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Poised above its bath of
liquid helium is a
Westinghouse super-
conducting electro-
magnet. The

magnet coil itself is
enclosed in the small
perforated case just
above the metal
cylinder. It contains a
half mile of fine wire
and has twice the
strength that the mas-
sive iron-core conven-
tional magnet behind
it has when run to
saturation of the iron.
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Cover Design: The new Pittsburgh Auditorium with its retractable domed
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again at the touch of a pushbutton. The main components of one of the motor-
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EXPERIENCE WITH WATER REACTORS Developments in many
technical areas are contributing to the progress in atomic power.

ROBERT J. CREAGAN
Engineering Manager

Atomic Power Department
Westinghouse Electric Corporation
Pittsburgh, Pennsylvania

The feasibility, safety, and reliability of atomic power
plants are now well established. Atomic generating stations
can now be considered on the basis of economics, along with
long established energy sources, in many areas.

This technological landmark has been reached in a field
that abounds with severe technical problems, some of
which have been solved, while others still lie ahead. In the
case of water reactors, where the most experience is con-
centrated, a large number of individual technical develop-
ments have contributed to this progress.

overall progress

In any kind of a heat engine, higher operating temper-
atures lead to higher efficiencies. Therefore, progress in
power reactor design is probably best illustrated in Fig. 1,
which compares certain key temperatures and pressures of
the Yankee plant and the plant design offered to Southern
California Edison.

On the basis of experience with the Yankee plant and
other designs, four significant improvements have been
made in the pressure-temperature area:

1. Minimum operating pressures have been increased

from 1800 psia to 2182 psia, which allows,

2. An increase in permissible coolant temperature rise
through the core—from 30 degrees F to 43.5 degrees
F —without boiling;

3. Temperature drop from the primary to the secondary
system has been increased, allowing improved heat
transfer through the steam generator; and thus,

4. Higher steam pressures are obtainable for the tur-
bine generator (680 psia instead of 500 psia).

These improvements were made possible by an intensive
effort in every phase of reactor design, with experience in
Yankee and other plants serving as a source for most new
developments. A simultaneous effort has been made to
improve even further the reliability of nuclear plants, and
to simplify the designs.

No single component improvement provides such sig-
nificant gains; instead, the overall performance of a plant
has been raised by progress in several areas of reactor
design. The nature of these improvements can best be in-
dicated by examples of specific design trends, some of
which contribute directly to the temperature-pressure
gains, and others to overall plant economy, simplification,
and reliability.

Editor’s Note: The United States Atomic Energy Commission has
supported, and continues to support, most of the research and
development effort in the areas described in this article. Without
such support, and without the combined efforts of the Atomic Energy
Commission, the electric utility industry, and the reactor manufactur-
ers, the development of the peaceful uses of atomic energy could not
have progressed as rapidly as it has.

thermal and hydraulic

The Yankee reactor differed from earlier Westinghouse
reactors in that surface—but not bulk—boiling was al-
lowed. Although accepted today, such boiling was ques-
tioned when it was first suggested because of its possible
adverse effects on corrosion and erosion in the reactor. The
net gain from surface boiling is a reduction in required
coolant flow through the core, which in turn means that
less pumping power is required.

Present closed-cycle water reactors are designed with
thermal limits to prevent melting at the center of the UO,
fuel pellet, and a design margin to prevent departure from
nucleate boiling (DNB) at the fuel-element surface. By
definition, DNB occurs when steam vapor starts to blanket
the fuel cladding surface, thus reducing heat transfer and
rapidly raising the temperature of the cladding. To pre-
vent this, experimental data must be correlated with
reactor design so that a minimum DNB heat flux is not
exceeded. The conservative DNB correlation developed for
Westinghouse water reactors is a curve below 99.2 percent
of all presently available data points at 2000 psia.

Information necessary to evaluate power density distri-
butions experienced during operation is obtained from the
Yankee core. The in-core instrumentation system consists
of 27 thermocouples for monitoring the core outlet tem-
peratures, and flux wires that can be inserted in 22 differ-
ent locations in the core as indicated in Fig. 2.

The location of the in-core instrumentation is such that
a complete quadrant of the core can be selectively moni-
tored. With quadrilateral symmetry, this is sufficient to
allow evaluation of the behavior of the entire core. If an
asymmetrical power distribution exists, the in-core data
can be used to infer total core behavior and the effect of
corrective action.
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Fig.1 Key temperatures and pressures of the Yankee
plant and the proposed Southern California Edison plant.




Use of the thermocouples yields a measurement of the
power distribution across the core. Flux wires are currently
the only means of measuring axial variations in power
density. The experimental flux wire data is combined with
the results of calculations to obtain the values of hot chan-
nel factors during Yankee operation.

“Hot channel factors” are design allowances so selected
because the heat output of a reactor is governed by the
hottest conditions, as indicated by the temperature spikes
shown in Fig. 1, rather than by average conditions. By def-
inition, hot channel factor F, is the ratio of the maximum
to the average heat flux in the reactor. Hot channel factor
F anis defined as the ratio of the maximum to the average
increase in enthalpy (temperature) of water passing
through the reactor. Because the hot channel factors gov-
ern design heat power output and calculational errors
might result in fuel burnout, the correct prediction of op-
erational results is important. Predicted and operational
data for Yankee hot channel factors, as they vary with
reactor operation, is shown in Fig. 3.

These results indicate that the theoretical predictions
were both realistic and conservative in that hot spots did
not exceed predicted values. Based on such results, the
heat power output license for the Yankee first core has
been increased from 392 to 485 mw—at which power it
now operates.

nuclear

The nuclear developments for Yankee and other water
reactors have been both analytical and experimental.
Small critical experiments were performed at the Westing-
house Reactor Evaluation Center (WREC) and the results
were used to check analytical procedures to be used later
for design purposes. A full-sized critical experiment was not
required for Yankee because the boric acid dissolved in the
coolant could provide practically any specified shutdown;
and one function of a full-sized critical test would be to
prove experimentally that the reactor could be held suf-
ficiently subcritical. With the results of the development
program, the Advisory Committee for Reactor Safeguards
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Fig.2 The location and types of instrumentation incorporated
in the core of the Yankee reactor.

accepted, and the USAEC licensing authorities approved,
use of the chemical method of shutdown control.

In the field of physics, nuclear predictions and final
results agreed closely, as shown in Table I.

In predicting core lifetime, power distribution (and
hence burnup) as a function of fuel position in the reactor
is an important factor. As an indication of ability to cal-
culate results in this area, Fig. 4 shows a comparison of the
predicted and measured spatial (RZ vertical section)
burnup distribution in Yankee. The numbers are in units
of accumulated equivalent full-power hours (EFPH) av-
eraged over the given fuel regions.

The measured burnup distribution was obtained from
in-core flux wire instrumentation data after reduction by a
computer code. The predicted results were calculated by
two-dimensional, two-group diffusion theory.

In addition to the comparison of theoretical with mea-
sured values for Yankee, similar comparisons have been
made in multi-region critical experiments. Evaluation of
analytical methods for nuclear design was increased greatly
in scope by comparison with approximately 400 experi-
ments performed at WREC.

The excellent agreement between the theoretical results
and results of experiments conducted at WREC is shown
in Fig. 5. The core configuration (quadrant plan view) is
illustrated in the upper left hand corner. Fuel rods of 1.6
percent, 2.7 percent and 3.7 percent uranium-235 are ar-
ranged as indicated. The total loading is 10 541 fuel rods,
with approximately equal numbers of each enrichment.
The points indicated represent the experimentally mea-
sured fuel-rod radioactivity as a measure of power output.
The curves illustrate results obtained by three different
analytical techniques. Best results were obtained by the
use of the mixed number density model, which involves
the computation of neutron density, rather than neutron
flux, as a function of core position.

In addition to power distribution, important nuclear re-
action rates were also calculated and measured. Two of the
most significant parameters are p® (ratio of nonthermal
to thermal neutron captures in U-238) and &% (ratio of
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Fig. 3 The relation between predicted and operational val-
ues for hot channel factors for the Yankee plant.
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Table | YANKEE STARTUP EXPERIMENTS—COMPARISON OF CALCULATION WITH EXPERIMENT

Parameter

Boron Concentration in Core

(No rods) for criticality at 100°F. .. ...... ... ... . ... ... ... .. ..
el3l3 VMo ascnaacaapo000na0000a00a0aa0aBR0008E

Boron Worth at 514°F (Ce=0)...... . ... ... ... ... ... .. ...
at100°F (Ce=1400)..................oooovviiiennnn.ns

Exqess Rea;:tivitykat §14°F, Ce=0, ..o
Control Rod Worth at 514°F—24 Rods...........................

Cold to Hot Reacti\/ity at 1760‘p;;n{ .................................
atllo0ppm.... ..ttt

Zero Station Load
Moderator Coefficient—
(104/°F)
514°F, 1200 ppm
514°F, 600 ppm......
514°F, O ppm.......

Pressure Coefficient 514°F, 1200 ppm

(1000—20_00 psig) (10°/psi) §14°F, 0 []:I10asa000006000a0000 0008

Full Station Load (120 MWe)

Power Coefficient (10*MWt) ........ .. ... ... ... ... ... ...
Xenon Worth (Saturation)........... ... ... .. .. .ol

(Peak). ...
Samarium Worth (Peak).......................ocoooeiiiiiiini...

» Corrected to zero boron concentration. o
» Estimated, based on operating data up to 50% equilibrium.

92.2
5288 5140 4286 2359
(6750) (6840) (5430) (3100)
71.0
9359 9474 7800 4397
(7650) (7750) (6150) (3500)
49.7
73
w
X
2
T 10 965 11 329 9246 5151
~N (10 800) (11 100) (8770) (5000)
28.4
8740 9243 7248 3980
(9360) (10 100) (7650) (4038)
0
0 12.2 21.2 29.9 377
r—INCHES

Fig. 4 A comparison of measured and calculated values for
burnup distributions; measured values correspond to 6310
36 EFPH, and calculated values (in parentheses) to 6400 EFPH.
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nonthermal to thermal neutron fission in U-235). Intensive
investigation of these parameters has been made in reac-
tors of 1.6 percent, 2.7 percent and 3.7 percent enrichment
with water-to-uranium ratios of 2.5 to 1 and 4.5 to 1.
Early theoretical results at Westinghouse and other labora-
tories disagreed with experimental data by as much as 25
percent; however, agreement to better than 10 percent is
now obtained as a result of development effort.

This excellent agreement between theoretical predic-
tions and experimental results, as in the case of Yankee
and the multi-region work, means that future reactor
plants can be designed closer to their ultimate nuclear
capability with assurance of reliable performance.

chemical

The formation and mobility of the magnetite corrosion
products of stainless steel (usually referred to as “crud”)
has not proven a deterrent in the neutral pH water main-
tained in Yankee. Neutral pH causes more crud formation
than higher pH, but it also provides higher mobility and
hence helps crud removal by ion exchange or filtration.

Some concern has been expressed about the use of stain-
less steel cladding, particularly with respect to its cobalt
impurity content, since this impurity becomes radioactive
and might plate out on the primary loop to cause a high
radiation level that would inhibit maintenance. Good
agreement has been obtained thus far between calculated
and observed dose rates (25 mr/hr at the steam generator
surface opposite the middle of the tubes). This indicates
that commercially available stainless steels are suitable for
fuel cladding and do not cause excessive radiation levels.

Yankee employs boric acid for hot-to-cold reactivity
control, based on a successful development program. Plant
operation has demonstrated no problems or difficulties.
There are many significant advantages to using a neutron
absorber in the primary coolant water. These advantages
include a substantial reduction in the number of control
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rods, mechanisms, and associated equipment required and
provision of almost unlimited shut-down ability because of
the high cross section of boron and its high solubility as
boric acid. These advantages have been somewhat offset by
the necessity for providing some auxiliary equipment and
by the inconvenience of purifying water to remove boron.

At the cost of essentially no additional plant complica-
tions, but with the necessity for proving its feasibility,
boric acid can be used as a chemical shim in the coolant of
a reactor during power operation. A program is now under-
way to demonstrate the feasibility of this concept.

Chemical shim provides better power distribution in the
reactor and allows longer reactivity lifetime for the core.
These two advantages result in lower capital requirements
and lower fuel cost respectively.

malerials

An example of materials development is the effect of
various parameters on UQ, pellet temperature distribu-
tions; namely, the effect of gas composition, and variation
in the gap in the pellet-to-cladding annulus as a function of
power per unit length of fuel rod. Experiments show that
the pellet center temperature rises: (a) if argon is used in-
stead of helium for the gap; (b) if the gap is increased; and
(c) if the power produced per foot of rod is increased. Mo-
tives for the study include, respectively: (a) fission frag-
ment gases in actual operation vary the conductivity of the
gap; (b) manufacturing tolerances vary pellet-cladding
gap; and (c) power output capability of a given fuel rod
with no center melting depends on power per foot of rod.

The necessary experiments were performed in the West-
inghouse Testing Reactor. The cladding was Zircaloy-2 and
the pellets were 0.430-inch diameter and 93 percent of
theoretical density.

After irradiation, the fuel rods were sectioned and the
UO: fuel examined microscopically. The temperature dis-
tribution within the UO; fuel was estimated by measuring
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the radius at which various characteristic microstructural
changes occurred.

Examination indicated that center holes in the pellets
were usually formed by pore migration to the center at
temperatures below the melting point of UQ.. Definite
melting of the UO. was observed in only one fuel rod.

These experiments point to the possibility of increasing
tolerances for fuel tubes or pellets, thereby reducing the
cost of fuel elements; or, as an alternative, maintaining
present tolerances and increasing power output per unit
length of rod.

mechanical

Due to the greater weight of the Yankee control rod and
its follower, it was necessary to develop a new control rod
drive mechanism. The magnetic-jack latch type of control
rod drive mechanism, developed for Yankee, is an excellent
example of an ingenious mechanical design that solved a
tough problem in an economic manner. All the mechanical
moving parts are inside the primary coolant environment,
separated by a sealed pressure housing from the external
electrical coils which supply the motive power. While the
initial design required five coils, the present design requires
only three coils to accomplish the same purpose.

In the fuel assembly shown in Fig. 6, fuel rods are in-
serted in special fuel assembly cans. These cans contain
grids equipped with spring fingers that grip the fuel rods
with controlled pressure. This spring pressure is sufficient
to prevent fretting but allows relatively free differential
thermal expansion in an axial direction. This is much sim-
pler than the previous design, which required brazing of
tubes between the fuel tubes to maintain proper spacing.

With the new grid structure, no brazing of the fuel rods
is necessary. This, in turn, allows thinner cladding steel to
be used for the fuel tubes, since the heat cycle previously
required for brazing reduced the mechanical strength of
the cladding.

World Radio History|
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The net effect is a reduction of the amount of structural
material by over 20 percent. In addition to the material
saving, the reduction in the amount of material also means
that fewer neutrons are absorbed and lost to the nuclear
reaction.

