files. After data

extraction, the coreblocks are
returned to the pool. Most report
packages reference the memory -
based data for on-line screen
generation. This reliance on
memory data storage permits
efficient handling of the relatively
high transaction rate (over 3000
events per hour) at a cost of only
25-30 percent of the Prime's
CPU power.

tasks such as exploratory data analysis, p -
charting, plotting, and spreadsheets. These
software packages, either developed or
purchased by RCA, have given the users
added flexibility and convenience for engi-
neering support of manufacturing and daily
administrative functions.

Future directions
Although FACTS was initially installed
in 1982, it has undergone almost constant
enhancement and expansion. The same is
expected for at least the next two years.
Expansion is planned to cover the module
assembly lines, chassis rework lines, auto-
matic integrated circuit testers, in -produc-
tion material inspection (PMI), and new
chip machines in ACI. Additional function-
ality will include heavier reliance on sta-
tistical process control for automatic prob-
lem identification, increased utilization of
graphical data presentation methods, auto-
matic recommendation of troubleshooter
repairs based on recent failure experience,
and extended tracking of modules and
chassis from bare circuit board to com-
pleted instrument. New developments and

HORA 09:53
FECHA MAR 12,

GRUPO CNT

REPORTE DE SINTOMAS
1986 FAM 120 MOD,TODOS

AREA:0C3 LINEA: TODOS TURNO: 1

Y. SINTOMA CNT ESOUEMATICOS

DE.

A

860201
860228

FWT 13 34 FWT 13 2 J302 2 SS3 1 T402 1 KINE11

1 0402 1 HE

COLOR 10 26 I ROJO 9 9 R750
NO AZUL I 1 R753

VOLTAJE 5 13 NO HV 3 1 J101 I JW2 1 SCRIOI

SE DOT* 1 1 SCRIOI
ESCAPE 1 1 0107

IMAGEN 4 10 NO VIDEO 2 2 J302
PILOTO 2 1 KINE5 1 KINE09

CONTRSTE 3 7 NO CONTR 3 1 R715 1 JW33 1 J701

DRILLO 1 2 DRIL INS 1 1 R4202
VERTICAL 1 2 NO VERT 1 1 R508
IMAGER 1 2 I COLOR 1 1 R806
TOT 38

Fig. 7. Rejects detected at QC inspection stations are categorized by group and
symptom in this screen from the QC_DEFECT_REPORT package.

CYCLE HISTORY FOR 10203615351036
1 LIGHT&PLAY PASS C5LPOI 07:05:54 ON APR 09, 1986
2 ATE ALIGN ABORT C5ATIO 07:11:48 ON APR 09, 1986

R333 SEQ NBR 26 REV CNT 2 STEP 20 TOT MOV 300

3 TRBLSHOOT REPAIR C5ATTI
JW50 FP

07:15:36 ON APR 09, 1986

4 LIGHT&PLAY PASS C5LP02 10:56:36 ON APR 09, 1986

5

CYCLE

ATE PASS C5AT22

HISTORY FOR 10203615351041

11:05:18 ON APR 09, 1986

1 ASSEMBLY REPAIR C5ASOI
R333 FP

06:29:54 ON APR 08, 1986

C506 FP

2 LIGHT&PLAY FAIL C5LP03
F3 43

06:57:18 ON APR 08, 1986

3 TRBLSHOOT REPAIR C5LPT1
R335 FP

07:05:12 ON APR 08, 1986

4 LIGHT&PLAY PASS C5LP03 08:10:18 ON APR 08, 1986

5 ATE PASS C5ATIO 08:16:54 ON APR 08, 1986

Fig. 8. The history of any chassis can be retrieved using SN_LIST.
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06:00 A 24:00 ATE OUT OF CONTROL SUMMARY JUE, MAR 13, 1986

LIN ATE MOD I OCS OC TIME 7. IN LOT OUT LST IN
C2 08 120C 1 00:04 99.63 20.21 20.25

23 120C 3 00:29 97.31 22:14 2231
C3 09 120C 1 00:26 97.59 20:47 21 13

19 120C 3 00:38 96.48 20:16 20:20
C4 33 131M 4 02.26 86.48 14:51 15101

36 131M 0 100.00
37 131M 0 100.00
39 131M 1 06:26 64.26 17:34

C5 10 120C 1 00:04 99.63 23.38 2342
22 120C 1 00.05 99.54 10'52 10:57

C6 20 120C 2 00:16 98.52 22:54 23'01
21 120C 0 100. 00

C7 14 120D 0 100. 00
28 120D 0 100. 00

C8 50 130C 2 03:53 78.43 02:52 06.45
51 130C 2 00151 95.28 19:06 19.27

CO 15 120D 6 00:35 96.76 22:22 22 26
27 120D 7 01.30 91.67 2246 2251

08 05

Fig.9. A summary of ATE performance based on statistical comparison of
current behavior with a historical standard is shown in this screen from ATEMON.

TDK PRODUCTION SUMMARY FECHA:JAN 22, 1986 TURNO: 1 09:39

MODELO MAO TAB +/-TAB MISS %MISS %NTP %DT %TB 7.F.VR MODELO
CTC1200 II 2 897 -156 259 0.59 0.42 37.3 80.2 85.2 CTC120D II
CTC1200 I 2 945 -108 94 0.20 0.41 32.2 91.9 89.7 CTC120D I

CTCII7C I 3 703 -398 296 0.84 0.26 48.6 73.1 63.9 CTC117C I

CTC120C I 2 593 -309 68 0.23 0.30 46.7 89. 5 65.7 CTCI20C I

CTC117C II 3 1068 -311 187 0.35 0.52 39.4 85.1 77.4 CTC117C II
CTC120C II 3 238 -861 47 0.39 0.81 81.6 84.0 21.7 CTC120C II
CTCI30A II 2 928 -500 239 0.48 1.02 50.7 81.8 65.0 CTC130A II

FAMILIA FAS MAO TAB +/-TAB MISS %MISS %NTP %DT %TB 7.PVR
CTC120 I 7 2241 -815 458 0.41 0.33 42 4 85.4 73.3

CTC120 II 8 2203 -1328 493 0.45 0.51 51.9 83.0 62.4
CTC130 II 2 928 -500 239 0.48 1.02 50.7 81.8 65.0

Fig. 10. This TDKMON screen shows overall area performance with respect to
each chassis model.

lessons learned on other FACTS systems
(Torreon and Bloomington) will be incor-
porated into the Juarez system.

Summary
The objective of FACTS is to collect and
distribute real-time factory data, thereby
providing a source of information to be
used for improved control and monitoring
of the manufacturing process. FACTS has
become the primary information source
in the manufacturing process control loop.
Information itself is not an end product. It
is not listed as an asset on any financial
report. In fact, the information gathering
process costs time and money. There is
no value in simply reporting that a certain
yield is low, that a line is experiencing a
sudden rash of a certain kind of problem,
or that failure to follow defined process
steps adversely affects productivity. It is
the involvement of factory staff, interpreting
and analyzing the information, that leads
to the eventual resolution of process prob-
lems. The enhanced capabilities of FACTS
greatly increase the potential of production,
engineering, and quality users to control
and improve the manufacturing process.
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J. Maleyeff S.R. Miller

An interactive PC -based make -buy
decision support system

This make -buy decision support software combines a user-
friendly spreadsheet for input/output with a mathematical
programming algorithm, making "what if" analyses possible.

Planning production in an environment that includes make or
buy options adds difficulty to an already complex problem.
This situation is often encountered at RCA's Consumer Elec-
tronics Operations, where several satellite plants produce sub-
assemblies for final assembly operations. Each satellite plant
must provide the central facility with on -time deliveries, or
notify the central facility in time for outside vendor purchase.
With a market as volatile electronics
industry, it is not unusual for models and styles to change
frequently. Hence, decisions regarding which of the products to
produce at the satellite plant and which to purchase from
vendors are made frequently.

These make -buy decisions should simultaneously consider
costs as well as the plant capacity. The costs include manufac-
turing costs (e.g., material, labor, setup, tooling), and each
product's outside purchase price. The plant capacity is usually
somewhat flexible, especially when overtime or additional shifts
can be added. Effective planning reconciles all of these factors
and results in both cost savings and increased production
efficiency.

This paper describes a personal computer -based decision
support system for make -buy analysis. The system combines

Abstract: A personal computer -based system for make -buy
decision support is described The system combines user-friendly
Lotus 1-2-3 or Symphony spreadsheets (for input/output) with
a mixed -integer linear programming (MILP) optimization
algorithm. The MILP formulation minimizes all relevant costs,
including labor (regular and overtime), materials, and purchase
while satisfying all demand requirements and workcenter
capacity limits. The user performs "what if" analysis to
experiment with various capacity change options and to
determine the sensitivity of key parameters. The system is
structured to enable the incorporation of step functions for both
cost (e.g., quantity discounts) and capacity limits (e.g., additional
shifts).
©1986 RCA Corporation.
Final manuscript received April 14. 1986
Reprint RE -31-4-6

spreadsheet input and output with a mathematical programming
algorithm. Hence, the system includes the required mathematical
integrity while promoting user interaction. The spreadsheets
facilitate quick and easy sensitivity analysis, including the relax-
ation of some cost and/or capacity linearity assumptions. Finally,
the system is modular, with the spreadsheet software independent
of the mathematical programming software. In this way, the
user can enter proposed make -buy amounts and the system will
calculate the results of these guesses.

Problem description
A satellite plant manufactures or purchases a multitude of
products for a central facility. The facility may be considered a
job shop, since each product can follow a unique route through
the facility with varying utilization rates. In addition, setup
times are significant and vary by product.

Periodically, the facility plans production based on the sales
forecast for each product in its portfolio. The option of purchas-
ing some or all of each product exists. The time frame for these
plans depends on lead time factors such as manufacturing cycle
time, raw material acquisition, and external vendor lead times.
The time horizon is usually medium -term (one to several
months).

The facility may or may not have the capacity required to
produce all of the units forecast. Within this medium -term
planning period, capacity change options are generally limited
to overtime, additional tooling, and some temporary hiring.
Also, it may be cost effective to purchase products, even when
capacity is available for in-house production (e.g., small batches
with long operation setup times). A thorough discussion of pro-
duction planning and scheduling is provided in references (1)
and (2).

Mathematical programming formulation
The system is designed to evaluate product requirements against
key workcenter capacities, and determine the optimal make -
buy quantities. It does this by minimizing a cost function
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containing all relevant costs, while considering any potential
combination of workcenter production loads. It is assumed that
during the planning period (usually one month or one quarter),
at most one production run is made for each product. The
model "loads" workcenters, since "scheduling" is not required
for planning and the resultant number of variables for a sched-
uling model would preclude a mathematical programming
approach.

The formulation consists of three sets of constraints:

1. Satisfy the product sales requirements, by either in-house
production or outside vendor purchase. Let:
Xl (1) be the in-house production quantity for product i,
X2 (1) be the purchase quantity for product i,
D(i) be the demand for product i, and
N be the number of different products.
The first set of constraints are:
X (0+ X2 (i)=D(i) for i=1,2, . . . ,N

2. Satisfy the workcenter capacity limitations. A workcenter
cay have some minimum number of hours that will be
worked, regardless of its load. Additionally, there exists a
maximum amount of regular and overtime hours. Let:
R(i,k) be the production rate (hours/unit) for product i on
workcenter k,
S(i,k) be the setup time (hours) for product i on workcenter
k,

Y(i) =
0 if XI (i) = 0,

HI (k) be the minimum hours for workcenter k,
H2 (k) be the maximum hours with regular labor for work -
center k,
H3 (k) be the maximum hours with overtime for workcenter
k,

W1 (k) be the regular hours worked for workcenter k,
W2 (k) be the overtime hours worked for workcenter k,
and
M be the number of workcenters.
(R, S, Hl, H2, H3 and M are input variables, Y, WI and
W2 are model outputs)

The second set of constraints are:

1 if X1 (i) > 0

Xl(OXR(i, k)+IY1(i)S(i,k)
1=1 1=1

for k= 1,2, . . . ,M,

Wl(k)H2(k)
W2(k)H3(k)
Y(i)X1(i)/D(i)

(k)+ Wl(k)± W2(k)

for k=1,2, . . . ,M,

for k=1,2, . . . ,M,

for i= 1,2, . . . ,N.

