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Research scientists are in somewhat the same
position as an explorer with an infinite terri-
tory to investigate. To such an explorer, each
mountain scaled, each plain crossed, and each
ocean spanned reveals a whole new land. Each
step he takes adds to his knowledge of the ter.
rain—but the paths ahead remain numerous.
Thus it is with the scientist, whose every dis-
covery adds to his store of knowledge, but
where the areas yet to be investigated fre-
quently seem endless.

The scientist is often a pioneer in another
sense, in that he must develop the equipment
and techniques necessary in his exploration.
Without these tools the search for new knowl-
edge would often be impossible. A few examples
show the variety of lands yvet to be conquered
and the pioneering techniques that are helping
to clear the way.

Studying phosphors is much like astronomy,
except that it is a younger science. Astrono-
mers, using a variety of tools, have been study-
ing the stars for years; they have learned much
but compared with what remains they know
little. While phosphors are the basis of fluores-
cent lamps, television tubes, and oscilloscopes,
phosphors are so complex, so multitudinous in
number, with so many dozens of factors affect-
ing their performance that the areas explored
are small by comparison.

Phosphor research men, like astronomers
have several different tools and techniques-
and each year improve upon them. One new
tool somewhat resembles the silvered, double-
walled container in a thermos bottle, but with
four sets of tubes leading into it. In fact, it isa
thermos bottle, but with four walls, not two.
When a phosphor is placed on the end of a
quartz rod and inserted into this jar, also of
quartz, studies of the phosphor can be made at
temperatures as low as minus 330 degrees F
or at heats up to about 1850 degrees—mean-
while contained in different gases. This new
tool has already proved useful in studying the
temperature dependence of phosphors.

Scientists today are making materials of al-
most fantastic purity. In transistor research,
for example, germanium with an impurity con-
tent of one part in a billion is now routine. Yet
the urge to produce even greater purity is al-
ways present, because past experience indicates
that even such small increments as a few parts
in a billion often have a remarkable effect on
a great many of the characteristics of the ba-
sic material.

Much emphasis has recently been placed on
obtaining ultra-pure semiconductor materials,
such as germanium. One technique used is zone
refining, in which a bar of the metal is heated
progressively from one end to the other. Many
impurities have a preference for the liquid
state, so that as the molten zone moves from
one end of the bar to the other these impurities
are swept along, and eventually wind up in one
end of the bar, which can then be cut off.

Scientists at the Research Laboratories have
recently developed a new technique—called
cage zone refining—which enables them to puri-
fy titanium and other difficult-to-prepare ma-
terials. Titanium is so active at high temper-
atures that it reacts with any crucible; to get
around this, the new process utilizes the titani-
um itself as the crucible. A square bar of titani-
um is placed on end on a metal platform, in a
low-pressure inert gas. The platform is raised
slowly, lifting the bar lengthwise through an
induction-heating coil. The corners of the bar
do not heat as rapidly and do not melt, and
therefore act as a ““cage’’ for the molten center
of the bar. The impurities are drawn to one
end and the impure corners are cut away.
Another important step in the direction of
purer metals—but many yet remain.

For decades electrical engineers have built
circuit-interrupters, vacuum tubes, and fluores-
cent lamps, and have studied lightning. Never-
theless those microseconds of time that elapse
between the application of potential and the
breakdown of a gas contain much that is mys-
tery. The question is: What physical processes
lead to the current build-up?

Some of these processes have long been
known. For example, when the potential is
applied to opposing electrodes any stray elec-
trons present on the cathode immediately head
toward the anode, creating other free electrons
enroute by collision with gas atoms. All these
electrons in turn progress to the anode, making
the passage in a small fraction of a micro-
second. However, before breakdown occurs
many, many more electrons must be created
at the cathode surface. How are these free
electrons generated?

Several ways are known—and some of them
are known to be applicable in certain situa-
tions. For example, electrons collide with gas
atoms, knocking off electrons and thereby
creating positive ions. These ions are drawn to
the cathode and, in a few microseconds, create
free electrons there when they strike the sur-
face. Let’s call that method A. Then as method
B, say, the first electrons bump into gas atoms

and instead of kicking off electrons, excite the
atoms, which give off their energy as photons.
Photons impinging on the cathode can release
electrons. This happens fast because photons
move with the speed of light, which indeed
they are. Then as another method, C, an atom
can become metastable by a blow from an
electron. That is, it absorbs energy, which it
somehow holds for an appreciable period of
time and then releases as photons, which then
behave as the photons of method B, but after
some delay.

There are many other processes that may
occur in the breakdown of a gas. To identify
them, and to determine which ones are active
in any given situation is the purpose of one
project at the Research Laboratories.

Unusual things happen to many materials
at extremely low temperatures, i.e., near ahso-
lute zero. Normal grades of steel become brit-
tle, and rubber loses its elasticity, for example.
To probe a little further into the cause of such
peculiar behavior, scientists at the Research
Laboratories have been conducting all manner
of experiments at temperatures within a few
degrees of absolute zero.

One recent experiment is the performance of
tensile tests on metals at about minus 452 de-
grees in a special chamber cooled by liquid
helium. Such experiments will, of course, add
to the general knowledge about the funda-
mental behavior of metals. But they will also
provide specific information regarding metals
best suited for use under extreme temperature
conditions. While experiments at temperatures
such as these may seem far removed from prac-
tical application, oxygen for human consump-
tion during high-altitude flight is already being
stored in liquid form in metal containers at
temperatures of about minus 300 degrees F.
And it is not impossible that aircraft of the
future will use fuels stored as liquefied gases
in metal containers at extremely low temper-
atures. Thus while the study is aimed at de-
veloping fundamental knowledge, the infor-
mation gained conceivably could have almost
cirect application.

Experiments such as these almost invariably
uncover new facts, new knowledge, and help
to chart new areas. But beyond any doubt,
they often also open up whole new areas of
research, and reveal new valleys and moun-
tains to explore. Unlike the explorers of the
earth’s surface, whose horizons are shrinking,
the scientist seems to have no boundaries.
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ENCLOSURES FOR TYPICAL

1000-HP INDUCTION MOTOR

COMPARATIVE COST—PERCENT

DRIP-PROOF 40
SPLASH-PROOF 50
40
(%)
WEATHER-PROTECTED 50 .,
404
-3
2
FORCE-VENTILATED o
SELF-VENTILATED, 50 umll
BASE OR PIPE 40z
&
ENCLOSED, SELF-VENTILATED 405
WITH AIR-TO- WATER K3
COOLER &
3
ENCLOSED, SELF-VENTILATED, i
COOLED WITH INERT GAS

TOTALLY ENCLOSED,
FAN-COOLED

EXPLOSION-PROOF

Selection of the proper motor enclosure assures
reliable operation and long life, even
in the most difficult surroundings.

A-C Motor Engineering Section, Transportation and Generator Division, Westinghouse Electric Corporation, East Pittsburgh, Pennsylvania

LL INDUCTION MOTORS are subjected to injurious atmos-
pheric conditions, the degree depending on the applica-
tion. While there are no hard and fast rules as to exactly
which type of enclosure should be used for a particular appli-
cation, general recommendations can be given. The final
choice depends on the severity of the damaging conditions,
details of location, such as availability of cooling water, and
cost. This article applies principally to induction motors larg-
er than 250 horsepower.

Environmental Conditions

Moisture is the most common damaging atmospheric con-
dition. It can enter the motor as condensation when the ma-
chine is shut down. Moisture can also run into the motor or
be carried in by ventilating air from leaks in steam and water
piping, water from plant processes, or from water sprays that
are used in cleaning.

Dirt of all kinds is damaging. Conducting dirt is the most
dangerous. For example, one common form is the carbon
black in rubber mills, which can work into even the most
minute cracks in insulation or collect on creepage surfaces,
reducing the insulation resistance to a point where the wind-
ing will fail.

Abrasive dirt is found in such applications as cement mills
and power stations using stoker-fired boilers. It can wear
through insulation in a few months. Other forms of dirt or
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foreign matter are not so directly dangerous to the operation
of the motor, but still have adverse effects. For example, it
may block the ventilation passages so that the motor fails
from overheating. Included in this category are such things
as weed seeds and other bits of vegetable matter, insects,
dust, nonabrasive fly ash, and many others.

Chemicals, including acids, alkalis, salts, and some organic
solvents, have a number of adverse effects. They can attack
and destroy the protective films of varnish on the windings.
They may even attack the structural parts of the motor. An
example of a harmful chemical is salt, which attacks motors
located along the sea coast and in steel mills that use salt for
descaling. Windings with salt on them have a high insulation
resistance when dry, but the resistance drops almost to zero
in a short time as the windings absorb moisture.

Oil can get into the motor by leakage from its own bear-
ings, or 1t can be carried in from the surrounding atmosphere.
It may soften and damage protective varnish. It also catches
dirt and makes it cling to motor surfaces, thereby making
cleaning difficult.

Types of Enclosures

Internally, motors have been designed to protect them-
selves. Coils are usually given vacuum and pressure impreg-
nations, followed by baking treatments. After the coils have
been wound into the machine and all connections made, addi-
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tional varnish treatments are applied to the completely wound
stator. However, even varnishes with superior resistance to
water, oil, and chemicals must be given help. This help comes
in the form of a variety of enclosure designs, which can pro-
vide the additional protection necessary even in the most
difhcult locations.

Drip-Proof. The drip-proof enclosure is the most common
type. A drip-proof motor is protected from water dripping or
falling on it from any angle within 15 degrees of vertical. All
ventilating air passes through the machine and moisture,
dirt, chemicals, or oil in the ventilating air will be carried into
the machine, Fig. 1.

The drip-proof motor is the most common type for indoor
locations. It is often provided with heaters to keep the motor
warm during shut-down periods to prevent condensation.

Splash-Proof. The splash-proof motor is provided with pro-
tective covers so that water will not enter the motor when
striking it from any direction within 105 degrees of vertical.
This protected motor finds wide use in paper mills where it
is customary to wash down machinery with hoses. Also, there
is considerable water dripping and splashing from the driven
machines. The additional enclosures interfere with motor ven-
tilation, so it is customary to give standard splash-proof mo-
tors a rating of 50 degrees C temperature rise instead of the
40 degrees C rise that is standard for drip-proof motors. As
a result, the splash-proof motor does not have a service fac-
tor; that is, it will not carry a continuous overload at a safe
temperature. At additional cost (see diagram at left), a

Fig. 1

This drip-proof motor,
rated 1000-horsepower,

splash-proof motor can be provided with a temperature rise drives a refrigerator
of 40 degrees C; such a motor has a normal service factor. compressor at the Chi- X
Whenever the amount of enclosure is increased, the acces- cagp Merckiagiice Knpe =

sibility of the interior parts of the motor is reduced. This
makes inspection, cleaning, maintenance, and repair of the
motor more difficult. As much accessibility as possible is re-
tained in Westinghouse motors by making the enclosing
covers of reasonably light steel, and arranging them so they
can be removed easily without using a crane. -N
The use of splash-proof motors, at least in the larger horse-
power ratings, is decreasing. Most indoor applications are
being adequately served by drip-proof motors. For a time
there was a tendency to use splash-proof motors for outdoor
applications, but their performance was often unsatisfactory. |
The splash-proof enclosure does not protect the motor ade-
quately from rain and snow, especially if it is driven into the
motor by high winds. For outdoor locations, accepted prac-
tice now is to use weather-protected motors.
Weather-Protected. Since the standard splash-proof motor
does not give satisfactory outdoor service life, motor manu-
facturers were called upon to design a motor for these appli-
cations. The use of outdoor motors is becoming rather com-
mon with the increase in the number of outdoor and semi-
outdoor power stations now being built. Of course, totally-
enclosed, fan-cooled (T.E.F.C.) motors would be satisfactory
for such applications, but the principal reason for the outdoor
station is to reduce the cost of construction. And in ratings
of 500 hp and above, the large increase in motor cost for
T.E.F.C. construction offsets most of these savings.
The weather-protected design is the newest of the standard

enclosures, and was developed to give satisfactory perform- Fig. 2

ance in outdoor locations at a cost substantially lower than a Weather-protected mo-
T.E.F.C. motor. Air enters through four screened and lou- tors are used to drive the
vered openings in the sides of the motor, Fig. 2. The louvers main pumps at this pipe-

direct the air sharply downward, so that it must make a turn 1ha [pigming, sstios,

of almost 180 degrees before it flows upward to the inlet
openings. The active parts of the motor are in an inner en- i ™
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closure having inlet openings at the top at each end. The
space between the inner and outer enclosure is large enough
so that the vertical velocity of the inlet air is verv low. The
combination of a sharp turn, a sudden drop in velocity, and
considerable vertical travel upward at low velocity effectively
separates out any droplets of water carried by the inlet air.

After the air enters the inner enclosure at the top, it passes
down and enters the motor around the shaft. It then passes
through ventilating ducts built into the rotor and stator cores
as in a standard motor. The air discharged from the stator
ducts is collected in the center portion of the inner enclosure
and directed downward. It passes around a protective baftle
and is finally discharged axially out the two ends hetween
the motor feet.

One of the most difficult atmospheric conditions to which
these motors are subjected is rain driven into the motor open-
ings by hurricane winds. To handle this condition, the inlet
openings on each side of the motor are connected by a passage
straight through helow the ends of the inner enclosure, so
that wind-driven rain can blow straight through from one
side to the other without passing into the active parts of the
motor. A baffle is provided at the top of the motor to keep
rain from being blown up and through the inlets to the inner
enclosure. The restrictions in the internal ventilating passages
maintain close to the normal amount of air passing through
the machine regardless of wind velocities.

The outlet openings are also arranged so that there is a
clear passage from one end to the other. A batlle in the bottom
of the frame helow the core prevents water from being blown
up into the motor, even if a high wind blows rain through
from one end to the other under the motor.

This type of motor is suitable for all but the most severe
outdoor applications. If dirt is a problem, the motor can be
provided with filters. The filters can be changed easily by
removing small covers over access openings in the outer en-
closure. When filters are added, a Thermoguard or other
similar thermostat should he provided, mounted on the stator
end turns. This is necessary to give warning of excessive tem-
peratures caused by lack of maintenance of the filter, which
can clog and restrict motor ventilation. This can occur even
though the filters are of the nonclogging type that simply
lose cleaning efficiency but do not obstruct flow of air with
any normal accumulation of dirt.

In a vertical weather-protected motor, air enters the outer
casing through the two upper openings. It rises a considerable
distance at low velocity and passes over a lip in the inner
enclosure, thus preventing water from blowing into the motor.