In reactor design, the heavy reactor core traditionally
has been supported on a plate-type structure of high
strength. Studies of larger reactors have indicated high
thermal stress problems in large thick plates due to gamma
heating from the core. A new concept, illustrated in Fig. 7,
has been developed to alleviate this condition. In this new
design, a single thin plate is supported through control-rod
guide tubes fastened to a heavy plate located at a consider-
able distance from the core. The thin plate is not as suscept-
ible to gamma heating damage, and the thick plate is far
enough away from the core to be relatively unaffected. As
a result, there has been a significant reduction in stress
without compromise of strength and rigidity, which adds
to the reliability of the plant.

The plant for Carolinas-Virginia Nuclear Power Asso-
ciates differs from other closed cycle reactors in that the
fuel is contained in many individual pressure tubes through
which the coolant flows. Thus no thick-walled reactor ves-
sel is required. Heavy water is used as the coolant, and a
separate hody of heavy water surrounds the outside of the
tubes and serves as a moderator.

To avoid heavy heat losses from the coolant through the
tube walls to the moderator, some thermal insulating bar-
rier is required. Studies and experiments show that a layer
of noncirculating heavy water inside the pressure tubes
can be used as thermal insulation, and the reduced temper-
ature of the wall permits a thinner Zircaloy tube to be used.

Another development reduces the amount of Zircaloy re-
quired, thereby reducing cost. This involves the use of
stainless steel, instead of Zircaloy, for the pressure tube,
except in the area immediately adjacent to the core. Engi-
neers have developed a joint between these two materials
that performs satisfactorily in spite of the large difference
in thermal expansion between Zircaloy and stainless steel.
This joint consists of an Inconel sleeve, which engages a
shoulder of the Zircaloy pressure tube and i1s welded to the
stainless steel pressure-tube extension. As the weld cools, a
high axial tensile force develops in the sleeve which main-
tains the joint solidly in compression at all times, thus pre-

venting leakage. The joint has heen tested for all the vari-
ous postulated reactor accident conditions and has per-
formed satisfactorily in all respects.

sysiems

A prerequisite to the development of individual compo-
nents and technologies is the development of systems and
subsystems required for a nuclear power plant. The ob-
jective of such system analysis is to establish reliable opti-
mum nuclear power plants that will provide a proper eco-
nomic compromise between the considerations involved in
the various components. The Yankee Atomic Electric Com-
pany plant illustrates the result of system planning.

To study systems problems in a situation more amenable
to development programs, the Saxton Experimental Re-
actor is being constructed for the Saxton Nuclear Experi-
mental Corporation. Westinghouse has the responsibility
for planning and directing the development program which
will be implemented in this reactor. The following factors
will be evaluated:

1. System transients, under operational and simulated
accident conditions.

Chemical shim operation.

3. Boiling in the core, even to the extent that net steam
is carried to the steam generator.

Higher kilowatts per foot of fuel rods.

Thinner stainless steel cladding, ultimately leading to
the use of collapsed cladding.

6. Various cladding materials, such as zirconium.

7. Nuclear superheat in a special loop in the reactor.

S
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conclusions

The reliable performance of the Yankee plant, which
verified and even exceeded the design and development
goals of the plant, represents a significant step in the tech-
nical and economic development of water reactors for the
commercial generation of electricity. Agreement between
theoretical predictions and operational data is excellent,
thus providing confidence in future design predictions.

Development and performance experience to date in-
dicates that water reactors have great potential for com-
petitive power costs and that they can be built  westinghouse
in the much larger sizes required by many elec-  ENGINEER
tric utility companies throughout the world. Mar. 1962

Fig. 6 (Far left) A spring-
clip fuel assembly. The
grids have spring fingers,
which grip the fuel rods.

Fig. 7 (Left) In a recentre-
actor design, a thinnercore
support plate is supported
by control-rod guide tubes
(as shown) fastened to a
heavy plate at some dis-
tance from the core.




PROGRAMMED INSTRUCTION

AND TEACHING MACHINES

In the automated future, these tools may ease the increasingly
difficult tasks of industrial and military education and training.

REUBEN LEE

HENRY F. DEFRANCESCO
Electronics Division

Westinghouse Electric Corparation
Baltimore, Maryland

The growing complexity of industrial control and mili-
tary electronic systems requires vastly increased corps of
trained technicians for operation and maintenance of the
equipment. In some areas the problem has become especial-
ly acute because of inadequate means for training such
personnel. The situation here parallels that of education,
where school enrollments are swollen and teachers and fa-
cilities are in short supply. A potential solution to both the
education and training problems has been found in pro-
grammed instruction and teaching machines, which hold
promise of improving educational methods, raising the
standards of education, alleviating the teaching load of
overburdened instructors, and increasing the effectiveness
of the truly skilled instructors.

Programmed instruction and teaching machines will not
replace the educator and training director; rather, they
constitute a new tool to aid the educator in the difficult
tasks of education and training, an aid that can take a
significant amount of drudgery out of the teaching process.

principles of programmed instruction

Behavioral psychologists, in their experiments with ani-
mals (pigeons, rats, monkeys) have noted that these ani-
mals learn when a sequence of stimulus-response-reinforce-
ment is employed for controlling the behavior of the ani-
mal. They also note that the stimulus must be simple and
direct; response must be active; and reinforcement (re-
ward) should be immediate.

These findings have been translated to the human learn-
ing situation. The correspondence between the animal and
human learning situation runs roughly as follows:

RANGE
OF

TRAINING =
AIDS

Fig. 1 Program- Auto - instructianal

Similar to book but

Sequence | Animal Human
Stimulus ‘ Some physical or | Subject matter presen-
‘ audible command i tation
Response | Animal makes de- | Active answer or com-
sired response | pletion
Reinforce- | Reward, usually | Praise, correct answer,
ment | food | or advancement

Psychologists also note that programmed learning con-
sists of five basic principles. These are: (1) Small Steps—
only one unit of information is supplied at a time; (2) Ac-
tive Response—the student must make an active (overt or
covert) personal response to each item of information, i.e.,
the student learns by doing; (3) Immediate Confirmation—
learning is improved when the student can confirm imme-
diately whether his answer to each information item is cor-
rect; (4) Self-pacing—each student has his or her own re-
flex latency, i.e., the time between beginning of stimulus
and beginning of response. Learning proceeds more effi-
ciently when a student can pace himself at his natural
speed or latency; and (5) Student Testing—one sequence of
information items (programmed instruction) will be more
efficient than another for covering the same material.
Checks to insure that the program material organization
is suited to the student are provided by recording his
responses.

The sequence of actions in the learning process become:
Stimulus—read small step; active response—write or note
answer; reinforcement—check, advance.

Experienced instructors recognize that this stimulus-
response-feedback sequence is of far-reaching potential for
imparting motivation. In addition to the five main prin-
ciples, the programs generally warn against wrong con-
cepts; the student is cautioned against them, and then en-
couraged to choose correct concepts. Rules are given to
guide the student in making his answers. Examples are
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Special model with | Simulator for spe- | Completeequipment

med instruction
can be used in
many forms of
teachingmachines;
several kinds, il-
lustrating the
range of devices
possible, are
shown here.

program of incre-
mental learning
steps; multiple
choice questionsand
answers (scrambled
book). Branching
method.

printed on rolis.
Presentsone ques-
tion at a time to
trainee, who writes
answer and turns
crank for next
question. Indicates
correct answer.
Linear method.

cards or tapes of in-
structions and re-
corded responses.
Has means of indi-
cating tones, meas
urements, wave
shapes, or other sig-
nals. Valuable for
training technicians.

cific electronic sys-
tem. Embodies exer-
ciser, training aid,
automated testing
and maintenance
procedure, and opti-
mized control.

monitor with built-in
auto - instructional
equipment to accel-
erate training of
maintenance per-
sonnel. May be
equipped for auto-
matic detection of
malfunctioning
parts.
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Fig. 2 A typical teaching machine for presenting a linear-
programmed course of instruction.

provided frequently, sometimes in incomplete form and
the student is asked for an answer to complete the exam-
ple. Practice consists of repetition of such examples, with
supporting cues gradually withdrawn. At various points
the student is reminded of his previous knowledge before
proceeding to a new concept.

leaching machines

Many discussions concerning programmed learning and
teaching machines are appearing in teaching journals and
the daily press. Although the two items are often consid-
ered synonymous, this is not the case. Programmed learn-
ing is the application of the principles of learning (as de-
termined by learning theorists) to the preparation and
presentation of course materials. Teachers and subject
matter specialists are required in the construction of pro-
grammed instructions. Psychologists are necessary to in-
sure that basic learning principles are practiced effectively
in the preparation of programs. The teaching machine, on
the other hand, is a method of control and presentation.
These machines assume many forms, ranging from special-
ly prepared books and pamphlets for instruction in verbal
skills, to elaborate consoles for instruction in complex mo-
tor and verbal skills. The design of the teaching machine
depends upon its purpose and function in the teaching sys-
tem. Several typical teaching machines are shown in Fig. 1.

Many advantages have been accorded to programmed
instructional devices. Time is saved because the learning
rate can be maximized for each trainee. The instruction is
improved in a number of ways: Programmed instruction
can be optimized more readily than a human teaching pro-
cedure; trainee response can be recorded so that the in-
structor knows how well the student is learning; the trainee
must understand each point before he goes to the next;
programming encourages correct answers, so that there is
less to unlearn because of faulty notions; if a substantial

EXAMPLE |

The following presentation is part of a programmed in-
troduction to instruction for the operation and mainte-
nance of Navy Shipboard Transmitter AN/WRT-2. This
introduction demonstrates linear programming for in-
struction on transmitter frequency range. The trainee
writes his answers in the column at right. The answer is
checked by advancing a frame (which covers trainee’s
answer with transparent mask). A teaching machine suit-

able for this sort of linear program is shown in
Fig. 2.

FRAME 1 Radio Transmitting Set AN/WRT-2
provides complete coverage over the 2 to 30
megacycle (mc) radio-frequency range. Thirty
mc means 30 million alternations between
positive and negative electric current or volt-
age per second. Write the carrier frequency
range in megacycles in the space at the right:

to A

2 to 30

FRAME 2 Frequency stability is achieved by
choosing the carrier frequency within the 2 to
30 megacycle radio-frequency range in 1 kilo-
cycle (kc) steps (30 megacycles = 30 000 kilo-
cycles). There are 30000 minus 2000 or
28 000 of these 1 kc steps in the whole WRT-2
frequency range of 2 to 30 mc. How many 1
kc steps are there between 2 mc and 15 mc?
How many between 15 mc and 30 mc?

13 000

15 000
FRAME 3 The radiated carrier frequency may
be selected at 1 kc intervals by the operator
anywhere in the range of 2 to 30 mc, regard-
tess of the kind of emission (CW, AM phone,
etc.). Now write down, at the right, the missing
item in this statement: the highest r-f carrier
frequency of the AN/WRT-2 transmitter is

__mc.

30
FRAME 4 An operator can select any carrier
frequency of the transmitter from 2 to 30 mc
by tuning controls located on the Radio Fre-
quency Oscillator. The lowest carrier fre-
quency that the operator can select is mc.

FRAME 5 The frequency range available toan
operator of the WRT-2 transmitter is ___ to
mc.
2 to 30
FRAME 6 (Continuation of instructions.)

Fig. 3 Navyship-
board radio transmit-
ter WRT-2.




EXAMPLE II
This instruction covers the material in Example |, but
uses branched programming.

FRAME 1 Radio transmitting set AN/WRT-2 provides
complete coverage over the 2 to 30 megacycle (mc)
radio-frequency range in 1 kilocycle (kc) steps. (2 mega-
cycles=2000 kilocycles) There are 30 000—2000 or
28 000 of these 1 kc steps in the whole WRT-2 fre-
quency range of 2 to 30 mc. Remember that 30 mc
means 30 million alternations between positive and
negative electric current or voltage per second. The
radiated carrier frequency may be selected at 1 kc in-
tervals by the operator anywhere in the range of 2 to
30 mc, regardless of the kind of emission (CW, AM
phone, etc.).

Now push the button corresponding to the answer
which you think is correct. The highest r-f carrier fre-
quency of the AN/WRT-2 transmitter is:

PUSH BUTTON

2000 KC A
28 000 KC B
30 MC c

FRAME 2 (BUTTON A) Your answer: 2000 k¢
You are forgetting the difference between kilocycles
(kc) and megacycles (mc). One mc is the same fre-
quency as 1000 kec. So 2000 kc is the same as 2 mc,
which is the /lowest r-f carrier frequency of the
AN/WRT-2 transmitter. Now go back to the first frame
and choose the right answer.

FRAME 3 (BUTTON B) Your answer was 28 000 kc
You evidently confused the highest carrier frequency
with the difference between highest and lowest carrier
frequencies. Since

30 megacycles=30 000 KC
2 megacycles= 2 000 KC
(Subtract) 28 000 KC

is the difference between these frequency limits, not
the higher limit. Now return to the first frame and
choose the right answer.

FRAME 4 (BUTTON C) Your answer: 30 mc.

You are correct. The transmitter frequency range is
2 to 30 mc, so the highest carrier frequency in this
range is 30 mc.

In order to communicate with distant vessels, the
AN/WRT-2 transmitter delivers 500 watts of average
power, and 1000 watts of peak envelope power (PEP),
into a 50-ohm nonreactive load with a standing wave
ratio (SWR) lower than 4:1. The power amplifier drawer
contains a linear power amplifier of 500 watts average
power output, driver circuit for this amplifier, input
mixers, and r-f monitor circuits. Tuning and coupling
controls and indicators are mounted on the power
amplifier front panel. All these controls must be ad-
justed properly in order for the transmitter to deliver
the rated CW average power into a 50-ohm load.

Now choose the right answer to this question:

The average rated CW power of the AN/WRT-2 trans-
mitter is:

PUSH BUTTON

500 watts B
50 watts o]
1000 watts A

FRAME 5 (Continuation of instructions.)

EXAMPLE HI
This example demonstrates the use of branched pro-
gramming techniques for training personnel to locate a
fault in the frequency divider section of the WRT-2
transmitter (Fig. 4).

FRAME 1 Before attempting any adjustments verify
that a one (1) mc signal of two (2) volts amplitude is
present at the input (terminal J-1301) of the 10:1 fre-
quency divider.

Connect the output (terminal J-1304) to the oscil-
loscope. The correct signal level is signified by an
output reading of 7.7 volts rms or 22 volts peak-to-peak
minimum. The correct output frequency is signified by
oscilloscope reading of 100 kc.

The output of the 10:1 frequency divider can assume
one of the following four states:

State 1—Correct frequency and correct signal level

State 2—Correct frequency and incorrect signal level

State 3—Incorrect frequency and correct signal level

State 4—Incorrect frequency and incorrect signal

level

Based on the state which you detect in observing
oscilloscope, follow the instructions tabulated below; 1
signifies reading is correct, O signifies reading is
incorrect.