3. Satisfy minimum production or purchase levels. These con-
straints are optional and are used for two situations: (a)
some level of production or purchase is required to satisfy
contractual arrangements, testing, or other miscellaneous
reasons, and (b) step functions exist for cost elements or
workcenter capacity limits. Case (b) is discussed in detail
later. Let:
Bl (i) be the minimum production quantity for product i,
and B2(i) be the minimum purchase quantity for product i.

CAPACITY
LIMITS

FINANCIAL
DATA

PROCESS
FLOW DATA

PRODUCT
DEMAND

SCENARIO
OPTIMIZATION

- OPTIMAL MAKE -BUY AMOUNTS
- THROUGHPUT
- BOTTLENECK WORKCENTERS
- COSTS

Fig.1. Flow diagram of the make -buy system.

The third set of constraints are:
X1 (i)B1(i) for 1,2, . . . ,N,

X2(i)B2(i) for i=1,2, . . . ,N,

Note that setting a minimum make amount is equivalent to
buy amount, and vice versa. For example,

if Xl (i)B1(1) then X2(i)5_D(i)-B1 (0).

The following equations are needed to assure non -negativity of
real variables and 0/1 values for integer variables:

Xl(i), X2(i) > 0 for i=1,2, . . ,N,

Wl(k), W2(k) > 0 for k= 1,2, . . ,M,

Y(0=0 or 1 for i=1,2, . . . ,N.

The objective function (to be minimized) consists of all relevant
costs. Let:

Cl(i) be the unit material cost for product i,
C2(i) be the unit purchase price for product i,
C3(k) be the regular hourly labor cost for workcenter k, and
C4(k) be the overtime hourly labor cost for workcenter k.

The objective function is:

N N

C 1 (0XX1(0 + I C2(i)XX2(i)
1=1 1=1

M M

+I C3(k)XW1(k)+ I C4(k)XW2(k)
k=1 k=1

The formulation is a mixed -integer linear program (MILP); a
thorough treatment of this subject is provided in Bradley et al.'
Several computer packages are commercially available for solving
MILPs (see Sharda4 for a survey of microcomputer -based
packages). The formulation is usually small enough for micro-
computer software and the computations manageable enough
for interactive decision support.
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Table I. Definition of I/O spreadsheet terms.

Product data:

MODEL
VOLUME

MAT'L $

BUY $

NUM MAKE

NUM BUY

SETUP

RATE

MIN MAKE

MIN BUY

Workcenter data:

THROUGHPUT

NAME

MIN HRS

MAX STD

MAX OT

STD $/HR

OT $/HR

TOT HRS

+/- STD

+/- OT

Financial data:

MAT'L

LABOR

TOTAL MANUF

PURCHASE

TOTAL COST

Product identification (input)
Units required during the planning
period (input)
Unit cost for materials (input)

Unit purchase price (input)

Units to be produced in-house (output)
Units to be purchased (output)

Setup time, in hours (input)

Production rate, in units per hour (input) '°

Minimum units to produce in-house
(input)

Minimum units to purchase (input)

Total units to be produced in-house
(output)

Workcenter identification
Minimum workcenter utilization, in
hours (input)
Capacity limit, using regular labor (input)

Capacity limit, including overtime labor
(input)

Cost per workcenter, regular labor
(input)

Cost per workcenter-hour, overtime
labor
(input)

Total workcenter utilization, in hours
(output)

Over/under maximum regular labor
hours (output)
Over/under overtime capacity limit
(output)

Total material cost (output)

Total labor cost (output)
Manufacturing cost, materials and labor
(output)

Total cost of purchases (output)
Overall cost for the scenario (output)

System description
The system is PC -based with all input and output being carried
out using Lotus 1-2-3 or Symphony spreadsheets; the MILP is

solved using LP83/M1P83 software (Sunset Software, Inc.). LP83/
MIP83 runs' on PCs with MS-DOS and at least 384k RAM.
LP83/MIP83's spreadsheet option enables the mathematical
programming software to interact directly with Lotus spread-
sheets.

Figure 1 is a flow diagram of the system. The inputs consist
of costs, capacity limits, process flow data, and the product sales
forecast. "What if analyses can include any or all of these
input groups. The same spreadsheet serves both input and

output functions (referred to as the I/O spreadsheet). Table I
defines the terms used in the spreadsheets. For input, the I/O
spreadsheet that appears as in Table II contains the data needed
to run the system. After running the "scenario optimization"
(the MILP), the make -buy quantities are printed directly into
the I/O spreadsheet (see Table III). Other reports can be
included, such as Table IV, which shows specific setup and run
times for each product produced by each workcenter.

Key outputs are the plant throughput, the bottleneck work-
center(s), purchase costs, and manufacturing costs. The user
performs "what if" analysis by changing input values
directly. Spreadsheet input/output precludes the tedious de-
velopment work of prompting the user for all possible what if
options. Cells that should not be altered are "protected", ensuring
that no changes are made to the system's logic. In addition, no
separate database is needed. Both the input and output data are
contained on the I/O spreadsheet.

"What if" analyses
Spreadsheet input/output facilitates the performance of "what
if' analyses. This interactive capability enables the planner to
thoroughly analyze each plan. For example:

1. When new products are introduced, the planner can run
scenarios with various setup times, production rates, or costs
to determine the sensitivity of these parameters before pro-
duction begins.

2. The effect of proposed changes to the production process
can be analyzed. Examples are setup time reductions and the
installation of faster machines.

3. The cost of proposed contractual arrangements for product
purchase can be determined. In this case, the minimum buy
quantities are changed in the spreadsheet.

4. The allocation of labor to workcenters can be changed. This
includes both increasing the capacity of bottleneck work -
centers or decreasing the capacity of other workcenters. The
cost for these changes may be linear (the plant only "pays"
for the labor used) or a step function (e.g., an additional
shift).

5. The cost effectiveness of purchase price quantity discounts
can be determined. This is done as follows: First, the higher
cost (no discount) scenario is run. Second, a scenario with
the minimum purchase quantity, along with the discounted
cost, is run. This forces the plan to use the discount. The best
solution is the scenario having the lowest total cost.

6. Major plant expansions can be evaluated by preparing
longer -range forecasts and running the system with and
without the proposed expansion.

Extensions

The same basic methodology described previously can be used
for several related problems. This section explores two of these
possibilities, discussing both the mathematical programming
formulation and implementation concerns.

Multi -period problem

The formulation can be extended for longer -range planning.
Here, multiple time periods and inventory holding are included,
and the assumption of one setup is abandoned. This leads to a
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Table II.

MAKE VS BUY ----

PRODUCT DATA:

MAT'L BUY NUM MUM WORKCENTER 1 WORKCENTER 2 WORKCENTER 3 WORKCENTER 4 MIN
MODEL VOL. $ MAKE BUY SETUP RATE SETUP RATE SETUP RATE SETUP RATE MAKE

X01 2000 $25 $80 0 0 2.0 50 5.0 75 1.0 180 5.5 45
X02 7100 $15 $55 0 0 0.5 55 0.0 0 1.0 200 6.0 40
X03 5900 $35 $89 0 0 2.5 55 3.0 50 0.0 0 4.5 75
X04 7400 $45 $77 0 0 2.0 75 4.0 100 0.0 220 3,0 45
X05 2000 $10 $37 0 0 0.5 45 0.0 0 0.5 90 0.0 0

X06 4500 $40 $85 0 0 2.0 80 2.0 95 2.0 210 3.5 55
X07 2900 $23 $47 0 0 3.0 55 6.0 75 0.0 0 6.0 45
X08 4600 $44 $67 0 0 1.5 45 4.0 70 0.0 195 2.0 50
X09 3800 $27 $62 0 0 0.0 45 2.0 45 2.0 30 1.0 85
X10 3500 $12 $39 0 0 1.5 50 0.0 0 0.5 210 3.0 45
X11 4500 $11 $32 0 0 2.0 50 6.0 55 3.0 90 4.5 80
X12 4700 $44 $85 0 0 1.5 80 4.0 110 1.0 200 3.0 50
X13 2000 $61 $96 0 0 3.0 80 2.5 50 0.0 0 5.5 45
X14 1500 $22 $46 0 0 0.5 70 5.0 75 2.0 30 0.0 0

X15 2200 $29 $51 0 0 2.0 50 8.0 110 1.0 60 4.0 30

WORKCENTER DATA: THROUGHPUT- 0 UNITS

MIN MAX MAX STD OT TOT 41- -

NAME HRS STD OT 5/HR 5/HR HRS STD OT

W/C 1 600 900 900 $300 $450 0 0 0

W/C 2 0 1500 1500 $200 $300 0 0

W/C 3 300 300 300 $440 $660 0 0 0

W/C 4 300 600 720 $350 $525 0 0

FINANCIAL DATA - COSTS ( $000) :

TOTAL PUR- TOTAL
MAT'L LABOR MANUF CHASE COST

0 0 0 0 0

MIN j.
BUY

more complete, but larger model. The previously defined vari-
ables remain the same except for an additional index, t
(corresponding to the time period). The revised formulation
includes an additional factor: producing a product in the time
period prior to its being required. Now, the options for satisfying
the sales forecast are: (1) produce in the period needed, (2)
purchase in the period needed, or (3) produce in a period prior
to the period needed. However, the problem becomes extremely
large, probably requiring a mini or mainframe computer to
solve. It can be a slower, yet effective, decision support tool.

With some loss of realism, the integer variables can be
excluded from the model (assume that batch sizes are relatively
consistent and the setup time is a fixed percentage of the run
time). The problem then becomes somewhat smaller. The factory
environment will dictate whether this simplification is warranted.

Subcontract operations

Some companies subcontract one or more component operations
(not the entire product). Both the one -period and the multi -
period model described in the previous section can be expanded
to address this problem. This is accomplished by changing the
variables X1 and X2 so that another index k (corresponding to
the workcenter) is added. In addition, capacity limitation
constraints are required for each operation. If all individual
operations are considered, the problem size increases appreciably.
A recommended strategy is to focus on those operations that

are most likely to be subcontracted. Again, the factory envi-
ronment will dictate whether simplification is warranted.

Conclusions
This make -buy system combines the best features of "trial -and -
error" manual approaches and "black box" analytical algorithms.
While the planner has full decision making control, the scenario
optimization ensures that the best solution is found for each
scenario presented. An important feature to note is that no a
priori estimate of standard manufacturing cost is used. Standard
manufacturing cost is used for accounting purposes; it is based
on average production runs. However, the actual cost to manu-
facture is dynamic, depending on several operational factors
such as throughput, product mix, batch sizes, and overtime.
This is especially true when capacity is limited and the market
is volatile.

The spreadsheet input/output has several advantages: (1) it
precludes the development of prompting routines that address
all possible "what i' questions, (2) the planner's input data,
along with the system output, appear on the same spreadsheet,
and (3) the system is modular, so the optimization routine and
the I/O spreadsheet can operate independently. For example,
the planner can enter make -buy amounts directly and the
spreadsheet logic will determine the cost of the contrived plan.