All of the air enters the active part of the motor around
the thrust bearing, effectively cooling it. After the air passes
the thrust bearing, about half of it enters the motor at the
top along the shaft. The other half is carried to the bottom
through tubes built into the frame, where it enters along the
shaft in the usual manner. The air passes through ventilating
ducts in the rotor and stator cores, and then discharges be-
tween the tubes through the frame. It goes over a battle, then
to the hottom of the motor where it passes out through two
screened openings. These discharge openings are located 90
degrees away from the inlet openings to reduce recirculation
of the heated air into the machine again. This motor can be
equipped with filters also.

Force-Ventilation. In many installations it is desirable to
enclose the motors so that room air does not pass through
them. Reasons for the enclosure are to protect the motor from
severe atmospheric conditions such as chemical contamina-
tion, to reduce noise, to keep explosive vapors out of the
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Fig. 3

This indoor pumping sta-
tion uses these totally
enclosed, force-ventilat-
ed induction motors,
rated 1250 horsepower.

motor, and to keep heat from the motor losses from being
added to the room air. If a supply of clean ventilating air is
available within a reasonable distance, the cheapest form of
enclosed motor is the force-ventilated type. Suitable ventilat-
ing air must be circulated through the motor by an external
fan, as shown in I'ig. 3.

Enclosed with Self-Ventilation. 1f the motor must circulate
1ts own ventilating air, it is said to be self-ventilated, and
will not only circulate the air through its own ventilating
passages, but also through a standardized amount of external
pressure «rop. If the inlet and discharge openings are in the
bottom it is called a base-ventilated motor. If the air comes
into the motor above the tloor level, it is called a pipe-venti-
lated motor. Both the hase-ventilated and pipe-ventilated
motor are usually rated 50 degrees C rise and hence o not
have a service factor. At additional cost the motor can be
given a 40 degree C rating and will then have a service factor.

Where a source of clean ventilating air is not readilyv avail-
able, but a source of cooling water and a drain can be pro-
vided economically, it is customary to use an enclosed, self-
ventilated motor with air cooler. In this enclosure, the cooling
air recirculates through the motor and an air cooler, Iig. 4.
The pressure to circulate the air is provided by fans mounted
on the rotor in high-speed motors. At lower speeds, it 1s neces-
sary to introduce a motor-driven blower to circulate the air.

Totally Enclosed, Fan Cooled. Although the totallv-en-
closed, fan-cooled motor is expensive, it may prove to be the
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Fig. 4

Boiler-feed pump driven
by a 1750-hp motor with
a recirculating ventilat-
ing system and an air-to-
water heat exchanger.

most economical for those locations requiring protection for
the motor where no source of clean cooling air is available
and where it is expensive to provide cooling water and a drain.
A small motor is not so difhicult to build totally enclosed
because it has a larger surface in proportion to its losses. The
losses and the heat to be dissipated are roughly directly pro-
portional to the volume of the active parts of the motor. In
order to get an idea of the problems involved in building large
T.E.F.C. motors, consider two exactly similar motors except
that one is twice the size of the other. The larger motor will
have a surface that is four times larger than the surface of
the smaller motor, but it will have a volume eight times
larger, so that the losses will be roughly eight times as high.
Thus, if no artificial means are used to increase the cooling
surface, it will have twice as much heat to get rid of from
each square inch of surface, and will run at roughly twice the
temperature rise of the smaller motor. In order to bring the
temperature down, it becomes necessary to provide more
surface for heat dissipation. This is done by building a large
number of tubes into the motor frame to form an air-to-air
heat exchanger, Fig. 5. The room air or outside air is blown
through the inside of the tubes by a fan mounted on the shaft
outside the enclosure. The inside air is circulated through
the motor by fans mounted on the rotor. The heated internal
air passes radially outward over the middle portion of the
tubes, around a baflle, back radially inward over the end
portions of the tubes and into the internal fans again.
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Fig. 5

Vertical totally en-
closed, fan-cooled
induction motor
driving a pipeline
centrifugal pump.

J

Explosion-Proof Motor. The explosion-proof motor is a
totallv-enclosed, fan-cooled motor that has an external casing
sufficiently strong to withstand the pressure of an internal
explosion and seals to prevent ignition of the atmosphere out-
side the motor by an internal explosion. These motors, if type
tested by the Underwriters Laboratory, can carry the Under-
writers Label for use in a hazardous atmosphere. They are
widely used in oil retineries and in pumping stations for oil
and gas. They must have special seals at the shaft to prevent
flame travel, the leads are carefully sealed where they pass
through the outer casing, and all joints are designed to pre-
vent the passage of tlame from the inside of the motor.

In all totally-enclosed, fan-cooled motors, there is some
leakage of room air into the motor. A small amount of mois-
ture can be carried inside and condense in the motor, so it is
customary to provide a drain to remove any water that may
be inside. When used on explosion-proof motors, the drain
must be of a type to prevent flame travel through it. If en-
closed motors are to be shut down for appreciable lengths of
time, they also should be provided with space heaters.

In addition to the wide variety of standardized types of
enclosures, minor variations can be made for special require-
ments. Close cooperation between motor manufacturers and
users will result in the best enclosure to fit the conditions of
any difficult application. This involves a balance between the
severity of the injurious atmospheric conditions and the extra
cost of the enclosure.

85



A factory-assembled Autotrol capacitor unit installed
on a feeder. At right, a close-up of a similar capacitor.

Controlling
Voltage
1n
Distribution

Systems

Part II*

H. E. Lokay, Electric Utilily Section, Industry Engineering Dept., Westinghouse Electric Corp., East Pittsburgh, Pa.

FIRST s LAST
CONSUMER PRIMARY FEEDER CONSUMER

|| LOAD cmm‘:l o I
MAXIMUM ALLOWABLE VOLTAGE x

MINIMUM ALLOWABLE VOLTAGE
WITHOUT CAPACITORS

MAXIMUM ALLOWABLE VOLTAGE

MINIMUM ALLOWABLE VOLTAGE
WITH FIXED CAPACITORS TO BRING LIGHT LOAD POWER FACTOR TO 1.0

MAXIMUM ALLOWABLE VOLTAGE

MINIMUM ALLOWABLE VOLTAGE
WITH FIXED AND SWITCHED CAPACITORS (OFF AT LIGHT LOAD)

Fig. 1—Voltage regulation is significantly improved by
the application of capacitors on a feeder, as shown above.
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CAPACI’I‘ORS offer a convenient method of controlling volt-
age in the distribution system. Voltage drop along a
distribution feeder is a result of the kilowatt and kilovar
components of current. For circuits of 0.7 load power factor,
the voltage drop due to reactive load is approximately twice
that due to the kilowatt portion of load. Capacitors draw a
leading power-factor current, and this leading current flow-
ing through the series reactance of the circuit causes a volt-
age rise equal to the circuit reactance times capacitor cur-
rent. The voltage rise is independent of load conditions and
is greatest at the capacitor location, decreasing proportion-
ally to a regulated source voltage. With capacitors, the cir-
cuit voltage can be made relatively flat or even rising at
light load. Besides creating a voltage rise, capacitors release
system capacity and reduce losses from the capacitor loca-
tion back to and including the generator.

Fixed capacitors do not effectively improve voltage regu-
lation, but provide a constant increase in voltage level.
When capacitors are switched, their effectiveness is often
increased because kilovars can be supplied as needed during
peak load, thus improving voltage regulation as well as in-
creasing the voltage level of the feeder. The degree of pre-
cision of regulation depends upon the number and size of
switching steps.

*The first part of this article, which discussed various types of voltage control and
regulators, appeared in the March, 1955 issue on page S0.
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The minimum amount of reactive kva and light-load volt-
age conditions determine the size of fixed capacitors that can
be added to the system; generally, they can be added te give
approximately unity power factor during light loads. Fixed
capacitors can be either primary or secondary capacitors,
while switched capacitors are applied only on the primary
for economic reasons.

Capacitors can be installed in relatively small banks along
the distribution system near inductive loads, thus enabling
the line as well as other equipment to handle more real
power. If no additional real power is added, capacitors de-
crease the voltage drop from generator to load and therefore
increase consumer voltage. Generally the primary purpose of
installing capacitors at substations is not necessarily to con-
trol voltage, but to release substation and transmission-line
capacity by locating what can be considered a generator of
lagging kilovars nearer the loads. If the substation has indi-
vidual feeder regulation, the capacitors are ahead of any
regulators, so the capacitors must normally be switched to
avoid overvoltage during light-load conditions. With bus
regulation, switching may hecome necessary to increase the
regulator range or reduce to a minimum the amount of sub-
station kilovars at light load. The number of switching steps,
important for economic reasons, is kept to a minimum con-
sistent with acceptable voltage change.

With capacitors located at the substation, the voltage drop
on a feeder from the substation to the last consumer is not
decreased. Power factor of the feeder remains the same,
since the total reactive portion of the load is served from the
substation; and the voltage level is increased but the feeder-
voltage spread remains the same. The maximum voltage al-
lowed at the first consumer limits the voltage rise allowed
at the substation bus during full-load conditions. If the
feeder voltage spread is too large, the best location for the
capacitors is along the individual feeder.

Fixed capacitors on the primary feeder at the load center
can bring the light-load power factor to unity, and any ad-

ditional capacitors needed to improve voltage regulation dur-
ing heavier load conditions can bhe switched. Capacitors offer
more benefit on long feeders than on short feeders due to the
increased line impedance to the capacitor location. The
practical limit for increasing voltage on a primary feeder
with unswitched capacitors is approximately three or four
volts. Improvement of voltage regulation with capacitors lo-
cated on a feeder is shown in Fig. 1. Automatic control of
capacitors is usually economical where the toad coming on—
when going from light-load to full-load conditions—has a
power factor of 0.9 or less. Single-step, factory-assembled
units applied on a feeder are shown in the photos on p. 86.

Control

The most common methods of switched-capacitor control
and their relative merits are listed in Table L.

The bandwidth, which is most important when using volt-
age as the intelligence, depends upon the size of the capacitor
bank, number of steps, and whether other voltage-regulating
equipment will affect its operation. The bandwidth should
be larger than the voltage change that occurs when one step
is made. The usual step sizes result in a two- or three-percent
voltage change. Occasionally a five-percent change is per-
missible if a switching operation occurs only two to four
times daily. The bandwidth commonly falls in the range
from four to eight volts.

Primary capacitor units are usually single-phase units of
either 15 or 25 kvar, assembled in racks for pole mounting
or substation use. Secondary capacitors are all single phase,
of either three or five kvar and rated 240 volts. Switched
banks of capacitors for pole mounting are complete packages,
with capacitor units and switches mounted in the rack and
correctly wired for the system voltage. Sizes range from 225
to 300 kvar. Small banks of a few units mounted directly
on a pole or crossarm and large banks in substations use
similar units. This simplities the problem of readjustment
to meet changes in system conditions.

TABLE I-METHODS OF SWITCHED CAPACITOR CONTROL .

Method of control Relative General Use Advantages Disadvantages
Cost-Percent g

Voltage 100 Substation and feeder switched-capacitor| Will only operate when voltage improve-| Voltage must decrease with increasi
applications where voltags decreases at| ment is necessary. %vem switchin load rdination may requlreﬁ
least 4 or 5 volts with increasing load. steps can be used. Only one control| with other voltage- regul:mng equip-

potential source required. Independent. ment. Bandwidth must be latger than
of daily load patterns. More dexible. voltage step due to switching opera-
tion,

Current 100 On substation and feeder a pllca.tlons Adaptable where voltage is not a satis-| Needs both a current and potential con-
serving large intermittent f ds that| factory signal. Can be located any trol source. Current transformer must
are either on or off. Single step opera-[ place in system—flexible. Inde ndent| be on load side for fine control, Only
tions. Can be used on feeder with large of daily load patterns. Coordination| single-step control normally available.
fluctuating loads if “capacitor off” set-| with other voltage regulating equip-| Examination required to insure bank
ting is low enough. ment relatively simple. will not come on when voltage in-

crease results in too high a voltage.

Voltage-Current 140 On substation and feeder applications| Allows voltage to be used as intelligence| Need both a current and potential con-
where system voltage increases with) at any locatien on regulated feeders. trol source. Increased cost.
load at capacitor location.

Voltage-Time 130 On substation and feeder applications| Voltage overrides time control for unu-| Daily load patterns must be known.
where daily load patterns ire generally| sualload or voltage conditions. Increased cost.
known but unusual load conditions
often occur.

Kilovar 180 On substations when voltage conditions| Can have multi-step operation. Increased cost. Does not consider volt-
are not determining factor and kilovars age conditions.
carried by a system component must

kept to a minimum.

Time-Switch 30 On substation and feeder applications| Inexpensive. Coordination with other Omlttmg device required. Carry-o\er
where daily load and system patterns| voltage regulating equipment not re-| device required. Long system outages
are known, quired require resetting, Unusual load con-

dition may result in too low or too
high a voltage.

Manual 0 At attended substations. Inexpensive. Attendant can follow any! Requires attendant.

load conditiots. |
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Switched Capacitors versus Voltage Regulators

Whether a voltage regulator or a bank of switched capaci-
tors is most applicable depends upon the amount of voltage
correction desired and the system characteristics. The regu-
lator produces a change in system voltage that depends upon
the range of the device. The percent of voltage change per
kilovar of capacitors depends upon system reactance.

If a large voltage-regulation range is necessary, a voltage
regulator is most applicable, especially where system power
factor is high. If a small voltage change is required, a bank
of switched capacitors is often more economical. This is es-
pecially true if the system power factor is low or decreases
as load increases. Ior fine regulation, a voltage regulator is
used,sincea bandwidth settingaslowas t one volt is possible,
Economies obtained in the reduction of system losses and
release of system capacity when using switched capacitors
should also be considered. Another factor is the ability of
capacitors to support or maintain load voltages during sys-
tem emergencies. This is generally attainable because during
emergency periods the circuit impedance back to the regu-
lated-voltage source increases, causing a greater voltage rise
at the capacitor installation.

In many applications, both switched capacitors and volt-
age regulators are necessary on a particular feeder—for exam-
ple, when a large range of voltage regulation is necessary
and the feeder power factor decreases considerably from
light- to full-load conditions. In this case, capacitors reduce
losses, release system capacity, and give a rough voltage
change, which in effect increases the range of the regulator.
Coordination between switched capacitors and voltage regu-
lators is necessary to prevent one from causing misoperations
of the other, resulting in improper voltage control.