STATE INSTRUCTION
FREQUENCY | SIGNAL LEVEL |

1 | 1 Push button A

1 , (0] Push button B

0 1 | Push button C

0 1 0 | Push button D

INSTRUCTIONS ON PUSHING BUTTON A Both fre-
quency and signal level are correct. Hence the diffi-
culty is not in the frequency divider proper. The fault
may be in the input and output circuits of the frequency
divider.

To check the input circuits, push button A for fur-
ther instructions. To check the output circuits, push
button E.

INSTRUCTIONS ON PUSHING BUTTON B Frequency
is correct but signal level is incorrect. Set oscilloscope
t0 100 kc signal and check 100 kc signal at J-1304. Tune
the transformer T-1304 shown in diagram. If this cor-
rects the signal level the maintenance process is com-
plete. If this does not correct the signal level a fault in
the output amplifier stage is indicated. Advance to
button E to obtain additional instructions.

INSTRUCTIONS ON PUSHING BUTTON C (Continua-
tion of instructions.)

- FEEDBACK
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WRT-2 transmitter fre-
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Fig. 5 Flowchart for faultlocation and correction of WRT-2 radio trans-
mitter frequency divider.
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Fig. 6 Functional diagram of adaptive control system for presenting
programmed instruction.

Fig. 7 Audio-visua! aid used with programmed instruction forms an
effective means for training manufacturing personnel.

number of wrong answers are generated, the program can
be modified to clarify difficult points.

Once a program has been prepared, it can be repro-
duced and used simultaneously at many locations. Pro-
grammed instructional devices may be provided with rapid
access to any frame of information, and used to assist oper-
ators or servicemen in emergency situations.

In teaching abstract or verbal skills (most subject mat-
ter falls in the latter category), teaching machines are sup-
plements to subject presentation. Although some educators
believe that teaching machines are effective in the presen-
tation of programmed instruction for verbal skills, no ex-
tensive psychometric evaluations are yet available that
state what teaching machines add to learning rate, how
much they can decrease the error rate, or to what degree
they can improve retention of subject matter.

Some psychologists feel that teaching machines will
make their major contribution to the learning process
where the instruction of motor skills is involved. The fields
of equipment operation, assembly line staffing, testing, and
maintenance all require the teaching of motor skills as well
as verbal skills. In these areas, the more elaborate teaching
machine and simulator is being applied with success.

A number of improvements in teaching can be partially
attributed to teaching machines:

Teaching machines used in the training of complex mo-
tor skills are more economical than full-scale simulators.

When used as an aid in assembly, operation, and main-
tenance procedures, teaching machines reduce human er-
rors and improve quality control.

Programmed instruction increases the amount of paper
required to hold the same subject matter many fold. For
example, a simple course in basic electronics might require
30 pages of written text and illustrations; the same subject
matter, programmed and ordered, might require more than
200 pages. A teaching machine that uses film can store this
course material on a small spool.

T'he nature of programmed instruction calls for small
steps in presenting information. After the initial instruc-
tion, the trainee may need the help of ordering and access
to previous or future frames or items. A teaching machine,
if properly designed, possesses the ability to order and to
provide access to material with considerable flexibility.

The machine offers many ways of displaying information
items that cannot be done on a printed page. Human fac-
tors engineers agree that display techniques affect the
learning process in that this is a more flexible way of
applying the stimulus. Presentation modes other than
visual (auditory, tactile) can be utilized when appropriate.

And finally, machines can be designed to prevent cheat-
ing, to keep a count of incorrect responses, and to record
the time taken to complete the course. The human teacher
is thereby relieved of these administrative chores.

kinds of programmed instruction

Programmed instruction generally takes one of two
forms; linear (or extrinsic) programming, as distinct from
branched (or intrinsic) programming. In the linear method,
new information is gradually imparted to the student, so
that he is almost certain to answer or respond correctly.

Linear programming is demonstrated in Example I,
where operating information for a radio transmitter is pre-



sented. The response shown in Example I is called a con-
structed response. It is usually written, and involves more
steps than the branching method.

In branched programming, the student is presented with
multiple choice questions after a block of information. If
the student replies correctly, he is told so and new informa-
tion is presented, after which further questions are asked.
If student responds incorrectly, he is given an explanation
of why he was wrong, and then directed to try the first
question again. The same subject matter covered in Exam-
ple I is presented by the branched programming method
in Example II.

As a more advanced example of branched programming,
consider the training of personnel to locate a fault in the
frequency divider section of the WRT-2 transmitter. In-
trinsic programming is selected for this purpose due to its
natural adaptability to logical branching techniques, which
characterize interpreting and sequencing through a set of
maintenance alternatives. The illustration outlined in Ex-
ample I1I includes only the initial instructions that guide
the maintenance man through establishing the existence
of a fault and locating and correcting it.

The instructions lead the maintenance man through all
possible alternatives, clearly stating the operations to be
performed and giving reasons for performing each opera-
tion. Where adjustments on equipment or component re-
placements are required, photos of the units will be in-
cluded with cues such as arrows leading to component to
be adjusted or replaced. Where possible, maintenance flow
charts will be included so that ready reference to a sum-
marized procedure is possible. A flow chart is illustrated
in Fig. 5.

Almost all the techniques of conventional instruction
can be employed in programmed instruction. Their best
use will require a certain ingenuity in programming and
presenting the subject matter to be taught. Audio-visual
aids, film strips, animated presentation and charts can be
adapted to programmed instruction. The effective employ-
ment of some of these techniques may require the use of a
teaching machine or a supplementary presentation by the
instructor.

present applications

Industrial and military training supplements education
received in public and private schools. Formal education,
of necessity, concentrates on fundamentals of the arts and
sciences and attempts to build a firm foundation on which
future education and training can be based. However, the
needs of industry and the military require that training be
concentrated in management, clerical, administrative, tech-
nical and trade specialties. These needs also dictate that
training become student-oriented rather than instructor-
oriented.

A bevy of student-oriented devices has appeared in
recent years. The management simulator via computer, the
auto-instructional devices for training production workers,
and training simulators for aircraft and radar as used by
the military indicate the scope of this trend. Now the era
of the teaching machine is upon us. Its appearance on the
training scene broadens the front over which student-
centered devices are finding applications in education and
training. There are a multitude of areas where programmed

instruction might improve on previous training methods.
A partial list includes: instruction books prepared in pro-
grammed instruction form; training of production line and
assembly personnel (see Fig. 7); management training;
training of personnel to maintain or operate complex
equipment; and new employe indoctrination in company
benefits, rules, regulations, etc.

future applications

An ultimate goal in training is the maximization of
learning rate. Here the field is largely uncharted. Learning
rate varies from person to person. It depends on memory,
imagination, visual perception, environment, subject mat-
ter and a host of other factors. Even if these factors are
measured, the learning rate is not thereby determined. One
discovery of recent years is that learning is statistical in
nature, so that it appears feasible to ap ply adaptive control
techniques to instruction programs, in a manner similar to
applications of these techniques to industrial processes.

It is possible to visualize a model of a teaching system
which contains all the elements of an adaptive control sys-
tem. IFor example, the teaching system in Fig. 6 contains
subject matter to be taught. The instructor or programmer
selects an information frame or basic fact to present to the
student. The selection of the information frame is deter-
mined by lesson plan or programmed instruction item. The
information frame is displayed to the student, who re-
sponds overtly to the frame. His response is evaluated,
based on some predetermined criteria, which may include
time to answer, correctness of answer, etc. The evaluation
measures the learning state of the student and if this ex-
ceeds some preset threshold, a new information frame is
selected from the subject matter. The size of the informa-
tion frame and the time duration of presentation may be
determined in the evaluation period.

If the student does respond properly to the information
item, the evaluation criteria measure how well the student
performed. Based on the threshold levels obtained, a de-
cision is made to repeat the item, supply the student a
prompt, cue, or additional information, lower the threshold
(which may set both time and performance levels), or
modify the subject matter.

In any case changes can be made in size of information
frame, evaluation criteria, threshold levels and decisions.
More sophisticated systems might reorder the information
item sequence. Thus if a student continues to answer
rapidly and correctly, the evaluation criteria can raise the
threshold or modify the program to present larger incre-
ments of information, present information more rapidly,
or even delete certain frames in the sequence. If a student
progresses slowly, the system will sense and measure this
and adapt itself to the student accordingly.

In an increasingly automated industrial future, the need
for rapid training of employes for complex tasks increases.
So does the need for retraining people for new types of work
that result from technological advances. Part of this future
picture will be the widespread use of training aids to pro-
vide realistic simulation of on-the-job operating contin-
gencies. Servicing can be facilitated by use of training aids.
Maintenance and operating manuals may even  Westingouse
be replaced by some form of visual presentation, ENGIN[[R
with rapid access for use in emergencies. Mar. 1962

43



44

DISTRIBUTION TRANSFORMERS WITH 65-DEGREE RISE
This leads to improved balance of operating characteristics.

A. M. LOCKIE

Advisory Engineer

Distribution Transformer Department
Westinghouse Electric Corporation
Sharon, Pennsylvania

For many years, most oil-immersed distribution trans-
formers manufactured in the United States were designed
to have an average copper temperature rise, at rated load,
of less than 55 degrees C. Recently, however, distribution
transformers have been developed with a nominal rated
load rise of 65 degrees. Such a departure from previous
practice can have many effects on transformer operation
and economics; therefore, the decision to adopt the 65
degree C rise was carefully considered from every stand-
point to assure that the net effect was beneficial. Consider,
then, some of the theoretical and practical considerations
behind this decision.

limaitation on loading

An operator can increase the revenue from his trans-
former investment by loading the transformer more heav-
ily, and some degree of deliberate overloading is almost
universal. Almost equally evident, however, are three prac-
tical limitations on overloading. There is a thermal limit,
because heavier loading means higher temperatures, which
tend to shorten life expectancy. Since heavier loading also
produces greater internal voltage drop, which reduces
revenue and may cause customer complaints, there is also
a voltage limit on loading. Finally, there is an economic limit,
since I?R losses increase at a faster rate than load, ulti-
mately reducing net revenue per unit of output.

Since these limits restricted the economic utilization of
transformers, a long-range program was instituted several
years ago, aimed at relieving them.

Thermal Limit—When the program was begun, little was
known about the life expectancy of distribution trans-
formers or the factors that determined it. A guide for
loading transformers existed, but it was based on the
effect of temperature on the mechanical properties of in-
sulation, and the correlation of these properties with serv-
ice life was not established. To obtain a better in-
sight on insulation aging and the factors that determine
life expectancy, a novel method of measuring transformer
life was developed. This technique, which involved acceler-
ated aging, to destruction, of full-sized transformers, is now
known as “functional testing,” and is generally recognized
as the best method of evaluating the effect of loading on
life expectancy.

Information obtained by functional testing led to sub-
stantial improvement in the utilization of conventional in-
sulation, and ultimately, to development of the Insuldur
insulation system. Overall, a sizeable increase in life expec-
tancy has been made. Thus, loading of transformers using
Insuldur insulation seldom is restricted by thermal effects.

Voltage Limit—While this was going on, the voltage
limit on loading also was being attacked. The factors af-

fecting voltage drop were relatively well known, but means
of reducing voltage drop without substantially increasing
cost were difficult to find. With the aid of improved mag-
netic materials and new winding techniques, however, the
average transformer impedance was reduced from 2.5 per-
cent in 1950 to 1.8 percent in 1960. Some 40 percent more
load could then be carried with the same vcltage drop.
While this was a significant achievement, further reduction
in impedance was desirable, to be consistent with the in-
creased thermal capability. At the time, however, no
economic method was apparent.

Economic Limit—A review of the literature when the
study was begun revealed that surprisingly little informa-
tion on the economics of distribution transformer loading
had been published, so a campaign was initiated to stim-
ulate interest and publication of articles dealing with this
subject. While a number of excellent articles have since
appeared, certain areas need further exploration:

1. The actual nature of the distribution load, particu-
larly the shape of daily, seasonal, and annual load cycles.
More extensive information on typical load and loss fac-
tors of these cycles, and on rates of load growth, would
assist greatly in designing more economical transformers
and systems. The advent of magnetic tape load-survey re-
corders and computers of adequate capability have made
the collection of such data practical. Westinghouse and
several major utilities have collaborated in a large-scale
survey, and are now analyzing the results.

2. Some difference of opinion exists among utility men
regarding the most realistic method of establishing demand
changes for load losses, and on how to evaluate the effect
on operating costs of changes in transformer impedance.
These differences can, and should, be reconciled through
concerted action by the utilities.

3. Some economic studies of distribution transformer
design have treated the transformers as discrete circuit
elements. Others have considered them as part of an op-
timized system. The system approach seems likely to be
most desirable as a guide for new construction, but it
seems appropriate to consider the transformers separately
in formulating operating policies for existing systems. A
problem is presented to the transformer designer because
the two techniques do not necessarily yield the same
conclusions.

While some uncertainties in these areas remain, the
economic picture was clarified sufficiently to permit the
development of a method of calculating comparative oper-
ating costs of different designs, which has received wide
acceptance in principle. This method was used in the
following analysis.

origin of the 65-degree rise idea

The losses in a distribution transformer are usually con-
sidered in two categories—no load losses, and load losses.
The no load, or iron losses, are essentially constant in a
given transformer; i.e., they do not vary with loading.
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Fig. 1 The effect of change in loss ratio on the cost of losses
and the total annual operating cost.

Load or copper losses, however, are I?R losses, and there-
fore increase with the load on the transformer.

In transformer design, each of these losses can be altered.
For example, by increasing the amount of iron, the no-load
losses can be reduced, and by increasing the amount of cop-
per, the load losses can be reduced; however, these steps
both increase the cost of the transformer. Thus, obviously,
any changes in transformer design must be weighed care-
fully from the standpoint of first cost, and operating costs.

While distribution transformer losses have been substan-
tially reduced over the years, the ratio of load loss to no-
load loss has remained at a value of about 3 to 1. However,
if total loss and selling price are held constant:

1. A reduced loss ratio reduces operating cost at any
load above a “breakeven load”; the magnitude of this
breakeven load is determined solely by how the operator
evaluates losses. (See Figs. 1 and 2.)

2. In load ranges somewhat above those commonly in
use, but practical for modern transformers, and with com-
monly used values for cost of losses, a loss ratio of 2 to 1
would result in substantially lower operating costs than the
prevailing ratios of 3 to 1 or higher.

3. In effecting a reduction in loss ratio, a reduction in
impedance would also be practical, thus further relieving
the voltage limitation on loading.

The study leading to these conclusions also showed that
development and early production of transformers with a
substantially reduced loss ratio, without a price increase,
could be justified only if some means were found to reduce
manufacturing costs. To summarize:

1. Full advantage of the improvements made in thermal
capability could not be taken, in most cases, because of the
voltage and economic limits on loading.

Photo Various sizes of the new LL-65 transformer are shown
here as they are being readied for shipment.

