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Fig. 1—1500-Kw., 600-Volt, 2160-H.P. Motor, 2300-Volts, 3-Phase,
60-Cycle, 600-R.P.M. Motor-Generator

IMPORTANT

Keep the generator and motor clean. The finest machines and the
most expensive plant may be shut down by accident if they do not have
protection and care. The insulation must be kept clean and dry. Oil
and dirt in the insulation are as much out of place as grit or sand in a
cylinder or bearing.

Before installing or operating a machine, read all of the following
instructions carefully, making note of the parts and points to be ob-
served. On account of divergence in construction of the different types,
it has been impracticable to arrange all information on any one line of
machines in consecutive order.

Fig. 2—6835 Kv-a. Frequency-Changer, 25-Cycles, 13,000-Volts, 3-Phase
Motor; 62!3-Cycles, 4000-Volts, 3-Phase Generator
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FOREWORD

This instruction book covers the larger
Westinghouse motor-generators and frequency-
changers driven by induction or synchronous
motors.

MOTOR-GENERATORS

General Information—A motor-generator 1s
the combination of a direct-current generator
driven through a common shaft by an alternat-
ing current motor of the synchronous or induc-
tion type. Synchronous motors are of the
same type of construction as synchronous
generators of the same output and speed, except
that the motors are provided with a squirrel-
cage winding on the rotor for starting purposes.

If the design proportions are suitable the
synchronous-motor-driven set may be rever-
sible, that is, the motor may be operated as an
alternating-current generator and the direct-
current generator may be operated as a motor.
Induction-motor-driven sets are not rever-
sible. Syrchronous motors require separate
excitation which may be obtained from the
direct-current generator, if the voltage is 250
volts or lower, from a direct-connected exciter
or from an entirely separate source.

Application of Motor-Generators—The syn-
chronous motor is usually employed for the
larger motor-generators. while the induction
motor is more commonly found in the
smaller motor-generators. The induction-
motor-driven set is best adapted for appli-
cations where simplicity is the most im-
portant consideration and where the lagging
power factor of the induction motor is unim-
portant, as for example, in a small set installed
in a mill location at some distance from the
substation or power plant supplying the mill
power. The induction-motor-driven set isalso
preferred for excitation service on account of

the feeling that the induction motor-generator
is less liable to interruption than the synchro-
nous motor and in case of interruption, can
be put into service in a shorter time. This
difference, however, has largely disappeared
in modern sets having motors with cage wind-
ings of suitable design. The synchronous-
motor-driven set is best adapted for applica-
tion where leading power factor is desired. and
where the set can receive skilled attention
during operation. It should be remembered
that the principal advantage of the synchro-
nous-motor-driven set, that is, the ability to
supply leading current to the line and so im-
prove the power factor, may become a serious
disadvantage if the excitation of the motor is
not properly adjusted.

The Direct-Current Generators used in
motor-generators differ in no respect from other
direct-current generators of the same output
and speed. Shunt-wound generators are
usually required for lighting and electrolytic
service and compound-wound generator for
railway or general power supply.

Commutating-pole generators are used
practically without exception and compensat-
ing-pole face windings are also used in large
units subjected to heavy overloads and load
fluctuations.

Types of Direct-Current Generator Con-
struction—There are two general types of
construction, which are being used in direct-
current machines: type using commutating
poles only and the other type, which is a varia-
tion of the commutating-pole type and which
is called a ‘“‘compensated machine” using a
pole face winding in addition to the commutat-
ing poles. The commutating-pole machine
is made by introducing additional small poles
between the main poles. The small poles are
magnetized by a winding which is in series
with the armature and the brushes are so
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or condensation of atmospheric moisture on
overhead glass or a metal roof.

(2) They should not be exposed to the
corrosive action of acid fumes or other injurious
gases.

(3) They should not be exposed to dirt
from coal handling or similar causes.

(4) Since the total temperature, and con-
sequently the capacity of the machine, depends
upon the temperature of the surrounding air,
it is evident that the location should be in a
room as cool and well ventilated as is consist-
ent with proper protection from dirt and
moisture.

(5) The position of the set should always
be such that the commutator and collector
rings, which require special attention, are
readily accessible for inspection.

Foundations—Wherever possible, solid ma-
sonry or concrete piers should be used so as to
prevent vibration and minimize the wear on
the bearings and brushes.

Be sure that the foundation is carried down
to a solid bottom, or is made of sufficient area
to prevent sinking or displacement under the
full load it is expected to support.

A competent engineer who is familiar with
local conditions should lay out this part of
the work.

Care should be taken that all pits in the
concrete are properly drained and that pas-
sages remaining for piping and wiring are
easily accessible and so laid out that the work
in installing and connecting up will be simpli-
fied in every possible way.

INSTALLATION OF MOTOR-
GENERATORS

No definite instructions can be given to
cover the installation of motor-generators,
since conditions in different cases will vary
widely, due to crane facilities, the condition
of the floors or other parts of the building,
kind of foundations, and the available material
for the assembling work. A few suggestions,
however, will be given, but the actual pro-
cedure in any particular case must be left to
the resourcefulness of the erecting engineer.

Some of the smaller sets are shipped com-
pletely assembled.  Obviously, the installa-
tion of such sets requires little work by the
erector, except properly grouting the bed-
plate on its foundation. The larger sets are
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shipped completely disassembled and require
skilled supervision during erection.

Erection of Pedestal-Bearing Sets Shipped
in Parts—

(1) Set the bedplate on its foundation and
level it by wedging. The bedplate should be
first levelled in both directions by means of a
spirit level. Care should be taken particularly
in three-bearing sets that in levelling, the
bedplate is not sprung, and the bearings
thereby thrown out of alignment.

In some cases, the pads on the upper side
of the bedplate for supporting the bearing
pedestal are on different levels and hefore
starting work, differences in the level of these
pads, if any, should be determined. The
planned surface on the under side of the
bedplate can always be used as a reference
surface for levelling. Short pieces of cold
rolled steel, placed under the bedplate and
wedged against its bottom surface, can be used
as a support for the straight edge and spirit
level. If the pads for the pedestals are on
different levels, and the differences are known,
distance pieces of the proper thickness can be
placed on each pad, and the bedplate can be
levelled up from the top surface.

In cementing the bedplate to the founda-
tion use a mixture of one part of Portland
cement and two parts of sand, or half cement
and half sand; either will give good results.
First mix the cement and sand dry and then
add water until a very thin solution is obtained.
Construct a dam around the bedplate and
pour this about half-an-inch above the bottom
of the bedplate. The entire operation of
mixing and pouring the cement should be
carried on without interruption and as rapidly
as possible until completed, otherwise the
cement first poured under the bedplate may
partially set and prevent that poured later
from flowing freely to all parts. When the
cement has sufficiently hardened, - remove
the surplus from the outside and smooth up
the joint under the bedplate.

The bedplates supplied with the larger
motor-generators are of the open type with
solid bridges on the generator end, and at the
center between the two units. On the motor
end, the bedplate is open, and the bearing
pedestal is supported by a removable bridge
which is ream dowelled to the bedplate. Motor
generators do not require foundation bolts
and no holes are provided for them in the hed-
plate. '
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Fig. 8—Method of Insulating Bearing Pedestal! from Bed Plate

When the bearing pedestal and bridge are
removed, the motor stator can be shifted
outward for inspection and repairs. This
applies to either two or three bearing sets,
the rotor must be supported by a jack resting
on the center bridge.

In the largest sets, sliding shoes are pro-
vided under the frame feet, the shoe tongue
sliding in a groove in the bedplate. The
frame is adjusted at right angles to the shaft
by bolts and set screws in the frame feet.
In all other sets, the frames are ream-dowelied
to the bedplate, so that lateral adjustment is
unnecessary.

The bearing pedestals and bedplate are
numbered consecutively, adjacent parts bear-
ing the same numbers. Adjacent parts of the
frame feet and bedplate also bear the same
numbers. In assembling these parts, see that
adjacent numbers are the same. If the frame
liners are shipped in one bundle, place half
under each frame foot; when two bundles of
similar liners are shipped, it is because one
foot required one or two more liners than the
other. Each package of liners will then be
marked to identify its proper location.