Coordination is no problem when fixed capacitors on. a
primary feeder are located ahead of a voltage regulator, or
if they are located at or beyond the regulating point deter-
mined by the line-drop compensator setting of the regulator
controls. If the fixed capacitors are located between the volt-
age regulator and the regulating point, satisfactory coordi-
nation and proper line-drop compensation are obtained by
slightly increasing the voltage setting of the voltage-regu-
lating relay in the regulator control.

With switched capacitors located ahead of a voltage regu-
lator or beyond the regulating point, coordination is no
problem. If the switched capacitors are located between the
regulator and the regulating point, voltage-current control
is necessary for the switched capacitors and a slightly higher
voltage setting on the voltage-regulating relay of the regu-
lator. The increase in setting would be approximately half
of the amount if the capacitors were fixed.

Conclusion

The voltage in a distribution system can be controlled at
the source or generator location, at substations throughout
the distribution system, and along the primary feeders.
Voltage control at the generator location offers the lowest
cost method. Control in the system is obtained with voltage
regulators and shunt capacitors, with the selection of either
or both depending on technical considerations and limitations,
individual system requirements, and economics.

First considerations for voltage control in the distribu-
tion system should be the use of fixed shunt capacitors
throughout the system, up to the system limits of light-load
voltage and power factor. Capacitors also generally offer the
lowest cost form of supplying leading kilovars to a distribu-
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tion system. Fixed capacitors can be either primary or
secondary capacitors. A method of automatic voltage con-
trol with either switched primary capacitors or voltage regu-
lators is then considered, and for any particular application
the cost-per-volt improvement should be determined for both.

Ultra-Safe Punch Press Control

T HERE must be no “ifs” ahout the control of a punch press.
These ponderous machines must make a single stroke and
then stop. If due to some malfunction of the control, the press
should make any strokes other than those selected, the operator
might lose a hand, or an expensive die might be ruined.

A new control, for presses using continuously running motors
connected through an air-operated clutch to the crankshaft,
presents the ultimate in safety. The control always checks itself
for malfunction. Should one relay fail because of a broken coil
lead, or weld itself closed, the press stops at the end of the stroke
and cannot be further operated. It employs standard break and
make pushbuttons (one for ecach hand); a reset relay prevents
operation in the event all “run” buttons are locked out.

New Lathes Produce Klinkii Veneer

I F YoU should visit a furniture shop some day soon and your

eye be caught by an unfamiliar, but beautiful, light-textured
wood, you may be told that it is araucaria klinkii. If so, it is
probably the product of two interesting new veneer lathes re-
cently set up in New Guinea. To make use of this little-known
cabinet wood, which grows only in the neighborhood of the New
Guinea gold fields, the Commonwealth-New Guinea Timbers,
Inc. introduced the two modern lathes. One is used for small
logs five feet long, the other for nine-foot lengths. The smaller
one is direct connected to a slow-speed d-c motor, which is un-
common for lathes. Both machines are controlled by magnetic
amplifiers, the first to be so equipped. Veneer is peeled at speeds
up to 400 fpm, and is reeled up as it comes off the lathe.
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The Nuclear

Propulsion Plant

of the
USS NAUTILUS

PART 11— This article is part of a paper presented ai the 62nd
Annual Meeting of the Society of Naval Archilects
and Marine Engineers, held Nov. 12, 1954. Another
portion of the paper was published in the March,
1955 issue of the Westinghouse ENGINEER.

To sTART the STR project, it was necessary to make cer-
tain arbitrary assumptions and then see what type of
power plant would result. The U. S. Navy indicated the
speed desired and the basic diameter of the submarine hull.
With this hull diameter, the approximate shaft horsepower
that would be required was determined, and a study was
made as to the size of power plant that would be needed to
produce that horsepower. It also was determined that it would
be necessary to have two propellers, and preferably two
complete sets of main propulsion equipment.

The study showed that the space required for equipment
of this size, and space necessary for proper buoyancy prohibi-
ted the possibility of using a conventional hull diameter.
After a series of design studies, compatible parameters were
determined. The project continued at the Argonne National
Laboratory. Later, at the Westinghouse Atomic Power Divi-
sion more accurate equipment designs were obtained and it
was necessary to increase the diameter of the hull to meet
space, weight, and horsepower requirements.

In a development project of this type, one of the most
important facts for consideration was the general status of
the knowledge that existed, particularly with respect to
whether it was sufficient to give reasonable assurance that a
successful nuclear power plant could be produced. This con-
sideration led to the choice of a water-cooled and moderated,
highly enriched, heterogenous, thermal reactor. As in all
naval vessels, it was necessary to have the plant as small in
size, light in weight, and simple as possible, commensurate
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with reliability of the system, safety, and accessibility.

To capitalize to the greatest extent possible on the use of
nuclear power in the propulsion plant, it was necessary to
design the reactor plant to have long life, and the longest
possible periods between refuelings.

Having selected the basic reactor type, as indicated in the
foregoing, it was then necessary to determine the overall
plant design parameters. A variety of steam cycles, including
various throttle pressures, back pressures, etc., were con-
sidered, and the most suitable one—from a weight and space
viewpoint —was selected that was compatible with the tem-
peratures available from the primary plant. The reactor heat
load was determined and the primary-system water temper-
ature, pressure, and tlow, and the maximum fuel-element
surface temperature were selected in conjunction with the
svstem study.

The maximum fuel-element surface temperature that could
be used was limited by several factors. The temperature had
to be below the boiling point of water for the system operat-
ing pressure. The temperature also had to be sufficiently low
to guarantee a satisfactory lifetime for the fuel elements from
a corrosion viewpoint. Obviously, it was desirable to have
this metal surface temperature as high as possible in order to
get the maximum thermal efficiency in the overall plant.
Even though the variation in metal temperature due to
power transients and the possible variation in the system
pressure were not accurately known, the metal surface tem-
perature was limited by the known data on corrosion re-
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1—Main turbines

2—Gear

3—Clutch

4 —Propulsion motor

5—Thrust bearing

6 —Propeller

7 —Steam separator

8 —Coolant pump t-g set

9 —Ship’s service t-g set

10—Main condensate pump

11—Stand-by condenser

12—Surge tank

13—Overflow

14 —Lo level control

15 —Air cjector

16 ~Main air ejector

17 —Lube-oil cooler

18 —Condensate pump

19 —Main boiler-feed pump

20 —Auxiliary boiler-feed
pump

21—Feed heater
22 —Feed storage tank
23 —Feed distribution pump

sistance of the zirconium sheath for the fuel elements.

In determining the average coolant temperature, it is
necessary to strike a proper balance of weight, space, and
cost of the primary coolant-system components. For a par-
ticular steam generator and core design, increasing the aver-
age coolant temperature requires a larger and heavier core
and reactor vessel. Increasing the average coolant temper-
ature reduces the size, weight, and cost of the boiler.

High flows permit cores that are less complex. Low flow
rates permit smaller pipes and valves. In any event, there
is a practical upper limit of about 40 fps for coolant flow
anywhere in the system.

Core Mechanical and Thermal Design

General Design Considerations—For the necessary heat-
transfer surface to be obtained in a nuclear core, the highly
enriched uranium fuel must be alloyed with other elements or
combined with other materials. The core fuel element not
only must have satisfactory nuclear properties but also must
be satisfactory from a radiation damage and corrosion view-
point. It is also desirable to have fuel elements that can be
fabricated as cheaply as possible. The clad material on the
fuel elements must not only prevent fission products from
contaminating the primary coolant but also must itself be
corrosion resistant so that radioactive corrosion products do
not enter the primary coolant in any appreciable amounts.

The fuel element must be capable of withstanding the
effect of the neutron flux throughout the life of the reactor
without causing structural damage, distortion, or damage to
the heat-transfer properties of the materials.

The materials used in the core must have a low absorp-
tion cross section for neutrons in order not to increase the
amount of fissionable material required.

Having determined the fuel-element material, it is still
possible to design the core with an almost infinite variety
of shapes and configurations. The fuel-element geometry
must be satisfactory from a nuclear viewpoint as well as from
the standpoints of heat transfer reliability, fabricability, and

90

Schematic drawing of STR engine room
shows steam and condensate systems.

24 —Drain collecting tank

25 —Main lube-oil cooler

26 —From 4000-gpd evapo-
Fig. 1 rator

27 —Shaft lube-oil cooler

28 —To 4000-gpd evaporator
29 —Main condenser

cost. There must be no excessively hot spot in the core oc-
casioned by nonuniform distribution of fuel or coolant, which
would cause corrosion damage or excessive thermal stress,

Assembly must be accomplished in such a way that failure
to pass inspection at any stage of manufacture requires the
minimum loss due to scrapping of material. The entire assem-
bly, of course, must be fully capable of withstanding high
impact shock.

Core Materials Problems—It should not be construed from
the foregoing discussion that the core mechanical and heat-
transfer designers had complete freedom in the selection of
materials from among a group whose characteristics were
well known, or even that the special configurations and de-
signs they might desire could actually be manufactured. The
zirconium and zirconium-uranium alloys that were used for
fuel elements were largely unknown from a metallurgical
viewpoint, and intense research and development were re-
quired before the final design was determined. It soon be-
came apparent that existing sources of supply of pure zir-
conjium would not be sufficient for our needs. To cope with
this situation, a zirconium production facility (Fig. 2) was
constructed at the Bettis Plant and in a very few months
was producing large quantities of pure crystal-bar zirconium
(see Fig. 3).

Fabricating methods and quality control of core manu-
facture entailed an extraordinarily large amount of develop-
ment work.

Fuel-element samples were made and tested in existing
reactors to verify that the fuel elements would be satisfac-
tory from corrosion- and radiation-damage viewpoints.

Core Physics Considerations

Criticality—1It is necessary to have the proper amount of
fissionable material in such a distribution that the reactor
can be made critical. There also must be sufficient reactivity
for proper control, not only at the start but throughout the
useful life of the reactor. It must be possible to start up when
fission-product transient poisons are present in the reactor.
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These problems can be solved largely by theoretical calcu-
lations. However, during the early phases of the project it
was not possible to calculate accurately the nuclear design
since the necessary theory and design constants were not
sufficiently well known to obtain adequate answers by calcu-
lations. For this reason, and to verify the calculations, a
series of experiments were performed at the Argonne National
Laboratory to determine whether the reactor design would
be satisfactory from a criticality standpoint. A series of criti-
cal experiments were required to determine wherein the
theoretical approximations were in error and to permit cor-
rections to be made so that other properties of the reactor
could be predicted. The final critical experiment consisted
of an exact nuclear mock-up of the reactor and all of its con-
trol. These experiments also were used to determine the
neutron-flux distributions for various control-rod positions.
In a sense these critical experiments serve as the proving
grounds for reactor designs.

Shutdown—1In addition to having sufficient fissionable ma-
terial in the reactor to guarantee its being able to be critical
at all times, it is necessary that there be sufficient control
means available to shut the reactor down, even in the most-
reactive and least-reactive conditions. The difference bet ween
the reactivity in the most-reactive and least-reactive con-
ditions is occasioned by changes in temperature, presence
of equilibrium and transient fission products, and burn-up
of fissionable materials as power is produced.

Control also must be available to decrease the reactivity
rapidly enough to prevent dangerous power overshoots ef-
fected by possible accidental causes.

Heat-transfer considerations as well as space considera-
tions made it desirable to introduce the minimum acceptable
amount of control. This required extensive calculations and
experiments to determine the amount that would be suitable
under all conditions. The control rods were made of the little-
known metal, hafnium. Manufacture of these rods required
extensive development in the metallurgy of this new metal.
One of the problems that has to be considered with respect
to control rods is their nuclear depletion. Control rods per-
form their function by having an unusually high absorption
cross section for neutrons. This very fact, however, causes
the atoms of the control-rod material to change gradually to
isotopes of higher order. This means that the absorption
cross section correspondingly changes, usually decreasing
with the absorption of each neutron. The life characteristics
of the rods, therefore, must be calculated carefully to ascer-
tain that they will be adequate throughout the life of the
nuclear reactor.

Flux Distribution—The heat production in a reactor is
proportional to the product of the neutron flux and the ab-
sorption cross section of the fuel material. Where the fuel
material is uniformly distributed, heat produced at any
point is, therefore, proportional to the neutron flux at that
point. The neutron flux has the same distribution for the

Fig. 2—Zirconium crystal bar
production plant at Bettis site.

Fig. 3—Zirconium crystal bars.
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same control-rod positions regardless of power level. The
neutron flux is, however, a function of control-rod position,
inasmuch as the control rods cause local depressions in the
flux when they are in the reactor. The power produced by the
reactor is proportional to the volume integral of the flux.
For a given power level, the location of the thermal hot spots
is a function of the gross peak flux due to power level and
local perturbations that might cause thermal peaks. Hot
spots can cause increased local corrosion, unduly high thermal
stress due to the magnitude and gradient of the temperature,
or burn-out of the fuel element because of inability to carry
away the heat under the boiling condition.

Proper design of the reactor can do a lot to decrease the
ration of peak-to-average neutron tlux, and thus decrease
the peak-to-average temperature. This can be accomplished
by proper location and size of control rods, by orificing the
coolant tlow, and by varying the distribution of the uranium
fuel. Tt must be noted, however, that variable loading and
orificing are both largely dependent upon having a fixed flux
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The start-up of new reactors almost always seems to
occur in the middle of the night. Whatever the reason,
the STR Mark I first achieved criticality at just before
midnight, Mountain Standard Time, March 30, 1953.
By that time the plant work was essentially complete
and most of the plant itself had been tested. The next
two months were devoted to completions of the sealing
of the primary coolant system and to all final pressure
testing and system thermal insulation. The first useful
power was generated Mayv 31, 1953,

Beginning in the evening of June 25, 1953, the Mark
I was brought to full power for a sustained run needed
to obtain information on nuclear physics and reliability
of the nuclear plant. It was planned to run for 24 hours.
At the scheduled end of the test, the Mark I was per-
forming so well that it was decided to simulate a run
across the Atlantic. For the next several days the Mark
I “submarine” proceeded at top speed. It was never
necessary to shut down the reactor or even to *“surface.”
Only three times during the entire “crossing” did the
Mark I slow down. Once it was throttled back to two-
thirds power for seven minutes and twice to half-power
for a total of less than 114 hours, In each case the neces-
sary adjustments were made to permit continued
operation of the system.

The plant has operated at various powers with rel-
ative ease, demonstrating the known conservatism of
design of the reactor and primary coolant system. No
deliberate attempt has yet been made to operate the
plant above its rated power since a large and extensive
testing program is being run to obtain detailed design
information on all parts of the plant, to permit the
better design of future power plants of this general type.

pattern, as it is a very difficult problem to determine the
required orificing or loading pattern if the flux distribution
is changed due to changing positions of the control rods.