The system is also structured for potential use in evaluating
plant expansion decisions, determining the effect of production
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Table III

MAKE VS BUY ---- CASE

PRODUCT DATA:

I

MAT'L BUY NUM NUM WORKCENTER 1 WORKCENTER 2 WORKCENTER 3 WORKCENTER 4 MIN MIN
MODEL VOL. $ $ MAKE BUY SETUP RATE SETUP RATE SETUP RATE SETUP RATE MAKE BUY

X01 2000 $25 $80 2000 0 2.0 50 5.0 75 1.0 180 5.5 45
X02 7100 $15 $55 7100 0 0.5 55 0.0 0 1.0 200 6.0 40
X03 5900 $35 $89 5900 0 2.5 55 3.0 50 0.0 0 4.5 75
X04 7400 $45 $77 5936 1464 2.0 75 4.0 100 0.0 220 3.0 45
X05 2000 $10 $37 2000 0 0.5 45 0.0 0 0.5 90 0.0 0

X06 4500 $40 $85 4500 0 2.0 80 2.0 95 2.0 210 3.5 55
X07 2900 $23 $47 0 2900 3.0 55 6.0 75 0.0 0 6.0 45
X08 4600 $44 $67 0 4600 1.5 45 4.0 70 0.0 195 2.0 50
X09 3800 $27 $62 2993 607 0.0 45 2.0 45 2.0 30 1.0 85
X10 3500 $12 $39 0 3500 1.5 50 0.0 0 0.5 210 3.0 45
X11 4500 $11 $32 0 4500 2.0 50 6.0 55 3.0 90 4.5 80
X12 4700 $44 $85 4700 0 1.5 80 4.0 110 1.0 200 3.0 50
X13 2000 $61 $96 2000 0 3.0 80 2.5 50 0.0 0 5.5 45
X14 1500 $22 $46 1500 0 0.5 70 5.0 75 2.0 30 0.0 0

X15 2200 $29 $51 0 2200 2.0 50 8.0 110 1.0 60 4.0 30

WORKCENTER DATA: THROUGHPUT- 38629 UNITS

MIN MAX MAX STD OT TOT +/- +/-
NAME HRS STD OT 5/HR S/HR HRS STD OT

W/C 1 600 900 900 $300 $450 642 -258 -258
W/C 2 0 1500 1500 $200 $300 448 -1052 -1052
W/C 3 300 300 300 $440 $660 300 0 0

W/C 4 300 600 720 $350 $525 720 120 0

FINANCIAL DATA - COSTS ($000):

TOTAL PUR- TOTAL
LABOR MANUF CHASE COST

1273 687 1960 1000 2960

Table IV

MODEL

WORKCENTER PROFILES - HOURS UTILIZED

WORKCENTER 1 WORKCENTER 2 WORKCENTER 3
SETUP RUN SETUP RUN SETUP RUN

WORKCENTER 4
SETUP RUN

X01 2.0 40.0 5.0 26.7 1.0 11.1 5.5 44.4
X02 0.5 129.1 0.0 0.0 1.0 35.5 6.0 177.5
X03 2.5 107.3 3.0 118.0 0.0 0.0 4.5 78.7
X04 2.0 79.2 4.0 59.4 0.0 27.0 3.0 131.9
X05 0.5 44.4 0.0 0.0 0.5 22.2 0.0 0.0
X06 2.0 56.3 2.0 47.4 2.0 21.4 3.5 81.8
X07 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
X08 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
X09 0.0 66.5 2.0 66.5 2.0 99.8 1.0 35.2
X10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
X11 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
X12 1.5 58.8 4.0 42.7 1.0 23.5 3.0 94.0
X13 3.0 25.0 2.5 40.0 0.0 0.0 5.5 44.4
X14 0.5 21.4 5.0 20.0 2.0 50.0 0.0 0.0
X15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

TOTAL 14.5 627.9 27.5 420.6 9.5 290.5 32.0 688.0

UTIL 642 448 300 720

MIN HRS 600 0 300 300
MAX STD 900 1500 300 600
MAX OT 900 1500 300 720

OT USED 0 0 0 120
+/- MAX -258 -1052 0 0

COST (000) $192.7 $89.6 $132.0 $273.0
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process changes, and as a guide in determining the true cost of
new products. The methodology can be expanded to consider
multi -period plans and the subcontracting of individual
operations.
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W. Su C.B. Teh E.M. Reiss

Solid State Division, Far East Manufacturing
plants, products, people progress

The plants, the products, the people, the progress-SSD has
them all, of quality, in its Far East manufacturing operations.

The Solid State Division (SSD) began
the assembly and testing of ICs in late
1968 at a Consumer Electronics (CE) plant
near Taoyuan, Taiwan, a then developing
city 16 miles south of Taipei. The original

Abstract: The Solid State Division
established its Far East assembly and test
operations nearly 20 years ago in a
corner of a Consumer Electronics facility
in the city of Taoyuan, Taiwan. By any
standard, the operation, dedicated solely to
the assembly of ICs, was small,
comprising only a few managers and a
few tens of operators. Today, Far East
operations include facilities in two
countries, Taiwan and Malaysia, occupy
more than 370,000 square feet, employ
5,500 people, assemble and test both IC
and Power products, and ship more than
4,000 different products (50 million
devices) per month to RCA customers
throughout the world.

The fact that this dramatic growth in a
high-technology business, which requires
good communications, transfers of
technology, and coordination of
purchasing, production, and distribution,
was accomplished at locations half a
world apart by people of very different
cultures and speaking different languages,
is a tribute to the dedication of the RCA
people involved
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facility, literally tucked in a corner of the
CE plant, was dedicated to the assembly
of ICs in plastic dual -in -line packages
(DIPs), and employed 30 operators and a
handful of managers.

The rapid growth of the IC business
and the need to reduce unit costs resulted
in a rapid expansion of SSD space and
manpower requirements at the Taoyuan
facility. But, at the same time, CE was
also growing fast, and so the space avail-
able for SSD expansion was limited. For
that reason, in the early 1970s, SSD con-
tracted out some work to two Taiwanese
integrated -circuit assemblers. This move
gave SSD additional facilities in Taipei
and Ilan. In 1976 and 1977, SSD bought
out these independent assemblers and
established a fourth location in San -Chung,
Taiwan, for a Taiwan Design and Con-
struction Shop (TDCS). The shop, now
located in Taoyuan, still functions as the
Far East design and construction facility
for finishing tools, molds, jigs, fixtures,
and burn-in/life-test boards, and provides
shop support to all of our Far East
assembly and test operations. By the late
1970s, assembly operations had expanded
to include both plastic and ceramic pack-
ages, and included a sophisticated test
operation. A distribution center provided
direct shipments to customers worldwide.

It soon became evident that the logistics
of moving product between locations in
Taiwan were adding complexity to the
assembly process. A decision was made
to expand the Taoyuan facility to accom-

modate the Taipei and Ilan assembly
plants, which were located in residential
neighborhoods and originally designed as
apartment houses, and the TDCS. Another
75,600 square feet were added to the
Taoyuan facility during 1984 and 1985.
This expansion included a modern Class
10,000 cleanroom for die attach and wire
bonding. The consolidation was completed
in the spring of 1985.

In 1974, simultaneously with the expan-
sion in Taiwan, SSD was preparing a
new site in Malaysia for the assembly and
test of power and IC products. This plant
is situated on the outskirts of Kuala
Lumpur, the capital of Malaysia, and is
the most distant satellite facility from SSD
headquarters in Somerville.

Malaysia, once a British colony, is now
a well -developed country and a major
exporter of ICs. The Malaysia facility,
usually referred to at SSD as "KL" (Kuala
Lumpur), has grown in leaps and bounds
since 1974. The original staff of about six
Somerville and Findlay expatriates and
511 employees has grown to more than
3,200 employees.

The expansion took place in two phases.
First, the original building was extended
by 60,000 square feet in the late 1970s.
Then, in 1979, a separate building com-
prising 64,000 square feet and located
approximately one kilometer from the plant
was leased. With some smaller expansions,
what started out as a relatively modest
manual assembly plant has now grown
into a 208,000 -square -foot automated as -
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sembly and test facility with a cleanroom
environment. The production capacity in
Malaysia for power devices and ICs is
greater than 40 million devices per month.

Products

SSD's Taoyuan, Taiwan, plant assembles
the higher -lead -count, lower -volume IC
products of all RCA IC technologies in a
broad array of packages. Chips in wafer
form are produced in the Division's U.S.
wafer -fabrication plants: ICs in Findlay,
Ohio, and power devices in Mountaintop,
Pennsylvania. This full spectrum of prod-
ucts includes many highly diverse types
intended for a wide range of circuit func-
tions in commercial, military, consumer,
and industrial applications.

The matrix shown in Fig. 1a represents
approximately 8,000 types of products
being shipped from Taiwan. Diversity in
assembly and test is characteristic of
Taiwan's production style: small -lot mul-
titype manufacturing.

The Malaysian facility services the same
general markets as the Taiwan facility,
except that Malaysia's focus is on high -
volume, low-cost plastic ICs and power
devices (Fig. lb).

The Taoyuan, Taiwan, plant has a
capacity of 8 million ICs per month, which,
together with Malaysia's 40 million IC
and power devices per month, adds up to
a Far East capacity of close to 50 million
devices per month. It is interesting to note
that the dollar value of each location's
output is very similar, in spite of their
differences in output. This phenomenon
reflects the significant range of market
values of the products produced.

Product management

Prior to the end of 1978, product flow in
the Far East was almost totally manually
controlled with pencil and paper. But at
approximately year's end 1978, Somer-
ville's IBM mainframe facilities were
extended to the Far East through the
installation there of remote terminals and
printer controllers: Data -100 computers
operating through a leased 4,800 -bps sat-
ellite line. Since then, many more (in
quantity and sophistication) control systems
have been designed by the Manufacturing
Systems Group in Somerville, with input
from the Far East locations. The most
important of these systems were the Pro-
duction Reporting System, an internal plant
system using batch -processed data to track
work -in -progress (WIP) inventory, and
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Fig. 1. Products assembled and tested in (a) Taiwan and (b) Malaysia.

CICS/TOPS (Customer Information
Control System/Total Order Processing
System), a worldwide system used to track
finished goods and inventory and to dis-
tribute products to customers based on
the computer -generated packing slip.

The rapid growth in business and the
evolution of more powerful computers has

been followed by a continuing upgrade of
all of the systems used in the Far East,
both in hardware and software. For ex-
ample, the Data 100s have been replaced
by HP 3000-48 computers, and the satellite
line has been upgraded to 9600 bps. In
software, the production reporting system
has been replaced by a more advanced
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Fig. 2. Advances in quality and reliability in Taiwan and Malaysia.

on-line, by -lot WIP inventory tracking
system (IC -10) running on local HP 3000
computers. TOPS has been replaced by
another worldwide, more powerful Sales,
Orders, and Accounts Receivable (SOAR)
system. SOAR is an on-line interactive
system running on the Somerville IBM
mainframe. It not only provides local -
management finished -goods inventory sta-
tus but order, customer, and packing -slip
information as well.

IC -10 and SOAR make available real-
time, accurate data, and provide input
data for several planning systems required
for the on -time delivery of product. Both
of these systems are essential to the man-
agement of the more than 16,000 line
items shipped monthly from the Far East.

Communications

In any business, communication is vital,
but when you're situated about as far
away as you can be, halfway around the
world in fact, from your Division head-
quarters, communications and personnel
interaction can be very challenging. Add
to distance the fact that you're working
with people of different cultures and races,
speaking different languages, and living
and working in different time zones, and
you have a situation that even a company
like RCA, a leader in communications, is
hard pressed to accept. Imagine the dis-
cussion of an engineering problem at 9
a.m. in Somerville with engineers in
Malaysia or Taiwan where it is already 9
p.m. or vice versa. The resolution of this
aspect of communications and its continued
smooth running are really a tribute to the
people at both sides of the world; a great
many sacrifices have been made by people
at each of the locations in overcoming the

20

communications barrier caused by a 12 -
hour time difference.

Although there is still a fair amount of
direct communication by telephone, most
intra-Division communications are now
in the form of computer -transmitted mes-
sages, computergrams, and, to a lesser
degree, facsimile. The computergram first
became available in 1978 with the instal-
lation of the Data 100 computer. The
computergram system was very limited,
but was continually upgraded. Today it is
a very sophisticated, powerful commu-
nications tool. And whereas the twelve-
hour time difference is undesirable in
communications by telephone, it is actually
advantageous when using computergrams.
A message is sent from Somerville during
the day, which is night in the Far East.
The information required for the response
is gathered and transmitted back to
Somerville during the day in the Far East,
which is night in Somerville. Upon arriving
at work the next day, the Somerville en-
gineer finds the answer to his query
waiting.