Under some conditions in the operation of
a set, a difference of potential along the shaft
is set up which would cause current to flow

1

through the circuit composed of the shaft bear-
ings, pedestals and bedplate. This current
may be sufficiently large to pit the shaft and
journal, and cause bearing trouble. In order
to prevent this, the bearing pedestal at the
motor end is insulated from the bedplate.
The method of insulation is shown in Fig. 8.
Bolts and dowels are insulated, as well as the
main surface between bedplate and pedestal.
The insulated dowels have a steel point for
driving, which is followed by a protected
micarta insulating tube. The bolts are in-
sulated with micarta tubes and washers.
The pedestal and insulation bearing the same
numbers should be assembled together. When
the insulated dowel is driven to position, it is
necessary that the micarta tube crosses the
joint between the pedestal and the bedplate.

(2) After the bedplate has been levelled
and properly aligned, the pedestals should be
put in position and alignment of the bearings
themselves should be checked.

Small differences in the level of the bedplate
and bearings as a whole are relatively unim-
portant, but great care must be exercised that
the alignment of the different bearings is
correct within a few thousandths of an inch.

Lateral alignment of the bearing pedestals
1s unnecessary, as this adjustment is taken
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care of the at factory and the pedestals are
ream dowelled to the bedplate.

(3) After the pedestals have been placed
in position the lower half of the direct-current
generator frame should be placed on the bed-
plate. In most cases, the motor frame is
solid, and it will be most convenient to place
the motor frame in position after the rotor
has been placed in position. When the motor
frame is shipped in halves, it will be necessary
to connect the coils across the split in the
frame, either before the motor frame has been
placed in position on the bedplate, or with the
motor frame shifted clear of the motor.

All the bearing pedestals must be placed,
bolted and dowelled, and .the removable
bridge bolted and dowelled before the rotor
can be placed in the bearings.

Remove the protective coating from the
shaft, wipe the journals clean and dry and
cover them with a film of oil; see that the
bearings are thoroughly cleansed of grit and
'dust, and cover with a film of oil; place the
rotating part into the bearings, see that the
oil rings are in position, put on the upper half
bearing and see that the oil rings are free to

move. Fill the bearings with oil to the proper
level, put on the bearing caps and screw down
the bolts. Do not tighten the bolts until after
the rotor has been turned over and the opera-
tion of the bearings found satisfactory.

When handling the rotor always support it
by means of rope slings about the shaft, taking
care that these do not come in contact with
the windings or mar that portion of the shaft
which normally rests in the bearings. Any
roughness at this point would cut the babbitt
of the bearings and cause undue heating when
the machine is in operation.

Never under any conditions support the
weight of the rotor from the commutator or
collector rings, either by ropes or blocking.
In putting the rotor into position be careful
not to scratch the bearings or bend the oil
rings.

(4) Clean the contact surface of the genera-
tor frame and secure the upper to the lower
half by means of the bolts and feather keys.

(5) Assemble the direct-current rocker
ring with the carbon holders in position.
The carbon holders are bolted to the brackets
and the brackets in turn are securely bolted

Fig. 9—Grinding Brushes of a D-C. Generator

12
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to the rocker ring. It is not necessary to dis-
assemble these parts; if they are, the work of
determining the correct commutating posi-
tion of the brushes is greatly increased.

(6) If the motor frame is solid, or if the
coils are connected across the split before
assembling the stator with the rest of the set,
block the shaft from the center bridge (in the
case of a two bearing set) and remove the outer
bearing pedestal and supporting bridge. Place
the motor frame in position, and replace the
bridge and pedestal. In the case of a three
bearing set, remove the outer pedestal and
bridge and slide the motor frame in position.

(7) Before starting up the set, test the air
gap, using steel strips for feeler gauges. If
the set has been correctly assembled, no ad-
justment of the air gap should be necessary,
except possibly in the case of sets in which the
frame feet are supported on sliding shoes.
In such cases, the air gap should be adjusted,
if necessary, by means of the bolts and set
screw in the frame feet.

(8) In sets having a direct-connected
exciter or starting motor with an outboard
bearing and with a separate shaft which is
bolted to the main shaft it is very important
that the supporting bracket and outboard
bearing be accurately aligned with the main
bearings and the supporting bracket be rigidly
supported. Failure to properly install these
parts may result in the fracture of the small
shaft near the coupling end.

(9) Connect up the field, the alternating-
current and the direct-current armature leads.
Insert the brushes in their holders, grinding
them in with sandpaper See Fig. 9. See
that the brushes move freely in the holders and
are held under an equal and moderate pressure.
Connect the machine to the switchboard in-
cluding the connections of the overspeed de-
vice, when supplied, to the direct-current
circuit-breaker.

Drying Out Insulation—If the armature
or field coils have been exposed to low tem-
peratures during shipment or storage, they
should be allowed to come up gradually to
room temperature before they are unpacked
as otherwise moisture from the warmer at-
mosphere will condense upon the cold surfaces,
sometimes in sufficient quantity to materially
weaken the insulation. If the windings have
become damp either in this manner or through
exposure to snow or rain they may be dried
out by one of the following methods.

“begun to increase.
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Drying Out D-C. Generators—

(1) Drive the generator by the motor or
from some external source, such as a separately
belted motor, and short-circuit the armature,
beyond the ammeter using a very weak field
excitation. If the generator is shunt wound,
low voltage, separate excitation must be em-
ployed; if compound wound the armaturc
may be short-circuited through the series
field coils.

Direct-current generators are very scnsitive
when operated as series machine and there is
danger of generating an excessive current.
Consequently this method should be under-
taken only by experienced operators.

(2) The field coils may be dried by applv-
ing from some separate source of excitation,
approximately two-thirds of the normal direct-
current voltage.

There is always danger of serious injury to
the windings when drying out with current
since the heat generated in the inner parts is
not readily dissipated; furthermore, coils con-
taining moisture are much more susceptible to
injury from overheating than when thoroughly
dry. The temperature of all accessible parts
should be carefully observed during the drying
out process and never allowed to exceed 80
degrees Centigrade, total temperature.” Sever-
al hours or even days may be required for
thoroughly drying out large machines.

During the drying out process the tem-
perature should not be allowed to drop below
that of the surrounding air as moisture then
condenses on the coil surfaces and the effect
of the previous drying would be largely lost.

During the drying out, run readings of the
insulation resistance (see page 14) should be
taken at regular intervals and plotted as a
curve, using time for the horizontal scale and
resistance for the vertical scale. The drying
out should continue until the resistance has
If the insulation contains
appreciable moisture the resistance will de-
crease during the first part of the drying out
process.

Heating windings by current is more ef-
fective than any process of heating from the
outside, such as enclosing the machine and
heating the air by resistance or fires, because
in the former method the inside of the coils
becomes hotter than the outside and moisture
is driven outward. With external heating the
reverse is true.



Westinghouse Motor-Generators and Frequency-Changers

Drying out Synchronous Motors and Gen-
erators—Synchronous motors and generators
can be dried out by rotating the motor or
generator at any convenient speed and short-
circuiting the armature beyond the ammeters.
The field should be excited so that the desired
heating current will flow in the armature
winding. For windings of 2400 volts or
lower, the temperature, as measured by
thermometers properly applied to the hottest
accessible part of the winding should not be
higher than 80 degrees Centigrade. For
6600 volt windings the temperature should
not be higher than 75 degrees Centigrade and
for 11000 and 13200 volt windings the tem-
perature should not be higher than 65 degrees
Centigrade. The reason for specifying lower
temperature for the higher voltage windings
is the greater difference in temperature be-
tween the inside of the coil and the outside
(when the temperature is measured) in the
coils having the thicker insulation.

If a low voltage (5 to 15 per cent of normal)
can be obtained, from taps on transformers, for
example, the armature winding can be dried
out by applying this low voltage to the arma-
ture terminals, the rotor remaining stationary.
The field winding should be short-circuited
and the temperature of the cage-winding on
the rotor should be watched. Less than nor-
mal current will be necessary on account of the
absence of ventilation.

Drying Out Induction Motors—Induction
motors can be dried by operation at no load
and low voltage (the primary current and
heating increases as the voltage is reduced) or
by the application of a still lower voltage that
will circulate a sufficiently heavy current at a
standstill. If a suitable low alternating volt-
age 1s not available, direct-current, if available,
may be used. Lacking any source of current
the motor can be dried by enclosing it as com-

pletely as possible by wood or canvas and
heating the enclosure by gas or charcoal.