Radiation Damage—The various materials used in nuclear
reactors are subjected to various degrees of damage from the
radiations to which they are subjected— just as human beings
might be. The subject of radiation damage of solids and
fluids is another one of those halfway fields lying among
physicists, metallurgists, mechanical engineers, and chemists.
The surface of these problems and their inter-relationship
with each other has only been scratched.

Radiation damage is proportional to the time integral of
the flux and is also a function of the type of material and
temperature at which it operates. To determine its effects,
therefore, requires extensive tests for long periods of time
and under conditions simulating actual reactor operating
conditions.

Radiation and Ileating of Structures—'The nuclear core is a
source of intense radiation of gamma rays and neutrons as
well as alpha and beta particles. The absorption of this radi-
ation creates heat, which is a function of the type and amount
of radiation. Because of the amount of absorbed radiation
in the material that supports the nuclear core, great care
must be taken to have sufficient coolant flow past all of the
surface areas.

Instrumentation—The power level is a function of the total
number of fissions taking place per unit time within the core.
The neutron flux is, therefore, proportional to the power.
However, the proportionality constant varies depending
upon the peak-to-average ratio of flux. It is also a function
of the attenuation of the flux from the core to the instrument
that measures it. This is determined initially by calculation,
and it is then verified and calibrated by actual operation of
the power plant. The variation in flux at the instrument from
start-up to full-power presents a very considerable instru-
mentation problem.

Overall Reactor-Plant Considerations

Shielding—One problem that permeates the entire field of
nuclear engineering is that of shielding. In the case of mobile
plants, shielding is a particularly difticult problem. For sta-
tionary power plants where size and weight are not particu-
larly important, one finds ordinary materials such as concrete,
iron, and water being used for shielding—economic considera-
tions usually determining the materials. In mobile reactors,
for both ship and aircraft application the principal emphasis
is placed on weight and space so that more unusual materials
are being investigated. Some of the materials that have the
best shielding properties do not have good structural proper-
ties, so the technique of their possible utilization in reactor-
shielding structures is a matter of considerable concern to
the nuclear engineer.

In addition to this, it is necessary that the shield be so ar-
ranged as to permit the maximum accessibility to the equip-
ment for maintenance purposes.

In the design of the shield, it is first necessary to know the
attenuation characteristics of the various materials and com-
binations of materials that will be used, After this informa-
tion is known, the problem is still a difficult one, because the
radiation does not emanate from a single point source or from
even a simple distributed source such as the core itself, Rather,
the radiation emanates from the core and from the radioactive
corrosion products that are in the coolant, as well as from the
radioactive oxygen in the coolant. In addition, these corrosion
products over a period of time distribute themselves through-
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TIME TABLE OF SUBMARINE THERMAL-REACTOR PRO]J ECT:

April, 1948
June, 1948

Fo.npal project established at Argonne National Laboratory.
Original Navy-Westinghouse contract.

December, 1948 Original AEC-Westinghouse contract.

March, 1950

Occupancy of new facilities at Bettis Site.

September, 195§ Commissioning of Nantilus (SSN-571).

August, 1950 Commencement of Mark I construction, National Reactor Testing e
Station, Idaho. . !' . e
Auguest, 1951 Award of Nautilus construction contract ‘o Electric Boat Division, Bt e -
General Dynamics Corporation. o i
June, 1952 Keel plate laying of Nawilus (SSN-571), i : e Iy
March, 1953 First radioactive critical operation of Mark I. e !
January, 1955  Launching of Nawtilus (SSN-571). g Sk o

As this article was in production the USS Naw/ilus underwent her initial sea trials. The vessel got under way on January 17,1955.
Official U. 8. Navy Photograph

out the reactor system, concentrating in certain places, such
as crevices. There is an additional complicating factor, which
is the self-shielding of the pipes, the core itself, the coolant,
and the other pieces of equipment, such as valves and pumps.
In addition, the radiation that can be allowed to emanate
from the shielded areas depends upon the access required by
the crew. All of these factors were taken into consideration in
the design and a theoretical solution was obtained. This was
checked very roughly by tests made at Oak Ridge National
Laboratory. Final confirmation of the shield design could not
be obtained until the STR Mark I reactor was actually oper-
ated at power at the test site in Idaho.

Another feature of nuclear-power plants associated with
shielding is the high degree of leak-tightness required of the
coolant systems that must contain radioactive coolant. A de-
gree of leak-tightness and reliability that is unusual in the
case of large systems, by ordinary engineering standards, is
required. In the case of most of the reactor coolants used, the
leakage of a very few cubic centimeters will release enough
radioactivity to the surroundings to make the area uninhabit-
able. An ordinarv steam power plant is subject to copious
leakage when compared with this standard. Valve packing
glands, pump-shaft seals, pipe flanges, and turbine-shaft seals,
usually all leak to the extent that it is necessary to add many
gallons of makeup water per day to the boiler. The heat ex-
changers, piping, reactor vessel, and other primary coolant-
svstem components, which make up this necessarily imper-
vious envelope to contain the coolant, generally may be of a
heavy rugged structure wherein good engineering practices
will insure great integritv. However, it is necessary to trans-
mit through this envelope certain motions, pressures, or con-
siderable amounts of energv; and the points at which these
pass through the envelope constitute points of weakness. A
greatamount of effort is being applied to achieve the necessary
soundness and reliability at these points.

Another problem associated with radioactivity and shield-
ing is that of maintenance. In the development of shipboard
nuclear-power plants, there are some extremely ditlicult prob-
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lems in insuring that one can do something about all parts of
the system in case it becomes necessary. Sometimes this in-
volves various ingenious mechanical devices to perform re-
mote operations. It always necessitates plans for repair as
part of designing due to the fact that, once any part is radio-
active, it is difficult to take it back to the machine shop for
alterations. This requires a much greater than normal atten-
tion to details of design and installation.

General Malerials Problems—A great many new and un-
usual materials are emploved in the design of nuclear reactors.
The need for their use comes from the requirement that struc-
tural materials, heat-transfer fluids, shielding materials, and
nuclear fuel and moderating materials must have certain nu-
clear properties in addition to the chemical and physical prop-
erties normally required. There are numerous materials that,
in the past, have been rare and little known from the stand-
point of engineering properties, which are now being used in
varying degrees.*

Installation, Operation, and Maintenance

In a development program of the magnitude of the sub-
marine thermal-reactor program, many dozens of items com-
pletely new in concept and design and many hundreds of new-
lv designed items are combined to form a final power plant.
The principle of individual tests for each item was followed to
the maximum extent possible so that the final assembly repre-
sents a test of the complete power plant rather than the test of
individual items. In addition, where secondary service sys-
tems were involved, the systems themselves were tested indi-
vidually before inclusion in the final plant. Finally, the entire
nuclear power plant was tested at the Mark I facility, as a
whole. This extensive test program has proved its worth in
that the power plant as finally installed in the Nautilus will be
a plant similar to the one which has had over a year’s actual
operating experience.

*For a discussion of materials problems for the submarine reactor, see “Materials
Development for 1the Submarine Thermal Reactor,” by William A. Johnson, Westing-
house ENGINEER, November, 1954, p, 208-12.
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Tm: principal forged components of 3600-rpm turbine-gen-
erator rotors are the rotor body, retaining rings, and blow-
er hubs—of these, the large rotor forging is, literally, the heart
of the turbine generator. The available size and quality of this
forging determines the maximum generator size that can be
built for a given rotational speed.

To insure maximum reliability of this important compo-
nent, the most modern manufacturing and inspection tech-
niques are employed. All turbine-generator rotor forgings are
made to strict specifications, and are given a complete and
thorough inspection at the forging plant by both the supplier
and Westinghouse. This close cooperation with the supplier
results in improved methods and procedures for producing re-
liable forgings. Specifications designate the kind and amount
of alloying materials, general manufacturing and forging
methods and procedures, and such physical properties as ten-
sile and yield strengths, and ductility. Also specified are size
and location of test samples taken from the forging for deter-
mining these physical properties, and for obtaining material
character with respect to grain structure, uniformity, freedom
from defects on external and bore surfaces, and freedom from
injurious internal defects. After inspections and tests have
verified the high quality of the forging, further checks are
made periodically during manufacture to assure a smooth-
running generator rotor.

Rotor Inspection

In addition to making the usual analysis of the material,
and physical tests todetermine yield strength, tensilestrength,
percent elongation, etc., the rotor forging is given several spe-
cial inspections:

Borescope Examination—After the rotor has been forged,
rough machined, and in some cases partially heat treated, a
hole is drilled completely through the forging, from end to end
along the axial center of the shaft. After further heat-treat-
ment and machining operations, the bore hole is finish ma-
chined to the diameter specified. The bore is then polished,
and as part of the final inspection, examined visually using a
periscopic device known as a borescope. In this way, the com-
plete length of the forging in the section where a defect would
be most likely to occur can be examined, and a bore that will be
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completely free of harmful defects is definitely assured.

Magnetic-Particle Tests—Magnetic-particle tests assure the
absence of harmful flaws or defects on the forging surfaces.
The test can locate any discontinuity open to the surface, but
too fine to be seen with the naked eye, and some defects slight-
ly below the surface. In this test, a magnetic field is set up in
the object being tested. Fine magnetic powder is then applied
to the surfaces. If a flaw exists, it is detected by a collection of
the powder at the defect.

Ultrasonic Examination—Ultrasonic examinations of the
complete forging are made in both the axial and radial direc-
tions. A high-frequency mechanical wave (both 214 and 1
megacycle are used) is transmitted through the material, re-
flects from the opposite side, or from any discontinuities in
its path, and returns to the source. Time of travel is meas-
ured, and by comparison of the elapsed time for portions of
the returning wave, any discontinuity would be located im-
mediately. If thereisanindication that is questionable because
of size, shape, or location, it is further investigated by taking
out core samples, or enlarging the bore hole, so that the condi-
tion of the material at that point can be determined. If the
investigation discloses any harmful flaw or discontinuity, the
forging is considered unsatisfactory.

New ways of utilizing ultrasonic signals for checking forg-
ings are continually being investigated, which may result in
even further improvements in inspection techniques and
procedures for these large rotors.

Component-Parts Testing

To assure maximum reliability, all component parts of the
rotor are given a separate proof test at a load corresponding
to a stress larger than that obtained at the maximum gen-
erator overspeed.

Particular attention is given to the retaining rings, which
are forged from high-strength steel and subjected to the same
requirements as the rotor forgings. Physical tests are made on
test pieces taken from an extension of the forging. All mechan-
ical surfaces are examined visually and by magnetic-particle
testing. The ring material is checked ultrasonically in the ra-
dial and circumferential directions. As an additional quality
check, the retaining rings are hydrostatically tested before
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Modern manufacturing facilities and spe-
cialized inspection techniques have made
possible today’shigh-quality rotor forgings;
more recently, inner-cooling has contrib-
uted an even greater margin of reliability

to the new, large-sized generator ratings. oA

BLOWER

eneraror 1orgmgs

being assembled on the rotor, at stress loadings appreciably
higher than those that occur at 20-percent overspeed, the
maximum speed of the assembled rotor.

The blower hubs, which are relatively thick in the radial
dimension, are given the same inspection and test as the rotor
retaining rings, except that they are mounted on a mandrel
and rotated at 25-percent overspeed instead of being subjected
to the hydrostatic-pressure test. The physical properties and
ductility of the blower hubs are determined in the same care-
ful manner as the rotor forging. Prototypes of new blower de-
signs are also subjected to tests corresponding to operation at
full speed in air, where the aerodynamic load on the blades is
much higher than for normal operation in hydrogen.

The blower blades are assembled on the blower hub oron a
test tool and given a 25-percent overspeed test before being
mounted on the rotor for operation. Furthermore, the blower-
blade section is fluorescent-penetrant tested to assure freedom
from cracks and flaws both before and after overspeed.

After the rotor is complete, it is run in a seasoning and bal-
ancing rig over a range from zero to 110 percent of normal
speed. As a final test, a 120-percent speed run is made with the
rotor assembled in its own stator and with its own bearings.

Contribution of Inner-Cooling

Increased mechanical reliability of the rotor is the greatest
contribution of inner-cooling. For rotors with a central bore,
the maximum stress occurs at the bore surface, and for differ-
ent rotor diameters this stress varies approximately as the
square of the diameter. For example, the bore stress for a 43-
inch diameter rotor is approximately 50 percent greater than
for a 34-inch rotor, and approximately 35 percent greater than
for a 37-inch rotor. Therefore, the yield strength of the ma-
terial must also be increased approximately as the square of
the rotor diameter, and the strength increments will be on the
order of 50 and 35 percent, respectively, in going from 34- and
37-inch rotors to the 43-inch rotor.

Inner-cooling makes possible a reduction in rotor diameter
up to six inches (two sizes), and the rotor weight approximate-
ly 50 percent for 3600-rpm generator ratings up to 300 mw.
This means that ratings ranging from 125 to 300 mw can be
given the same margin of mechanical reliability that is now
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Major components of a
high-speed gemerator
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available on the 60-mw generators of conventional design.
The question is sometimes raised as to the desirability of
using cross-compound turbines for the large unit ratings. From
the generator viewpoint, inner cooling has made possible the
construction of single-unit, 3600-rpm generators for ratings
up to at least 450 mw with the same safe margin of mechanical
reliability now presenton 60-and 100-mw units of canventional
design. The advantage of a lower operating speed of the 1800-
rpm unit for the cross-compound machine is ofiset by the
smaller diameter forging required for the 3600-rpm tandem
machine. Consequently, for ratings up to 450 mw, the need
for the cross-compound unit construction should be based on
the efficiency performance of the steam turbine and the over-
all cost of the unit for the particular rating, steam conditions,

fuel costs, water temperature, and other pertinent factors.
Text continued on p. 98

This rotor forging has been turned to size, ready for slotting.
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4—Following forging, and prior to any ma-
chining, the forging is partially heat-treated.
In the photograph shown above, heat treating
was done in a vertical furnace.

5 —The first rough machining cut on the forging
shown above is followed by final heat-treating
to obtain the desired physical properties. After
final heat-treatment, the forging is machined
towithinone-eighth inch ofthefinal dimensions.
6 —The forging is carefully inspected, and prop-
erties verified by a variety of tests—physical,
chemical, borescopic, magnetic-particie, and
ultrasonic; ultrasonic testing is shown.