Fig. 2 These curves show the effect of loss cost components
and loss factor on breakeven load.
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Table | COMPARISON OF CONVENTIONAL, HL-65 AND LL-65 TRANSFORMERS (15 kva 7200 v 120/240)

: ] Conventional | HL-65 LL-65
Rise, Degrees C | 55 Degrees C | 65 Degrees C ! 65 Degrees C
Ratio Losses—Copper/lron - . 3/1 2/1 ’ 2.5/1
Nameplate Kva. ... ... .. . o . 15 15 | 15
Losse;_GuaranEeed G2 L R G YR 75 degrees C » 85 degreesVC i 85 degrees C
APPLICATION LIMITATIONS |
1. THERMAL / ‘ e

. /Normal. ... : - el 30 kva 30 kva | va
Bleakel Tfip |Emergency ... .. e 33 kva 33 kva | 33 kva
Signal Light. .. . e G | 21 kva 25 kva 25 kva
2. VOLTAGE
Impedance. 2 percent at 1.6 percent at 1.7 percent at
75 degrees C 85 degrees C 85 degrees C
3. ECONCMIC
Signal Light . By % B v ) T 21 kva 25 kva 25 kva

Watts Iron Loss. .
Watts Copper Loss .
Watts Total. ..

FIRST COST.......
EVALUATED COST

|

90 at 25 degrees C )
255 at 75 degrees C | 230 at 85 degrees C ' 206 at 85 degrees C

345 at 75 degrees C | 345 at 85 degrees C |

. |

l

100 percent
100 percent

115 at 25 degrees C | 83 at 25 degrees C

289 a£85 degrees C
190 percent
Lower at any load*

_93 percent

Lower at annual
loads above break-
even value*

;Amount of cost reduction depends on utilities' loading practice and evaluation of losses and impedance.

2. A reduced loss ratio would relieve both voltage and
economic limits.

3. Some means of reducing manufacturing cost was nec-
essary to justify the introduction of a new line of trans-
formers with reduced loss ratio.

A way out of this impasse seemed to be the development
of a new transformer with 63-degree C rated-load rise and
a 2 to 1 loss ratio. By reducing the need for fins and tubes
for supplementary cooling, the higher temperature rise
would reduce the manufacturing cost of most ratings. By
relieving the economic and voltage limitations on loading,
at little or no reduction in thermal capability, the trans-
former would achieve well-balanced load limits. The price
of this transformer could be held at thelevel of previous trans-
formers and might be reduced when in volume production.

Such a transformer, called the HL (for high-load) 65 was
developed, and a limited number of ratings offered on a
trial basis. This transformer was more economical than the
previous 55-degree unit when operated at above 42 percent
annual average load. Reactions of the utility companies
were varied. Some, after careful study, found the new de-
sign highly desirable. Others, however, were in areas
where the low loss factor of the annual load cycle reduced
the value of load loss, relative to that of no-load loss, or for
other reasons assigned unusually high value to no-load
loss, or low value to load loss. Naturally, the latter com-
panies did not approve of the reduced loss ratio, since the
critical load at which it would result in lower operating
costs seemed impractically high (Fig. 2).

Since it was not practical to manufacture two different
complete lines of transformers, after further analysis a
different approach was selected. In the new design, savings
effected by the change to 65-degree rise were uscd to reduce
load loss and impedance, without the increased no-load loss
of the HL65 (see Table I). This has been designated the LL
(for low loss) 65. Here, then, was a design that would effect
important reductions in operating cost, regardless of how
heavily it was loaded or how loss costs were evaluated. A
typical case is shown in Fig. 3. Cost studies, using informa-

tion furnished by utilities, show that the new transformer
will reduce operating costs, over the years, by an amount
equivalent to 10 to 15 percent reduction in first cost.

design problems

Since the adoption of a 65-degree rated-load temperature
rise was the key to significant improvement in operating
economy, it was necessary to make sure that the proposed
LL65 design would be satisfactory in all other respects.
This involved a review of the effect of the design changes
on life expectancy, fire hazard, and resistance to external
short circuits, and the establishment of new criteria for
guaranteeing losses and calibrating CSP signal lights.

Life Expectancy—For a transformeron a given load cycle
this is dependent, primarily, on the thermal endurance of
its insulation system and on the temperatures developed by
the load. The Insuldur insulation system has equal or
greater life expectancy than conventional insulation, at
temperatures ranging from 10 to 30 degrees C higher.
But if a conventional transformer were given a 10 degree
increase in temperature rise at rated load by removing
cooling surface, with no other change in design, the in-
crease in temperature on overloads would be substantially
more than 10 degrees. Consequently, such a transformer,
even if provided with Insuldur insulation, might have less
than normal life expectancy when overloaded.

At overload, the temperature developed is primarily
dependent on the loss ratio and on the ratio of hot-spot
copper temperature rise 1o oil temperature rise at rated
load, which might be called the ‘“‘rise ratio.”” By reducing
both the loss ratio and the rise ratio, the effect of load on
temperature rise can be reduced substantially, as indicated
in Fig. 4. In the LL63, these ratios have been reduced so
that, at any load, its life expectancy is equal to, or greater
than, that of a conventional 55-degree-rise transformer.

Fire Hazard—The resistance of Wemco Cl oil to degrada-
tion by temperature is so great that it imposes no practical
limit on loading. However, to minimize fire hazard, oil tem-
peratures have been limited to less than the flash point of
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the oil. To permit loading the LL65 transformers to equal
or higher levels than conventional transformers, a new oil
with a higher flash point was developed. Inall other respects,
this oil can be used interchangeably with conventional oil.

Short-circuit Strength—The relatively low impedance of
the LL65 transformers means that they may be called upon
to withstand higher short-circuit currents than convention-
al units. More compact windings that are better balanced
electromagnetically, extended use of wide-strip conductors,
and improved adhesive materials, provide adequate
strength to resist faults likely to be encountered in service.

Loss Guarantees—Since the load loss and impedance of a
transformer vary with the temperature of its windings,
they must be guaranteed at a specific winding temperature.
For transformers with S55-degree C rise, the guarantee
temperature has been standardized at 75 degrees C. This
seems logical, since it means that, at rated load and 20
degrees C ambient temperature, the actual load loss and
impedance will not exceed the guaranteed values.

Applying the same logic to transformers with 65-degree
C rise, these temperature-sensitive characteristics should
be guaranteed at 65 plus 20, or 85 degrees C. The impor-
tance of this change in the guarantee temperature can be
seen from an example.

Suppose an LLO6S design has a load loss of 180 watts,
guaranteed at 85 degrees C, and the conventional design it
replaces had a load loss of 200 watts, guaranteed at 75
degrees C. Then, under the conditions of rated load and 20
degrees C ambient temperature, the LL65 unit will have 20
watts, or 10 percent, less load loss—a typical situation.

However, if the LL6S unit had the same 180 watt loss
guaranteed at 75 degrees C, instead of 85 degrees C, then
its load loss, under the same load and ambient conditions,
would have been 186 watts, or 6 watts higher. Thus the
actual loss reduction, compared to the conventional unit,
would have been only 14 watts, or about 7 percent. In
other words, had the loss guarantee temperature of the
LL65 not been increased to 85 degrees C, about one third
of the loss savings indicated by the lower guarantee would
not have been realized in service.
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Signal Lights— The signal light provided in CSP trans-
formers is widely used as a means of indicating when the
load on the transformer has reached its economiclimit. But
the reduced operating costs of the LL65 mean that its eco-
nomic load range has been moved upward. Consequently,
signal light calibration has been changed to reflect the
greater economic loadability of the LL65, as shownin Fig. 5.

summary

Maximum return on electric utilities’ investment in dis-
tribution transformers is realized when units are loaded as
heavily as thermal, voltage, and economic limits permit.

In the LL6S transformers, a 65-degrec C rated-load
temperature rise has made practical a significant reduction
in load loss and impedance, with equal or lower no-load
loss. This improved balance of operating characteristics in-
sures substantial economies on any electric utility system,
whether it is used to reduce costs with conven-  westingnouse
tional loading or to improve return on invest- ENGINEER
ment with heavier loading. Mar. 1962
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PITTSBURGH AUDITORIUM ROOF DRIVE SYSTEM A reactor-
controlled drive moves the retractable roof segments.

A. J. BAESLACK

J. G. PETERSEN, JR.

Systems Control Department
Westinghouse Electric Corporation
Buffalo, New York

The new Pittsburgh Auditorium is the key structure in
the redevelopment of the city’s Lower Hill District. It
occupies a 20-acre site that includes a parking area and
mall, and it is built to serve the year around as an auditor-
lum, exhibition center, convention hall, sports arena, ice
rink, and open-air amphitheatre. It seats 7000 to 13 500
people, depending on the event being staged.

What makes the building different from any other large
auditorium is its retractable domed roof, which permits
conversion of a weatherproof auditorium into an open-air
stadium in 214 minutes. The hemispheric dome is ap-
proximately 417 feet in diameter and rises 109 feet at the
center with no interior supports. It is divided radially into
eight 45-degree sections, or leaves—six movable and two
fixed. Each 300-ton movable leaf is supported at its base
on motorized trucks, the wheels of which rest on steel
rails. At the crown, the leaves pivot on spherical bearings
supported by a cantilever space frame outside the dome.

Slight differences in radii permit the six movable leaves
to move on concentric rails, three clockwise and three
counter clockwise. In the open position, they nest over the
two fixed sections, or bottom leaves. The two outermost
leaves are called the top leaves, the next two the upper
intermediate leaves, and the next the lower intermediate
leaves. They will be referred to by these names.

Each movable leaf has a WK?, about the vertical axis
through the pivot, of 13.5X 10° pound-feet squared. At the
rail, vertical and horizontal dead-load reactions are 596 000
pounds and 350 000 pounds respectively.

drive requirements

The auditorium’s designers specified a roof drive that,
when actuated by a pushbutton, would start the movable
leaf pairs in sequence and move them to the open position
so that they arrived in 214 minutes and stopped precisely
when nested over the bottom leaves. The roof was to close
in the same elapsed time when another button was pressed.

Roof operation was expected to be infrequent—prac-
tically no operations for 8 or 9 months and once a day or
less during the rest of the year—yet reliable operation was
highly important. The system also had to be completely
fail-safe, have provisions for rapid trouble-shooting, and
require little maintenance.

Side thrusts on the cantilever space frame had to he
balanced during opening and closing, so precise position
regulation was required of the two leaves in each movable
pair. Speed regulation was needed to insure that all six
sections would start at essentially the same time and reach
their destinations in the specified time and also to prevent
separation of the trailing edge of any leaf from the leading
edge of the succeeding leaf.

The possibility of sudden storms required that the in-
stalled drive capacity be capable of closing the roof in
214 minutes against a 45 mile per hour wind exerting an
opposing force of 4000 pounds on a leaf edge. Further, the
drive had to be operable in a 60 mile per hour wind exerting
an opposing force of 8000 pounds; however, there was no
specified operating time under this extreme wind condition.

drive selection and description

Because of the highly intermittent nature of this appli-
cation, an ac reactor-controlled drive employing squirrel-
cage induction motors was chosen. Most industrial mate-
rial-handling applications using reactor control for ac motors
require wound-rotor induction motors so that the repeti-
tive power losses at low speeds can be dissipated in ex-
ternal rotor resistors rather than in the motor itself. Ior
the roof drive, however, intermittently rated squirrel-cage
motors with sufficient thermal capacity to absorb the
losses are practical because there is opportunity for the
motors to cool between operations. Elimination of slip
rings, brushes, and commutators and use of static reactors
reduces maintenance and improves reliability.

A simplified diagram of the drive system for one leaf is
shown in Fig. 1. Five gearmotors, each having a circuit
breaker for short-circuit protection, are connected in par-
allel. One line contactor and a single set of forward and re-
verse reactors control all five motors. A magnetic amplifier
controls the reactors and thereby the motors.

Motor speed is set by a reference voltage signal from the
rectified output of a rotary transformer acting through
the magnetic-amplifier regulator. A pilot generator mea-
sures the actual leaf speed and feeds a voltage signal back
to the regulator. If the pilot generator voltage differs from




Photos The new Pittsburgh Auditorium (bottom) is roofed by
a sectional dome that can be opened (right) to convert the
auditorium into an open-air amphitheater. The six movable roof
sections are driven and controlled by an ac system that can
open or close the dome in 2'2 minutes. The sections are sup-
ported by motorized trucks.

Fig.1 (Below) The basic elements of the ac reactor drive and
control system for one follower leaf of the dome are shown here.
The position error detector matches the leaf's position to that
of the master leaf in the pair. The contro! system for the master
leaf is identical except for having no position error detector.
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the reference voltage, the regulator adjusts the reactors and
brings motor speed back to the value set by the reference.

The rotary transformer’s voltage depends on the angular
position of its rotor, which is driven by a small dc motor at
a controlled rate from one position to another. When the
rotor is in the starting position, output voltage is low. As
the rotor turns from starting position to running position,
the reference voltage increases gradually to the full-speed
running value. The leaf accelerates smoothly and moves
down the track at regulated speed until it reaches a slow-
down zone. The rotary transformer then is turned back to
low voltage to decelerate the leaf, which runs at slow speed
until a limit switch cuts off power and applies the brakes.

Each leaf has its own drive, but opposite leaves operate
in pairs. One leaf in each pair is a master leaf and has the
speed regulator just described. The other is a follower and
has a combination speed and position regulator to match
its position to that of the master leaf.

Each leaf has a position synchro unit geared to it to give
a voltage signal proportional to the position of the leaf.
A position error detector compares the signal from the
follower position synchro with the signal from the master
position synchro. If there is a difference, the error detector
feeds a signal into the follower leaf regulator to accelerate
or decelerate the leaf. This regulates the leaves with respect
to each other well within the 10-foot error allowed.

equipment

Five integral right-angle gearmotors drive each leaf
(Figs. 2 and 3). Motor ratings are 25 horsepower each for
the top leaves, 20 horsepower each for the upper interme-
diate, and 15 horsepower each for the lower intermediate
leaves. The squirrel-cage NEMA D high-slip motors have
the current and torque vs. speed characteristics shown by
curves 4 and B of Fig. 4. These characteristics provide

GEARMOTOR

ROLLER CHAINS

maximum starting torque per kva of inrush current and are
well suited to the requirements of a reactor-controlled
system. Passing cooling air through the motors would be of
little benefit during the short operating time, so totally en-
closed nonventilated motors are used to minimize main-
tenance. The gearmotors drive the wheels through chain
and sprocket drives.

Magnetic disk brakes are mounted on each motor. Acting
through the gear and chain speed reductions, they exert a
total force of 20 500 pounds at the rail for each leaf.

An additional braking force of 20 500 pounds is provided
by brake units geared to five undriven wheels of each leaf.
These consist of magnetic disk brakes and right-angle gear
units identical to those of the gearmotors. One brake unit
on each leaf has a shaft extension and drives the speed-
regulating system pilot generator, an ac inductor unit that
does not have brushes nor slip rings (Fig. 2).

All brakes are electrically released and spring set so that
they are applied if power fails.

The saturable reactors that provide torque and speed
control have series-connected ac windings for minimum
time delay. This insures fast response and good stability.