Insulation Resistance Test—The insulation
resistance of a winding gives an indication
of its condition as to moisture and dirt and
this test should be made on all windings be-
fore a machine is subjected to the operating
voltage. The insulation resistance is at best
only a rough guide and relative values in the
same winding (as during a drying out run) are
of more value than the relative values of dif-
ferent windings.

The insulation resistance of a machine in
good condition and at its operating tempera-
ture will usually be not less than the value
given by the following formula.

Insulation Resistance (in

machine voltage

rated Kv-a.+ 1000

For example a 1000-kv-a. 11000 volt motor
should have an insulation resistance, if clean
and dry, of 5.5 megohms.

The insulation resistance of field windings
will, in general, be much higher in proportion
to the operating voltage than that of the
armature. The insulation resistance of any
machine will be much lower when hot than
when cold, especially when the machine is
heated rapidly.

The insulation resistance may be tested
by a megger, an instrument especially de-
signed for this work, or if this is not available,
measurements may bhe made in the manner
indicated by Fig. 10.

The line voltage is first read by connecting
the middle and upper terminals of the double-
throw switch; the voltmeter is then read
with the double-throw switch connecting the
middle and lower terminals which places the
voltmeter and insulation resistance in series.
A 500 or 600-volt circuit should be used as

megohms) =

500 16 600 Volt D. C. Clrcuit

™~ Double Pole, Double Throw Swetc

To tesistance 1o be measured

|
B
3 s "
$ s
i
S
O

Fig. 10—Connections for Measuring Insulation Resistance



Westinghouse Motor-Generators and Frequency-Changers

the insulation resistance varies to some ex-
tent with the applied voltage.
The resistance is then calculated by using
the following formula:
_r{(V—v)
v (1,000,000)
V =voltage of the line.

in which

v =voltage reading with insulation in
series with voltmeter.

r =resistance of voltmeter in ohms (gen-
erally marked on label inside the
instrument cover).

R =resistance of insulation in megohms

(1 million ohms).

If a grounded circuit is used in making this
measurement care must be taken to connect
the grounded side of the line to the frame of
the machine to be measured, and the voltmeter
between the windings and the other side of the
circuit.

Voltmeters having a resistance of one
megohm are now made for this purpose so
that, if one of these instruments is used, the
calculation is somewhat simplified, since r=
1,000,000 and the above formula becomes

Vg
v

Test of Dielectric Strength—The high volt-
age or ‘“‘breakdown’ insulation test is invar-
iably made at the factory and it is neither
necessary nor desirable that it be repeated
after installation. When high voltage test
appears to be necessary the manufacturer
should be advised before such a test is made.
High voltage tests when made after installa-
tion should be made before machines are
placed in service and should not be applied
when the insulation resistance is low owing to
dirt or moisture. Test voltages appreciably
higher than the operating voltage should not
be applied to repaired windings and even when
the winding has been completely replaced the
test voltage should be lower than that specified
for a new machine.

Connections—The wiring diagram for any
particular installation should be obtained from
the manufacturer of the switchboard.

All wiring should be installed in accordance
with the rules of the National Board of Fire
Underwriters.

Exceptional precautions must be taken in
running wires for high tension service. So
far as possible, all circuits should be out of
normal reach and so placed as to minimize
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any danger from mechanical injury or from
contact with other electrical circuits.

All wiring should be exposed and rigidly
supported on suitable insulators. Lead cover-
ed cables for high potential are to be avoided
unless absolutely necessary; when they are
used, additional precautions must be taken
to insure proper insulation.

Equalizer Leads—In compound-wound
direct-current generators operated in parallel,
an equalizer lead is required, With grounded
railway circuits, it is desirable to have the
equalizer connection made on the negative or
grounded side of the generator since with this
arrangement it is unnecessary to carry the
equalizer connections through the switchboard
and the wiring is greatly simplified. This
is the standard arrangement in Westinghouse
generators.

For an explanation of the purpose of the
equalizer connection see page 26.

The equalizer lead should have small re-
sistance. It is the usual practice to make the
equalizer leads not less than one-half the size
of the main leads. In installations where
long equalizer leads are necessary, a larger
equalizer may be advisable in order to main-
tain a sufficiently low resistance.

Series Shunt—A series shunt consists of a
low resistance connection across the terminals
of the series field, by means of which the com-
pounding effect of the series winding may be
regulated by shunting more or less of the
armature current past the series coils. It may
be in the form of grids, on large machines, or
of ribbon resistors on smaller machines. In
the latter case it is usually insulated and
folded so as to take but a small amount of
space.

Main Leads—In laying out the wiring of
several compound-wound generators that are
to operate in parallel particular attention
should be paid to the relative resistance of the
several circuits.

If the generators are of the same size and
make the only feature requiring special at-
tention that all the cables which lead from the
various machines to the bus-bars be of equal
resistance. This means that if the machines
are at different distances from the switchboard,
the same length of cable should be used for
each generator or resistance inserted in the
low resistance leads.

If the generators differ in design or size, the
matter requires more attention. In this case
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commutating-pole field form and as this peak
is rather sharp the effect of displacement will
be very marked. Since the machine is run-
ning, errors due to brush resistance or to a
brush resting on mica only, are entirely elimi-
nated, making this method preferable to the
“kick method.”

Grinding in Brushes—The ends of the car-
bon brushes should be carefully fitted to the
curvature of the commutator: this can be
done by putting sandpaper under each brush
while pressing it firmly against the commuta-
tor as shown in Fig. 9. The sandpaper should
cut the brush only on the forward stroke,
and in the direction of normal rotation. Cop-
per-plated brushes should have their edges
slightly bevelled in order to prevent the cop-
per sheath from scratching the commutator.

Adjustment of Direct-Current Brushes—
The direct-current brushes are usually of the
graphite type. This grade of brush is practi-
cally free from carbon or hard gritty material.
Among its important characteristics are—
high current carrying capacity, high lubricat-
ing quality, low friction coefficient and con-
sequently low friction losses, and low resistance
drop.

The absence of abrasive qualities makes
this type of brush unsuited for non-undercut
commutators, where the mica must be worn
down by the brush. The low resistance drop
also makes it in some cases unsuited for non-
commutating-pole machines which inherently
have relatively high voltage induced in the
armature coils undergoing commutation, pro-
ducing large currents in the low resistance

brush face.
Brush

The brushholder arms and brushholders are
correctly spaced and adjusted before the
machine leaves the Works, but due to subse-
quent disassembling or rough handling during
shipment, they may be displaced. These
adjustments should be checked, in all cases,
before the machine is put in service. The
brushholder arms should be parallel to the
commutator bars; the brushholder should have
a clearance between the surface of the com-
mutator and the bottom of the holder of
approximately V¢ inch; and the relative
spacing of the brush arms around the com-
mutator, as determined from the edges of the
brushes, must be uniform. The preferable
method of checking this latter point is to
stretch a piece of paper tape around the com-
mutator under the brushes, allowing the ends
to overlap to some extent. Care must be
taken that it is smooth and parallel with
the edge of the commutator at all points.
Make a fine clear mark with a sharp pencil
on the tape exactly at the toe of the brush on
each arm resting on the tape. Some marks
of identification should also be made so that,
after removing the tape from the machine,
the arms corresponding to the marks may be
readily identified. Remove the tape and
measure the space between the marks, adjust-
ing the arms until approximately equal spacing
results. Brushes must be ground in as in-
dicated in the preceding paragraph before
spacing brushes. The difference in spacing
should not be more than ¢ inch. The
brushholder springs should be adjusted to a
uniform tension of from one to two pounds
per square inch of brush contact, depending
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on the grade of brush and condition of opcra-
tion. The softer graphite brushes should be
operated with the lower tension.

Adjustment of Commutating-Pole Field—
The commutating-pole adjustment to give
the best commutating conditions is made at
the Works and, in gencral, no reason for
changing it after the generator is installed will
arise. However, if such rcasons should arise
the proper change in excitation may be de-
termined as follows:

(1) With a low rcading voltmeter read the
voltage between the brush and the commuta-
tor at four equidistant points along the width
of the brush (along the circumference of the
commutator) when the machine is running
at normal load and voltage. These voltages
can be most conveniently read by inscrting
a hard wood or fibre block in an end brush-
holder having four radial holes correctly
spaced in which the voltmeter “‘point” can be
inserted. This is shown in Fig. 12.

Readings should be taken from 1 to 4 in the
direction of rotation. Take curves under
both positive and negative hrushes for several
"brush arms.