7 —The forging is shipped to the Westinghouse
East Pittsburgh plant for further machining.
First operation is in a lathe, where the forging
s turned down to its final diameter. It mext
goes to the special slotting machine shown,
where the slots for the windingsare machined.

Bethlchern Steel Company photagmsy

8 —Catting the slots in the rotor forgieg s an
intricate machming eperation, particukasly m
innes-ceal=d rators where the slots are tapered.
All machining must be accurate to within a few
thousandths of an inch to insure a smooth-run-
ning generator. Each slot is carefully checked
with these special gauges.

9 —After windings and end-rings have been as-
sembled on the shaft, blower hubs are shrunk
into place. Eack hub ring is heated and placed
in position; the shaft is rotated while the ring
cools so that the hub will shrink uniformly.

10 —The assembled reotor is balanced both hot
and cold, o that vibration during operation
will be reduced to a minimum. Following the
balancing operation, the rotor is subjected to
overspecd tests. As a final check on rotor opera-
tion, it is assembled in its stator frame on #sown
bearings, and given a 120-percent speed test.




Rotor-Forging Inspection on Completed Units

If desired, forging inspection techniques can be applied to
the rotors after manufacturing and testing operations have
been completed, and at periodic intervals after the unit is in
service. For turbine units now in service or under manufac-
ture, visual and magnetic-particle inspections can be made at
any time on the surface parts of the rotor that are available,
or that can be made available without undue effort, time, and
expense. The rotor bore surface can be reached by removing
(1) the lathe center plugs at the extreme ends of the rotor,
(2) the magnetic filler pieces in the rotor bore, and (3) the
rotor field-lead assembly. Both borescope and magnetic-par-
ticle inspection can be made on the bore surface following a
reasonable amount of cleaning.

Ultrasonic inspection can be made on the shait ends but
not on the rotor body, due to the small, closely spaced grooves
machined in the surface to reduce surface losses. Practically
complete ultrasonic inspection of the rotor body can be made
by machining two shallow, crescent-shaped axial grooves in
the surface of each pole center,and using a circular-shaped,
adjustable angle crystal. The indications thus obtained prob-
ably will be different from those obtained initially on the solid
forging by the conventional method, and some reconciliation
may be necessary. Indications from subsequent inspections
should be compared to results obtained by previous inspec-
tions made under similar conditions.

The rotors of generators now under manufacture can be
machined so that ultrasonic inspection can be made at any

selected time after the unit is in operation. In cases where this
kind of inspection is desired after the unit is in service, a refer-
ence bench-mark inspection record should be made after the
rotor balancing operations are completed and just prior to the
time the rotor is to be assembled in its stator for unit manu-
facturing tests. If rotors are removed from the stator for ship-
ment, the reference check can be made after the unit is dis-
mantled for shipment. The present Westinghouse inspection
and maintenance program for large generating equipment can
be extended to cover ultrasonic inspection of the generator
rotor-forging elements.

Summary

The development and introduction of new and specialized
inspection techniques, and the improvements in the forging
art during the past several years have made possible the pro-
duction of large, high-quality rotor forgings for turbine gen-
erators. More recently, inner-cooling has enabled large reduc-
tions in rotor-forging diameters and weights, so that genera-
tors can be built for ratings up to 300 mw using rotor forgings
of the same diameter as have been used on 60-mw units of
conventional design. The improved ductility due to reduc-
tions in diameter and weight gives an increased margin of
mechanical reliability, which is of much importance in con-
nection with high speeds attainable under loss-of-load condi-
tions. Inner-cooling makes it feasible to build tandem-com-
pound, 3600-rpm units for any rating desired in the foresee-
able future with assurance of ample mechanical reliability.

Reactor Syastem Breaks
Low-Frequency Radco
Tnatic Jam

The number of teletype messages the Navy can transmit
over its high-power, low-frequency transmitter has been in-
creased five-fold. This big transmitter is part of the Navy’s
system of communication to its many centers throughout
the globe. Because it operates at the extraordinarily low
frequency of 15000 to 34 000 cycles, it puts out an extreme-
ly powerful ground wave but very little sky wave. Hence it
is virtually immune to atmospheric disturbances.

But at that frequency it is inherently sluggish. The im-
pedance of the antenna is so high that changes in signal
strength take place slowly. Hence the on and off pulses of
the transmitter cannot be closely spaced.

The trick is to frequency-shift key the transmitter, and
simultaneously shift the antenna tuning exactly in step
with the keying pulse. This is done by a huge saturable re-
actor controlled by a special pulse transformer. And we do
mean huge. The reactor alone weighs 46 000 pounds and is
filled with 23 000 pounds of oil. It occupies a space bigger
than a normal room. But this is small compared to what it
would have been without the recently available ferritic core
material, which has low loss at these frequencies. The core
is made up of bricks of magnetic ferrite. The reactor is
wound with special cables, about a half-inch thick but con-
taining 4500 strands. Each strand is insulated from the
others, and in winding the strands are transposed for mini-
mum eddy-current loss.

The special pulse transformer is used to modulate the
saturable reactor. This cuts down the driving power, if the
“brute strength” method had been employed, from about
100 to 10 kw.
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Industrial Magamp Systems
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At left, the Magamp control cabinets for the stands, 400-cycle supply,
and reel of a tandem cold strip mill. Above, the mill’s delivery end.

The magnetic amplifier gets around. Since it first was in-
troduced to the industrial field, the Magamp has become
a familiar part of regulating systems in most industries—
and its circle of acquaintances is still increasing rapidly.

THE MAGNETIC AMPLIFIER, which made its bow in modern
form but a few years ago, has quickly won itself an envi-
able place in industrial control. Based on an old, but relatively
obscure principle, it was given a new lease on life by the de-
velopment of applicable new materials and circuits. Since
that time the Magamp has found extensive use for many con-
trol functions in such industries as paper, steel, lumber, tex-
tile, mining, machine tool, and material handling. Despite the
variety of tasks it performs, however, the magnetic amplifier
itself and the basic circuits required in its application remain
relatively simple and straightforward. Minor variations in the
basic Magamp circuits enable their application in a large
number of different situations.

Brief Magamp Theory

A Magamp is essentially a controlled impedance in series
with a load, both connected to an a-c source. \When the load
requires direct current, a bridge-type rectifier is connected in
series with the Magamp. The controlled impedance is in the
form of a square-loop core material whose flux is controlled
or preset by external means.

MAY, 1955

A simple half-wave circuit that illustrates the theory of op-
eration of a Magamp is shown in Fig. 1a. Assume that control
current is such that initial magnetic intensity (H) is at point
1 (Fig. 1b) when the supply voltage begins to rise. This as-
sumption is valid because for negative half cycles, the recti-
fier blocks any reverse current, so that the only ampere-turns
on the core are those from the control winding. As the supply
voltage rises from zero, a small magnetizing current flows,
and the flux in the core begins to increase. The dotted lines
from points 1 to 2 in Figs. 1b and 1¢ show the core flux and
resulting load voltage for this condition. When the flux reach-
es point 2 the core saturates, so that its impedance is essen-
tially zero. The supply voltage then appears entirely across
the load, as shown by point 3 on Fig. 1c. The ampere-turns
of the load current cause the operating point after saturation
to move out on the B-H curve to some point as 3, Fig. 1b.
When the supply voltage decreases to zero, the operating
point on the B-H curve moves to point 4. During the negative
half cycle, the core flux is reset to the value determined by the
control-winding ampere-turns.

For a given supply voltage, the point at which the mag-
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Fig. 1—~(a) A simple half-wave Magamp circuit; (b) the B-H curve; and (c) the resulting load voltage.

netic amplifier core saturates is determined entirelv by the
control-winding ampere-turns.

The relationship between the load voltage and control
ampere-turns is known as the (ransfer curve, or transfer char-
acteristic. A typical transfer characteristic for a Magamp
having an idealized square loop core material is shown in
Fig. 2. Note that when there are no control ampere turns,
output is a maximum. The effect of adding a separate control
winding to apply a net negative, or bias, ampere-turns to the
core, is shown by the dotted lines.

The bias winding has the effect of shifting the transfer
curve to the right, so that in the case of Fig. 2, the output is
a minimum when the control ampere-turns are zero.

Note that this transfer curve does not reach zero output
volts. This is because even so-called square-loop core mate-
rials used in Magamps have a finite permeability. That is, a
definite magnetizing current is required in the load winding
to overcome the reluctance of the magnetic circuit.

Transfer curves such as this show load voltage versus con-
trol ampere-turns. This method of showing output versus in-
put is useful in understanding the theory of magnetic ampli-

Fig. 3—Typical performance curves for a standard design Mag-
amp, i.c., control ampere-turns plotted against load amperes.
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fiers; however, usual practice is to indicate the transfer curves
of Magamps in terms of control ampere-turns versus load
amperes for a given load resistance (Fig. 3). By showing the
performance characteristics in this manner, the effect of the
load-winding resistance on load voltage can easily be deter-
mined. Also, for a given Magamp load-winding design, vari-
ous temperature-rise lines can be plotted for different values
of load resistance. This permits plotting a curve of output
watts superimposed on the transfer curve for various load re-
sistances. Also, for a given load resistance and load winding,
the system gain can be determined quite easily. The effect
of changing the load resistance can also be examined easilv in
terms of output watts and svstem gains.

The circuit shown in Fig. la is not practical for several
reasons. First, the output is half wave, which means that the
circuit has a definite limitation regarding output power and
efficiency. Second, the control winding is, in effect, the second-
ary of a transformer as seen by the supply voltage. The in-
duced voltage in the control winding would tend to nullifv
the effect of the control ampere-turns. For this reason, the
control winding impedance must be quite high. Third, the
self-saturating rectifier must be designed to withstand the
entire negative supply voltage, with minimum back leakage.

Basic Industrial Circuit

Several circuits can be used to overcome the limitations
of the simple half-wave circuit. The one finding greatest usage

Fig. 4—The basic doubler circuit common in industrial usage.
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_____ CONTROU AMPERE-TURNS WITH BIAS
Fig. 2—A transfer curve for a Magamp with an
idealized square-loop core material; dotted-line
axes show effect of adding a bias to the Magamp.

in industrial applications, known as the doubler circuit, is
shown in Fig. 4. The name comes from its similarity to the
doubler circuit used in d-c electronic power supplies.

This circuit consists of two separate cores with load wind-
ings, control windings, a self-saturating rectifier for each core,
and a bridge-tvpe rectifier to supply direct current to the
load. The circuit is arranged so that one core conducts while
the other is cut off, for alternate half cycles of supply voltage.
This permits the use of a bridge-type rectifier to obtain a
full-wave output. The control windings are connected in series
between cores so that the fundamental and odd harmonics
are cancelled in the control windings. This eliminates the need
for high control-circuit impedance.

Use of a Self-Energizing Winding

Single-stage magnetic amplifier units are used wherever
possible. For applications requiring higher system gains than
obtainable in a single-stage unit, the designer is left with two
alternatives. The first is to use a two-stage Magamp, which
generally increases the overall cost of the regulator, or second,
to use a single-stage Magamp with a positive-feedback system,
which will increase the Magamp gain.

The simplest way of increasing the Magamp gain is to use
a self-energizing or self-saturating winding. The self-energizing
winding feeds back cumulative ampere-turns to the core pro-
portional to the load ampere-turns. This means that less
ampere-turns are required in the control windings to obtain

Fig. 5—A simple current regulator utilizing magnetic amplifiers.
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a given Magamp output. The seli-energizing winding increas-
es the steady-state svstem gain but has little effect on the
dynamic gain (transient response). This is because the self-
energizing effect is proportional to load amperes, which in
turn respond to a transient as a function of the time delay of
the load itself.

Basic Systems

Consider now the basic types of regulators and their corre-
sponding Magamp circuits. Some of these regulators are of
the single-stage, self-energized variety, some are single stage
without self-energizing windings, and the remainder are two-
stage regulators.

Simple Current Regulators

The simplest Magamp regulator is one that regulates for
constant armature current in a d-c drive. This can be done by
regulating the generator voliage or by controlling the excita-
tion of a booster in series with the motor armature circuit.

A simple current-regulator circuit using a Magamp is
shown in Fig. 5. The bias winding is adjusted for minimum
Magamp output with no other signals in the control windings.
The pattern field winding is cumulative and is adjusted for
the desired armature current. The control winding is excited
proportional to the armature current and is differential in its
effect. The regulator operates to keep the difference between
the pattern and control ampere-turns to a minimum, and
therefore maintains essentially constant armature current for
a given pattern-field setting.

Such a current regulator is applied to maintain constant
torque on a d-c motor connected to a machine whose speed is
set by some other means, such as wet-end helper drives on
paper machines, and tension rolls preceding a windup stand.

Voltage Regulators

Voltage regulators can be either single stage or two stage,
depending on the required power output and the necessary
system accuracy. In general, when accuracy on the order of
one-half percent of top voliage is required and when the
power output is to be 200 watts or more, two-stage magnetic
amplifiers are used.

A typical two-stage voltage regulator, shown in I'ig. 6, can
be designed for a system accuracy on the order of 0.1 percent
at top voltage, assuming no variation in the system reference.

Fig. 6 —A two-stage voltage regulator that uses fixed reference.
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A reel-drive Magamp system for a paper machine.
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A typical counter-emf Magamp speed regulator.
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Basic circuit of a pilot-generator feedback regulator.
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An over-ride current-limit Magamp system, with bias.
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This regulator controls the generator voltage corresponding
to a production speed range, usually by means of a motor-
operated rheostat. The reference voltage is obtained from a
suitable constant-potential source.

Note that self-energizing windings are not used with this
regulator. This is because the required system dynamic gain
cannot be obtained unless a two-stage Magamp is used, in
which case the self-energizing winding is unnecessary.

Typical applications of such a voltage regulator are sec-
tional paper-machine-drive power-supply generators, and bus
voltages used as references in coordinated drive svstems.

Constant-Tension Regulators

Windup- or unwind-stand reel drives, in which the driving
motor is direct connected to the core, must maintain constant
sheet tension over the range of roll diameters. This means
that the motor must operate at constant horsepower, since
the sheet speed is constant, and horsepower is proportional
to the product of the sheet tension and its speed.

A reel-drive system for the windup at the end of a paper
machine is shown in Fig. 7. In this system, the motor arma-
ture voltage is established proportional to machine speed.
Constant sheet tension is maintained by regulating for con-
stant armature current. Constant armature current, in turn,
is maintained by controlling the excitation to the motor shunt
field as the roll diameter builds up.