Two-channel single-stage magnetic amplifiers excite the
saturable-reactor windings. Voltage matching of the rec-
tified pilot generator output to the reference voltage is em-
ployed, rather than magnetic field matching, to permit use
of the least possible number of control windings on the
magnetic amplifier and minimize its time delay.

This regulating system provides approximately 9 percent
of synchronous-speed drive regulation from no load to full
load at maximum speed and 7 percent at minimum speed.
Curves D and E of Fig. 4 show these characteristics. Curve
C shows the unregulated inherent characteristic of the
motor with the reactor saturated. Curve D is selected as
the maximum designed speed characteristic so that regula-

BRAKE UNIT

PILOT GENERATOR

FLANGED WHEELS

50

TRACK RAIL

Fig. 2 (Above) Five drive trucks support each leaf. Each truck
has a gearmotor and a brake unit connected to the wheels by
roller chains. One brake unit on each leaf, shown here, drives a
pilot generator that feeds a voltage signal to the leaf's speed-
regulating system. The regulator compares the signal with a
reference voltage and corrects motor speed, if necessary, to
maintain desired leaf speed.

Fig. 3 (Right) The integral right-angle gearmotors and brake
units are shown with cover panels removed.




tion range is available for position regulation of the fol-
lower leaf in the pair.

The breakaway torque for the 8000-pound wind load
condition exceeds the maximum torque capability of the
top-leaf drive with the reactors saturated (curve C), but it
is less than the motor capability at rated voltage {(curve B).
To start under this condition, the close reactors are shorted
by contactors controlled by a Maximum-Torque push-
button to provide full-voltage starting. The other leaf
drives have proportionately higher torque capacities and
do not require this feature.

The position synchro units are two-pole wound-rotor in-
duction motors with three-phase stators and two-phase
rotors. A synchro unit is driven from one idler wheel on
each leaf through gearing that establishes 90 mechanical
degrees of rotor rotation for each 13.5 feet of leaf travel at
the track. The position error detector circuit employs four
phasing transformers, resistors, and rectifiers to add the
synchro voltages vectorially to produce an error signal.

The main control console is located in the auditorium
master control room at the top seat level, under the sta-
tionary leaves (Fig. 5). Another control station is provided
in the basement with the control cubides.

The main console has pushbuttons for Reset, All Open,
All Close, Minimum Speed, Open Leaf Pairs, Close Leaf
Pairs, and Emergency Stop. It also has all the other control
and indicating devices needed for normal operation, in-
cluding leaf position indicating lights, meters to indicate
the position differential error for each pair of leaves, a
local-remote transfer switch with a neutral lockout position
to prevent operation from either location, manual and
automatic fault-finder equipment to monitor 49 circuits
for malfunction, and a motor overload indicating light.

The basement station includes all of the above controls
with the exception of the position lights, fault finders, and
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Fig. 4 Motor and load characteristics for a 25-horsepower
top-leaf drive motor rated at 34 amperes full load are shown.

transfer switch. It permits maintenance men to check leaf
operation while observing the functioning of the compo-
nents in the control cubicles.

operation

Depressing the Reset pushbutton prepares the control
circuits for operation through AU-Open, All-Close, Mini-
mum-Speed, Open-Leaf-Pairs, and Close-Leaf-Pairs push-
buttons. When the A4-Open button is held down, control
for full-speed operation is initiated. The top leaves main
contactors close to energize all top-leaf motors, and brake
contactors close to release all top-leaf brakes. The starting
of the other two pairs of leaves is delayed to keep the
motor inrush kva within the capacity of the power system.

When the top leaves reach 70 percent of full speed, the
upper intermediate leaves start and accelerate to full speed.
(If the top leaves fail to reach 70 percent of full speed, a
timing relay overrides the speed-sequence start function
and starts the upper intermediate leaves.)

When the upper intermediate leaves reach 70 percent of
full speed, the lower intermediate leaves start and acceler-
ate to full speed. (Again, if the upper intermediate leaves
fail to reach 70 percent of full speed, a timing relay starts
the lower intermediate leaves.) The leaves operate until the
slow-down limit switch is tripped near the full open posi-
tion. Decelerating torque is applied to bring leaves to
minimum speed (1£ of full speed). At the full open position,
the motors are de-energized and all brakes are set by a
limit switch. Pilot lights on the operator’s control console
indicate the fully open position of all leaves.

Minimum-speed pushbuttons permit operation of the
leaves to any desired point on the track for maintenance.
Other maintenance pushbuttons operate the leaf  westinghouse
pairs independently, and jog buttons permit ENGINEER
operation of each leaf at minimum speed. Mar. 1962

Fig. 5 The roof drive's main control console provides complete
control and monitoring equipment for the system operator.
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VOLTAGE SURGE SUPPRESSORS FOR SILICON RECTIFIER
PROTECTION A static semiconductor device provides a shunt
path for safely dissipating destructive transient overvoltages.

I. R. SMITH
General Purpose Control Department

Westinghouse Electric Corporation
Buffalo, New York

E. T. SPIRES

Management Development and
Compensation Services

Westinghouse Electric Corporation

Pittsburgh, Pennsylvania

The advent of silicon rectifiers a few years ago opened
a new era in power rectification because of their small size,
high efficiency, absence of aging, excellent regulation, and
other desirable characteristics. Unfortunately, however, the
monocrystalline silicon cells are easily damaged by tran-
sient voltages that exceed their peak reverse voltage (prv)
ratings. This characteristic can be troublesome, although
it by no means negates the advantages of silicon cells.

It was first thought that transient problems could be
prevented by using silicon cells with prv ratings about four
times the applied rms voltage. This has worked reasonably
well in some applications but obviously is of no help if a
transient of 10 times normal voltage occurs, as can easily
happen. The prv ratings could be increased to a level that
would withstand all possible surges, but cost would make
this solution uneconomic.

The next approach was to use cells of fairly high prv
rating—about four times the input rms voltage—in con-
junction with some means of protection that bypasses the
surge current and thereby places a ceiling on (or “clamps’)
the surge voltage at some point below the rectifier cells’
prv ratings.

Resistor-capacitor networks have been used in this way
with good results. Failures still occur, though, usually be-
cause the surge energies have been underestimated. The
network itself may cause trouble, if the capacitors are large,
because of the high inrush current that appears when the
circuit is energized.

Nonlinear resistance shunts of silicon carbide also have
been used, but the resistance change as a function of ap-
plied voltage is not always sufficient to give the needed
protection.

Far more reliable shunt protection, with a minimum
amount of equipment, is provided by the new Voltrap
semiconductor surge suppressor. This device is often used
solely to eliminate silicon-device field failures caused by
transient overvoltages. In addition, it can sometimes re-
duce system cost by permitting use of lower prv-rated
silicon devices. For example, one 230-volt dc power supply
having an ac input to the rectifier of about 200 volts con-
tained silicon diodes rated at 800 volts prv. Adding a 210-
volt suppressor with a clamping voltage rating of 525 volts
made it possible to replace the original diodes with diodes
rated at 600 volts. (Clamping voltage is defined as the
maximum instantaneous voltage that appears across the
surge suppressor at its rated discharge current.)

causes of voltage surges

Any energy-storing circuit that can be switched is a po-
tential source of voltage surges. Probably the meost trouble-
some cause is interruption of the primary supply to a recti-
fier transformer at no load. If the transformer magnetizing
current is interrupted at its peak, the silicon rectifier may
be subjected to a transient voltage up to ten times the
secondary voltage of the transformer. Again, on closing the
primary circuit at the peak of the voltage wave, a double
voltage transient can appear on the secondary winding con-
nected to the rectifter.

Another common source is the energy stored in reactance
on the ac side of a rectifier if the dc load is suddenly in-
terrupted. Rectifier welders are a good example of devices
that are subjected to this type of operation. If the react-
ance is on the load side, a voltage surge may occur when
the input circuit is energized.

Magnetic loads, such as chucks or magnets, are fre-
quently demagnetized by reversing the dc supply. The
magnet cannot discharge in the high-resistance direction
of the power rectifier, so a current path must be provided
to prevent an overvoltage across the rectifier with possibly
damaging consequences.

If unprotected Trinistor controlled rectifiers are sud-
denly shut off while feeding an inductive load, they receive
an overvoltage in the forward direction. Other sources of
overvoltage surges include disturbances on the power sys-
tem supplying a rectifier, induced lightning discharges,
rectifier commutation, and rectifier recovery current phe-
nomena. Different types of overvoltage, far more prolonged,
are the transients resulting from the sudden change in field
strength of an adjustable-speed motor, from an overhauling
load, and from synchronous motor starting.

Sometimes the source of the transient is not at all ob-
vious, especially in complex control circuits. The transient
may be so fast that it cannot readily be detected, even with
an oscilloscope. The only evidence of its presence is the
failure of the silicon cells.

the Voltrap surge suppressor

The Voltrap surge suppressor is a static, variable-
resistance, semiconductor device that provides a relatively
low-resistance shunt path for dissipating the energy of
overvoltage surges. It is essentially one or more selenium
cells specially processed for sharp reverse breakdown char-
acteristics similar to the avalanche (or Zener) breakdown
characteristic of silicon rectifiers.

This is a new concept in selenium cell technology in that
it puts to use what, in rectifier service, is only a detriment
—the reverse resistance characteristic of the cell. Control-
ling and utilizing this property required engineering and
manufacturing development along distinctly atypical lines.
The development of the Voltrap surge suppressor is thus a
substantial extension of selenium cell technology.
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Fig.1 Hardly any current flows through a Voltrap surge sup-
pressor at rated steady-state voltage. Above this point, a large
current flows with little increase in voltage. This bypassing of
the surge current imposes a ceiling on the surge voltage safely
below the ratings of the silicon cells being protected. (The curve
is plotted in instantaneous values.)

Fig.2 (Bottom) One Voltrap surge suppressor protects the six
silicon diodes in the three-phase main rectifier bridge of this
50-kw rectifier power supply. The suppressor is a polarized
unit rated at 10 amperes discharge current. For the application
illustrated here, the surge suppressor is connected as a three-
phase bridge.

Fig. 3 (Right) Special selenium cells are stacked to make a
Voltrap suppressor. The open construction permits sparks to
clear if the unit is subjected to overvoltages far beyond its rat-
ing. This construction also helps dissipate heat, reducing
steady-state temperature rise and increasing the unit's energy-
absorbing capability for repetitive surges.

The suppressor has two modes of operation. Normally,
connected across a steady-state ac or dc voltage, its resist-
ance to current flow is quite high and losses are insignifi-
cant. When an overvoltage occurs, the suppressor’s resist-
ance is drastically reduced. It is able to pass a large amount
of current in this mode, thus holding the surge voltage to
a safe predictable level. The change in resistance between
the two modes of operation for a suppressor rated at 2
amperes, 30 volts rms, for example, is from approximately
6000 ohms at the steady-state condition to 37.5 ohms or
less when discharging a surge current.

The volt-ampere characteristic of a nonpolarized sup-
pressor (one that accepts surge currents of either polarity)
is shown in Fig. 1. At rated steady-state voltage of 30 volts
rms (42.4 volts peak), hardly any current flows through
the suppressor. As the applied voltage increases above the
steady-state point, the curve bends sharply and the sup-
pressor begins to pass large amounts of current without
much increase in voltage. From roughly 10 percent to 100
percent of rated current—a 1000 percent change—voltage
increases only about 15 percent. Discharge current ratings
are so chosen that there is a substantial margin between
the clamping voltage and the cell sparkover point.

When a surge voltage is applied to a Voltrap suppressor,
current flows through it with no observable delay. The
variable-resistance characteristic of the suppressor is en-
hanced by an appreciable amount of inherent capacitance,
so that on a steep wave front the initial current is the
charging current of the suppressor capacitance. As this
current reaches maximum and starts to decay, the dis-
charge current continues through the suppressor resistance.
This effect has been observed on voltage rise rates up to
100 volts per microsecond. Clamping voltage at rated cur-
rent is unchanged over the normal range of operating cell
temperature, say from 0 degrees C to 100 degrees C.

SPRING CONTACT TERMINAL
SELENIUM CELLS

INSULATING
WASHER

T
M
T

|

L L

WL L L L L i i

BOLT INSULATION

ALLOY COATING

%‘%r

INSULATING SPACER CONDUCTING SPACER

53



H

4

k-

3

| =+

The basic design of the unit assemblies is shown in Figs.
2 and 3. All cell surfaces are exposed to assure clearing of
sparks that may occur if the unit is subjected to a discharge
far beyond its rating. (It would have heen cheaper, at least
for the smaller sizes, to stack the cells solidly. This would
leave no way for a spark to clear, however, and shorting
could result on large overvoltages.)

The open construction has the additional advantage of
better cooling, which reduces steady-state temperature rise
and increases the unit’s energy-absorbing capability for
repetitive surges. Also, the spring contacts against each
cell surface give constant contact pressure at all times,
regardless of temperature changes.

circuil applications

Voltrap suppressors are designed for both polarized and
nonpolarized operation. The nonpolarized type clamps
surge voltages of either polarity. Thus, a single-element
suppressor can be used across the ac input to a single-phase
bridge rectifier as shown in Fig. 4. This protects against
surges originating anywhere in the ac supply to the rectifier.

For a three-phase circuit, a three-element (delta-con-
nected) nonpolarized suppressor can be used as shown in
Fig. 5. Again it protects against surges from the ac lines.

Polarized suppressors, which clamp surge voltages of
one polarity, are used to protect rectifier cells against
surges from both ac and dc circuits. A Voltrap suppressor
unit connected as a single-phase bridge and protecting a
single-phase rectifier bridge is shown in IFig. 6. Only four
connections have to be made. A three-phase rectifier
bridge can also be protected by a single suppressor, as
shown in Fig. 7, with only five connections.

Silicon controlled rectitiers require protection in both
directions, so nonpolarized suppressors must be used. A
single-phase bridge of controlled-rectitier cells is protected
by a four-element nonpolarized suppressor as shown in
Fig. 8. It is applied as a unit, with only four connections.

Four- and six-element suppressors are not built in single
units in some of the higher voltage ratings because they
would be excessively long. Instead, two-element units are
employed to make up the bridge connections as shown in
Fig. 9. The units may be either polarized or non-polarized.

application factors and ratings

Correct selection of a surge suppresser requires a knowl-
edge of four factors:

a. Maximum applied rms ac voltage.

b. Maximum surge discharge current.

c. Clamping voltage at maximum discharge current.

d. Energy of surge and rate of repetition.

Figs.4and5 Nonpolarized surge suppressors are shown pro-
tecting, respectively, a single-phase and a three-phase bridge
rectifier against surges in the ac supply lines.

Figs. 6 and 7 Polarized suppressors can be applied as shown
here to protect single-phase and three-phase rectifiers against
voltage surges from both ac and dc circuits.

Fig.8 A nonpolarized suppressor affords protection in both
directions for silicon controlled rectifiers.