These readings, if plotted as shown in Fig. 11,
indicate for example in curve A, over com-
pensation; i.e., excessive commutating field
strength; curve B, correct compensation; curve
C, under compensation.

(2) Changes in commutating-pole strength
to secure correct compensation can be made
by changing the air gap or by shunting part
of the current from the commutating-pole
winding. Adjustment by changing the air
gap is the more usual method. In case of over
compensation the air gap should be increased
and in case of under compensation the air
gap should be decreased. When adjustment
is made by shunting, an inductive shunt,
having approximately the same ratio of self-
induction to resistance as thc commutating-
pole winding is advisable. This insures proper
division of current between the field winding
and shunt when the load suddenly changes.

The measurement of brush curves and the
adjustment of the commutating-pole strength
should only be undertaken under the super-
vision of an experienced enginecr.

The Speed Limit Device—A speed limit
device, consisting of a spring closed switch,
is attached to the shaft, in some sets. When
the set reaches a certain speed above normal,
a centrifugal governor mechanism operates
the switch and opens the circuit breakers, thus
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Fig. 13—Speed Limit Device Details
See Page 50 for list of parts.
cutting off the motor from its source of supply
and the generator from its load.

To Reset the Switch—It is merely neces-
sary to move the switch arm back to the normal
position by hand. This can readily be done
at any time whether the machine is running or
not and without opening the switch box.

Assembly of Speed Limit Device—All speed
limit devices arc set and tested at the Works.
The switch box complete is shipped attached
to pedestal. Bolt up parts in place, fasten
the trip case to the shaft, next push in the
switch arm; there should be at least 1§ inch
between the switch arm and the trip casc.

Adjustment of Speed Limit Device—All
standard sets are provided with a test pulley
extension on one end of the shaft. When
testing for overspeed the generator can be run
as a motor or the set can be belted to a motor
on the pulley end. It is important to have
complete control of the speed during test.
Use a tachometer or any reliable direct reading
speed indicator, but do not use the ordinary
revolving dial indicator.

Then test for overspeed; the switch should
trip at about 15 per cent above rated speed.
Bring the speed down slowly and watch for
the trip in speed of governor trip lever.

Should it be found necessary to reset the
governor proceed as follows:

First determine the tripping speed, assemble
the governor as shown in Fig. 13. Screw in
the adjusting screw even with the governor
case, and give the screw about one-half turn
inward at each run until it trips at the over-
speed. Then tighten the small locking screw
on the side of the trip case. :
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Fig. 14--Distribution of Oil Pressure When Running Upon an Oil Film.

Before starting each test see that the switch
arm is in and pull the trip lever several times
by hand to see that it works freely.

Inspection—Speed limit devices should be
operated at regular intervals as a part of the
routine inspection to insure that all parts are
operative and all circuits complete. Failure
to properly maintain the overspeed device
and wiring may result in the loss of a machine.

INSTALLATION OF FREQUENCY-
CHANGERS

The instructions for the installation of motor-
generators (see pages 10 to 20) should be followed
where applicable and except as modified below.

Speed Limit Devices are not necessary
with frequency-changers since overspeed can
only occur through the very improbable over-
speeding of the entire system to which the
frequency changer is connected.

Installation of Oil Pressure System for
Starting—In the largest frequency-changers
the starting current taken by the set may
be very considerably reduced by lifting the

rotating part from its bearings by oil pressure
before the starting switch is closed.

When in operation the shaft is not in con-
tact with the babbitt of the bearing but is
carried on a thin wedge-shaped oil film.
When the shaft is at rest this oil film is squeezed
out and the journal rests upon the bearing
surface in metallic contact. This friction
coefficient, when running, will be of the order
of 1 per cent of the friction coefficient that
exists when the bearing and journal are in
metallic contact. If therefore, oil can be
forced under the journal, before it begins to
turn over, the torque, and current required
to start the set can be very considerably re-
duced. Obviously, oil supplied to the upper
surface of the journal, as in a gravity oil feed
system for lubrication, will have no appre-
ciable effect in reducing the torque at starting.
A high pressure, in the neighborhood of 1000
pounds per square inch, is required to actually
lift the rotating part and provide an oil bearing
surface for the journal. The reason for such a
high pressure, in comparison with the usual
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Fig. 16—Bearing Pedestal Showing Position of Oil and Water Piping

running pressure which is in the neighborhood
of 100 pounds per square inch, is found in the
difference in bearing surface in the two cases.
This is illustrated in Fig. 14 which shows the
pressure diagram for running (in dotted lines)
and for starting (in full lines). In the case
illustrated oil for raising the rotor is introduced
into the bearing through a sing'e hole at the
center of the bearing. The area is small, as
compared with the total projected area of the
journal and the pressure required is cor-
respondingly high. In other cases, a slot is
provided that extends the full length of the
bearing; with this greater area the neccssary
pressurce is reduced and the condition of a
perfect oil film is more nearly approached.
The total resultant upward pressure of the
oil must be approximately the same before
starting as it is during running, assuming
that the rotor is actually lifted and supported
by oil pressure in each case.

The equipment required for oil pressure
starting consists of a motor-driven duplex
pump for each bearing and the necessary
high pressure piping. A separate pump for
each bearing is desirable in order that the
journals will be lifted in all bearings; if one
pump supplies more than one bearing the
chances are that the lifting of one journal
will so reduce the pressure that it will be
impossible to lift the remaining journals.

The cylinders are connected in pairs to a
common pipe running to each bearing, the
oil returning to the pump chamber by an
overflow pipe.  This arrangement is shown in
Fig. 15. A high pressure check valve should be
installed in each line and, as an additional
precaution, it is recommended that a suitable
check valve be installed near the bearing.
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This should be closed when the set is running
in order to prevent a break in the oil film due
to oil leakage. A hydraulic pressure gauge
(reading to 1000 pounds per square inch)
in each pressure line is a convenience.

Bearing Lubrication and Cooling—When
the bearing diameter and speed are below
certain limits it is possible to dissipate the
generated heat by radiation and convection
from the surface of the bearing housing.
With larger bearings and higher speeds self-
cooling is not sufficient and water-cooling
is used. Bearings 14 inches in diameter, and
larger, arc usually provided with pipe con-
nections for water circulation.

All bearings, regardless of size or speed are
equipped with oil rings for lubrication. In
larger bearings this method may be sup-
plemented by a continuous flow of oil through
the bearings maintained by gravity or pump.
The larger bearings are provided with pipe
connections to a station oiling system to be
supplied as part of the station. Even when
a station oiling system is installed the oil
rings should be used as an additional factor
of safety.

Fig. 16 shows a large bearing pedestal and
the approximate location of the various pipe
connections used.

Connections—The wiring diagram for any
particular installation should be obtained from
the manufacturer of the switchboard.

All wiring should be installed in accordance
with the rules of the National Board of Fire
Underwriters.

High Tension Wiring—Exceptional pre-
cautions must be taken in running wires for
high tension service. So far as possible all
circujts should be out of normal reach and so
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Fig. 18—Two Main Poles and Two Commutating Poles

Fig. 19—Brushes Given a Slight Back Lead

Let Fig. 18 represent two main poles and
two commutating poles, with the brushes
set in a position corresponding to the middle
point of the commutating pole. The polarity
of any commutating pole and main poles is
indicated in this figure. The polarity of any
commutating pole when the machine is run-
ning as a generator is always the same as the
polarity of the main pole immediately in
front of it. When the brush is placed in a
position corresponding to an exact inter-
mediate point in the commutating pole it 1s
evident that the armature coils lying between
two commutating points, that is, the wind-
ing between a and b in Fig. 18 are acted upon
by induction from the main pole and by
half the induction from the commutating
poles adjacent to the main pole. However,
as these two commutating poles are of op-
posite polarity and the induction is the same
from each, it is evident that they have equal
and opposite effects on the armature winding
between a and b and therefore do not affect
its voltage.

Back Lead—In Fig. 19 the brushes are
given a slight back lead so that the commu-
tation is under the traveling magnetic flux
from the commutating poles. It is not
evident that between a and b the induction
is from the main pole and from one com-
mutating pole principally. With the back
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lead at the brushes, the commutating pole
is the one immediately behind the main pole
and therefore of the same polarity. This
commutating pole, therefore becomes a mag-
netizing pole and adds to the electromotive
force generated between a and b. As the
strength of this commutating pole is zero at
no load and rises with load, it is evident
that it tends to give an increased voltage be-
tween a and b as the load increases and tends
to produce a rising voltage characteristic
instead of a drooping one.