In 1982, an HP 3000 system was
installed in the Far East plants to give
them computing power. A Wang OIS
system was also installed to decentralize
the Somerville Documentation Center
(maintainers of engineering standards and
specifications) and involve the plants in
the writing and maintenance of their own
operating instructions. When these new
systems came on line, the leased satellite
line was multiplexed in parallel among
the HP 3000, Data 100, and Wang OIS.

At the end of 1985, the HP 3000 took
over the entire Data 100 load, and evolved
into a separate network of HP 3000s. The
DS/3000 network of manufacturing plants
is centered in Somerville's HP 3000/68

system A, and has successfully relieved
the Far East of bottlenecks in printout
transmission from the Somerville IBM to
local printers at peak times. The DS/
3000 -HP 3000 network in SSD's plants
led to the idea of implementing electronic
mail, which promises to upgrade com-
munications and information storage and
retrieval in all manufacturing locations.

In the foreseeable future, various elec-
tronic mail systems may be "popping up"
in the varied networks used by RCA: HP
Mail, DECMAIL, PROFOS. The chal-
lenge will be to overcome the computer
language barrier, which at times seems
even more difficult than the human -
language barriers.

1985 was also the year that 26 personal
computers were installed in Taiwan and
Malaysia. It is expected that this computing
power at the departmental level will play
a major role in increasing both office and
plant productivity.

Quality and productivity

Product quality is the primary focus in
both Far East assembly plants. The total
quality program includes statistical process
controls, regularly scheduled preventive
maintenance, in -plant training and,
Malaysia, operator participation through
Quality Circles.

The Quality Circle, or "4M" as it is

called in Malaysia-menjaga kebersihan
(clean environment), mencegah campuran
(prevent mixing), menjamin mutu (ensure
product quality), and membaiki cara kerja
(improve work methods))-is a most
successful "people -related" program. The
4M program was initiated in 1982 and
has grown steadily to encompass 80 active
circles, making it one of the largest Quality
Circle programs in Malaysia.

The program has two major objectives.
The first is to assure a good work attitude
among the factory workers, to get them
involved, interested, and participating in
company business. Over the years, this
attention to attitude has had very noticeable
and rewarding results. The second objective
of the program is to encourage the circles
to work on problem solving, cost reduction,
and quality improvement. The contribu-
tions made by the operators in improving
the products and/or the plant's perfor-
mance have been truly amazing, and are
a resource that had not been tapped in
the past. One of the major rewards for
both participants and management is the
biannual QC convention, where the QC
circles present their projects to top man -
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agement. The progress in quality made by
both plants is impressive, and is shown
quantitatively in Fig. 2.

The progress in productivity is just as
impressive as that in quality, mainly
because of automation. The first program
in automated operations, a joint effort of
Assembly Technology engineers in Somer-
ville and Malaysia, involved a capital
investment of over 13 million dollars and
took three years to accomplish. The project
acronym was RAMP (RCA Assembly
Mechanization Program). The productivity
gains shown in Fig. 3a for Taiwan resulted
in very significant cost reductions and
improved product quality; both of these
factors keep RCA very competitive in the
production of dual -in -line plastic (DIP)
products. Productivity gains in Malaysia
are shown in Fig. 3b.

People
Culture

The Taiwan facility has a sole ethnic
background-Chinese. All in -plant com-
munications, both written and verbal, are
in Chinese, with English used for com-
municating with facilities outside of
Taiwan. Generally, the direct laborers have
a high-school education, and salaried
employees are college graduates.

The Malaysian plant population is made
up of three major races, each having a
very different culture. The Malays, or
Bumiputras ("children of the soil"), are
native to Malaysia, while the Chinese and
Indians are mainly third -generation citizens
whose ancestors came to work in the tin
mines or on the rubber plantations. English
is the primary language used within the
plant. The national language is Bahasa
Malaysia.

Figure 4 is an interesting example of
how far RCA has gone to minimize the
culture shock on the various ethnic groups
working in the Far East. In this photograph
of a cleanroom, the woman at the left is
wearing a cleanroom head covering spe-
cially designed to match her customary
native dress.

A unique aspect of Malaysian culture is
the many festivals and holidays. The
multi -ethnic makeup of Malaysia-this
country has often been described as a
mini-U.N.-makes for an almost constant
round of festivals and holidays, from
Deepavali, Feast of the Hungry Ghosts, to
Christmas. One festival seems to follow
another, and each by itself is significant
and important to the lives of those who
celebrate it.
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Fig. 3. Productivity improvement in (a) Taiwan and (b) Malaysia.

In January, there is Thaipusam, a reli-
gious festival celebrated by thousands of
Indians who come to pay homage to Lord
Muruga, also known as Subramaniam,
Sivaguru, Arumugam, etc. The highlight
of this festival is the Kavadi, or sacrifice
procession, in which participants carry
objects ranging from simple pots of milk
to elaborate decorated structures bearing
spikes that are hooked onto the devotees
bare bodies. Some pierce their cheeks with
skewers several feet long. These are re-

moved at the shrine of the diety, sur-
prisingly leaving hardly a trace of scar.

The Chinese New Year falls in February.
It is a time of "good wishes" cards and
homes decorated with slips of red paper
and scrolls bearing inscriptions signifying
happiness and long life. This is the time
for the once -a -year family -reunion dinner.
On the eve of the new year, all members
of the family gather for the last meal of
the old year. On Chinese New Year
morning, parents present their offspring
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Fig. 4. An example of the steps taken by RCA to assure minimum disruption of
culture: cleanroom head coverings designed to match native dress.

with "angpows" (red packets containing
money-one dollar and ten cents being
standard in the old days). The day follows
with visiting, dining, drinking to the
choruses of "yam seng" (cheers), and
nibbling specialties like "love -letters" and
melon seeds. The spectacular lion dance
is the order of the day.

With March comes the festival of the
Goddess of Mercy and Easter. April has
its Tomb Sweeping days. Buddha's birth
and enlightenment day falls in May.

After a month of fasting from sunrise
to sunset, the Muslims celebrate Hari Raya
Puasa (New Year) in June, paying respect
to their elders by praying in the mosques.
On the eve of this festival, selected religious
leaders make their journeys to specific
hilltops to sight the moon. Only when the
moon is sighted will the following day be
declared Hari Raya Puasa. On New Year's
Day, hosts will serve generous portions of
mouth-watering beef and chicken to go
along with traditionally cooked dishes.

The Dragon Boat Race, St. Anne's
festival, the Moon Cake festival and others
follow until Christmas and the New Year
most of us know.

Big Sisters

The vast majority of the workforce in
Malaysia is female, with an average age
of about 20. These women come from
rural areas within a 50- to 100 -mile radius
of the plant. For them, just coming to the
city would be a major event, but staying
away from home and family is indeed a
major social and cultural change. The Big
Sister program was set up to help them
through these changes. A Big Sister is a
senior woman from the workforce, a

volunteer who is trained as a social con-
sultant. Consultations are normally held
during meal breaks or after work. The
subjects most commonly discussed are
boyfriends, housing accommodations, and
loneliness. The Big Sister is a very com-
forting person to the young women who
have come to the city for the first time
and to work and live by themselves. With
the guidance of their Big Sisters, these
young women do make the transition from
rural to city life and achieve a sense of
belonging.

Dormitories and transportation

Single female workers and employees who
live far from home live in dormitories in
Taiwan. About 500 SSD operators and
600 CE workers live together in the
dormitory area just adjacent to the main
plant. The eight housing buildings and the
Family Social Center offer an enriching
and colorful life for the residents.

The Family Social Center, under the
auspices of the Employee Relations
Department, offers a variety of organiza-
tions, training programs, and social activ-
ities for the young women. The counter-
parts of the Malaysian Big Sister in Taiwan
are the fourteen advisors who live in the
dormitories themselves, and who are avail-
able for general consulting. Folkdance,
flower arrangement, choral, social service,
and charity clubs are all open to interested
women. Many women also attend the
language training courses.

A wide-ranging transportation network
is another feature of the Taiwan plant.
With a three -shift turnaround, 51 com-
muter buses must run daily to pick up
employees living within a 10- to 20 -mile
radius.

Progress

Remarkable progress has been made in
the past two decades by the people in our
Far East plants, but they know as we do
that in a high-technology business like
SSD's, upgrading of facilities and new
products are indeed the name of the game;
both of these factors are now being ad-
dressed by projects underway or in plan-
ning in both Taiwan and Malaysia.

New products/programs

Malaysia. Small -outline package-
Malaysia is in the final stages of installing
a line for small -outline plastic package
(SOP) production. The spacing between
leads of these packages is only half that of
the DIP, which has 50 -mil centers. Small -
outline packages are soldered to the surface
of a printed circuit board rather than
having their leads soldered into holes in
the printed circuit board, as is true for the
DIP. As a result of their small size, their
use amounts to a considerable savings (over
the use of DIPs) in the board area required
to fabricate a given circuit function. This
type of packaging will be used primarily
for automotive, telecommunications, and
computer applications. By 1990, small -
outline packages could represent 50 percent
of Malaysia's assembly capacity.

The tasks for developing this package
design were shared between Somerville
Assembly Technologies and Malaysia
Assembly Engineering. Tooling and equip-
ment made in the U.S. was specified and
tracked by Somerville with inputs from
Malaysia. The tin-plating system was spec-
ified and tracked by Malaysia with inputs
from Somerville. The production line for
the first three lead counts, 14, 16, and 20,
should be operational in Malaysia by
August 1986.

Surgedors-Surgectors represent a new
type of surge -suppression technology. This
product is designed to protect sophisticated
electronic circuits from rapid, high -voltage
power surges that conventional suppressors
cannot handle. An automated assembly
and test line is being installed in Malaysia
and is scheduled for mid -year start-up.
This program is a joint effort of the
Mountaintop Equipment and Package
Engineering staff and Malaysia Engineering.

Taiwan. Mechanization program-The
Somerville and Taiwan Assembly Tech-
nologies groups have initiated an aggressive
program to upgrade and modernize the
Taiwan facility. The program will be
completed in the second quarter of 1987.
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Willy Su is Staff Manager of Manufactur-
ing and Manufacturing Engineering for the
Solid State Division in Taiwan. His
responsibilities cover manufacturing and
assembly and related engineering support.
Willy began his career with RCA Taiwan in
1974 as an Industrial Engineer. He was
subsequently promoted to Staff Manager,
Industrial Engineering, MIS and Plant En-
gineering in 1982, and then into his
present position. Willy received the BSIE
degree from the Chung Yuan Christian
University, Taiwan, and he is a Senior
Member of 11E.
Contact him at:
RCA Solid State Division
Taoyuan, Taiwan
(033) 32-2181, Ext. 249

C.B. Teh is Manager, Manufacturing
Operations, Kuala Lumpur, Malaysia, with
responsibilities for production, production
control, and equipment maintenance for
both IC and power product lines. He
joined RCA Kuala Lumpur as a pioneer
staffer in the Quality and Reliability
Assurance Department in 1974, and prior
to his present assignment, had various
responsibilities in Engineering and power
product line operations. He graduated
from the University of Malaya with a major
in Physics.
Contact him at:
RCA Solid State Division
Kuala Lumpur. Malaysia

Gene Reiss is the Director of Assembly
Technologies and Manufacturing Support
for the Solid State Division. The Assembly
and Technologies Groups are responsible
for development of new IC packages,
evaluation of assembly materials, devel-
opment of packing containers, and
facilitation of Far East assembly
operations. Recently the Assembly
Technologies Groups have introduced
surface -mounted packages, mechanized
various assembly operations, improved
brand adherence, and introduced bar-
coded labels for shipping containers.
Gene has a BS in Chemistry and an MBA
in Management from Fairleigh Dickinson
University.
Contact him at:
RCA Solid State Division
Somerville, N.J.
Tacnet: 325-6654

Like Malaysia's RAMP program, the
Taiwan effort will focus on the mech-
anization of the dual -in -line plastic package
line for all lead counts, 18 through 42.
An automated wire bonding facility was
installed in the early 1980s, so the Taiwan
RAMP program will now focus on pellet
management (the sawing of wafers into
individual chips, which are then held in
place on a plastic film), die attach, molding,
lead form and trim, lead finish and brand-
ing, and the installation of state-of-the-art
automated equipment, such as that used
in wafer mapping and computer -aided
manufacturing. Since the chips assembled
in the higher -lead -count packages are more
costly, the expected improvements in as-
sembly yield will generate a reasonable
return on investment. The mechanization
of Taiwan's DIP line will enhance produc-
tivity, quality, and cycle time, and reduce
cost, which are all moves in the direction
of Just In Time (JIT) manufacturing
methods. JIT methods assure on -time
delivery of goods to a customer to allow
him to maintain only minimum inventory.
These methods require careful planning
and execution on the part of the supplier.