Fig.9 In the higher voltage ratings, two-element Voltrap sup-
pressors are combined in bridge arrangements. The dashed
lines in this illustration indicate the user's connections.
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Fig. 10 The amount of surge
energy that can be dissipated
increases with the time interval
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between surges. This relation
is illustrated graphically here

for both polarized and nonpo- ) / Y

larized Voltrap surge suppres- 0.3 7

sors. The graphs are drawn for

30 volts of rms voltage rating; o

values for higher ratings can be " 10 100 1000 1 10 100 1000

found by ratioing the ratings.

Suppressor rms ac vollage ratings begin at 30 volts and
increase in 30-volt steps to 480 volts for standard units.
Special units are supplied for voltages above 480. The
steady-state current that flows at the rated voltage is
typically about five milliamperes per square inch of total
surface area.

The maximum current lo be discharged is often difficult
to determine. For the most common and troublesome case
—interruption of transformer magnetizing current with
no load on the rectifier—the following relationship gives
a conservative value for the required surge-suppressor
current rating:

Discharge amperes =0.7 X (secondary full-load ac
amperes) X K,
where K is percent magnetizing current.

For example, a 2-kw 125-volt dc rectifier operating from

single phase with 10 percent magnetizing current would

have a secondary full-load current of approximately
2000

1.2X 125 = 19.2 amperes. The required suppressor rating
then is 0.7X19.20.10=1.34 amperes.

If percent magnetizing current is not known, it may be
estimated from the following table with sufficient accuracy
to apply Voltrap surge suppressors:

Transformer Rating Magnetizing Current
(kva) _ (percent)
less than 1 15
1to5 10
5to25 5
above 25 2

When the unit must handle the stored energy of a mag-
netic load, its current rating should be about half of the
continuous dc load current rating.

Discharge currents considerably higher than the listed
ratings can be dissipated safely if pulse duration and rate

OFF TIME—SECONDS

OFF TIME—SECONDS

of repetition are properly limited. For example, a pulse
of 250 percent of rated discharge amperes, having a width
of 25 milliseconds, can be dissipated if it is not repeated for
at least 90 seconds. A pulse width of 10 milliseconds at 400
percent of rated amperes can be dissipated, again with 90
seconds off time. At these higher currents, however, the
rated clamping voltage may be exceeded.

Clamping voltage ratings are in two grades. Grade C sup-
pressors clamp at a voltage not more than 2.5 times the
rated rms voltage of the unit. Thus, a 210-volt Grade C
unit clamps at 525 volts. This provides ample protection
for a diode rated at 600 volts prv. Grade A suppressors
clamp at not more than 2.8 times the rms voltage rating;
a 210-volt Grade A suppressor, for example, clamps at
about 585 volts.

The clamping voltage rating selected should be safely
below the prv rating of the silicon cell being protected.
The greater this margin, the greater the safety factor
against possible discharge currents above the rating of the
suppressor. The suppressor should be placed physically ad-
jacent to the diodes being protected to keep the leads as
short and direct as possible.

The surge energy that can be dissipated by the Voltrap
suppressor obviously is greater for surges occurring once
an hour than for surges occurring once a second. The rela-
tion between the surge energy that can be dissipated and
the time that should elapse between surges is illustrated in
Fig. 10. The figure shows, for example, that a nonpolarized
30-volt suppressor having a discharge rating of 40 amperes
can dissipate surges of 100 watt-seconds if the off time
between surges is about 30 seconds. Values for higher
voltage ratings are obtained by ratioing the rms voltage
rating. Thus, for the same 30-second off time, a  westinghouse
210-volt unit could dissipate 7 X 100, or 700, ENGINEER
watt-seconds of energy. Mar. 1962
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Automated machine tools, tape-controlled punches, and
programmed testing have advanced the manufacture of
metal-clad switchgear far from its beginnings thirty years
ago. Developments in electronic data processing equipment
are making possible similar advancements in engineering
design methods. Equipment that is taking much of the
clerical work out of accounting, banking, inventory
control, and scheduling also can contribute to the more
efficient use of engineering talent. The value of human
creativeness demands serious consideration of the possi-
bilities.
melal-clad customer order development defined

Metal-clad equipment is essentially an assembly of pre-
designed components. Two typical units are shown in Fig.
1. Each started with the same steel housing, and was
equipped with bus, current transformers, switches and
breakers which were already designed. In fact, many of
these parts were in stock long before the order was received.

Customer order development engineering consists of in-
terpreting the customer’s requirements in manufacturing
terms, and providing the customer with information about
the equipment he will receive.

The abilities essential to this work are an understanding
of power switching and equipment protection. The engi-
neer must determine short-circuit current to select the
proper breaker interrupting capacity. He must understand
transients as found in motor inrush currents or voltage
surges. And, he must properly apply the equipment ac-
cording to these electrical phenomena.

The draftsman interprets the engineer’s analysis in
available breakers, units, and components. Each order is
likely to be a unique arrangement of previously designed
parts. The draftsman must know the physical significance
of these parts and distribute them according to certain
practical dictates. For example, meters are best located
at eye level, relays must be accessible for maintenance, etc.

However, in addition to these fundamental decisions,
engineers and draftsmen are presently required to convert
their ideas into completely artificial part numbers and re-
cord them on traditionally established formats. It is these
duties of catalog searching, form filling, and interminable

CONTROL
SWITCH

CURRENT
TRANSFORMER

SHUTTER

MAIN
BUS

redrawing of unchanging outlines on established panel
faces that appear to be the kind of information computers
are capable of processing.

gencral method of parts selection

The ideal computer design program will permit the en-
gineer or draftsman to describe the purchaser’s functional
needs and let the computer select the parts.

Metal-clad parts selection is largely a matter of inevi-
table choice, dependent on conditions of rating, unit appli-
cation, and unit position. Most parts have fixed dimensions
and well defined uses, so that it is possible to code the con-
ditions for their selection. If a switchgear application is
then described with the same coding, the standard parts
can be selected.

Two general methods are available for automatically
producing parts lists—the branching method and the con-
dition-pattern method. In most applications, as in the one
described here for metal-clad switchgear, a combination of
the two systems is the most practical approach.

Both methods are based on the assumption that the
functional or descriptive specifications for a unit of equip-
ment contain all the variable information needed to pre-
pare the parts list. Functional specifications concern the job
the unit is to perform, while descriptive specifications con-
cern the characteristics of the unit.

Both functional and descriptive specifications divide
into what will be called parameters. A parameter has two
or more possible conditions, exactly one of which must
apply in every case.

The differences between the two methods of parts selec-
tion can be readily illustrated by using an automobile for
a hypothetical example. The preparation of a parts list for
this automobile demonstrates the selection process. The
descriptive specification for this automobile example has
three parameters: style, line, and power-pack (Fig. 2). Two
significant facts about such a specification structure are:
(1) All conditions of a parameter are mutually exclusive,
i.e., no two can apply to the same unit; and (2) some condi-
tion of every parameter will apply to each possible unit.
In the example, this means that a specification must in-
clude exactly three conditions, one for each parameter.



Branching Method—This method resembles a trec-like
structure, whose branches represent all pessible conditions
of the parameters (Fig. 3). The parts are placed in the
structure, as near as possible to the base, according to
their use (Table I).

The branching structure can be simplified by merging
branches whose subbranches are identical. For example,
the convertible and station wagon branches (Iig. 3) can be
merged just before the selection of part 9 (heavy-duty
frame). Many other mergers are also possible in this
example.

With the branching method, the number of possible
units is the product of the number of conditions for each
parameter. In the example it is 3X4 X2, or 24.In an actual
application the number of possible units is much larger.
Since each unit has a unique path, the branching structure
can become extremely cumbersome even for computer ap-
plication, and would require expensive programming,
maintenance, and computer time.

Condition-Pattern Method—The condition-pattern meth-
od is the inverse of the branching method: where the
branching method lists the parts required for each set of
conditions, the condition-pattern method lists the sets of
applicable conditions for each part.

Essentially, the condition-pattern structure consists of a
listing of parts; each part will have one or more part palterns
(Fig. 4a). A part pattern contains some or all of the sets of
conditions, coded in binary (0 and 1), which require the
part. Thus, a part pattern exists for each use of each part.
Since the number of condition sets is much larger than the
number of parts, and the condition sets may be efficiently
coded and combined, the condition-pattern structure is
easier to handle than the branching structure.

Part Patterns Table—The first step in applying the con-
dition-pattern method is a listing of part patterns for each
use of each part, as shown in Fig. 4a. This table is prepared
from the information given in Table I. Rules for coding and
combining this list are:

(1) When a parameter does not affect the selection of a
part, 1’s are used for all of that parameter’s conditions.

(2) All patterns for one part are alternates in that any
one is sufficient to select the part. Boolean algebra allows
many such alternate patterns to be combined according to
the following rule: Two patterns for the same part may be
combined if they are the same for all parameters except
one, by placing a 1 in the result for each position that con-
tains a 1 in either or both patterns. For example, the first
two patterns for part 15 (four-barrel carburetor) in Fig. 4a
are the same for line and power-pack, but different for
style. Therefore, they may be combined as shown in Fig.
Sb. The result may not be combined with the third part
pattern because of a difference under fwo parameters, style
and line. The combined list of part patterns in Fig. 4b re-
sults from applying this rule in all possible cases.

(3) If two or more parts have the same set of patterns,
they may be combined and called one part since each is
used only with the other.

Parts Selection—To select parts from a parts pattern
table, an input pattern is prepared for the unit to be manu-
factured. A 1 is placed (in the same format) under the cho-
sen condition of each parameter and a 0 under all other
conditions. For example, the input pattern for a two-door

special without power pack is shown in Fig. 6. To select
parts, the input pattern is matched against part patterns;
a part is selected if all positions which are 1 in the input
pattern are 1 in the part pattern.

A parts list is prepared by starting at the top of the
parts pattern table and proceeding as follows:

(1) Compare the input pattern with the first part pattern.

(2) If the input pattern is contained in the part pattern,
select the part and go on to the first pattern of the next part.

(3) If the input pattern is not contained in the part
pattern, go on to the next pattern.

In actual applications there are many more parameters
than are usually needed for selecting any one part. There-
fore, most of the parameters for a part pattern are 1’s.
Such parameters, or fields, contribute nothing to the selec-
tion of these parts and may be conveniently eliminated if
they occur in blocks such as at the top of Fig. 4b. Such
blocks may be formed by varying the order of parts and
parameters. The fields are eliminated by dividing the parts
pattern table into several tables or categories, each with
its own pattern format. In the example, category 1 would
consist of positions four through seven of the first eight
lines from Fig. 4b. Category 2 would contain the remaining
lines of the table. Then, when searching category 1, it
would be necessary to compare on only four positions in-
stead of nine. Since the condition-pattern method is prac-
tical only on a computer, this field elimination technique is
quite significant. It means that less information is read
into the computer and stored internally, and fewer com-
parisons are necessary.

In the example, the first column of the parts pattern
table contains only part number and name. Actually, it
may contain any information about the part. Some appli-
cations may use only a part number, which will serve as a
key to files containing other information about the part.
Other applications may use such data as part name, cost,
quantity, storeroom or supplier, and routing, along with
part number.

If the class of units breaks easily into subclasses, it may
be advantageous to use a combination of the branching and
condition-pattern methods. In such a combination, one or
two levels of branching serve to break the problem into
subproblems.

application to metal-clad switchgear

Metal-clad switchgear is divided into five major types
according to voltage and interrupting ratings. The
branching method is used to route each order according to
type and the remainder of the processing is then done with
the condition-pattern method.

Coding of Metal-Clad Parts—Parts are accumulated in 17
different categories, based on common parameters. Parts
with similar or related uses tend to appear in the same
category. No category contains more than 36 conditions.
This 36-bit pattern length was chosen to conform to the
word length of the available computer.

Various parts may have the same or different bit patterns
in the 36 condition positions. The breakdown of a typical
coded part description (a current transformer primary bar)
is illustrated in Fig. 7. Bit positions are assigned to para-
meters and conditions that apply to the particular part.
IFor example, positions 7 and 8 define the type of secondary
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winding of the current transformer in Fig. 7. The 1 in po-
sition 7identifies the part asapplicable to a single secondary.
All relevant conditions are specified to develop a part pat-
tern; the irrelevant parameters are filled with 1’s.

Many parameters appear in several categories. How-
ever, it is not necessary that they appear in the same posi-
tion in the code words for different categories. In fact, it is
not necessary to maintain, in any category, all the condi-
tions of a parameter which appear in another category. For
example, category A may require specific rating entries for
200, 300, 400, and 600 amperes. Category B may require
only a single entry for all current ratings equal to or less
than 400 amperes.

Code Word Generation—Input pattern words for selecting
parts from the part pattern catalog are generated through

PARAMETERS CONDITIONS

, Regular
Line | Special
Deluxe

Two-door
Four-door
Convertible
Station wagon

With

Without

|
Style i
Power-Pack !

Fig. 2 Specification structure for automobile example.

Table | USE OF PARTS IN AUTOMOBILES

Part Nymber and Name I Use

Front doors

All cars except convertibles
Rear doors Four-door automobiles

Convertible doors Convertibles

B 1
Station wagon rear doors | Station wagons

T
Two-door body Two-door automobiles

Four-door body | Four-door automobiles
Convertible body | Convertibles

Station wagon body Station wagons
e - 1

olw/vloolslw v -

Heavy duty frame ' Deluxe tine and all convert-

Aiﬂe; and station wagons

10. Regylarfra me

| All cars not using part 9
11. Six-cylinder engine Regular line and two- and
four-door specials

. I §
12. Eight-cylinder engines All cars not using six-cylinder

engine

) B power-pack -

13. One-barrel carburetor ‘1 Six-cylinder engines without
1

14. Two-barrel carburetor Six-cylinder engines with
power-pack and eight-

cylinder without

|

e |

15. Four-barrel carburetor ' Eight-cylinder engines with

| powerpack .
|
i

16. Special trim N Special and deluxe cars

17. Deluxe trim Deluxe cars

LINE

Two-door
parts 1,5

Four-door
parts 1, 2, 6

Convertible
parts 3, 7, 9

Station wagon
parts 1, 4, 8,9

STYLE

Regular
parts 10, 11

Special
parts 10, 11, 16

Deluxe
parts 9, 12, 16, 17

Regular
parts 10, 11

Special
parts 10, 11, 16

Deluxe
parts 9, 12, 16, 17

Regular
part 11

Special
parts 12, 16

Deluxe
parts 12, 16, 17

Regular
part 11

Special
parts 12, 16

Deluxe
parts 12, 16, 17

PCWER-PACK

With part 14

Without part 13

With part 14

Without part 10,13

Witn part 15

Without part 14

With part 14

Without part 13

With part 14

Without part 13

With part 15

Without part 14

With part 14

Without part 13

With part 15

Without part 14

With part 15

Without part 14

With part 14

Without part 13

With part 15

Without part 14

With part 15

Without part 14

Fig. 3 Branching method applied to automobile example.