As stated before, the number of ampere-
turns in the commutating pole is considerably
greater than in the armature, but ordinarily
the effect of these ampere-turns is almost
neutralized by the opposing effect of the arma-
ture winding. However, with the back lead,
as indicated in Fig. 19, the opposing effect of
the armature winding is shifted to one side
of the commutating pole and thus the commu-
tating-pole ampere-turns become more effective
in actually magnetizing the armature, but be-
come less effective in creating a commutating
field for the coils which are now being reversed
by the brushes. On account of this less
effective field it may be necessary in practice
to still further increase the ampere-turns on
the commutating pole in order to bring the
trailing magnetic fringe up to suitable value
for producing proper commutation.
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It is evident that this increased number of
ampere-turns on the commutating pole in-
creases the induction under other parts of the
commutating pole as well as under the trailing
tip, and this increases under the other parts
of the pole still further increases the voltage
between a and b.

With a back lead, therefore, the commutat-
ing pole may have the same effect as the
series winding on the main field; that is, it
may compound the machine so that the
voltage at the terminals is rising instead of
falling, even without any true series winding
on the main poles. The machine, therefore,
becomes an equivalent of a compound-wound
machine and if there is no equalizer between
the interpole winding and the armature ter-
minal, the generator may be unstable when
paralleled with other machines.

Forward Lead—Take the case, next, where
the brushes are given a forward lead, as shown
in Fig. 20. Comparing this with Fig. 19, by
the same reasoning it is evident that the com-
mutating pole is now opposing the effect of
the main pole, in the winding between a and b.
The interpole therefore tends to produce a
drooping voltage characteristic and has just
the opposite effect to the series winding.
In this position of the brushes the commutating
winding tends to give good characteristics for
parallel operation, but as the effect of the com-
mutating pole is in opposition to the main
pole it is evident that more series winding is
required on the main field in order to over-
compound the machine as a whole. Also,
with the brushes in this position the com-
mutating pole is not as effective in producing
good commutation and therefore more ampere-
turns are required on the commutating wind-
ing. Therefore, both windings must be in-
creased when the brushes are given this for-
ward position but parallel operation should be
stable.

Correct Brush Position—1It is evident, there-
fore, from the above considerations that for
best results the brushes should be so set that
the true point of commutation comes mid-
way under the commutating pole. If this
position is found exactly, then the commutat-
ing pole should have practically no effect on
the voltage characteristics of the armature,
and parallel operation with other generators
should be practicable. A very slight forward
lead is favorable to paralleling, but lessens
the compounding.

As a back lead at the brushes, when the
machine is acting as a generator, tends to
improve the compounding and lessen the
series winding required on the main field, it
might be suggested that this gives a cheaper
and more efficient machine and that therefore
this arrangement should be used, with some
means added for overcoming the unstable
conditions of paralleling. One means pro-
posed for this is an additional equalizer con-
nected between the commutating poles and
the armature terminals. This has been used
in one or two instances, but in principle the
arrangement is inherently wrong. When the
commutating pole windings are paralleled,
then the currents in them must divide accord-
ing to their resistance.

This condition would not be objectionable
provided the armature currents also varied
in the same proportion. With slow changes
in load this condition might be obtained.
However, there are conditions of operation
where the armature currents will not rise and
fall in proportion and therefore the com-
mutating pole windings, with this arrange-
ment, would not always have the right value
to produce the desired commutating fields.
Each armature should be connected directly
in series with its own commutating poles and
the currents in the two should rise and fall
together for best results. This condition will

Fig. 20—Brushes Given a Slight Forward Lead
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not be obtained when an equalizer is connected
hetween the armatures and commutating
poles and this solution of the problem should
therefore be avoided in general.

With correct brush position there should
be no difficulty in paralleling commutating-
pole generators with each other or with gen-
crators without commutating poles. The
equalizer should always be connected be-
tween the series winding and the commutating-
pole winding, the commutating-pole winding
being treated as part of the armature circuit.

Adjustment of Load Division and of the
Equalizer Circuit—With two compound-wound
gcnerators operating in parallel, one of which
takes less than its proper share of the load, the
division of load can be changed by the follow-
ing adjustments.

(a) The shunt field rheostats may be ad-
justed to give better average division. If one
generator compounds less than another and
it is desired to maintain the higher full-load
voltage the average load of the former genera-
tor can be increased by increasing the shunt
field excitation.

(b) The shunts on the series-ficld winding
can be adjusted, decreasing the resistance of the
shunt on the overloaded generator, if possible,
or increasing the resistance of the shunt on
the underloaded generator. It should be
borne in mind, however, that changing the
ampere-turns in the series field by changing
the shunt resistance also changes the resistance
of the complete ficld circuit. This change in
resistance must be compensated for by a cor-
responding change in resistance in another
part of the series-ficld circuit so that the re-
sistance of the total circuit remains unchanged.
From another standpoint, a shunt on one
series field may be considered a shunt on both
series fields, the effect varying only by reason
of the resistance of the leads and busses being
added to one shunt circuit and not to the
other.

(c) If the relative ampere-turns are cor-
rect, but the series-field resistances are dif-
ferently proportioned, the resistance of the
leads between the series-field and ecqualizer
bus can be changed to compensate for a dif-
ference in the scries-field resistances. The
resistance in the series-circuit of the generator
taking more than its share of the load should
he incrcased. This adjustment varies the
resistance of one serics-field without introduc-
ing a third parallel circuit between the equali-
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zer and main bus, and for this reason the ad-
justment is less complicated than in (b).

In making the above adjustment it is ad-
visable to make the changes systematically.

The several generatcrs should be operated
separately and the voltages at all loads should
he made as nearly equal as possible by ad-
justments of the shunt-field rheostat and by
changing the series-field current by means of
shunts across the series-field. It may be ad-
visable to operate the several generators
with different no-load voltages in order to
obtain a better average agreement between
the several voltage regulation curves. It is
not so important that the voltages at partial
loads agree as it 1s at full load and overloads.
At partial loads the load division may depart
from the correct division without overloading
the generator that takes the greater share of
the load.

When the several regulation curves have
been made to agree as nearly as possible, then
the resistances of the several equalizer circuits
should be checked and changed, when ncces-
sary, by changing the resistance of the cqualizer
leads to make the resistances inversely propor-
tional to the generator ratings. For example,
if a 500-kilowatt generator and a 1500-kilowatt
generator arc operated in parallel, the resis-
tance of the series-field circuit (including a
shunt if used) the main lead from the series-
field to main bus, and the equalizer lcads
should be in the case of the 1500-kilowatt
generator one-third of the resistance of the
corresponding circuit of the 300-kilowatt
generator.

Power Factor—When any alternating-cur-
rent and its electromotive force are in the same
phase, i.e., rise and fall in strength exactly
together, the power in the circuit 1s the prod-
uct of the current and the electromotive
force. But when the current lags behind the
electromotive force, as in the case of a current
flowing to an unloaded induction motor or
transformer, or under cxcited synchronous
motor or when the current is in advance of or
leads the electromotive force, as in the case
of the current to an over-excited synchronous
motor, the power in the circuit is less than the
product of the amperes and volts. In cases
where the currents lead or lag behind the
electromotive force, the actual power in the
circuit will he equal to a certain definite per
cent of the power that the circuit would rep-
resent were the current and clectromotive
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force in phase. This per cent is called the
“power factor’” of the circuit. It is the ratio
hetween the true power and the “apparent”
power. Its value depends upon the amount
the current lags behind or leads the electro-
motive force.

Excitation of Synchronous . Motors—The
excitation of a synchronous motor is not
necessarily supplied entirely by the ficld
winding. The voltage generated by the syn-
chronous motor (the counter electromotive
force) is determined by the line voltage. If
the field excitation is such that, with the motor
opcrating alone as a generator, this value of
counter electromotive force would not be
generated, then an exciting current will flow
in the armature winding (when the motor is
connected to the alternating-current lines)
to add to or subtract from the field excitation,
as the case may require. This armature ex-
citing current is the so-called leading or lag-
ging component of the motor current and
hears a 90 degree relation to the motor counter
electromotive force. If the fleld current is
just sufficient to generate the required motor
counter electromotive force, then no exciting
current is required in the armature and the
entire motor current is used in driving the
motor, that is, represents actual power and
the power factor of the motor is 100 per cent.
If the field current gives less than this required
cxcitation, then the armature must supply
the deficiency and a current flows in the
armature circuit that is magnetizing or ‘‘lead-
ing” with respect to the motor circuit but is
demagnetizing or ‘“lagging” with respect to
the supply circuit. Under-excitation in the
synchronous motor is detrimental to the power
factor of the usual supply circuit. If, on the
other hand, the ficld-excitation is increased
to give more than the required excitation,
then a demagnetizing current will flow in the
armature that is magnetizing or ‘“leading”
with respect to the supply circuit. Over-
Excitation in the synchronous motor will raise
the power factor of the supply circuit that pre-
viously had a lagging power factor.