Plastic leaded chip carrier-The plastic
leaded chip carrier (PLCC) is a surface -
mounted package intended for high -lead -
count products Lead spacing is on 50 -mil

centers, similar to the SOP, with leads on
all four sides of the package. The PLCC
has lead counts ranging from 18 to 84.
This family of packages will be installed
in Taiwan in keeping with its charter for
high -lead -count, lower -volume packaging.

The PLCC program will be jointly
planned by the Somerville Assembly
Technologies Groups and Taiwan Assem-
bly Engineering. Tooling orders for the
long -lead items (mold and lead forming
equipment), have been placed. The plan
is to introduce one lead count first to gain
experience. Other counts will then be
added rapidly. The first lead count chosen
was 68; it will be operational in the third
quarter of 1987. In the meantime, PLCC
packaging of RCA chips will be provided
by subcontract assemblers.

Combined Malaysia/Taiwan programs.
Surface mounting has become the prime
technique for reducing circuit board size
by improving packaging density. This
technology offers the additional advantages
of better performance, easier handling, and
low-cost PC boards through automation.
Both Taiwan and Malaysia will continue
to expand their production capability for
packaging chips in surface -mount packages.
This expansion will require continual
process development and upgrades in
addition to the procurement of state-of-

the-art equipment for assembly, test, and
preparation for shipment to customers. As
lead counts increase to over 200 per
package, lead spacing will probably de-
crease from the surface -mount -device
(SMD) 50 -mil centers to 30 -mil or even
20 -mil centers. As this change occurs, new
packaging techniques such as tape auto-
mated bonding (TAB) will be required.

Anticipating that these new directions
would require engineering resources beyond
those available in Somerville's Assembly
Technologies Groups, SSD's management,
in the fall of 1985, formed two new Far
East Assembly Technology Groups, one
in Taiwan and the other in Malaysia. The
prime objective is to apply the international
assembly engineering talents of SSD to
the development of packages for new
products. In April 1986, the first Inter-
national Assembly Technologies Meeting
was held in Taiwan, with representation
from Malaysia and Somerville. Technical
approaches to the resolution of assembly
issues were the number one topic.
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Patents

Astro-Electronics
Gounder, R.N.
Antenna construction including two
superimposed polarized parabolic
reflectors -4575726

Rentsch, E.M. Freedman. L.A.
Apparatus for sensing transient
phenomena in radiant energy
images -4577115

Automated Systems Division

Klein, J.J. Cantella, M.J.
Parallel-input/serial-output CCD register
with clocking noise cancellation as for
use in solid-state imagers -4584609

Communication and
Information Systems Division

Basile, P.C.
Frequency time standard failure
monitor -4583054

Gumacos, C. Macina, N.A.
MSK digital demodulator for burst
communications -4583048

Gumacos, C.
Method and apparatus for estimating
baud rate -4584694

Haworth. R F
Fail-safe repeater for fiber optic bus
distribution system -4581770

Nossen, E.J.
Digital modulator with variations of phase
and amplitude modulation -4584541

Consumer Electronics
Operations

Beyers, B W , Jr
Distributed -switched component
audio/video system -4581645

Carlson, D.J. I Tults, J.
Aft arrangement for a double conversion
tuner -4575761

Carlson, D.J.
Double conversion television tuner with
frequency response control
provisions -4581643

Deiss, M.S.
Video bus -4581644

Fernsler, R.E. Yost, T.D.
Constant width burst gate keying pulse
generator -4581630

Filliman, P.D.
Keyed low -impedance voltage
source -4580068

Griepentrog, D.R. Lagoni, W.A.
Component video interconnection
apparatus -4575759

Gurumurthy, K.V.
Teletext framing code detector -4577227

Harlan, W E
Driver amplifier for an image display
device -4577234

Hettiger. J
Bandswitched interstage coupling
network including a high side coupled
capacitor -4584544

Naimpally, S.V. Gurley, T.D. Signal
translating circuit with compensated
transient response -4575650

Tallant, J C , 2nd
Television receiver alignment
system -4584596

Yost, T.D.
Backporch gating pulse generator subject
to disabling during vertical sync
interval -4583121

Microelectronics Center

Dingwall, A.G.
Crossunders for high -density SOS
integrated circuits -4575746

Stewart, R.G. I Ipri, A.G.
Dual word line, electrically -alterable,
nonvolatile floating gate memory
device -4577215

Missile and Surface Radar
Division

Barresi, A.J. Catania, J.T. Sweeney,
W.F., Jr.
Apparatus and method for vapor phase
solder reflow-4580716

lnacker, H.F. Humphrey, L.L. Staiman, D.
Extended bandwidth switched -element
phase shifter having reduced phase error
over bandwidth -4586047

Sharma, S.S. I Borgini, F.
Tailorable standard cells and method for
tailoring the performance of IC
designs -4575745

New Products Division

Battson, D F
Cascaded CCD shift registers having
different numbers of clocking
phases -4574313

Butterwick, G N
Electron discharge device having a
substantially spherical electrostatic field
lens -4585935

Kaiser, D.B.
Photomultiplier tube having an improved
centering and cathode contacting
structure -4575657

Kaiser, D.B.
Electrode structure for an electron
multiplier cage assembly -4577137

Landis, W.C. Pudlo, F.
Multi -emitter optical fiber
device -4585300

McIntyre, R.J.
Avalanche photodetector-4586066

Savoye, E D
CCD imager with photoconversion in an
image register clocked with a reduced
number of clock phases during image
transfer -4580169

Wallace, L.F.
Method of making a charge -coupled
device imager -4579626

Webb, P P
Photodetector with isolated avalanche
region -4586067

RCA Laboratories

Acampora, A. Bunting, R.M.
Component companding in a multiplexed
component system -4575749

Aschwanden, F.
Pal Offset generator -4575757
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Bar-Zohar, M.
Video scrambler system -4575754

Boetez, D.
Semiconductor laser having a non -
absorbing passive region with beam
guiding -4581742

Ciatteo, R.J.
Collating machine stacking bin
insert -4575067

Corboy, J.F., Jr. I Jastrzebski, L.L.
Blackstone, S.C. I Pagliaro, R.H., Jr
Method for growing monocrystalline
silicon through mask layer -4578142

Dieterick, C.B.
Video disc data systems for interactive
applications -4575770

Dischert, R.A.1 Flory. R.E.
Transmission system with sequential time -

compressed baseband color -4580173

Elabd, H
CCD with number of clocking signal
phases increasing in later charge transfer
stages -4575763

Elabd. H
Measurement of the current flow in an
electric power transmission line by
detection of infrared radiation
therefrom -4584523

Fedele, N.J.
Logic for increasing the number of pixels
in a horizontal scan of a bit mapping type
video display -4575717

Gale, M.T.1 Knop, K.H. I Ebnoether, M.
Reflective diffractive authenticating
device -4576439

Gale, M.T. I Ebnoether. M. I Schuetz, H.
Method for removing glass support from
semiconductor device -4585513

Hartmeier. W.N.
Progressive scan video processor having
parallel organized memories and a single
averaging circuit -4580163

Harvey, M. Harwood, R.E.
Light emitting devices -4581629

Hawrylo, F.Z.
Method of bonding semiconductor
devices to heatsinks-4576326

Kaganowicz, G. 1 Robinson, J.W.
Thomas, J.H., 3rd
Low temperature growth of silicon dioxide
on silicon -4576829

Kleinkneckt, H P
Optical profilometer for steep surface
contours with significant surface
tilt -4579454

Levine. P.A.
Charge -storage -well dark current
accumulator with CCD circuitry -4580168

Levine, P.A.
Suppression of frame -rate flicker in CCD
imagers using field interlace -4580170

Maa, J.
Formation of conductive lines -4585515

Matey. J.R.
Method of testing a panel assembly of a
color cathode-ray tube -4584481

Mawhinney, D.D.
High-speed voltage -tunable frequency
filter or frequency generator -4583060

Meyer, W.H. I Schweizer, H.
Sandwich -type capacitive electronic
discs -4575838

Pankove, J.I.1 Carlson, D.E.
Neutralization of acceptor levels in silicon
by atomic hydrogen -4584028

Pritchard. D.H.
Progressive scan video processor having
common memories for video interpolation
and speed -up -4577225

Pritchard. D.H.
Progressive scan television display
system employing interpolation in the
luminance channel -4583113

Reed. F.R.
Pancake motor with insitu wound
bobbinless stator coils -4577130

Schiff, L.N.
Synchronization system for a regenerative
subtransponder satellite communication
system -4577316

Schnable, G.L.
Dielectric layers in multilayer refractory
metallization structure -4582745

Sinniger, J.0.1 Robbi, A.D.
Digital timing method for spark
advance -4575809

Upadhyayula, L.C.
Active element microwave power
coupler -4580114

van Raalte, J.A.
Apparatus and method for automatically
measuring the shoe -length of a video disc
stylus -4574306

Warren, H.R.
AST for a two -track VTR -4583130

Wu, C.P. I Schnable, G.L. Ion -implantation
of phosphorus, arsenic or boron by pre-
amorphizing with fluorine ions -4584026

RCA SelectaVision

Huck, R.H.
Method of improving the signal-to-noise
ratio in a capacitance electronic disc
system -4575834

Westerman, H.H., Jr..
Transfer apparatus for a molding
press -4581188

RCA Service Company

Ciszek, A.
Notch filter -4586007

Solid State Division

Caprari, F.
Deep ultraviolet (DUV) flood exposure
system -4575636

Dackow, P N
System for determining time duration of
angular rotation -4575865

Video Component and
Display Division

Chen. H.
Color picture tube having an inline
electron
stigmator-4583024

Duschl, R A.
Method and subsystem for plotting the
perimeter of an object -4575751

Masterton. W.D.
Color picture tube having shadow mask
with specific curvature and column
aperture spacing -4583022

Sattazahn. C.W. Diaz, K.J.
Device for measuring the offset between
the faceplate panel and funnel of a
kinescope -4582200

Strouse, D A
System for identifying envelopes having
excessive panel -funnel offset and
dispensing articles -4573934

Timmons, W.J.
Getter flasher having a self -centering coil
enclosure -4584449

Wardell, M.H , Jr
Sealing fixture for color
kinescopes -4573935
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New Television Engineering Fundamentals
course available from CEE
The Consumer Electronics Division Technical Excel-
lence Committee in Indianapolis and Corporate
Engineering Education (CEE) in Princeton are
pleased to announce the completion of their first
joint venture in course development. The result of
this cooperative effort between a TEC and CEE is
E60, an RCA -produced video course on the funda-
mentals of television engineering.

John W. Wentworth serves as video instructor for
the first nine sessions of this ten -session course. Mr.
Wentworth is currently active as a private consul-
tant, but he is certainly no stranger to RCA, or to
engineering education. He retired from the Broad-
cast Systems Division in 1982 after a 33 -year career
with RCA. For nine years prior to retirement he served
as Manager, Broadcast Technical Training. In earlier
years he served as Director of Operations for RCA
Institutes, and was the founding manager of the
CEE unit in the late sixties. He is also the author of an
early text on the subject matter of this course: Color
Television Engineering, published by McGraw-Hill
in 1955.