Note that the control windings are arranged similar to
those for the simple current regulator. However, in the case
of a windup drive, the pattern-winding ampere-turns are dif-
ferential, while those of the current winding are cumulative.

Speed Regulators

Speed regulators are of two basic tvpes, counter-emf and
tachometer feedback. The simplest is the counter-emf type.
Here the Magamp supplies excitation to the generator to con-
trol its terminal voltage in proportion to the desired speed.
The total cumulative ampere-turns are those supplied by the
pattern winding and the IR-drop compensating winding. The
differential ampere-turns are supplied by the voltage-feedback
winding. Such a counter-emf speed regulator using magnetic
amplitiers appears in Fig. 8.

The most common speed regulator is the tachometer feed-
back type. In this regulator, the tachometer output voltage,
which is proportional to the machine speed, is matched to a
reference voltage through the magnetic amplifier. The Mag-
amp, in turn, supplies controlled excitation to provide the
correct speed.

The basic circuits of an adjustable-voltage speed-regulated
drive using tachometer feedback and a Magamp are shown
in Fig. 9. A typical circuit of this tvpe has an accuracy of
about * one-half percent of top speed, no load to full load.

Note that the single control winding compares the pilot-
generator voltage to the reference voltage. The difference be-
tween these two voltages supplies the control ampere-turns
necessary to provide therequired Magampoutput. In general,
a single control winding is used when only two quantities are
to be compared and when it is not necessary to maintain cir-
cuit isolation.

Current-Limit Systems

The two basic current-limit systems use magnetic ampli-
fiers. These basic svstems are: current-limit over-ride and
current limit with field forcing.

The simplest form is the over-riding type. This is applied
when manual or preset control of speed is used for acceleration
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and deceleration. The over-riding current limit is used pri-
marily to protect the rotating equipment and to give smooth
operation during acceleration and deceleration. An over-riding
current-limit system using Magamps is shown in Fig. 10.
The current limit comes in only when the speed-adjusting
rheostat is moved rapidly, or when the load inertia is large
enough so that the motor cannot change speed fast enough so
that its counter emf will keep up with the change in
generator voltage.

This is also known as the bias-type current limit, since the
system is biased so that no current limit takes place until the
armature current exceeds the value set by the bias voltage.

The watt input across the bias resistor is made intentionally
high, so that the signal from the armature circuit has little
effect on the bias-voltage setting. The bias power must be a
low-voltage source since its voltage is compared to the signal
voltage from the armature-circuit resistor. Bias power can be
obtained from a separate three-phase transformer and recti-

ing system must provide both current limit and field forcing.
Field forcing overcomes the time delay in the generator field
and at the same time forces the armature current to the max-
imum value. The current limit monitors the amount of field
forcing to protect the armatures and commutators.

With nonreversing drives, current limit and field forcing
can be obtained on acceleration and deceleration by using a
single Magamp. For reversing drives that require field forcing
and current limit, two Magamps are necessary —one for for-
ward and one for reverse operation.

These Magamps can operate on individual fields in the
generator or in the shunt field of a small reversing exciter
that supplies reversible excitation to the main generator. It
is usually more economical to use the reversing exciter sys-
tem. The resulting smaller Magamps usually offset the in-
crease in cost that would be due to the addition of the small
reversing exciter. A typical field-forcing, current-limit regu-
lator, as used with log-carriage drives, is shown in Fig. 11.

Fig. 11—A field-forcing current-limit Magamp for a re-
versing drive. Points A and B are the forward and
reversing cams on the master switch.

fier or from the series dropping resistor in a motor or an ex-
citer shunt field.

The simple over-ride current-limit Magamp can be modi-
fied to include a voltage-feedback winding and an IR-drop
compensating winding. The Magamp is then a voltage, or
cemf regulator, with current-limit over-ride. However, the
addition of feedback windings, since their effect is differential,
requires that the system gain be increased to provide the
same sharpness in current limit. Thus, with voltage-feedback
current-limit systems, it is usually necessary to add damping
circuits and to use two-stage Magamps to obtain sharp cut-
off current limiting.

When a load must be accelerated and decelerated at rates
up to the maximum capability of the drive units, the regulat-
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A Magamp cubicle for a coal-unloading tower. This is
a current-limit override system with voltage feedback.

The log-carriage-drive master-control switch consists of an
inductor unit with an a-c output. The a-c output is obtained
from the rotor unit. Its magnitude is a function of the rotor
position, along one quarter of a sine wave. This permits es-
sentially stepless control over the speed range.

The a-c output is rectified and fed to the Magamp pattern
windings. On log-carriage drives the inductor output is dif-
ferential so that its maximum output provides minimum gen-
erator voltage. This differential system is used to give smooth-
er speed control of the carriage at the lower or sawing speeds.

Special Circuits

The circuits described so far cover the majority of the
basic industrial drive svstems. There are a number of special
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circuits that have been designed for particular systems or to
provide a particular type of output characteristic.

Ignitron Voltage Control — A Magamp system is used to con-
trol the output voltage of an ignitron that supplies adjust-
able voltage to the drive motors for a hot-strip mill. The
Magamp operates as a voltage regulator by controlling the
ignitron firing angle. The Magamp is provided with a cumu-
lative pattern winding, set to give the desired voltage, a volt-
age-feedback winding, whose ampere-turns are compared to
those of the pattern winding, and bias and damping windings.
The Magamp output controls the impedance of reactors in
the firing circuit of the ignitron.

Sectional-Drive Regulator—A special Magamp circuit is
used in conjunction with a differential error-detecting unit
on a paper-machine sectional drive.

This regulator operates on the position principle, that is,
the revolutions of the regulated section are matched to the
revolutions of a master set. The matching is done through a
differential gearing system. The mechanical output from the
differential gearing system is translated into electrical signals
by an inductor unit and a d-c pilot generator. The inductor
provides the steady-state position cue by virtue of its rotor
position. The pilot generator provides the necessary forcing
signal to maintain the correct paper-machine-section speed
under transient conditions.

A two-stage Magamp is used. The steady-state, forcing,
and damping signals are fed to separate control windings in
the first, or voltage-amplifier stage. The output of the first
stage is fed to the second, or power-amplifier, stage. The

There are at least two ways of getting
at the nucleus of any complex problem.
One is by striking out in whirlwind fash-
ion, solving all incidental or orbital prob-
lems as they are encountered, literally
overcoming all obstacles by sheer energy,
and eventually finding a path to the desti-
nation. Another is to analyze the situation
more precisely before starting and then
strike straight at the nucleus, following as
direct a path as possible to the solution of
the problem.

Of the two, there is little doubt as to
which scientist Dan Alpert prefers. Near-
ly everything he does shows ample evi-
dence of a high degree of analytical think-
ing and a carefully considered direct ap-
proach. As one of his associates puts it:
““Dan is a master at reducing problems to
their barest essentials.” And, we might
add, this is demonstrably true whether
the subject be a complex scientific ques-
tion, or an equally complex administrative
problem. As a scientist at the Research
Laboratories since 1941 and as manager
of the Physics Department since 1950, Dr.
Alpert has proved himself adept as both a
physicist and an administrator.

Alpert’s record in research shows par-
ticipation in a number of significant de-
velopments. While still in college he was
part of the group that developed the klys-
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power amplifier supplies the entire excitation requirements of
the section generator.

Relay Magamps—A Magamp with a self-energizing wind-
ing can be calibrated so that its operation is similar to a relay.
That is, it can be arranged to pick up, or conduct at a certain
value of control ampere-turns, and drop out, or cease conduct-
ing at a reduced value of control ampere-turns. The calibra-
tion is made by adjusting the ampere-turns of the self-ener-
gizing winding.

This type of characteristic is used in dead-zone regulators
such as a tension-monitoring device. The relay Magamp can
also be used to initiate a sequencing system such as a stopping
circuit when the initiating control signal is very small and is
nonrepetitive. A typical application would be an automatic
stop of a core-driven reel on a sheet break. The initiating sig-
nal in this case could be a capacitor discharge into the relay
Magamp control winding.

A-C Supply Considerations— Variations in both a-c supply
voltage and frequency affect the output characteristics of
Magamps. For a given total control ampere-turns, an increase
in the supply voltage causes an increase in output volts and
vice versa. In general, supply-voltage variations should not
exceed t five percent for optimum performance in a closed
loop system. When the variations in the a-c supply are ex-
pected to exceed Tt five percent, a regulating supply trans-
former should be used in place of the conventional supply
transformer. In the case of a two-stage Magamp, it is usually
necessary to use a regulating supply transformer only for the
first stage.




Changes in supply frequency affect the value of saturation
voltage primarily. In general, Magamp operation is satisfac-
tory as long as the supply-frequency variations are within +
one percent of the nominal value.

A Magamp is a carrier-type amplifier. That is, its response
to a change in control signal is carried on the frequency of the
a-c supply. This means that the response time cannot be
less than one half the period of the supply frequency. Also,
the Magamp size for a given power output is determined by
the supply frequency in much the same manner as it is for
transformer size.

Therefore, when extremely fast response is required, and
when a large number of Magamps are to be used for a com-
plete system, a separate high-frequency power supply is usu-
ally advantageous. Usual practice for these types of systems
is to supply a separate 400-cycle alternator.

However, the majority of Magamp regulating systems oper-
ate satisfactorily at the common supply frequencies from 50
to 60 cycles. The simple over-riding current-limit system
can be used with a supply frequency as low as 40 cycles.

A typical industrial Magamp regulator includes a supply
transformer to step down the plant voltage to the required
Magamp voltage. Relays are also included to assure d-c bias
voltage before alternating current can be applied, and to
assure having the alternating current on before the drive
can be operated. A-c disconnects in the form of fuses, knife
switches, or AB breakers are also usually included with the
Magamp. The connections, type of overload, and type of
interrupting circuits to the a-c supply transformer are usually

applied by the mill in line with their own practice for trans-
former circuits.

The basic Magamp systems described have already been
used on a large number of different applications. Undoubted-
ly, as the use of these static devices increases still further,
new variations or new circuits will appear. However, the sys-
tems mentioned or combinations thereof are applicable to
the vast majority of present industrial regulating systems.

This Magamp-controlled paper winder operates at 5000 fpm,

DANIEL ALPERT

tron, a radar tube later to be widely used
during the war. At Westinghouse he was a
key figure in the development of the TR
switch for radar in 1943, and in 1944 the
heacon reference cavity, a microwave tube
still in use—which is unusual considering
the tremendous advances in the micro-
wave art since that time. In 1945 Alpert
became part of a group who worked on
isotope separation at Berkeley for the
Manhattan Project.

Since he returned to the Laboratories
in 1946, Alpert has concerned himself
largely with fundamental research in phys-
ics, particularly in the fields of gaseous
and physical electronics. His most recent
activity has been in the field of ultra high
vacua; one by-product of this research is
the Bayard-Alpert ionization gauge, which
is capable of measuring considerably low-
er pressures than could be accomplished
with previous devices. Armed with this
gauge and other vacuum equipment they
developed, Alpert and his co-workers have
been able to explore the structure of mat-
ter under conditions never before achieved.
Applications for some of the information
and techniques developed have already
found their way into such widely different
fields as electron tubes and geologic age
determination.

Alpert’s analytical approach and or-

ganizational ability result in a high degree
of succinctness and clarity of expression
both in the written and spoken word. One
indication of this is the award he recently
won for presenting the most noteworthy
paper at the annual meeting of the Ameri-
can Association for the Advancement of
Science. The subject—high vacua.

Asa department manager, considerably
less of Alpert’s time is spent in actual ex-
perimentation. As he puts it, “ Until six
vears ago my work was physics and my
hobby administration; now, in a sense,
my work has become administration and
my hobby, physics.” But Alpert’s ap-
proach to his administrative tasks is as
characteristically thorough as his scientific
approach. He believes strongly that the
atmosphere in which scientists work de-
termines to a large degree what they ac-
complish. While this is by no means an
unusual theory, Alpert extends the word
“atmosphere”’ to cover considerable terri-
tory. He is, for example, as careful and
thorough about some of the scemingly
minor tasks, such as laying out the work-
benches and tools for his laboratories,
as he is about advising and encouraging a
young physicist in his selection of a scien-
tific problem.

Despite his analytical and thorough ap-
proach to all situations Alpert is not de-
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liberate; his reactions are often immedi-
ate, occasionally even blunt. He obviously
believes in meeting all situations directly
rather than circuitously.

Alpert is a New Englander, a native of
Bloomfield, Connecticut. The valedicto-
rian of his high-school class, he entered
Trinity College where he followed the
same pattern, graduating magna cum
laude in 1937, The recipient of a graduate
fellowship, he spent four years at Stan-
ford, and earned his Ph.D. in 1942. In
1941 he joined Westinghouse asa Research
Fellow, and shortly became a member of
the Electronics Department. In 1950 he
was named manager of the Physics De-
partment, his present position.

Despite his many professional interests,
Alpert manages to take an active part in
community affairs; be is, for example,
currently president of the school board in
his township. A ski enthusiast, on many a
winter weekend he can be found with his
wife and two daughters on a nearby slope;
in the summer his sports interest turns to
the tennis courts, at which game he con-
siders himself ““no better than fair.”

All of his activities considered Alpert
leads an active, well-rounded existence.
As one associate admiringly put it, ““ Dan
Alpert extracts about as much out of life
as any individual can.”
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Fig. 1.

Cutaway view of a modern
150 000-kw turbine-generator reheat
unit showing spindle temperature ranges.

Smooth Running Turbines...

. . . are assured by more stringent test procedures for high-speed, high-temperature
turbine spindles to make certain that permanent bowing is detected and corrected
before the turbine leaves the factory, thereby eliminating additional field balancing.

P. C. WarxEr and F. C. EatoN, Steam Division, Westinghouse Electric Corp., South Philadelphia, Pa.

HE MODERN central-station steam turbine is an amazing
machine. The story of its large output and high efficiency
is well known. Less appreciated, perhaps, but certainly of
equal importance is the high degree of reliability required.
Many turbines, when placed in service, operate at or near full
load for as much as a year before being taken off the line.
They carry load day in and day out for their entire life with
a minimum of attention; in some cases, inspections may be as
infrequent as every five years.
One important aspect of this reliability is the low level of

Fig. 2—High-temperature spindles are put through their paces in
this heater box. The spindle being tested is driven by a shop tur-
bine through a flexible length of shafting. The box can be heated
or cooled to provide the desired test temperature. Vibration read-
ings can be taken near the journal at each end of the test spindle.

machine vibration tolerated. For large Westinghouse tur-
bines, total shaft motion near the journals is held to less than
0.002 inch, or roughly half the thickness of the paper on which
this article is printed. The exacting nature of this require-
ment can best be appreciated by considering that to achieve
this goal, turbine spindles, which weigh from five to twenty
tons, must remain straight within 0.001 inch, despite a com-
bination of spindle temperatures up to 1000 degrees I', and
high centrifugal stresses due to 3600-rpm operation.