Power Factor Correction by Synchronous
Motors—The synchronous motor is frequently
made larger than necessary to drive the direct-
current generator in order that it may be over
excited and made to supply leading current
to the alternating-current system. If a motor
is rated at 80 per cent power factor, forexample,
it will drive the generator carrying its rated
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load and in addition supply 60 per cent of the
rated kva. of the motor as leading kva. to the
alternating-current system. If the set is
rated at 1000 kilowatts the motor will have an

Efficiency x P. F.

input of or, in round numbers
1000
6(1)0—5%0 or 1400 kva. (necarly). It will then

supply .60 x 1400 or 840 kva. as lcading
current to the alternating-current system.

If the synchronous motor is under-excited
it will take lagging current from the alternat-
ing-current system and will reduce the system
power factor. The reduction in power factor
may be much greater than that dueto anequiva-
lent induction motor if the field current ad-
justment is much reduced so that the correct
field current adjustment is very important.
A synchronous motor-driven set may be in-
stalled toimprove the power factor and through
careless operation may have just the opposite
effect.

The effect of leading current in raising the
power factor of the alternating-current system
can be readily calculated if the following re-
lations are kept in mind.

The total or combined alternating-current
or kva. may be considered as made up of two
currents, or kva’s.; one in phase with the line
voltage representing energy and available for
doing mechanical work; and a second, bearing
a 90-degree phase relation to the voltage
which does not represent mechanical encrgy
but which either increases or decreases the
existing reactive* current of the system.

The energy and reactive components of the
current or kva. in several branch circuits
forming part of a common system may be
directly added or subtracted and the combined
current determined by combining the total
energy and total reactive components.

An example will serve to show the appli-
cation of these principles.

Problem—Assume that an cxisting system
has a load of 5000 kva. with a power factor of
75 per cent. A 111l-kilowatt 80 per cent
leading power factor motor generator is added
to the system. What will be the combined
kva. and power factor ?

Solution—The energy and reactive com-

ponents of the existing load arc shown by the

*#The word reactive is used where formerly the word “watt-
less’” applied. This component of the current while it does no
external, mechanical work is*‘watted” to the extent that it heats the
conductors carrying it. Therefore the word, ‘wattless "is really a
misnomer and is being replaced by a more suitable term, the reactive
component.
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3750 KW,
(Energy)

5000 AVA.
(Total)

3307 KVA. (Lagging)

Fig. 21—Diagram Showing Relation Between Kva., Kw.,
and Reactive Component of Original Load

right angled triangle Fig. 23.

The energy component is determined by
multiplying the total kva. by the power factor
(5000 x .75). If the energy component is
known instead of the total kva. then the latter
can be found by dividing the energy component
by the power factor. The third side of the
triangle can then be calculated by squaring
the two known sides and taking the square-root
of their difference, thus:

500002 = 25000000

3750%=14062500
v 10937500 = 3307

Or, if a table of sines and cosines is available
the third side can be found by multiplying the
total kva. by the cosine of the angle whose
sine 18 the power factor. Thus the angle whose
sine is .73 is 48°-3514’ and the cosine of this
angle is .6615. This multiplied by 5000 is
3307.

The triangle for the added load should be
similarly calculated. This is shown in Fig. 22.

The triangle representing the combined load
is obtained by adding the two energy com-
ponents and subtracting the two reactive com-
ponents (since one is lagging and one is leading).
This is shown in Fig. 23.

In this case the third side of the triangle

4861 HW.
(Energy)

5454 AVA.
(Total)

2474 KVA. (Lagging)

Fig.23—Diagram Showing Resultant Kva., Kw., and Reactive
Component After Adding Leading Power Factor
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1111 KW, 1389 KVA.
(Energy) (Total)
833 HVA (Leading)

Fig. 22—Diagram Showing Relation Between Kva., Kw., and
Reactive Component of Added Motor-Generator Load

(the total kva.) is obtained by taking the
square root of the sum of the squares of the
two known sides. The power factor of the
combined load is 4861 divided by 5454 or
89.1 per cent.

The improvement in power factor due to
the addition of a 100 per cent power factor
load, such as a motor generator, without in-
creased capacity in the synchronous motor
will be evident from a consideration of the
above example. The combined load on this
basis is shown by the triangle Fig. 24. The
power factor with this combined load is 4861
divided by 5879 or 82.7 per cent. By addition
of this 100 per cent power factor load the
power factor was increased nearly 8 per cent,
over the original of 75 per cent.

Circuit-Breaker Protection on Reverse
Direct-Current—Whenever there is a source
of direct-current in parallel with a generator
that is also independent of the high-tension
alternating-current feeder serving the motor
of the set a relay should be provided that will
open the direct-current breaker in case the
direct-current reverses. Such an independent
source of direct-current may be a direct-cur-
rent generator, a storage battery, or a synchro-
nous converter, usually in other substations,

4861 KW.
(Energy)

5879 KVA.
(Total)

3307 KVA.(Lagging)

Fig. 24—Diagram Showing Resultant Kva., Kw., and Reactive
Component After Adding 100 Per Cent Power Factor Load
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fed from the same or different generators,
but connected in parallel through continuous
feeder or trolley circuits.

Setting of Circuit-Breakers in Railway
Substations—In some railway systems the
conditions are such that short-circuits occur
on the feeder or trolley circuits that are so se-
vere that the generators flash and the arc holds
until the generator ‘kills” itself. In such
cases the severity of the short-circuits should
be reduced by the insertion of resistance in the
affected feeders as described on page 15.

In this connection it should be remembered
that in the case of severe short-circuit the
current increases rapidly compared with the
speed at which the breaker is set. In the case
of a short-circuit immediately outside the
substation the current may easily reach five
to ten times the normal rated current of the
generator assuming the ordinary types of
carbon circuit-breaker is used and this cur-
rent value will be practically independent of
the circuit-breaker setting.

Some generators will satisfactorily com-
mutate very large momentary currents, pro-
vided the machine circuit-breaker does not
open; while they will flash with no greater
currents, if the machine circuit-breaker does
open. In such cases it is advisable to set the
generator circuit-breakers so that they will
open only in the event of very severe short-
cireuits.

Protection against ordinary overloads should
be provided by lower setting of feeder breakers.
The selective action between the feeder break-
ers and generator breaker may be obtained
either by a different current setting or in time
setting (if means for time adjustment are
provided).

OPERATION OF MOTOR-GENERATORS

General—DBefore starting a motor-generator
the following routine should be regularly ob-
served.

(1) The brushes of the generator and motor
should be (if synchronous) examined to see
that they move freely in their holders.

(2) Sec that no loose material, such as a
bolt or tool, is near enough to the moving or
live parts of the set to cause damage.

(3) See that the speed limit device is in
operating condition.

(4) See that all switches in hoth motor and
generator circuits are open.
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(5) Examine the bearing housings to see
that there is oil in the wells and that the oil
rings turn freely.

(6) When the set has been started, examine
the oil rings to see that they are revolving
properly, and examine both motor and gen-
erator brushes to see that they are properly
seated on the collector on commutator and are
not sparking.

I—Synchronous-Motor-Driven Motor-Gen-
erator A-C. Self-Starting—For this method of
starting, one starting voltage is ordinarily used.
This may be supplied from auto-transformers or
from taps on the step-down transformers,
when these are used, on account of high line
voltage. With auto-transformers a starter
having suitable contacts for connecting them
to the line and to the motor for starting and
for connecting the motor directly to the line
for running, or the equivalent in a combination
of circuit-breakers, is used.

With step-down transformers a plain double-
throw circuit-breaker or the equivalent in
two single-throw breakers having handles
interlocked, is used.

The motor-field circuit is closed during
starting to prevent the generation of high
voltage in the field winding.