In the first nine sessions of E60, Mr. Wentworth
presents the concepts of standard broadcast televi-
sion systems:

Session 1: Basic Television Principles
Session 2: Transmission of the TV Signal
Session 3: Basic Colorimetry
Session 4: Multiplexing Techniques for Color

Television
Session 5: Color Television Cameras
Session 6: Video Recording Principles
Session 7: Electronic Subsystems for Video
Recording
Sessions 8 and 9: Color Receivers and Monitors I, II

The tenth session, entitled "Survey of New Develop-
ments in Video," presents an overview of three excit-
ing current video developments by three different
RCA subject master experts:

Multichannel TV Sound-J. J. Gibson, RCA
Laboratories
Direct Broadcast Satellite-E. Lemke, Consumer
Electronics
Teletext-R. J. Siracusa, RCA Laboratories

The complete course package includes the ten
videotapes and a 500 -page Study Guide for each
course participant. The Study Guide includes state-
ments of learning objectives, reading assignments
in seven monographs included in the Study Guide,
a complete video lecture outline with all visuals
and text, homework, and suggested optional
reading.

With RCA's enormous investment in video, partici-
pation in this course ought to be a part of the
career development plans of several hundreds of
RCA technical personnel.

For further details on course content, contact
Frank Burris, Tacnet 226-2971. To schedule or order
E60, call Lorena Katulka, Tacnet 226-2972.
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Pen and PodIu 171 Recent RCA technical papers and presentations

To obtain copies of papers, check your library or contact the author or his divisional
Technical Publications Administrator (listed on back cover) for a reprint.

Advanced Technology
Laboratories
G.O. Abrams J.K. Peters I H. Rosenthal
Look Who's Talking, Expansion of the
VAX -Based RCA Engineering Network
via Personal Computers-DEC
Professional, Vol. 5, No. 6, June 1986

G.M. Claffie
Optical Recording Approach to
Government High Data Rate, High
Capacity Data Storage Requirements-
presented at Electro-Optics (CLEO) '86
conference, San Francisco, Cal., June 9-
13, 1986

A. Feller
RCA Efforts in VLSI and CAD-presented
at 1986 Annual GOSAM Symposium,
Syracuse, N.Y., June 5, 1986

J.R. Welch
Recent Topics in Speech Bandwidth
Compression-presented at the Spring
1986 Seminar Series, Drexel University,
Philadelphia, Pa., May 2, 1986

D.A. Wille J. Kurmer
Solid-state and semiconductor lasers-
RCA Engineer, Vol. 31, No. 3 (May/June
1986)

Astro-Electronics Division
D.R. Chalmers I J.J. Pustay
Application of Capillary Pumped Loop
Heat Transport Systems to Large
Spacecraft-presented at the
AIAA/ASME Thermophysics & Heat
Transfer Conference, Boston, Mass., June
2-4, 1986

A Chuchra
A Thermoelectrically Cooled Low Noise
Amplifier (CLNA) for a 3 -Axis Stabilized
Communications Satellite-presented at
the AIAA/ASME Thermophysics & Heat
Transfer Conference, Boston, Mass., June
2-4, 1986

G.A. Clark C.R. Voorhees
Choice of Test Technique for Modal Test
Efficiency-Case History-presented at
the Society of Experimental Mechanics,
New Orleans, La., June 10, 1986

R. deBastos I R. Buntschuh E. Walthall
Commercial TV Distribution and
Broadcast by Satellite in the USA-

presented at the Space Commerce '86
Conference, Montreux, Switzerland, June
1986

S.S. Dhanjal
Direct Broadcast Antenna for STC
Satellite System-presented at the IEEE
A/ P -S Symposium, Philadelphia, Pa.,
June 9-13, 1986

J.F. Duffy
Comparison of QPSK and SMSK
Modulation Methods-MIT MS Thesis,
May 1986

R. Feconda I R. Rauscher, Jr.
Space Station Platform Propulsion
System Trades-presented at the AIAA
Propulsion Conference, Huntsville, Ala.,
June 16-18, 1986

L. Gomberg
United States Remote Satellites (RSSs)
Past, Present, and Future-ISTS-15th,
Tokyo, Japan, May 23, 1986

J.C. Petheram R. Kagann A. Bodgan J.
Sroga I S. Taylor A. Rosenberg
Laser remote sensors for space
applications, RCA Engineer, Vol. 31, No.
3, (May/June 1986)

J.C. Petheram A. Rosenberg
Deuterated Methane Raman Laser-
presented at CLEO '86, San Francisco,
Cal., June 9-13, 1986

C.A. Raanes
Design of a Multiple -Frequency Phase -
Locked Loop Synthesizer-MIT-BS
Thesis, May 1986

K.V. Raman A.J. Calise
A Direct Method for Enforcing Equality
Constraints in Optimal Output
Feedback-presented at the 1986
American Control Conference, Seattle,
Wash., June 18-20, 1986

C.J. Renton
RCA Satcom Ku -Band Antenna System-
presented at the IEEE A/ P -S Symposium,
Philadelphia, Pa., June 9-13, 1986

F. Thiessen
Design and Analysis of a Satellite -Borne
Baseband Communications Processor-
Thesis for MS-MIT, May 1986

P. Wise I J. Raisch P. Sharma W. Kelly
Thermal Design Verification of a High -

Power Direct Broadcast Satellite-
presented at the AIAA/ASME
Thermophysics & Heat Transfer
Conference, Boston, Mass., June 2-4,
1986

L.P. Yermack
The Space Station-Work Package 3-
presented at ISTS-1st, Tokyo, Japan

Automated Systems Division

R.C.Guyer
Mini -Laser Rangefinder-presented at
the SPIE's 1986 Quebec International
Symposium on Optical & Optoelectronic
Applied Sciences & Engineering, June 2-
6, 1986

W.S. Radcliffe
Lightweight target designator-RCA
Engineer, Vol. 31, No. 3 (May/June 1986)

Communication and
Information Systems Division

S.W. Butt I D.N. Hoke I F. Piazza I H.P.
Miller
Comprehensive application of a
CAD/CAM System to Mechanical
Design-RCA Engineer, Vol. 31, No. 2
(March/April 1986)

J.A. Clanton
CISD Materials Laboratory-Mini-Profile,
Trend, March 1986

W.T. Kelley I F.F. Lazarus
Automated project management with PCs
and a mainframe-RCA Engineer, Vol. 31,
No. 2 (March /April 1986)

D.T. Kjellquist
Lightyear-an engineering analysis
tool-RCA Engineer, Vol. 31, No. 2
(March/April 1986)

J. Springer I J. Cerevin
ESM Processing for Target
Identification-An Update-presented at
the 1986 Tri-Service Combat
Identification Systems Conference, June
10-12, 1986

R.O. Yeager
Loop Gain Compensation in Phase
Locked Loops-RCA Review, March 1986
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RCA Laboratories

J.H. Arbeiter R.F. Bessler
A Multi -Dimensional Real-time Video
Pyramid Processor -presented at the
IEEE Computer Society, Princeton
University, Princeton, N.J., January 1986

J.H. Arbeiter I R.F. Bessler I P.J. Bart
Pyramid Image Processing -presented at
the General Motors Research
Laboratories, Warren, Michigan, February
1986

J.H. Arbeiter R.F. Bessler
A Two -Dimensional Real -Time Video
Pyramid Processor -RCA Review, Vol 47,
March 1986

E.F. Belohoubek
Miniature Microwave hybrid Circuits -
Alternative to Monolithic Circuits -RCA
Review, Vol 46 (December 1985)

E. Belohoubek R. Brown H. Johnson
A. Fathy I D. Bechtle I D. Kalokitis I E.

Mykietyn
30 -Way Radial Power combiner for
Miniature GaAs FET Power Amplifiers -
1986 IEEE MIT -S Digest

B.J. Curtis I M.T. Gale H.W. Lehmann I H.

Brunner I H. Schuetz I R. Widmer
Fabrication of Mosaic Color Filters by
Dry -Etching Dielectric Stacks -J. Vac.
Sci. Technol. A 4 (1), Jan/Feb 1986

J. Dresner
Amorphous Silicon p-i-n-i-p and n-i-p-n
diodes-Appl. Phys. Lett. 48 (15), April 14,
1986

M. Ettenberg
Microwave Hyperthermia and
Radiometry: One -Dimensional Computer
Models -RCA Review, Vol. 26, December
1985

P.J. Gale I B.L. Bentz
Reduction in Liquid Secondary Ion Mass
Spectrometry. Comparison of the Fission
Fragment and Liquid Secondary Ion
Mass Spectra of Organic Dyestuffs -
American Chemical Society, 1986

L. Jastrzebski
SOI by CVD Epitaxial lateral overgrowth;
Achievements, Problems, and
Possibilities -MRS -Europe 1985

I. Ladany P.J. Zanzucchi I J.T. Andrews
J. Kane I E. DePiano
Scandium oxide antireflection coatings
for superluminescent LEDs -Applied
Optics, Vol. 25, No. 4, February 15, 1986

C.W. Magee I S.H. McFarlane I L.R. Hewitt
The Analytical Ion Accelerator: RBS
Instrumentation from a Surface Analyst's
Perspective -Nuclear Instruments and
Methods in Physics Research, B15 (1986)
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R. Morf B.I. Halperin
Monte Carlo Evaluation of Trial Wave
Functions for the Fractional quantized
Hall Effect: Disk Geometry -Physical
Review B, Vol. 33, No. 4, February 15,
1986

D. Redfield
Physical Processes in Degradation of
Amorphous Si:H-Appl. Phys. Lett 48 (13),
March 31, 1986

J.D. Sable I R.M. Peterson A.D. Robbi
Skipper: A Prototype Sailing Instructor -
presented at the Second Conference on
Artificial Intelligence Applications, Miami
Beach, Fla., December 11-13, 1985

H. Schade I Z.E. Smith
Contact Resistance Measurements for
Hydrogenated Amorphous Silicon Solar
Cell Structures -J. Appl. Phys, 59 (5),
March 1, 1986

H.J. Wolkstein
Advanced Traveling -Wave Tubes for
Satellite Applications -RCA Review, Vol
46, December 1985

A.E. Widmer I R. Fehlmann
The Growth and Physical Properties of
Low Pressure Chemically Vapour -
Deposited Films of Tantalum Silicide on
n+ -type Polycrystalline Silicon- Thin
Solid Films, 138 (1986)

Microelectronics Center

P.A. Sibilia T.B. Koss I D.R. Alessandrini
Drawsym Phase II Symbolic Layout
System Technology Independent PCELL
Creation Implemented in Calma "Custom
Plus" -presented at the Fall Ascus
Meeting, Miami, Fla., September 19, 1986
and published in the Proceedings

Missile and Surface Radar

A.K. Agrawal
Printed Circuit Cylindrical Array
Antenna -presented at the IEEE-APS,
Philadelphia, Pa., June 10, 1986

A.K. Agrawal
Session Chairman: Microstrip Antennas
I -presented at the IEEE-APS,
Philadelphia, Pa., June 9, 1986

A.K. Agrawal G.F. Mikucki
A Printed Circuit Hybrid -Ring Directional
Coupler for Arbitrary Power Division -
presented at the IEEE-MTT-S
International Microwave Symposium,
Baltimore, Maryland, June 2, 1986

J.K. Anders
PostScript -words and pictures -RCA

Engineer, Vol. 31, No. 2 (March/April
1986)

F.J. Buckley
An Overview of the IEEE Computer
Society Standards Process -presented at
the computer Standards Conference
1986, San Francisco, Cal., May 13-15,
1986 and published in the Proceedings

R.S. Cheng
High performance CPU Architecture for
Nebula ISA-presented at the Future
Directions in Computer Architecture &
software Workshop, Charleston, S.C., May
5-7, 1986

K. Malakian I G. Adomian
Existence of the Inverse of a Linear
Stochastic Operator -Journal of
Mathematical Analysis and Applications,
Vol. 114, No. 1, February 15, 1986