Power-
pack

4a

Line
Style

Part Number
And Name

1. Front doors

Rear doors

Convertible doors
Station wagon rear doors
Two-door body
Four-door body
Convertible body

Station wagon body
Heavy duty frame

CONOA~WN

10. Regular frame

11. Six-cylinder engine

=00 =000 O 00 O OO0~~~ 0~00 000 ~00 0 oo~ | Two-door
=00 =000 =0 =00 =0 ~~=00 00000 ~0 0 0~ o~o | Four-door
- O OO0~ OO0~ O~ OO0~ 0000 000~ 0O ~ 0 0 O ~ O ooo |Convertible
O =000~ OO0~ =0 OO0~ 0000 0O0O~0O —~ 0 0O 0 —~ 0 O —~oo | Station Wagon

bt it QOO bt 1t OO O bt bt ot ot ot ot od ot ot fd ot ok ot et ok ok o ek ek e et ek e bt e ek et WithOUt

bt et et bt et QOO OO O bt et bt et bt et b e et e b et et e e e et ek et et ok ok ek With

OO Orim ORIt O H-O O O OO OO = s e | Special
—_—_—0 =00 00000 OO0 HOO OO0 OO0 Hit it i s 1 1 = = = s | Deluxe

O 00000 OOO0O0O— OO0 OO0 OO OO OO M M m - - = = 1 | Regular

12. Eight-cylinder engine
13. One-barrel carburetor
14. Two-barrel carburetor
15. Four-barrel carburetor
16. Special trim

17. Deluxe trim

an interpretative program. The designer supplies a func-
tional description of the assembly: This includes such
data as general order information, functional information
on the overall station, and unit descriptions peculiar to
each specific cell. All of this information is coded on
punched cards for input to the computer. The various
types of descriptive input and the technique for defining
the card punching required are illustrated in Fig. 8.

To facilitate changes in the parameter-condition struc-
ture, the computer program for generating code words for
parts selection must be easily modified. This requirement
is satisfied with an input monitoring and control program
that uses a system of modular subroutines. The control
program interrogates input and establishes the sequence in
which the necessary subroutines are executed. Each sub-
routine is independent of both the control program and
other subroutines. A subroutine contributes (to the gener-
ated code words) a binary pattern that represents the
conditions of its associated parameter.

Some input information applies to all cells (units) in a
metal-clad switchgear lineup—for example, voltage, inter-

| |

0 2 $ x
>
4h < - £ 8
S
23

Part Number n = § o= =
And Name 2 2 ° -8 9 § 5 3
g23|[s3 52|58
- - xnollFZOon 55|
1. Front doors it il 1 01 11
2. Rear doors eI 10 1 0 O L |
3. Convertible doors Ll E 10 01 O 3 U |
4. Station wagonreardoors |1 1 1]|0 0 0 1 i e |
5. Two-door body IEEEI |1 0 0 0 14
6. Four-door body 112 1110100 1: %
7. Convertible body 1128110 01 O ; s |
8. Station wagon body NSl 10 0 0 1 j RIS |
9. Heavy duty frame 1 1 1}]10 0 1 1 B |
00 1111100 11
10. Regular frame 1 101111 00 11
11. Six-cylinder engine 100008 1 1 3 S |
010JJj1 100 1 1
12. Eight-cylinder engine 010110011 11
010 1 1 1 1 11
13. One-barrel carburetor 1.0 0841 L X 4 01
0:31 90V 10 010 1
14. Two-barrel carburetor 1/0:0F: 1 1. 1 10
0:10]11 100 10
0. 10]]0 0 X 1 01
00 X111 01
15. Four-barrel carburetor 010]|]0011 10
0'0' 1111 1 % 1 10
16. Special trim 0:1 11K 1,1 1 1. 4
17. Deluxe trim 0'0 T T L 1 11

Fig. 4 (a) List of part patterns (uncombined) for automobile
example. (b) Same part pattern list combined.

Fig. 5 (a) Justification for placing 1's under all eonditions of
irrelevant parameters; (b) combination of first two patterns of
part 15 from Fig. 4a.

100 1000 10
OR 100 1000 01
OR 010 1000 10
OR 010 1000 01
OR 001 1000 10
OR 001 1000 O1
ba = 111 1000 11
5b 1st pattern 010 0010 10
2ndpattern 01 0 0001 10
Result 010 O 11 10
Fig. 6 Input pattern for a P o §a‘§
two-door special without £ g es
power-pack.
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Ta PARAMETER CONDITION CODE BIT POS. R C— 1
Unit width (inches) 20" or 26" (irrel- 1 —_ ’
367 evant) 2 =
Type of current None 0 3 IWESTWGHOUSE tL‘ECMCVM‘UA! [rsscvoico smicacesn @ ocvices [east [
transformer RCT ] 4 fap SPESET WS el ‘__‘_‘"“
Cilf 0 5 [ |
ue 0 6
Current transformer Single 1 7
secondary Double 0] 8
Primary current 150 0 9 | |
(amperes) 200 0 10
300 1 11 =
400 0 12
600 0 1’3
800 0 14 ™ m ‘
: : . o g B ®
o g (irrel- 3 | o [
. . evant) . ‘ | =
* 0 36 - o} =
| - ‘
Tb
PART NO. 116D506G03, CURRENT TRANSFORMER PRIMARY BAR L2,
Relevant Conditions 010010001000 P . S
Relevantandirrelevant conditions 110100100010001111111111111111111111 T s Toema o e v
Generated code word of unit 100100100010000000001000111000110001 e omeen Too rssemo  Tawv serv ] T
8

Fig. 7 Ilustration of the development of coded descrip-
tions and their use: (@) Conditions are assigned bit positions;
part patterns are coded according to the pertinent condi-
tions. (b) Parts are coded by first recognizing the relevant,
then the irrelevant conditions. This last pattern is compared
with the generated code word of the unit; if the part pattern
contains the generated code word, the part is selected.

Fig. 8 Input data sheets are designed to permit the tran-
scription of functional and descriptive data to punched
cards. Typical portions of input data are shown for station
description. [(1) are columns and @ are punches.]

STATION DESCRIPTION

SYSTEM VOLTAGE (LINE TO LINE) (1) 2400@.54:2;0@, 4800[3],= 7200{4]. 1201(?0%, 14400@]?
BREAKER Mv.a () : 75[0]. 150(1]. 2s50(2]. 350(3]. s00(4]. 750(5]). 1000 6]

BUS CURRENT (3) : 1200[0]. 2000[1]. 3000[2]

FREQUENCY (4) : 25[0]. 60[ ]

SHELTERFORM (5) : SINGLE AISLE[1]. common aiste[2]

125 voc[o). 250 voc[1]. 230 vac[2]

125 voc[o], 250 voc[L]. 230 VAc[_?,bza voc[3]. <8 voc[4]

TIME DELAY . INSTANTANEOUS TRIP{7

CONTROL VOLTAGE (CLOSE) (6)
CONTROL VOLTAGE (TRIP) (7)

rupting capacity, and main bus current. The conditions of
these parameters are tested once and the resulting pattern
inserted in the generated code words for all cells. Other
parameters pertain to individual cells; these parameters are
interrogated and the appropriate bit patterns inserted in
the applicable generated code words.

In addition to interrogating individual cell input param-
eters, the computer program must develop cell lineup
continuity. For example, main bus must be selected to
extend into adjacent cells. To select proper bus lengths,
the widths of both the cell being processed and adjacent
cell must be taken into consideration. The high degree of
standardization in both cell widths and bus bar lengths
permits the selection of the proper bar length based on the
particular combination of cell widths.

Adjacent cell correlation may alter cell code words. For
example, assume cells 1 and 2 are oriented left to right.
Cell 1 is a circuit breaker housing, cell 2 is an auxiliary

housing. Assume it necessary to mount a set of potential
transformers in cell 2, which are connecied 1o the line side
of the circuit breaker in cell 1. The code word developed
for cell 1 must be changed, to select not a solid steel barrier,
but one with an appropriate number of holes through
which the potential transformer connecting cables may pass.

The examples cited above are peculiar to switchgear.
However, the facility for appending checks to the system
of subroutines indicates the ease with which the condition-
pattern method may be applied.

Aiter cell input interrogation and adjacent cell correla-
tion is completed, it is desirable to eliminate the duplicate
code words in each of the 17 categories. Two cells may re-
quire the same part for the same application. The code
words which will select the part may be exactly the same,
but only one selection is desired. The elimination of du-
plicate code words reduces the catalog-tape searching
time by the computer.



INPUT OUTPUT
FUNCTION TIME MATERIAL
Customer Order 4 Hours Cell Parts Description
Section Meter and Transformer
Punch and Verify 1 Hour Sheets
7090 Computer 1.5 Minute Stock Assignment Cards
1401 Computer 10 Minutes Front Panel Drawings
Data Plotter 30 Minutes Bills of Materials
Punch Sheets
Preform Wiring Layout
Guides
Nameplate Charts

Fig. 9 Front panel drawings are prepared by first printing
the variable typed information, then drawing the outlines
with a coordinate plotter.

Fig.10 Time required to prepare and process the selection
of standard parts for a typical metal-clad switchgear order.

Fig.11 Assembled switchgear orders are interpreted and
processed as shown in this chart.

1 l — PURCHASING
. pre—— CONTROL
PROGRAMS

ORDER

searching the catalog lape

The interpretative program produces a condensed code
word table containing generated code words (GCWs),
segregated into 17 separate parts categories. The part code
word (PCW) catalog, also separated into 17 parts cate-
gories, is contained on tape. The catalog-tape search is ac-
complished by comparing the PCWs of the tape catalog
with the GCWs in the condensed code word table. This
comparison is made as follows:

(1) The first PCW in category 1 of the tape catalog is
compared with each GCW in category 1 of the condensed
code word table.

(2) If the PCW does not contain all of the one bits
found in at least one of the GCWs the part is not selected.

(3) Ii, on the other hand, the PCW of the catalog part
is found to contain all of the one bits of some GCW, the
part is selected. In this event, no further comparisons are
made using that PCW.

(4) This process is repeated using successive PCWs
until the last PCW of the last part in category 17 of the
catalog-tape has been compared with the GCWs in cate-
gory 17 of the condensed code word table.

The search produces a complete parts list for the order.
Each selected part will have the following information
listed: Style number; preassigned item number; quantity
of the part required by the particular application for which
the part was selected; the PCW associated with the part;
the number of the category from which the part was select-
ed; and a note code for those parts that are to be applied in
some nonstandard manner.

Note codes are selected from the tape-catalog in the
same manner that parts are selected.

An individual part may appear more than once in the
selected parts table. The number of times such a part is
selected is determined, in general, by the number of dif-
ferent uses for which that part is required. Also, the part
may be duplicated because of a note requirement.

The next step in the computer program is the prepara-
tion of the quantity distribution of the parts, i.e., the
quantity of each part required for each cell. Duplicate
parts entries are combined, where possible.

searching the parts data catalog

The information needed for processing thus far is avail-
able in the PCW tape catalog. Since a part may appear
several times in the PCW tape catalog, a minimum of in-
formation is stored here. However, the part style number
is used to locate additional information in a parts data
catalog. This catalog includes such information as the part
name, its type number, rating, storeroom location, etc.
Similarly, the note code is used to locate notes in a note
catalog. Upon completion of the parts data and note
catalog search, all information needed to produce a com-
plete bill of material, interworks requisitions, and stock
assignment cards is contained in the computer’s primary
storage. From here on, essentially routine programming is
required to produce these and other output documents.

program oulput

The output information is converted to printed and
punched card data. Printed output is in the form of requi-
sitions, manufacturing information, and base information
for manufacturing and customer drawings. Much of the
output material is printed on drafting quality vellum. This
permits the designers to supplement program-selected
parts with pieces or arrangements too unusual to justify
storage. Two sets of punched cards are produced. One set
is a deck of stock assignment cards for the inventory con-
trol program, and the other directs the X-Y plotter.

The front panel drawings are prepared on a card-
controlled X-Y plotter. A typical set of panel drawings is
shown in Fig. 9. Titles and item numbers, where possible,
are first printed on the paper as part of the computer
printed output. The panel and device outlines are then
added by the plotter.

Other program output includes panel punch sheets for
use with a turret punch. A machine control tape could be
prepared if one were required. The punch sheet program
includes the calculation of values incidental to the prepara-
tion of pay cards.
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Cell and circuit nameplate charts are also developed.
The cell nameplates depend on a routine that determines
a breaker interchangeability pattern from such pertinent
facts as a breaker rating and current transformer ratio.

Requisitions are prepared if the stored information indi-
cates their need. Delivery dates for thesc items are devel-
oped from the contract shipping date and the “lead time”
requirements.

A typical metal-clad switchgear order consists of an
assembly of five breaker units and one auxiliary compart-
ment. The time required to prepare and process such an
order is detailed in Fig. 10.

effect of computer program oulpul
on established operations

The computer program is oriented in the order proces-
sing system as shown in Fig. 11. The order is interpreted in
the engineering department. Communication with the
computer is by punched cards. The output isin the form of
requisitions, material lists, inventory control cards and
panel data cards for the plotter.

A significant opportunity arises from the ability to select
the pertinent part number and print it with a preassigned
drawing item number. In this way the same item number
always applies to a standard part in a standard location.
This is a convenience to assembly groups and permits the
use of the same section drawing for many orders.

Presently, wiring for metal-clad panels is preformed. The
program provides a guide to wiring fixture locations.

Before program runs were available long delivery items
were ordered several weeks before locally produced parts.
Now, it is possible to identify and order most of the com-
ponents for metal-clad assembly much earlier.

The study described has established that a program can
be written to convert descriptive input into parts lists,
panel drawings and other conventional information media
familiar to purchaser and manufacturing personnel.

This is most significant in situations where relatively
few statements define an application and a great many
parts must be processed. In the metal-clad problem, the
parts for each cell are chosen from over 6500 parts and as-
semblies. Over half of these items are instruments, relays,
meters, transformers and similar devices that are available
for a range of ratings and have a different part number for
each interval.

Two factors that contributed significantly to the feasi-
bility of the computer program were the highly standard-
ized components and the thoroughly organized parts files.
Although the parts usage definitions well known to ex-
perienced designers permitted effective manual design of
metal-clad switchgear, automation of design procedures
required more explicit definitions.

The use of the program is reasonably limited to parts
considered active enough to warrant cataloging. Thus,
unusual arrangements and superseded or for-  westingnouse
eign equipment must be supplemented by nor- ENGINEER
mal design and drafting procedures. Mar. 1962

The authors wish to acknowledge the important contributions to this
article made by H. K. Gallimore of the Advanced Systems Engineer-
ing and Analytical Department, Robert H. Davis of the East Pitts-
burgh Divisions Business Systems Department, and Ralph Waltemire
and George R. Ramsey of the Assembled Switchgear and Devices
Department.