If the motor-field is excited from a source
external to the motor-generator, it is necessary
to have a two-pole, double-throw field dis-
charge switch which in the lower position
short circuits the field upon itself through the
field rheostat.

If the motor field is excited from a direct-
connected exciter or from the direct-current
generator driven by the motor no field switch
is necessary as the motor field is practically
short circuited upon itself through the motor
field rheostat and the armature of the exciting
generator. If a single-throw field switch has
been provided it must be closed before the
motor is started.

Instarting synchronous motor-generators the
motor will pull into step when connected
to the starting voltage. The motor should
be excited while connected to this low voltage
and if the motor is over excited there will be
a smaller current rush than otherwise when
the starter is thrown from the starting to the
running position and full line voltage applied.
In starting a set by this method, proceed as
follows:
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(1) With all switches open, close the motor
field switch in the starting position.

(2) 1If step-down transformers are employ-
ed, close the oil circuit-breaker on the high-
tension side.

(3) Close the motor starter in the starting
position. If the motor revolves in the wrong
direction, shut down, and change the alter-
nating-current cable connections as described
(sce page 15) and proceed as before.

The set should come up to synchronous
speed on the starting voltage in from 30 to
60 seconds and lock into step.

(4) Throw the field switch to the running
position thereby cxciting the motor field.
Adjust the field rheostat to increasc the field
current to a value above the value required
for 100 per cent power factor. Determine by
trial the valuc of field current that results
in the smallest line current when the main
switch is thrown over to the running position.
If the motor is excited from an exciter or the
gencrator driven by the motor it is only neces-
sary to adjust the field current.

(5) Throw the exciter over to the running
position as quickly as possible as the motor
is momentarily disconnected from the line
during this operation.

(6) Adjust the motor field rheostat to give
the desired power factor at full load.

If driving a direct-current generator pro-
ceed as follows:

(1) For Two-Wire Service—Close the posi-
tive direct-current circuit-breaker; close the
equalizer and ncgative switches; adjust the
direct-current voltage and when correct for
connecting the generator to its load, close the
positive knife switch.

(2) For Three-Wire Service—Close the
direct-current circuit-breaker; close the nega-
tive equalizer and main switch; adjust the
direct-current voltage and when correct for
connecting the generator to its load, close the
positive equalizer and main switch.

II—Induction Motor-Driven Motor-Gener-
ators A-C. Self-Starting—The operation of
starting is the same as with the self-starting
synchronous motor except that it is simplified
by the absence of motor—field windings.

(1) With all switches open, if step-down
transformers are employed, close the oil cir-
cuit-breaker on the high tension side.

(2) Close the motor starter in the starting
position. If rotor revolves in the wrong
direction, shut down, and change the alter-
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nating-current cable connections as described
(sce page 16) and proceed as before.

(3) When the motor is up to speed (which
requircs from 30 to 60 seconds) throw the starter
over to the running position as quickly as
possible as the motor is momentarily discon-
nected from the line during this operation.

(4) Proceed as under (1) for connecting
the direct-current generator to its load.

III—Synchronous Motor-Driven Motor-Gen-
erators Direct-Current Self Starting— With this
method of starting, the Motor-Generator is
started by the direct-current generator operat-
ing as a motor and the alternating-current
motor is synchronized with the supply system.
Refer to page 33 for information on synchroniz-
ing. In starting a set proceed as follows:

(1) For two-wire generators having the
negative switch on switchboard:

(a) Insert the voltmeter plug for the direct-
current voltmeter and turn the field rheostat
to cut out the resistance so that the machine
will not be started with a weal field.

(b) Close the series-field short-circuiting
switch, if supplied.

(¢) Close the positive circuit-breaker after
connecting its low voltage coil with resistance
to the bus-bars by means of the two-pole
double-throw switch. The coil and resistance
is connected to the machine when the set is
started from the alternating-current side.
(The two-pole double-throw switch is furnished
only when the set may be started from either
the alternating-current or the direct-current
side).

(d) Close the positive switch.

(e) Start the Motor-Generator by closing
the direct-current starting switch, cutt'ng out
the starting resistance slowly. If the machine
rotatesinthe wrong direction, reverse either field
or armature connections. Check polarity of
windings before putting machine into service
if any change in connections has been made.

(f) Adjust the speed of the Motor-Gener-
ator to synchronous speed by means of the
generator field rheostat.

(z) Close motor field switch, if any, and
adjust the motor field current by means of
the ficld rheostat to give desired voltage at
the motor terminals.

(h) Phase out the synchronous motor as
described on page 16.

(i) Insert the synchronizing plug when
the speed and voltage of the motor are ap-
proximately correct. When the lamps or
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synchroscope indicate synchronism close the
alternating-current circuit-breaker, connecting
the motor to the line.

(i) Adjust the generator field rheostat so
that the machine will operate as a generator.

(k) Close the negative switch and open
the starting switch.

(1) Open the scries-field short-circuiting
switch, if any.

(m) Close the equalizer switch, if any.

(n) Adjust motor field for correct setting
for desired power factor at full load.

(2) For railway generators having only the
positive switch on switchboard: '

In this case the starting switch is connected
in shunt with the positive switch and the
double-throw switch for transferring the low
voltage coil circuit is single-pole only.

The procedure is the same as for (1) except
that the negative switch is closed before
operation (c), operation (d) is omitted, and
for (k) the positive switch is closed.

(3) For three-wire generators started from
the main busbars:

In this case the starting switch is connected
between the bus side of the negative main
switch and the machine side of the negative
equalizer switch. The procedure is the same
as for (1) except that for (c) the breaker will
be two or four-pole and all poles should be
closed. The single-pole neutral switch must
be open before closing the positive main and
equalizer switch. The neutral switch should
be closed again after the negative main and
equalizer switch has been closed.

(4) TFor three-wire generators started from
the equalizer bus-bars:

In this case the starting switch is connected
in shunt with equalizer pole of the two-pole
negative switch and the positive main and
equalizer leads have two single-pole switches
instead of one two-pole switch. The pro-
cedure is the same as for (3) except that the
positive main switch is not closed until after
the negative main and the equalizer switch
have been closed.

IV—~Wound Secondary Induction Motor
Starting Without Current in the Synchronous
Motor Armature—(1) With all switches open,
close the oil circuit-breaker on the high tension
side of the transformer, if any.

(2) Start the set by closing the ecircuit-
breaker in the primary circuit and the switches
or controller in the secondary circuit of the
induction motor.
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In case the machine rotates in the wrong
direction reverse starting motor leads as de-
scribed (see page 16). The Motor-Generator
will be brought up slightly above synchronous
speed.

(3) Close motor field switch, if any, and
adjust the motor field current by means of
the field rheostat to give approximately line
voltage at the motor terminals.

(4) Phase out the synchronous motor as
described on page 16.

(5) Insert the synchronizing plug when the
speed and voltage of the synchronous motor
are approximately correct.

(6) Trip the primary circuit-breaker to the
induction motor, which also opens the secon-
dary switches. Allow the speed of the Motor-
Generator to decrease and when the lamps or
synchroscope indicate synchronism, close the
alternating-current circuit-breaker, connecting
the motor to the line.

(7)  Adjust the motor field rheostat to give
the desired power factor at full load.

(8) If driving a dircct-current generator
proceed as under (I) for connecting the gen-
erator to its load.

V—Squirrel Cage Induction Motor Starting
With the Starting Motor Windings in Series
With the Synchronous Motor Armature Wind-
ings—(1) With all switches open, close the
oil circuit-breaker on the high tension side of
the transformer, if any.

(2) Close the motor field switch, if any.

(3) Start the Motor-Generator by closing
the circuit-breaker in the starting motor circuit
thus energizing the synchronous motor windings.
The main motor and starting motor windings
must have the same phase rotation so that
both windings will tend to rotate the re-
volving part in the same direction. If the
armature revolves in the wrong direction re-
verse as described on page 16.

The motor should come up to speed and
lock into step as with alternating-current self-
starting motor.

(4) Close the oil circuit-breaker in the
synchronous motor circuit thus short cir-
cuiting the starting motor and then open the
hreaker in the starting motor circuit.

(5) Adjust motor field to give desired power
factor at full load.