J.V. Melody I M.E. Perie A. Wong
Use of Software Standards in the FAA's
Advanced Automation Program -
presented at the Computer Standards
Conference 1986, IEEE Computer Society,
San Francisco, Cal., May 13-15, 1986

F.E. Oliveto
Tutorial on Reliability -presented at the
17th annual Reliability Symposium,
Horsham, Pa., April 30, 1986

F. Reifler I R.D. Morris
A Guage Symmetric Approach to Fierz
Identities -presented at the International
Conference on Physics of Phase Space,
College Park, Maryland, May 21, 1986

D.P. Schnorr
Packaging and Interconnecting
Structures for Chip Carrier/Surface
Mounting Technology -presented at the
17th Annual Reliability Symposium,
Horsham, Pa., April 30, 1986

R.L. Stegall
Multiple Object Tracking Radar -
presented at the Military Microwave '86
Symposium, Brighton, England, June 24-
26, 1986 and published in the
Proceedings

J.D. Steben L.J. Streletz R.G. Fariello
Multiprocessing Computer System for
Sensory Evoked Potentials and EEG
Spectral Analysis for Clinical Neuro-
physiology Laboratory -Journal of
Medical Systems, Vol. 9, 1985

L.H. Yorinks I F.I. Sheftman
A Printed -Circuit Log -Periodic Radiating
Element for Wideband Phased Arrays -
presented at the 1986 International IEEE
AP -S Symposium, Philadelphia, Pa., June
1986 and published in the Digest
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Engineering News and Highlights

Howe is head of CISD

Charles A. Schmidt, Group Vice President,
RCA Government Communications Sys-
tems, has announced the appointment of
Joseph B. Howe as Division Vice Presi-
dent and General Manager of RCA Com-
munication and Information Systems Divi-
sion. Mr. Howe returns to the division-
which he served in a similar position
previously-from the Aerospace and De-
fense organization, where he had been
Staff Vice President, Systems and Manu-
facturing. Before that, he had held the
position of Staff Vice President and Chief
Engineer for the Aerospace and Defense
organization.

From 1981 to 1984, Mr. Howe served as
the Division Vice President and General
Manager of the Broadcast Systems Divi-
sion, which was then called Commercial
Communications Systems.

Mr. Howe joined RCA in 1951 as a co-op
student while attending St. Joseph's Uni-
versity. He held a variety of management
positions until 1979, when he was ap-
pointed Division Vice President. and Gen-
eral Manager of Government Communica-
tions Systems.

Miller elected GE officer

Richard W. Miller, Executive Vice Pres-
ident, RCA Consumer Products and Enter-
tainment, has been elected Senior Vice
President, Consumer Electronics Business,
reporting to John F. Welch, Jr., GE Chair-
man of the Board and Chief Executive
Officer. Mr. Miller has overall responsibility
for both the General Electric and RCA
consumer electronics businesses. Report-

ing to Mr. Miller is Jacques A. Robinson,
Vice President of General Electrics's Con-
sumer Electronics Business, and Jack K.
Sauter, RCA Group Vice President, Con-
sumer Electronics and Video Components.

Solid State Division
announces
organizational changes

On June 30, several changes were an-
nounced in the organization of the GE/
RCA semiconductor activity. James E.
Dykes was appointed Vice President and
General Manager of the General Electric
Semiconductor Business. Carl R. Turner
has been elected a General Electric Vice
President, and was appointed General
Manager of the Solid State Division, re-
porting to Dykes. In addition, Turner con-
tinues to head RCA Solid State Division
and manage its components.

Four General Electric components report
to Turner: GE Intersil, R. Paul Gupta,
President; Custom Integrated Circuit
Department, Stephen W. Michael, General
Manager; Power Electronics Semicon-
ductor Department, J. Larry Smart, Gen-
eral Manager; and Semiconductor Sales
Department, Stephen L. Pletcher, General
Manager. Also reporting to Turner at RCA
Solid State Division are Gordon W.
Bricker, Division Vice President, Business
Development and Planning; Herbert V.
Criscito, Division Vice President, Market-
ing: Larry J. Gallace, Division Vice Pres-
ident, Product Assurance, MIS and Ma-
terials; Walter J. Glowczynski, Division
Vice President, Finance; Robert P. Jones,
Division Vice President, Power Products
and International Manufacturing; Heshmat
Khajezadeh, Division Vice President, IC
Products; William R. Shebey, Senior
Counsel; and Dominick A. Zurlo, Division
Vice President, Employee Relations.

Staff announcements

Aerospace and Defense

John D. Rittenhouse, Executive Vice Pres-
ident, Aerospace and Defense, announces
the appointment of Joseph C. Volpe as

Staff Vice president, Quality and Manufac-
turing Operations.

Astro-Electronics Division

Louis Gomberg, Division Vice President,
Remote Sensing Satellite Programs,
announces the appointment of Ronald C.
Maehl as Manager, Mars Observer
Program.

Communication and
Information Systems Division

Joseph B. Howe, Division Vice President
and General Manager, Communication and
Information Systems Division, announces
his organization as follows: John R. Allen,
Principal Scientist; Joseph B. Christopher,
Director, Plant Operations; Bernard S.
Jacks, Director, Product Assurance;
Donald D. Miller, Division Vice President,
Engineering; Bill Moore, Director, Informa-
tion Processing Systems; Donald J. Parker,
Division Vice President, Digital Communi-
cations and Recording Systems; John F.
Serafin, Division Vice President, Inte-
grated Communications Systems; John C.
Shannon, Director, Transmission Systems;
Alfred C. Thompson, Division Vice Presi-
dent, Business Development; and Edward
W. Williams, Director, Finance.

John B. Christopher, Director, Plant
Operations, announces that the COMSEC
Manufacturing activity in the Digital
Communications and Recording Systems
organization is transferred to his staff.

Donald J. Parker, Division Vice President,
Digital Communications and Recording
Systems, announces the appointment of
Edy J. Mozzi as Director, Future Secure
Voice Systems.

Donald J. Parker, Division Vice Presi-
dent, Digital Communications and Record-
ing Systems, announces the appointment
of Joseph Pane as Director, Special
Programs.

John F. Serafin, Division Vice Presi-
dent, Integrated Communications Sys-
tems, announces the appointment of Guy
H. Shaffer as Director, Advanced Systems
Development.

Bernard S. Jacks, Director, Product Assur-
ance, announces his organization as fol-
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lows: Richard Barone, Manager, Integrated
Logistics Support; Meyer R. Greenberg,
Manager, Quality Control; Berard S. Jacks,
Acting Manager, Systems Effectiveness;
Jerry L. Lenk, Manager, Program Product
Assurance; James D. Logan, Manager,
Purchased Materials Quality Assurance;
and Robert K. Swenson, Manager, Quality
Assurance Engineering and Administration.

Joseph B. Christopher, Director, Plant
Operations, announces his organization
as follows: J. Neal Dexter, Manager, Gov-
ernment Manufacturing; George H. Lines,
Manager, Fabricated Products; Marvin
Livingston, Manager, GWEN Manufactur-
ing; Carlene Marchese, Manager, Manu-
facturing Administration; Vincent J.
Mazzaglia, Manager, Plant Engineering;
Richard H. Moyer, Manager. COMSEC
Manufacturing; Charles F. O'Donnell, Man-
ager, Material Acquisition; Fred Pfifferling,
Manager, Test Engineering; David C.
Sparks, Manager, Manufacturing Industrial
Engineering; and Vincent V. Valente, Man-
ager, Material Administration.

Consumer Electronics
Operations

Harry Anderson, Division Vice President,
Program Management, announces the ap-
pointment of Perry C. Olsen as Program
Manager-CTC146/149

G. Bruce Dilling, Plant Manager, Bloom-
ington Plant, announces the appointment
of Roger D. Peterman as Manager, Display
Systems Operations-Bloomington.

Perry C. Olsen, Program Manager-
CTC146 / 149 announces his organization
as follows: Leroy Boone, Administrator,
New Product Manufacturability' Edward M.
Hague, Quality Assurance/Reliability Engi-
neer; Dudley W. Jaggar, Administrator, De-
velopment Projects; and Paul C. Wilmarth,
Manager, Project Engineering.

Willard M. Workman, Division Vice Presi-
dent, Product Assurance, announces the
appointment of Randall R. Mitchell as
Manager, Quality Systems Engineering.

J.B. Thomas, Plant Manager, Indianapolis
Plant, announces the appointment of Keith
A. Searcy as Manager, Plant Quality
Control.

Display Systems Division

Larry A. Cochran, Division Vice President,
Engineering, announces his organization
as follows: Larry A. Cochran, Acting
Manager, Display Systems Resident Engi-
neering-Bloomington; Gary W. Hubbard,
Administrator, Monitor Projects; John J.

Nigborowicz, Manager, Monitor Engineer-
ing Systems; Ronald R. Norley, Manager,
Monitor Development; Roger L. Lineberry,
Manager, Monitor Design Engineering;
Jereld R. Reeder, Manager, Monitor Design
Engineering; G.K. Sendelweck, Manager,
Monitor Design Engineering; and Lawrence
E. Smith, Manager, Monitor Design
Engineering.

Government
Communications Systems

Charles A. Schmidt, Group Vice President,
Government Communications Systems,
announces his organization as follows:
Joseph B. Howe, Division Vice President
and General Manager, Communication and
Information Systems Division; Joseph L.
Mackin, Division Vice President, Govern-
ment Volume Production; and Allan E.
Matt, Director, Employee Relations.

Microelectronics Center

Robert A. Geshner, Manager, Photomask
Technology Operation, announces his or-
ganization as follows: Ronald M. Melewski,
Manager, Process Engineering and Pro-
duction Services; Robert Neste!, Manager,
Product Assurance, Equipment, Engineer-
ing and Planning; and Mary E. Evancho,
Manager, Applications, Order Entry and
Tooling.

Missile and Surface Radar
Division

William V. Goodwin, Division Vice Presi-
dent and General Manager, Missile and
Surface Radar Division, announces the
appointment of Robert T. Markes as
Program Manager, Submarine Combat
Systems.

NBC

Michael Sherlock, Executive Vice Presi-
dent, Operations & Technical Services,
announces his organization as follows:
Joseph McCourt, Director, Network Dis-
tribution Operations; Arthur Waardenburg,
Manager, Skypath Operations; James
Keane, Manager, Computer Imaging;
Steven Berkoff, Director, Database Re-
sources; John Leland, Technical Manager;
Dennis A. Mann, On -Air Technical Man-
ager; Ross D. Triplett, Manager, Tele-
communications; Cragi Zeller, Manager,
Graphics Imaging; Michael L. LoCollo,
Director, Broadcast Systems Engineering;
Stewart E. Forman, Manager, Network/
Local Graphics Projects; Eugene
Hammerle, Senior Engineering Planner,

Relocation Project; Jeffrey Birch, Project
Manager, Broadcast Systems Engineering;
and Raymond Lowe, Project Manager,
Broadcast Systems Engineering.

RCA Laboratories

Frank J. Marlowe, Director, CAD Taskforce,
announces the appointment of James S.
Crabbe as Head, CAD Systems Services.

James S. Crabbe, Head, CAD System
Services, announces his organization as
follows: Rodney L. Angle, Manager, VLSI
Design System and William M. Cowhig Ill,
Manager, VLSI Design Services.

Arthur H. Firester, Director, Advanced Dis-
plays Technology, Research Laboratory,
announces the appointment of Roger G.
Stewart as Head, Advanced Displays
Device Research.

David Richman, Director, Materials and
Processing, Research Laboratory, an-
nounces the appointment of Aaron W.
Levine as Head, Thin Film Technology,
Lithography and Organics Research.

Solid State Division

Heshmat Khajezadeh, Division Vice Presi-
dent, Integrated Circuit Products, an-
nounces the appointment of James E.
Gillberg as Director, Application Specific
Integrated Circuit Products.