Westinghouse policy is to manufacture and test turbines so
that they can be placed in commercial operation without
field balancing, thereby eliminating a costly and time-con-
suming field operation. Standard Westinghouse procedure
has been to test all turbine spindles after final machining and
blading by spinning them at rated speed (usually 1800 or 3600
rpm) to check the mechanical balance, and at 20 percent
overspeed to verify the design and manufacture with respect
to centrifugal stresses. After successful completion of these
checks, all high-temperature (over 900 degree I') spindles are
run at design speed and with spindle temperatures equal to
or greater than those encountered in service. These tests at
temperatures are made in facilities such as that illustrated
in Fig. 2 at left.

Permanent Spindle Bowing

Within the last few years, field experience has indicated
the need for more stringent test procedures. The advent of
larger machines with more flexible rotors and rising steam
temperatures has greatly intensified the problem of spindle
stability. This perplexing problem, which consists of perma-
nent spindle bowing, generally becomes apparent during ini-
tial high-temperature operation. The resulting unbalance
causes heavy spindle vibration, which is readily detected by
the accurate vibration-measuring equipment now in use.

A typical indication of the need for additional shop testing
came in a machine where, after initial installation, the vibra-
tion level gradually increased until after a few weeks rebal-
ancing was mandatory. When the machine was opened for
inspection, the troublesome spindle was found to have a per-
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manent bow. The spindle in question was rebalanced and
returned to service, and has performed satisfactorily since.
However, the fact that the spindle had passed the original
shop tests indicated that more stringent testing was required.

At first, mechanical forces set up during manufacture ap-
peared to be the cause of this instability, but later develop-
ments indicate that the difficulty is of a metallurgical nature,
and is probably associated with volume changes that take
place during certain transformations. However, non-uniform
first-stage creep has not yet been definitely dismissed as a
possibility.

New High-Temperature Test Procedure

The re-evaluation of the shop-test procedures has resulted
in the full-temperature run for high-temperature spindles be-
ing extended from about two hours to a minimum of twelve
hours at the maximum design temperature of the spindle.
Any vibration changes have acquired added significance, since
the longer period makes it possible to separate short-time
transients from steady-state operation, and spindle vibration
can be given much more careful scrutiny. Vibration data,
which include amplitude and phase angle of the motion of
each journal, are recorded at half-hour intervals throughout
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Fig. 3—Vibration record of an unsatisfactory spindle on
test prior to treatment is shown by upper curves; the
satisfactory record after treatment by the lower curves.

the test. From these data, a spindle is judged to be either
satisfactory for commercial operation, or to need further
treatment depending on the steadiness of the vibration. That
the new test procedure has been successful is evidenced by
the fact that over the past two years, less than three percent
of the turbines placed in service have required field balance
to produce smooth-running operation.

With this more stringent test program, six spindles have
been detected out of the last forty processed that probably
would have required rebalancing in the field. The trouble-
some spindles generally show up during initial phases of the
full-temperature run. The spindle balance changes slowly, re-
sulting in increased vibration, as shown in Fig. 3. The spindle
is then balanced, and the test repeated. After each test, the
spindle body is indicated for truth, and the deviation from
straightness along the main body of the spindle recorded
(see Fig. 4). If repeated tests indicate additional bowing,
then further corrective measures are necessary.
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Correction of Permanent Bowing

Corrective measures to eliminate the condition consist of
one or more runs at turning-gear speed with spindle tempera-
tures at 1100 to 1150 degrees F, which is 100 to 150 degrees
above normal design temperatures and approximates the final
stress-relief temperature, interspersed with full-temperature
runs at design speeds. The experience to date indicates that
both of these measures are necessary. As soon as tests indicate
that the spindle has attained its full permanent bow, the
journals may be machined if necessary to reduce the outage,
and the remainder of the unbalance eliminated by usual bal-
ancing procedures.

The response to the treatment is indicated in Fig. 3. The
spindle previously mentioned and others similarly treated
have been in commercial operation for periods up to twelve
months and have shown no further evidence of any vibration
abnormality. Only one spindle has not responded satisfac-
torily to treatment. It was placed in service with temperature
limitations and operated under these limitations for approxi-
mately five months. When the temperature restrictions were
lifted, the spindle again evidenced the slow but steady bal-
ance shift that characterized the shop tests. Therefore, it
was necessary to replace the spindle. However, the advance
notice of potential trouble given by the shop tests makes pos-
sible replacement of the unsatisfactory spindle without undue
expense or unit outage.

The investigations thus far have been principally directed
towards determining and applying procedures to eliminate
difficulties in the spindles that do not pass the tests, although
the test data are being analyzed continually for information
as to the fundamental causes.

Improved Test Facility

Unfortunately, spindle temperatures and distortion are dif-
ficult to measure with accuracy. For this reason, the basic
cause must ultimately be determined as a result of carefully
planned experimental programs, in conjunction with the in-
formation obtained from shop tests. Additional facilities are
currently being built to augment present processing and test-
ing programs. For example, a new high-temperature, high-
speed box (Iig. 5) is under construction and is expected to be
in operation in the near future.

In this facility, the spindle being tested is driven by a shop
turbine through a flexible length of shafting. The box is ca-
pable of being heated with electric heaters or cooled with
steam to provide the desired temperature level, and is so
arranged that vibration readings may be taken near the jour-
nal at each end of the test spindle. The box will have parti-
tions so that actual rotor-temperature conditions can be more
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Fig. 4—Permanent rotor bowing is shown by this outage chart.
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Fig. 5
This new multiple-temperature heater box
will provide a facility for testing spindles
that have low-temperature blades on one
end and high-temperature on the other. It
can approximate temperatures that will be
experienced by the spindle in operation.
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closely approximated. It will accommodate a wider range of
spindle sizes, and temperatures can be obtained as high as
1300 degrees, which is considerably above the present design
temperatures.

Furthermore, the vibration and outage-recording equip-
ment is being improved. A new automatic vibration recorder
will be used, and will record up to four sets of unbalance-
vibration readings (each including phase angle, amplitude,

Improved Control for Better Sawing

NOUT three years ago a basically new control and drive system
for log carriages was introduced. On these, logs—some of
tremendous size—are carried back and forth through a saw and
reduced rapidly to lumber.

The control system has been recently refined to provide a sim-
pler installation and better performance. Reactors that work from
less energy and have higher gain are applied in the magnetic-
amplifier circuits. This allows omission of the armature resistor,
which reduces the heat from the control cabinet and increases the
efficiency. The higher gain provides a better current-limit charac-
teristic, which, of course, means that the machines can be oper-
ated closer to their peak-rating limits with safetv, and a better
acceleration characteristic for the drive. Space-wise the new re-
actors are considerably smaller and permit use of a wall-mounted
cabinet for the control panel, in place of the previously required
floor-mounted cubicle. A new master switch employs an inductor
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and speed) every 40 seconds. Thus more data will be available
than with the present high-temperature, high-speed boxes,
and by eliminating the human element in recording, will give
more consistent readings.

With the additional facilities and more precise measure-
ments, the experimental program planned should vield not
only improved processing procedures, but also knowledge of
the basic phenomena involved.

\Whats NEW |

for supplying the control signal to the Magamps and thus truly
provides the sawyer with a stepless speed control of an infinite
number of points. Since the inductor involves no moving contacts
or resistors, there are no wearing parts or adjustments required,
which minimizes the maintenance problem.

The new drive also employs type MC mill motors as the pro-
pulsion unit and as the generator and, therefore, incorporates the
inherent characteristics of these machines. Since the machines are
duplicate, the problem of spares is minimized.

Ferryboat Gear Drive

PAIR of destroyer escort motors have been draited for peace-
A time duty—escorting passengers and automobiles across the
Puget Sound. They will serve their “hitch” on the Evergreen
Slate, a passenger-automobile ferry that is operated by the
State of Washington.
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Each of the tandem three-bearing motors has been rebuilt into
a pair of two-bearing motors. Instrumental in the conversion is a
twin-pinion speed-reduction gear drive; each of the two motors is
coupled to a pinion, which drives a commeon bullgear. Two motors
and a gear drive are located at each end of the ferry.

The unit is rated at 2500 hp, and reduces 600-rpm motor speed
to 180 rpm for the propellers. A roller bearing built into the gear
case carries the propeller thrust.

To Design a Precision Snap Switch Is No Snap

snAP swITCH! One of the simplest of all electrical devices. It
A has only to open and close a low-voltage, low-current circuit.

The requirement in the design of a snap switch used as an indi-
vidual or component part of a limit switch, float switch, relays,
and other contro} schemes is precision in operation; contacts must
be opened and closed with surety millions of times, and occupy
the absolute minimum of space.

A new snap switch designed to these goals belies in its appear-
ance the hundreds of engineering man hours that went into it. Its
case is molded plastic and in two forms, for front or for rear con-
nection. Its toggle mechanism and plastic operating button are
disarmingly simple. In total size, it is about equivalent to a penny
match box.

The new snap switch occupies an inconspicuous place in the
world of electrical equipment, but it has a job to perform and, to
enable it to do so, requires engineering skill no less than to pro-
ducea machine conspicuous because it is ten-thousand-fold larger.

More for Your Money

IGH SPEED x-ray tubes—we’re speaking now of exposures in
H the vicinity of a millionth of a second or less—must be con-
sidered expendable items. Depending upon type of service, the
tube may last for as few as fifty or a hundred exposures. There-
fore, anvthing that can be done to decrease tube price is wel-
comed. A new Micronex tube recently developed will accomplish
the same job as its predecessor, yet is only half the size and of
simpler construction. Although the tube also operates at a lower
voltage (30 to 90 kv), a thinner bulb permits a high output. The
per-exposure expense will be cut approximately by half.

Improved Coal Unloading Towers

M AGNETIC amplifiers now help unload coal. On two important
coal unloading towers last year magnetic amplifiers were
used in the regulating system to provide the necessary current
limit. This effects the simplification possible when a rotating de-
vice is replaced by a static one.

The coal unloader of the Jersey Central Power and Light Com-
pany operates on a 33-second cycle to handle 600 tons of coal per
hour. Bucket operation is managed by two 155-hp d-c motors,
and a 44-hp d-c motor operates the trolley. This installation is the
first unloading tower or bridge in the world to use magnetic ampli-
fiers and the first to use the high-speed (3600 rpm) Rototrol speed
regulator. Also, the m-g set runs at 1800 instead of 1200 rpm.These
machines, because of their higher speed, weigh much less and re-
duce the problems involved in supporting the equipment in the
machine room, which is located at the top of the tower.

The coal unloader of the Will County Station of Common-
wealth Edison Company is larger and operates slightly faster. It
handles 1200 tons per hour, making two round trips per minute.
This unloader departs from usual practice in that the hoisting
and bucket closure are completely separated. One 640-hp (actual)
d-¢ motor is used for all hoisting and lowering, and a second small-
er motor is used only to open and close the bucket. This unload-
ing tower uses adjustable-voltage control. This system insures
that the bucket remains fully open on lowering until it is ready
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The tubular-shaped, 3-kvar capacitor now has a big
brother, one good for 5 kvar. The swift rise in induction-
motor loads has created a need for corrective capacity in
the same lightweight, cylindrical form, but larger in
amount. The 5-kvar unit is 24 inches long and about 4
inches in diameter. As it weighs only 25 pounds the ca-
pacitor can easily be carried by a lineman to a pole top,
and mounted on the pole or cross-arm in any position. In
an insulating sleeve covering the connection to one ca-
pacitor terminal is a special fuse. When it blows, the con-
ductor drops free—but its end still remains insulated.

Precision-hobbed, fine-pitch, case-hardened gears have
been developed for a family of a-¢ and d-c gear-head
motors for aircraft use that are extremely light, compact,
and quiet. The two gear widths, far different loadings,
add but 1.6 and 1.85 inches respectively to the length
of the standard motors to which they are applied. The
smaller gear head adds only 2%2 pounds te the motor; the
larger one, 3 pounds. Gears are treated with zinc phos-
phate and molybdenum disulphide, which lubricate
and provide corrosion protection. The gear cases are
vented to allow operation at low pressure (high altitudes).
The gears are oil-lubricated, allowing operation at —55
degrees C. Used with eithei d-c or 400-cycle motors, out-
put speed reductions of 0.4 to 0.105 are available.



for loading. Also the mechanical structure, including the counter-
weight svstem, is simplified. The regulating system is a combina-
tion of magnetic amplifier and high-speed Rototrol.

For Better Air-Minded Bearings

BEARINGS have always been a major problem to designers of
aircraft apparatus. With the mounting severity of loads, the
widening spread between the extremes of heat and cold, and the
ever-present requirement for less weight, there is slim prospect
that bearings and lubricants will ever cease to be a problem. In
fact, like Alice in Wonderland, bearing engineers have to run fast
to keep from standing still—or even going backwards. Recently
they have a new tool that enables them to do some pretty fast
running. This is a bearing tester possessing several novel features.
It provides for independent variation of four parameters: load
(both thrust and radial), speed, temperature, and vibration.

A horizontal table has space for two sets of 24 bearings. The
table is spring-mounted so that its own natural frequency is low.
A circular vibratory motion (similar to that experienced in air-
craft service) is imparted to the table by a motor driving through
a connection with an unbalanced weight. A force of 3380 pounds
at 10 000 rpm can be thus developed. Eleven different frequencies
from 86.4 to 287.5 cycles per second are obtainable.

In aviation-bearing applications, vibration is very critical. Lu-
bricants normally adequate under comparable conditions of load,
speed, and temperature fail in a short time under aircraft vibra-
tory conditions. In some applications near large jet engines, par-
ticularly during afterburner operation, the lubricant and the
bearings are being subjected to supersonic maltreatment at tre-
mendous energy levels by air-transmitted vibration.

While the tester described is not yet fitted for supersonic re-
search, it will reproduce the other environmental conditions like-
ly to be encountered on aircraft. To isolate the effect of tempera-
ture, one set of bearings can he held at any convenient tempera-

Switchgear comes big these days. This is a portion of the air-insu-
lated switchgear for a 69-kv substation being erected in the heart
of downtown Pittsburgh. All equipment meets full-impulse test
requirecments. The idea of metal-enclosed, air-insulated substa-
tions supplied by underground cable is growing, as it permits
bringing blocks of power at high voltage close to the heavy loads.