Eyes for Typhon

The Typhon Weapons System, a
ship-based anti-air warfare system, is
getting the first test of its radar “eyes.”
Named after thehundred-headedmon-
ster in Greek mythology, Typhon will
be an integrated shipboard radar and
armament-control system. It is de-
signed to provide the fleet with a
greatly improved anti-air warfare ca-
pability and also with offensive capa-
bility for engaging enemy fleet units
and conducting shore bombardment.
The system will fire missiles from
launchers mounted on fast-moving
warships in strategic fleet locations
around the world. Radar, computer,
and weapon-direction subsystems will
be an integrated design produced by
Westinghouse.

The “eyes” of the system will be an
advanced long-range search, track,
and guidance radar. Westinghouse en-
gineers are presently engaged in the
development, design, and production
of a prototype model of this long-
range radar portion of the system.
The new radar concept, originated by
scientists at the Applied Physics
Laboratory of the Johns Hopkins
University at Silver Spring, Maryland,
incorporates high data rate and high
power features far in excess of present
designs. The radar will employ a
phased transmitter array to provide
electronic scanning.

The first step in the radar develop-
ment is an experimental model, which
is a scaled down version of the Typhon
radar system. This model, built in con-
junction with the Applied Physics
Laboratory, is now in operation. The
model combines the search and track
functions of the radar and uses a sim-
ilar antenna system although at
greatly reduced power. Experimental
weapon-direction equipment has also
been built; it can do the things that
the prototype will be designed to do,
but only one function at a time. This
model equipment will be used as a
design tool during the development of
the prototype system and equipment.
System changes can be tried on the
experimental model before being in-
corporated into the prototype design.

Westinghouse received its first con-
tract for the long-range radar portion
of the system in April 1960. The con-
tract for development and production
of the weapon-direction equipment
was awarded in March 1961.




WHAT'S

Thousands of Eyes—The phased
array concept consists of driving a
number of transmitters in parallel and
adding their outputs in space. This
technique not only permits the phased
addition of radiated power in space
but also provides directive character-
istics not unlike those obtained with
the dish-type reflectors of present-day
radars. This means that literally thou-
sands of “radar eyes” will be required
to cover the complete horizon. A key
element in each radar “eye” will be a
traveling-wave tube (TWT), which is

This 22 000-kw gas turbine
is now in service at Phila-
delphia Electric Company’s
Barbados Island Plant. It
is a part of an evaluation
program being carried out
by the utility to determine
the economic feasibility of
various types of generator
drives for peaking service.
The gas turbine is remote
controlled through super-

a special kind of a microwave am-
plifier.

In the TWT tube, energy in the
form of an electron beam is injected
through a series of resonant cavities in
such a way that the electron-beam
energy is converted into an amplified
rf field signal for transmission. During
this process, a signal amplification of
20 000 is accomplished.

As in most microwave devices, the
tube has extremely tight tolerance re-
quirements for physical dimensions.
In this case the tolerance problem is
much greater than it is in most appli-
cations because each tube must have
exactly the same gain and frequency
characteristics. Each tube is literally
a “high-fidelity” microwave device,
where the output signal must be a
faithful, undistorted reproduction of
the input, but amplified by a factor of
20 000.

The electrical performance design
on the tube is being done by the Wat-
kins Johnson Company of Palo Alto,
California. This is the first time thata
development program has been aimed
at the production of such a large num-
ber of tubes with such uniformity in
characteristics, along with extreme
reliability requirements. Where the
traveling-wave tube in the past has
been made in quantities of tens per
year, this new applicatior will require
the production of thousands of travel-
ing-wave tubes per year. nan

230-Kv Shunt Reactor

Reactive kva to compensate for
capacitive charging reactance of high-
voltage lines is normally provided by
low-voltage reactors placed across the
tertiary windings of transformers. A
large 230-kv shunt reactor now applies
the reactance where it is required.

The 25 000-kva unit is installed
near the mid-point of the new 300-
mile 345-kv transmission line of Ari-
zona Public Service. This line, the
longest 345-kv line yet built in this
country, will deliver the 800-mw
capacity of the utility’s Four Corners
plant in northwestern New Mexico
to the load centers of southern Arizona.

The new shunt reactor consists of
anair-core winding completely shielded
magnetically phase to phase and phase
to tank. The winding uses a shell-form
coil and Insuldur insulation. Ess

Universal Tungsten
Welding Electrode

Tungsten inert-gas welding has be-
come one of the most valuable pre-
cision welding methods, especially in
the aircraft, missile, and atomic-power
industries. The arc is drawn with a
nonconsumable tungsten-alloy elec-
trode, and the work area is shielded by
an inert gas to prevent contamination

visory equipment.

from the air. Four different electrode
alloys have been needed in the past,
each performing better than the others
for specific applications.

Now, a universal electrode devel-
oped by Westinghouse Lamp Division
engineers serves for all situations and
is better than the earlier compositions
in some respects. For example, it is
superior where arc “fluttering” cannot
be tolerated, as is often the case in
complex shapes. It also minimizes con-
tamination of the weld with tungsten,
an especially important factor in fab-
ricating uranium fuel elements. The
new electrode eliminates the risk of
selecting an improper electrode for a
job and also simplifies ordering and
stocking of electrodes. nes

Nation’s First 500-Kv
Transmission System

The Virginia Electric and Power
Company has awarded a contract to
Westinghouse to supply engineering
and equipment for the nation’s first
commercial 500-kv transmission sys-
tem. This marks the first move in
America to construct lines of this volt-
age to transmit large blocks of electric
power from remote coal fields to dis-
tant load centers.

The $45-million project will extend
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from a new mine-mouth power station
in Grant County, West Virginia,
forming a 350-mile loop from the sta-
tion to the Washington, D. C. suburbs
in Northern Virginia, south to Rich-
mond, and back to the station by way
of the Waynesboro-Staunton area.
Construction of the first legs of the
line will be completed in 1964, and the
entire project is expected to be in op-
eration by early 1966. Engineering
and surveying will begin at once.

The new power station from which
the 500-kv lines will originate will be
located in the coal fields of West Vir-
ginia. It will have two generating units
of 500 megawatts each.

The contract provides for an en-
gineering team composed mostly of
Westinghouse engineers, with repre-
sentatives of Vepco, its consultants,
and power line equipment suppliers,
to make extensive studies of all data
from existing high-voltage lines and
EHV experiments to arrive at opti-
mum design for the new line. After
these studies are completed, Westing-
house will design and manufacture the
major equipment for the line terminals
and Vepco will construct the 350-mile
transmission loop. This will be the
first time that a transmission system
has been engineered and designed as a
complete unit in advance, rather than
as an assembly of separately engi-
neered parts. sam

T-Connected Transformer

By combining an old principle with
a highly developed transformer de-
sign, engineers have come up with a
tremendously improved three-phase
distribution transformer. The old prin-
ciple is the T connection; the new
three-phase transformer uses two

Left The Virginia Elec-
tric and Power Com-
pany's planned 500-kv
transmission system.

Right This 500-kva
three-phase T-connect-
ed transformer saved
floor space when mod-
ernizing the St. Louis
(Missouri)Post Dispatch
building. 1t replaces
three older single-
phase transformers (at
left) and is identical in
rating to the larger
transformer at right.

single-phase transformers connected
in T and assembled in one tank. The
design enables transformer engineers
to incorporate in a three-phase trans-
former the many improvements that
have been made in the more widely
used single-phase design.

The most significant thing about
this design is its net advantage over
the conventional three-phase design.
In the 225- to 500-kva range, both no-
load and total losses are lower. In the
500-kva size, for example, the no-load
loss of the T-connected transformer is
1350 watts, compared to 1800 watts
for the previous design; total loss is
6900 watts for the new design, 7720
watts for the previous unit. Impedance
is also lower—3.1 percent as compared
to 4.9 percent for the 500-kva unit,
and an even greater reduction in the
smaller ratings. Total weight is also
reduced, from 6000 pounds to 4270
pounds for the 500-kva unit.

All this adds up to less operating
cost. Annual operating costs for a 300-
kva unit operating at an average load
of 240 kva are about $131 a year less
for the T-connected unit compared
with the previous type SL.

One potential disadvantage of the
T connection is voltage unbalance.
However, the low-impedance design
keeps unbalance to less than 0.5 per-
cent, which is below the accuracy of
most panel-type meters; voltage un-
balance is therefore of no consequence
in the new design.

The T connection also permits flexi-
bility in physical design. Core and
coils can be placed one on top of the
other and fitted in a round tank de-
sign; alternatively, the core and coils
can be placed side by side for a pad-
mounted design. LR

Superconductors Provide
Super Magnetic Fields

Research scientists and engineers
have long sought a way of harnessing
the large currents that flow in super-
conductors near absolute zero. The
difficulty was that one of the most de-
sirable applications—loss-free wind-
ings for generating powerful magnetie
fields—seemed to be ruled out by the
fact that strong magnetic fields de-
stroyed superconductivity.

A breakthrough came in 1960 with
the discovery by J. E. Kunzler and his
associates at Bell Laboratories that
short composite wires made of the
niobium-tin intermetallic compound
Nbs;Sn continued to carry supercur-
rents in very high fields.

Unfortunately, the niobium-tin com-
pound is brittle and hard to form, so
scientists at the Westinghouse Re-
search Laboratories turned their atten-
tion toward developing ductile high-
field superconducting materials. Their
work led to development of a one-
pound solenoid wound with wire made
of a niobium-zirconium alloy and rated
at 43 000 gauss—twice as strong as a
conventional iron-core electromagnet
weighing 20 tons. Since then, they
have produced coils developing 60 000
gauss. (See inside front cover.)

Commercial versions of the sole-
noids are now being made available to
industrial, governmental, and aca-
demic laboratories as powerful tools
for research in superconductivity,
magnetics, plasmas, nuclear fusion,
and other fields. Westinghouse sup-
plies the superconducting wire, wound
coil, or complete solenoid system in-
cluding cryogenic compo-  wesiinghouse
nents. The magnet is rated FNGINEER
at 50 000 gauss. Mar. 1962




R. J. CREAGAN is engineering manager
for the Atomic Power Department, which is
responsible for the development and design
of nuclear power plants for commercial ap-
plications. Creagan was graduated from Illi-
nois Institute of Technology in 1942 with a
bachelor of science degree in engineering.
He later obtained his master’s degree and his
doctorate in Physics at Yale University.

He worked at the Argonne National Lab-
oratory in 1946 on the experimental breeder
reactor and later at Argonne as a Westing-
house employe in 1950 on the first criticals
for the Nautilus prototype. After returning
to Westinghouse at the Bettis Laboratory,
he headed the group which did the initial
reactor design studies for what later became
the Shippingport Project. He later moved teo
the Atomic Power Department as manager
of reactor engineering and in 1961 became
engineering manager.

REUBEN LEE and HENRY F. DE-
FRANCESCO, both engineers by profes-
sion, have more than a casual interest in the
field of education. Reuben Lee became signi-
ficantly involved in education in 1958 when
he instigated the rebirth of Stratovision for
educational television. DeFrancesco’s in-
terest in education began when he taught
mathematics during his graduate studies.

Lee joined Westinghouse on the Graduate
Student Course in 1924 after graduating
from West Virginia University with a BSEE.
He was appointed a design engineer at the
Electronics Division in 1938. In 1945, he
became an advisory engineer, and was made
a consulting engineer in 1957.

In June 1960, Lee was awarded the West-
inghouse Order of Merit, the company’s
highest award for achievement.

DeFrancesco came with the company in
1956 from the Department of Defense. His
first position was a Fellow Engineer in the
advanced development engineering group at
the Electronics Division. In 1958 he was
appointed supervisor of a study group in
advanced development engineering, and in
1960 became an engineering section manager
responsible for design of special purpose
military computers. DeFrancesco is a grad-
uate of the University of Virginia, with a
BEE in 1947 and an MA in 1950.

A. M. LOCKIE was given a tough assign-
ment for this issue: clarify a sometimes con-
fusing subject, transformer loss ratios.

Lockie has been dealing with distribution
transformer designs and problems since he
first joined Westinghouse. He graduated
from Rensselaer Polytechnic Institute with
an EE degree in 1931, and an MEE in 1934.

Lockie started work on development and
application of protective devices for distri-
bution transformers in 1936 and continued in
this field until 1953. Then he joined the long
range major development section and be-
came an Advisory Engineer.

'World Radio Histol

A. J. BAESLACK entered the Graduate
Student Course in 1944 after receiving his
BSEE from the University of Pittsburgh.
He worked in the electro-physics section
of the Westinghouse Research Laboratories
for a year and then was appointed an in-
structor at Carnegie Institute of Technology.
He earned his MSEE there in 1948 and
joined Alcoa in 1949. Baeslack returned to
Westinghouse in 1954 as a design engineer in
the Arc Welding Department. He transferred
to the Systems Control Engineering Depart-
ment in 1956.

J. G. PETERSEN, JR. earned his BSEE
at Case Institute of Technology in 1951 and
then joined Westinghouse on the Graduate
Student Course. He was assigned to the
Systems Control Engineering Department,
where he has helped create drive control
designs for applications ranging from mine
hoists to missile launchers.

EDWARD T. SPIRES, JR., earned his
BS in physics at Carnegie Institute of Tech-
nology in 1948 and immediately joined the
Westinghouse Materials Engineering De-
partment. In 1951 Spires transferred to the
General Purpose Control Department’s rec-
tifier section and was made general foreman
in 1956. The following year he became sec-
tion manager and also received an MBA
degree from the University of Buffalo. He
moved to Headquarters in 1961.

I. R. SMITH began his technical educa-
tion in 1916 at Worcester Polytechnic Insti-
tute. It was interrupted in 1918 by service in
the U. S. Army, but he returned to Worcester
in 1919 and received his BS in electrical
engineering in 1921. He joined Westinghouse
on the Graduate Student Course and then
was assigned to the lightning arrester section
of the Supply Engineering Department. In
1928 he became a section engineer in the
rectifier section. Smith is now engineering
manager of the sclenium products section.

HERMAN B. WORTMAN and MIL-
TON H. WALLER headed up the team that
developed the program for designing assem-
bled switchgear by computer. Wortman, an
Advisory Engineer in design programming,
began the initial study in 1958. He joined the
Switchgear Division in 1936 after graduating
from Drexel Institute with a BSEE.

Waller, a Senior Engineer in the Advanced
Systems Engineering and Analytical Depart-
ment, is a member of CASE (Computer-
Advisory Service in Engineering), and assists
Company divisions with computer applica-
tions.

Waller came with Westinghouse in 1953 to
work in the switchboard engineering depart-
ment of the Switchgear Division. He helped
set up the Univac computer operation for the
East Pittsburgh divisions in 1955, and a year
later, he transferred to the Analytical De-
partment. Waller is a graduate of the Uni-
versity of Kansas with a BS in EE in 1948.




Thisis the Enterprise, world's mightiest ship, as it went to sea for the first time. Her eight
reactors were designed and developed by Westinghouse Electric Corporation under the
direction of and in technical cooperation with the Naval Reactors Branch of the Atomic
Energy Commission. The huge aircraft carrier has a displacement of 85 000 tons.
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