Dale M. Baugher, Manager, Application
and Product Engineering, Standard Prod-
ucts, announces his organization as fol-
lows: Dale M. Baugher, Acting Section
Manager, Packaging; Dale M. Baugher,
Acting Section Manager, RAM & ROM
Products: Robert W. Nearhoof, Section
Manager, QPL Programs and Government
Liaison, Joseph W. Rauback, Section
Manager, LSI Products; and Marlan N.
Vincoff, Section Manager, 4000 Series,
QMOS and Linear Products.

Michael Zanakos, Manager, Program
Management and Test Operations, an-
nounces his organization as follows:
Robert F. DeMair, Section Manager, Test
Engineering; Michael Zanakos, Acting
Program Manager, In-house Programs;
Eugene P. Wehr, Program Manager, TRW
Programs; Michael Zanakos, Acting Pro-
gram Manager, E-Systems; and Michael
Zanakos, Acting Manager, Test Operations.

Edward C. Crossley, Manager, Applica-
tions and Product Engineering -ASIC
Products, announces is organization as
follows: Edward C. Crossley, Acting Sec-
tion Manager-Small ICBM; Donald G.
Kock, Section Manager, Class 5; and Boris
Maximow, Section Manager, Class B.
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John R. Steiner, Director, Environmental
and Plant Engineering, announces his or-
ganization as follows: F. Douglas Rue,
Manager, Plant Engineering and Selwyn
P. Smith, Manager, Calibration and
Standards Laboratory.

James E. Gillberg, Director, Application
Specific Integrated Circuit Products, an-
nounces his organization as follows: R.
Adrian Bishop, Manager, Product Market-
ing; Al A. Key, Manager, Product Engi-
neering and Test; Henry S. Miller, Manager,
Design Centers; and Joel R. Oberman,
Manager, Design and Development
Engineering.

Professional activities

Brill named Fellow of AIAA

Yvonne C. Brill, RCA Astro-Electronics,
has been elected a Fellow of the American
Institute of Aeronautics and Astronautics
(AIAA). Ms. Brill, a staff engineer, has more
than 30 years of experience in propulsion
engineering. Since joining RCA in 1966,
she has been responsible for the analysis
and design of a number of spacecraft
propulsion systems for use in communi-

cations, navigation, scientific, and mete-
orological applications. In 1974, she was
granted a U.S. patent for her design of a
dual thrust level monopropellant spacecraft
propulsion systems, which enables a
spacecraft to change its orbit.

Ms. Brill is a recipient of an RCA Engi-
neering Excellence Award. She received
a Bachelor of Science degree in Math-
ematics from the University of Manitoba,
and a Master of Science degree in Chem-
istry from the University of Southern
California.

Paluck earns CPE

David Paluck, Facilities Engineering Super-
visor, Solid State Division, has attained
the status of Certified Plant Engineer (CPE).
The distinction was granted by the Certi-
fication Board of the American Institute of
Plant Engineers (AIPE).

AIPE certification was established in 1975,
and is now a standard of excellence for
the plant engineering profession. The cer-
tification process requires either a com-
bination of engineering education and
experience or a passing grade on a com-
prehensive seven -hour examination.

van Raalte is president

John A. van Raalte, Director, Display Sys-
tems Research Laboratory, RCA Labor-
atories, has been elected President of the
Society for Information Display (SID) for
1986-1987. Dr. van Raalte was installed at
the recent SID Symposium in San Diego.

Cullen is VP of FMS

Glenn W. Cullen, Head, Materials Synthesis
Research, has been elected Vice Presi-
dent of the Federation of Materials Soci-
eties (FMS). Dr. Cullen previously served
as an FMS trustee for both the Electro-
chemical Society and the American Asso-
ciation for Crystal Growth.

Keith receives Honorable
Mention

Michael Keith, Member of the Technical
Staff, Digital Products Research Laboratory,
RCA Laboratories, has received Honorable
Mention in the 1985 Eta Kappa Nu Re.qog-
nition of Outstanding Young Electrical
Engineers. He was cited for contributions
in computer graphics and music, and for
his involvement in church and cultural
activities.

Eta Kappa Nu is the national Electrical
Engineering honor society.

Gross is session chairman

D. Gross, Manager, Robotics and Space
Servicing, Astro-Electronics, was Session
Chairman, Theoretical and Practical Appli-
cations of Finite Elements to Structural
Response, at the AIAA 27th Structures,
Structural Dynamics, and Materials Con-
ference. He also participated in the Tech-
nical Program Committee on Structures
for the 28th Structural Dynamics and Ma-
terials Conference.

Degrees awarded

Two engineers at Astro-Electronics,
Christian M. Harris and George Piper,
received the MSME from Drexel University.

Nine receive patent awards
at VCDD

Video Component and Display Division has
named the award recipients in its inventor
recognition program. The 5th patent recip-
ients are Frank T. D'Augustine, Craig E.
Deyer, Bruce G. Marks, Stephen T.
Opresko, Joseph J. Piascinski, and Edgar
M. Smith. The 10th patent recipients are
Ralph J. D'Amato, Hsing-Yao Chen, and
Robert P. Stone.
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Technical excellence

SSD 1985 Annual Awards

The winners of the Solid State Division's
1985 Annual Technical Excellence Awards
are:

Michael Low, Ray Giordano, and Mel
Hagge-for the design and implementation
into silicon of a large custom chip in a
record time of five months, thereby sup-
porting a very aggressive customer devel-
opment schedule, and achieving success
on the first cut.
James O'Keefe-for the development of
the AUTOGATE program, which helps
designers of standard cells eliminate errors
in preparing their RCAP files for cell
simulation.
Tom Pampaline and Frank Kuyan-for the
development of a photoresist system that
minimizes dimensional variation over steps
for the 1.25 -micron design rule circuits.

Eight at CE receive TEC
Awards

Eight Consumer Electronics engineers
have received first-quarter 1986 Technical
Excellence Awards. They are:

John Allen-for innovation in the design
and modification of electrical and mechan-
ical systems in generic OEM display mon-
itors to suit specific customer's needs.
Ken McGlashen-for the identification of
the origin of purity problems with the
CTC133/27V system and the development
of a suitable "in -line" purity test to detect
problems and eliminate customer com-
plaints of incorrect color patches in the
picture. This test revealed the need for
redesign of the tube.

Allen

Sutherland

McGlashen

Coxhead

Bob Barrett-for the mechanical design of
the CNC-12 bobbin winder. The machine
currently runs at a very high yield while
supporting production rates with few me-
chanical problems. This same machine is
used to wind both primary and tertiary
coils, and has been designed to accept
future transformer designs with a minimum
of modification.
Peter Osman and Hugh Sutherland-for
the development of an RGB monitor that
operates on any line voltage from 85 to
265 VAC without external switching. This
new internal switching concept reduces
the number of parts to a minimum, thereby
keeping costs down.
Glen Coxhead and Doug Williams-for the

Barrett

Williams

Osman

Pirani

development, design, and implementation
of four robotic index table and spray booth
systems. The project required significant
innovation in the design and interface of
the robot, paint booth, and tooling
components.
Aziz Pirani-for initiating and coordinating
the most comprehensive and effective
quality planning effort at CE to date. This
effort involved the formation of quality
planning committees at the home office,
Bloomington, Juarez, Taiwan, and Indian-
apolis. The quality committees now have
many controls in place, improving current
production, with the ultimate goal being
that CTC136 start-up will meet aggressive
projected yield and quality goals.
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Announcing a new video course produced by
Corporate Engineering Education

Applied Robotics

Applied Robotics (Course No. MF22) begins with an
introduction to applied robotics and proceeds all
the way through how to organize a robot project. A
generous amount of videotape footage from
various robotic applications within RCA makes this
course especially well suited to RCA technical
personnel. The course covers such topics as:

 Coordinate systems
 Performance characteristics
 End effectors
 Power and servo systems
 Robot control
 Robot programming languages
 Vision
 Flexible manufacturing systems
 Applications
 Future trends

The course has no prerequisites and comprises
thirteen 2 -hour sessions. Upon successful
completion, 2.6 CEUs (Continuing Education Units)
are awarded.

The references supplied are:

1. The MF22 Study Guide-An RCA -produced
guide that includes all visuals used in the video
course tapes, and comments.

2. Robotics and Automated Manufacturing, By
R.C. Dorf, Reston Publishing Company, Inc,
(1983).

At the completion of this course, the participant
should be able to make informed decisions
leading to successful robotic applications. This is a
course on applying robots in manufacturing, not on
how to design robots.

CORPORATE
ENGINEERING
EDUCATION

Interested?

For further details on course content,
contact Frank Burris, Tacnet 226-2971. To
schedule or order this course, call Lorena
Katulka, Tacnet 226-2972.
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Editorial Representatives
and Technical Publications Administrators

Contact your Editorial Representative at the Tacnet
numbers listed below to plan your RCA Engineer article
and to announce your professional activities.

*Technical Publications Administrators, responsible
for review and approval of papers and presentations,
are indicated here with asterisks before their names.

Advanced Technology Laboratories Tacnet National Broadcasting Company Tacnet
* Merle Pietz Moorestown, New Jersey 253-6429 *Bob Mausler New York, New York 324-4869

Ed Master Moorestown, New Jersey 253-6436
Network Services

Aerospace & Defense Staff *Richard Spencer Princeton, New Jersey 272-7750
*Theresa Law Cherry Hill, New Jersey 222-5833

(Approvals only) New Products Division

American Communications
*Pete Bedrosian

Bob McIntyre
Lancaster, Pennsylvania 227-6880

Ste Anne de Bellevue 514-457-9000
*Anita Labib Princeton, New Jersey 258-4346

(Approvals only) RCA Laboratories
Carolyn Powell Princeton, New Jersey 272-4194 *Julie Dann Princeton, New Jersey 226-2061

Astro-Electronics Division
(Approvals only)

Eva Dukes Princeton, New Jersey 226-2882
*Frank Yannotti Princeton, New Jersey 229-2544
Carol Coleman Princeton, New Jersey 229-2919 RCA Records Division

Automated Systems Division
*Greg Bogantz Indianapolis, Indiana 424-6141

*Gene Galton Burlington, Massachusetts 326-3775 RCA Service Company
Linda Kriesman Burlington, Massachusetts 326-3001 *Murray Kaminsky Cherry Hill, New Jersey 269-5418

Communication and Information Systems Division
Dick Dombrosky
Ray MacWilliams

Cherry Hill, New Jersey
Cherry Hill, New Jersey

269-5618
269-5005

*Dan Tannenbaum Camden, New Jersey 222-3081
Harry Green Camden, New Jersey 222-2423 RCA Technical Excellence Center
Bruce White Camden, New Jersey 222-3908 *Tony Bianculli Princeton, New Jersey 226-2111

Consumer Electronics Operations
(For corporate approvals)

*Eugene Janson Indianapolis, Indiana 422-5208 Solid State Division
John Hopkins Indianapolis, Indiana
Larry Olson Indianapolis, Indiana

422-5217
422-5117

*John Schoen
Sy Silverstein

Somerville, New Jersey
Somerville, New Jersey

325-6467
325-6168

Corporate Information Systems & Services
Virginia Pate
Harold Ronan

Somerville, New Jersey
Mountaintop, Pennsylvania

325-6704
327-1473

*Sue Handman Cherry Hill, New Jersey 222-6242 or 327-1264
Dick Morey Palm Beach Gardens, Florida 722-1262

Global Communications John Young Findlay, Ohio 425-1307

*Dorothy Unger Piscataway, New Jersey
*Paul Dixon Memphis, Tenn.

335-4358
739-0214

Video Component and Display Division
*Ed Madenford Lancaster, Pennsylvania 227-6444

Microelectronics Center Lou DiMattio Scranton, Pennsylvania 329-1435

*Susan Suchy Somerville, New Jersey 325-7492 Nick Meena
J.R. Reece

Circleville, Ohio
Marion, Indiana

432-1228
427-5566

Missile and Surface Radar Division
*Don Higgs Moorestown, New Jersey 224-2836
Graham Boose Moorestown, New Jersey 253-6062
Jack Friedman Moorestown, New Jersey 224-2112
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