A slight modification of the standard mercury-lamp street-lighting
housing makes possible its use on 3.3-ampere series circuits with-
out individual transformers. The filter of the unit is made slightly
longer, which provides space for a well to contain the film cutout
holder, receptacle, and integral terminal blocks for line connec-
tions. Polyester glass materials are used to provide the necessary
high-voltage insulation. Access to the film cutout chamber can be
had through a removable door without opening the lamp housing.
This street-lighting system is now receiving field-service trials.

ture while that of the set is varied at will up to 160 degrees C, all
other conditions of load, speed, and vibration meanwhile being
held common. On this device, as various designs of bearings and
various types of lubricants are studied, a great forward step is
being taken in bearing application for high-speed aircraft.

Crane Control De-Contactored

I'r HAS always seemed anomalous that it is easier to make some-
thing complicated than simple. Thus it is that right after a
fundamentally new device or scheme is turned loose, engineers—
often the same ones who dreamed it up in the first place—find
ways to simplify it.

The Load-O-Matic control for cranes with a-¢c motors, which
was introduced only four vears ago, has been getting this treat-
ment. Originally the control required two reversing contactors,
two contactors for the reactors, and four for the motor wound-
rotor secondaries, for a total of eight contactors. Now Load-O-
Matic gets along with only one reversing contactor, no reactor
contactors, and but two for the motor secondaries. Down from
eight to three. We were bold enough to ask an engineer, “ What
are you going to do about the remaining three? Won’t they be
lonesome?”’ He thought for a moment and said, *“I’ve been think-
ing about those too. They have to go eventually. But that will
take a bit of doing.”

The trick to the elimination of the five contactors is to make
the reactors bigger and do the switching by wider control of direct
current for saturation of the reactors. This principle isn’t new,
but the size of it is. Engineers are learning more and more about
the versatility of reactors.

Also a further simplification was effected by reducing the con-
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trol points for both hoisting and lowering from five to three. This
sacrifices only the control of speed between 25 and 100 percent of
maximum speed—where it is never needed (infinite control of
speed up to 25 percent is obtained.) This gives somewhat hetter
control of speed of an empty hook downward, and more uniform
(linear) speed control on the different control points.

New Devices Take a Transformer’s
Temperature

BOTH the devices that evaluate a transformer’s remaining load-
carrying capacity and that measure its hot spot have been
improved. The relay (TRO) takes into account present and re-
cent load history and ambient temperature. It has been made
smaller (space is becoming scarce on a transformer tank), and has
a new bimetal powerful enough to drive the pointer directly
(i.e., gears before). A much more rugged switch has been pro-
vided. It can now be used on d-c as well as a-c, and on control
voltage up to 250. The relay has three main contacts for succes-
sive operation of fans, pumps, an alarm, or circuit-breaker trip.
The relay can be disconnected in the time it takes to pull out a
plug-type terminal.

The new hot-spot indicator uses many of the same elements
and mechanical arrangements of the TRO but is modified in cir-
cuit to read the highest temperature in the windings. Both selays
occupy wells in the transformer case and hence require no opening
into the oil.

Stations of 2500-Mile Pipeline To Be Remotely
Controlled

ASTART has been made to equip one of the nation’s principal
and longest oil pipelines with means for controlling remotely
some of its 30 pumping stations. This program also includes se-

The John H. Kerr Dam on the Roanoke River in Virginia now has
six 33 555-kva waterwheel generators and one of 13 333-kva. The
machines run at 85.7 and 138.5 rpm respectively and hence are
physically large. Because of the nature of the stream flow, and the
variable character of some of the major loads served, the machines
are started and stopped frequently, sometimes several times daily.
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lective transmission of displacement-meter register readings from
a similar ‘number of delivery terminals. This line transports re-
fined products over a vast system.

The stations will be controlled from dispatching offices. The
start was made last year with the installation of supervisory con-
trol for operation of six pumping stations. Equipment will be in-
stalled this year for the control of nine more pumping stations
with displacement-meter register readings from delivery termi-
nals. The supervisory control will operate over telephone-line
carrier channels in some locations and over existing microwave
links in others.

This is the most extensive use yet made of supervisory control
for pipeline operation.

Radiation-Monitoring Systems

commoN practice of radiation health physicists has been to
A determine the condition of an area exposed to a radiation
field by making a survey with a portable instrument. As the use
of radiation-emitting devices became more complex, the need
arose to monitor some areas continuously, and as the areas be-
came more numerous the idea was conceived to present all the
monitored information in one place.

One of the first such radiation-monitoring systems was for a
naval vessel, the equipment being designed to detect emanations
from a radioactive cloud and the resulting contamination that it
might spread about the ship. The information was brought from a
number of detectors to a central location where it was indicated,
sorted, and recorded.

This was the forerunner of a radiation-monitoring system for
the nuclear-powered submarine, Vautilus. In contrast with the
earlier system, here the radiation to be detected originates in the
installation itself, giving rise to new problems.

The monitoring set meets this challenge with five different
tvpes of detectors, all feeding information into a central console

This 18-foot-diameter compressor rotor now undergoing final tests,
is the largest of its type ever built. It will be installed in the U. S.
Air Force’s new Propulsion Wind Tunnel, Tullahoma, Tenn. This
compressor, plus four supersonic compressors, will be powered by
a 216 000-hp, single-shaft drive. When the 1200-pound blades are
added to the discs, the compressor rotor will weigh 180 tons.
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Plug-in components are color coded according to circuit function.

in the form of impulses initiated by the radiation to be measured.
Here a simple computer-indicator presents the information from
each channel so that the operators are continuously informed of
conditions at all monitored locations. Remote indicators provide
a second center with the same information.

A previously determined permissible radiation exposure level
can be set into each computer circuit so that a visual and audible
alarm will be sounded if this value is exceeded. A glance at the
console informs the operators of the location and degree of the
hazard so that corrective action can be taken to stop or reverse a
dangerous procedure. If damage has occurred, a decision can be
made quickly to disperse personnel and institute decontamina-
tion procedures.

This is the first water-cooled transformer serving the rectifiers
of an aluminum electrolytic line. It isone of sixteen 12 500-ampere,
700-volt transformers for a new aluminum plant in Montama. By
climinating the huge radiator required on large-capacity oil-to-
air rectifier transformers, water cooling effects a reduction of 40 to
60 percent of floor space and about 40 percent of the weight, with
large consequent reductions in the building size, foundation cost,
as well as a 15-percent reduction in the transformer initial cost.

Philosophy of the monitoring set design is speed and ease of
maintenance together with ruggedness and reliability. Plug-in
components and subassemblies have been extended to include a
whole electronic function, with as many as four subminiature
tubes encased in plastic with a plug-in base, the whole being no
larger than a ten-cent ice cream bar.

A unique feature of these components is pigmentation of the
plastic to “color code” and thereby speed identification of these
circuits; a color dot on the chassis matches each plug-in unit to
its proper place in the circuit. Imprinted on the unit is complete
functional and numerical identification plus a serial number to
facilitate keeping records of service life.

Open Season on Weevils

Grain inspection
by x-ray permits
the inspector to de-
tect weevil infesta-
tion during its
early stages, there-
by minimizing
damage to grain.

7 -RaY is well known as a useful tool for detecting faults in
X metals, thereby insuring perfection of machines and struc-
tures; now it is on the verge of improving the quality of the bread
we eat—via a new x-ray inspection unit for examining grain.

Bugs called weevils may enter a grain bin, eat into the grain,
and deposit eggs. As the normal life cycle repeats, the original
eggs produce bugs, the bugs produce more eggs, and an “ava-
lanche” results, causing undesirable grain quality and spoilage.
The ill effects can be minimized by rejecting or down-grading
grain showing infestation and by use of suitable fumigants at the
proper time.

X-ray has proved a more reliable means for grain inspection
than previous methods employed. It permits an inspector to vir-
tually see inside the grain to determine which phase of develop-
ment the insect is in. Consequently, such thorough inspection re-
sults in improeved quality of wheat (hence more pure bread), and
also turns ou- to be a cost saver to the miiler and grain elevator
by placing grain in the proper price category and suggesting
fumigants at the proper time.

In order to insure radiographs of high contrast in a minimum
of time, the x-ray tubehead has a beryllium window and a film-
holder, both 1ighly transparent to x-rays. The operator is com
pletely protected against stray radiation by the cabinet walls and
an interlocking door. Only a few minutes instruction is required
to train an operator in the proper operation of the unit.

Kansas Stzte College proposed and developed this method of
x-ray inspection. Cooperative treatment of samples by Kansas
State College and the Food and Drug Administration indicated
it was a better method than any in use or proposed. Westinghouse
cooperated with the Food and Drug Administration by sup-
plying x-ray equipment initially and later supplied them with a
unit, the predecessor of the model shown.
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The name of C. M. Laffoon is undoubt-
edly a familiar one to our readers in the
electric-utility industry, many of whom
know him personally. Others know him
through the innumerable technical arti-
cles and engineering society papers that
have borne his name.

Laffoon has been associated with large
rotating machinery almost since the day
he joined Westinghouse in 1916. A gradu-
ate of the University of Missouri—with an
E.E. degree in 1914, and an M.S. in 1915
—Laffoon was fortunate enough to have
tutelage from B. G. Lamme.

About a year afterward he began his
career in a-c generator engineering. In
1936 he became manager of that depart-
ment, and in 1953 was made assistant
manager of the Transportation and Gen-
erator Division. In the course of these
years, Laffoon has played a part in al-
most every phase of turbine-generator de-
velopment; particularly he played an im-
portant role in the development of high-
voltage insulation, ventilation systems,
and rotor construction, of which he writes
in this issue.

M. R. Lory has been continuously asso-
ciated with a-c motors, particularly the
large synchronous variety, since he arrived
at the motor design section from the Grad-
uate Student Training Course in 1928.
He was a design engineer until May 1946,
when he was made section manager. Dur-
ing this time, Lory has been involved in
the largest motors ever built—both in
size and in horsepower. Largest physically
were the 65 000-hp, 200-rpm drive motors
for irrigation pumps at Grand Coulee;
largest in power were the two 83 000-hp,
600-rpm motors for the wind-tunnel drive
at Tullahoma.

When queried as to other activities,
Lory replied that since he is living in one

of the few remaining three-story log
houses—it was built in 1790—*living in a
house of this age has to be a hobby in it-
self!”” But the house has a special signifi-
cance to Lory. Seems it was the birth-
place of General William Larimer, found-
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er of the city of Denver. Mr. Lory, a
graduate of Colorado A. and M., comes
from Larimer County, Colorado, just
north of Denver.

J. F. Heidbreder, who teams with Lory
in this issue to write about motor enclo-
sures, has often joined with him in motor-
design jobs. Possibly their most notable
collaboration was the Tullahoma wind-
tunnel drive. Heidbreder designed the two
25 000-hp, wound-rotor induction motors,
which go in tandem with Lory’s aioremen-
tioned giant synchronous motors.

“But Heidbreder really got the tough-
est job at Tullahoma,” reminisces Lory.
“His ‘little’ motors have to start and stop
that big compressor rotor—mine just give
the ‘push’ once it’s on its way.”

Heidbreder came to Westinghause from
the University of Michigan in 1929. From
the Graduate Student Course, he went to
circuit-breaker engineering,and’in 1932 to
materials engineering. Induction motors
have been his specialty since coming to
the a-c motor design section in 1942,

When S. J. Campbell authored his first
article for the ENGINEER, he was all
wrapped up in magnetic-amplifier appli-
cations for lumber and paper mills. Now,
a year and a half and many applications
later, he’s still devoting a large proportion
of his time to the Magamp. A member of
the general-mill section of Industry En-
gineering, he has helped design many of
the systems he describes in this issue.

A native of Wisconsin, Campbell grew
up in a papermaking and lumbering area.
After he graduated from the University of
Wisconsin in 1950, he came directly to
Westinghouse. After completing the Stu-
dent Course, he became a member of his
present section, which handles the appli-
cation of electrical equipment to a wide
variety of industries.

P.C. Warner and F. C. Eaton are the
“Mr. Outside—Mr. Inside’” combination
for turbine-spindle testing.

Warner, the “outside” man, does most
of the field test work at the turbine in-
stallation. He came to Westinghouse from
Cornell in 1946 via the Graduate Student
Training Course. Warner went directly in-
to the mechanical design section of the
Steam Division at South Philadelphia,and
has been there since. Most of his time is
taken up with rotor vibration and stress
studies in both blades and rotors.

The “inside” man, F. C. Eaton, han-
dles shop vibration testing, and applies
results to spindle design. He has likewise

spent all his Westinghouse time in the
mechanical design section. He came on the
graduate student course from Virginia
Polytechnic Institute in 1948.

Besides collaborating at work, and on
articles, Warner and Eaton play on the
same softball team-—fittingly enough,
Warner plays outfield and Eaton infield.

Three of our authors in this month’s is-
sue are winding up articles started in the
March issue. /. E. Lokay of the electric
utility section at East Pittsburgh finishes
his discussion of voltage regulation with a
section on capacitors. Commander Louis
H. Roddis and John W . Simpson also com-
plete their story on the USS Nautilus.
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High Light Output from Miniature Flash
Lamps— More light! Smaller bulb! This is
the continuous insistence of the millions of
camera enthusiasts. To the great credit of
the lamp designer, that difficult request is
now being met.

A new miniature flash lamp (134 inches
long by 34 inch in diameter) gives out a
tota] of 5200 lumen-seconds. The best any
previous lamp of this small size has been
able to do is 4200 lumen-seconds. This is
made possible by the seemingly anoma-
lous stunt of making the bulb bigger with-
out exceeding any of its previous dimen-
sions. Whereas other lamps of this size
(designated M-2) are tapered, this new
one is almost cylindrical. It thus has more
volume for foil.

By proper control of the primer, the pat-
tern of light output also is made better.
Although alf of the light occurs before 25
milliseconds the peak output occurs be-
tween 18 and 20 milliseconds, which
makes this the only M-2 lamp with class
M timing. This gives the bulb practically
universal synchronization—from box
cameras to cameras with x and f settings
at 1/50 second, M settings of 1/200
second and less, and even most focal-plane
shutter cameras. For all of this a packet of
a dozen bulbs is small enough to slip into
a shirt pocket.




Tensile tests on various metals are being con-
ducted in this special chamber—at tempera-
tures as low as minus 452 degrees F. Liquid
helium is used 1o attain these temperalures.