(6) If driving a direct-current generator
proceed as under (I) for connecting the gen-
erator to its load.
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Excitation of Direct-Current Generators—
When starting up, a generator may fail to
excite itself. This may occur even when the
generator operated perfectly during the pre-
ceding run. It will generally be found that
this trouble is caused by a loose connection
or break in the field circuit, by poor contact
at the brushes due to dirty commutator or
perhaps to a fault in the rheostat, or incorrect
position of brushes. Examine all connections;
try a temporarily increased pressure on the
brushes; look for a broken or burnt out re-
sistance coil in the rheostat. An open-circuit
in the field winding may sometimes be traced
with the aid of a magneto; but this is not an
infallible test as some magnetos will not ring
through a circuit of such high resistance, even
though it be intact. If no open circuit is
found in the rheostat or in the field winding,
the trouble is probably in the armature. But
if it be found that nothing is wrong with the
connections or the winding it may be neces-
sary to excite the field from another generator
or some other outside source. Calling the
generator we desire to excite No. 1, and the
. other machine from which current is to be
drawn, No. 2 the following procedure should
be followed. Open all switches and remove
all brushes from generator No. 1 connect the
positive brush holder of generator No. 1 with
the positive brush holder of generator No. 2;
also connect the negative holders of the
machine together (it is desirable to complete
the circuit through a switch having a fuse of
about 5 amperes capacity in series). Close
the switch. If the shunt winding of genera-
tor No. 1 is all right, its field will show con-
siderable magnetism. If possible reduce the
voltage of generator No. 2 before opening the
exciting circuit; then break the connections.
If this cannot be done, throw in all the rheostat
resistance of generator No. 1; then open the
switch very slowly, lengthening out the arc
which will be formed until it breaks.

A very simple means for getting a com-
pound wound machine to pick up is to short-
circuit it through a fuse having approximately
the current capacity of the generator. If
sufficient current to melt this fuse is not
generated, it is evident that there is something
wrong with the armature, either a short-
circuit or an open-circuit. If, however, the
fuse has blown, make one more attempt to
get the machine to excite itself. If it does not
pick up, it is evident that something is wrong
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with the shunt winding or connections.

If a new machine refuses to excite and the
connections seem to be all right, reverse the
connections, i.e., connect the wire which leads
from the positive brush to the negative brush
and the wire which leads from the negative
brush to the positive brush. If this change
of connection does no good, change back and
locate the fault as previously advised.

Emergency Instructions—(1) When direct-
current generators flash over or the breakers
come out from excessive current, it is always
wise to note the direct-current voltmeter be-
fore throwing in on the line again, as these
troubles very frequently cause a reversal of
polarity in the fields, making them build up in
the opposite direction. If this should be the
case, it will be necessary to reverse polarity.

(2) When the alternating-current power
goes oft for any reason, shut down the set at
once, opening all switches.

(3) When the alternating-current breakers
come out, open the direct-current breaker
(if not tripped out automatically) and the
switches, and then proceed to start as in first
starting.

(4) When a direct-current gencrator flashes
over and is thrown out of circuit, it is best
if possible, to shut down for a moment and
examine the commutator and brushes and
clean up any burrs which may have been
caused. If this is not possible, the commuta-
tor may be cleaned, by exercising great care,
after the set has been put in service.

Bus-Bars
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Fig. 25—Connections for Synchronizing Low-Voltage
Single-Phase Generators

CAUTION

Leave all the switches open when the Motor-
Generator is not operating.

When the shunt-field circuit of a generator
or motor is excited, never open it quickly unless
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Fig. 26—Connections for Synchronizing Three-Phase Generators

a path for the inductive discharge is provided.
The circuit can be opened slowly, if desired,
the arc at the opening serving to reduce the
field current gradually. Do not permit any
part of the body to bridge this opening, or a
serious shock will be received; better use
but one hand, keeping all other parts of the
body clear of the circuit.

Always follow a fixed regular order in closing
and opening switches unless there are special
reasons for departing from this order. A
routine method will aid in avoiding mistakes.
Close switches carefully, keeping firm hold of
the handles until completely closed.

Keep small pieces of iron and bolts and
tools away from the frame. Any such frag-
ment attached to the pole of a field magnet
may jam between the armature and pole and
cause serious damage.

OPERATION OF FREQUENCY-
CHANGERS

Synchronizing A-C. Generators—The funda-
mental condition necessary in order that syn-
chronous apparatus may be connected to a
system already in operation is that the electro-
motive forces of the incoming machine and of
the system to which it is connected shall be
approximately the same at each instant.
This requires that the frequencies be the same;
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that the two voltages be equal, as indicated
by a voltmeter, and that the two voltages be
in phase.

The elementary principle employed in de-
termining when generators are at the same
frequency and in phase is illustrated by Fig.
26 in which A and B represent two single-
phase generators, the leads of which are con-
nected to the bus-bars by switches C and two
series of incandescent lamps which are con-
nected as shown. As the electromotive forces
change from the condition of phase coincidence
to that of phase opposition, the flow of cur-
rent through the lamps varies from a minimum
to a maximum.

When the electromotive forces of the two
machines are exactly equal and in phase, the
current through the lamps is zero. As the
difference in phase increases, the lamps light
up and increase to a maximum brilliancy when
corresponding phases are in exact opposition.
From this condition the lamps will decrease
in brilliancy until completely dark, indicating
that the machines are again in phase. The
rate of pulsation of the lamps depends upon
the difference in frequency, i.e., upon the rela-
tive speeds of the machines.

When the voltage of the system is too high
for any of the synchronizing apparatus it is
usual to place voltage transformers between
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the main circuits and the synchronizing cir-
cuits to reduce the voltage at the switchboard
to safe limits, as shown in Fig. 26.

In order to determine whether the lamps
will be bright or dark for a given synchronizing
connection when the machines are in phase,
disconnect the main leads of the first genera-
tor at the generator and throw in the main
switches of both generators with full voltage
on the second generator. Since both machine
circuits are then connected to one machine,
the lamp indication will be the same as when
the main or paralleling switches are open and
both machines are in phase. If the lamps
burn brightly and it is desired that they be
dark for an indication of synchronism the
connections of one of the voltage transformer
primaries or one of the secondaries should be
reversed. Dark lamps as an indication of
synchronism are recommended. The lamps
should be adapted for the highest voltage
which they will receive, i.e., double the normal
voltage.

Phase Rotation—In the case of polyphase
machines, it is not only necessary that one
phase be in synchronism with one phase of
another generator but the sequence of maxi-
mum values of voltage in the several phases
must be the same. The “phase rotation”
must therefore be checked. The necessary
connections for two three-phase generators
are shown in Fig. 26.

Connect the generators temporarily to their
switches so that the phascs of D will be in
parallel with those of E. For example, con-
nect phasc A-B to 1-2; phase B-C to 2-3; and
phase C-A to 3-1. Connect synchronizing
apparatus in any two phases. As phase
{ ?:? and phase { é:é Test out the synchro-
nizing connections with machine D running
at normal speed and voltage, the leads dis-
connected from E at the generator, and the
paralleling switches closed. Having changed
the synchronizing connections, if necessary,
so that both sets of lamps will be the same
when indicating synchronism open the paral-
leling switches, re-connect the leads of machine
E and bring it up to normal speed and voltage.
Then observe the two sets of synchronizing
lamps. If their pulsations come together, ie.,
if both sets are dark and both are bright at the
same time, the phase rotation of the two
generators are the same, and the connections
are correct for paralleling the generators when
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the lamps are dark. If, however, the pulsa-
tions of the lamps alternate, i.e., if one is dark
when the other is bright, reverse any two leads
of one machine and test out the synchronizing
connections again, changing them if neces-
sary so that they are the same when indicating
synchronism. The lamps will now be found
to pulsate together and the generators may be
thrown in parallel at the proper indication.
Synchronizing apparatus in one phase only
is sufficient for paralleling the generators
after the first time.

The procedure in synchronizing a generator
with an existing power system is the same,
the phase rotation of the gencrator being
changed, if necessary, to agree with that of the
system.

The paralleling of two-phase generators is
accomplished in a similar manner. In casc
of incorrect rotation the two leads belonging
to either phase must be reversed instead of
any two leads.

The standard winding of Westinghouse two-
phase armatures is of the open type with
separate circuits. The four leads are marked
A-1, B-1, A-2, B-2, in regular consecutive order
around the armature. The two terminals A-1,
A-2, constitute one of the main circuits or
phases and B-1, B-2, the second main circuit
or phase which will give the full electromotive
force of the machine.

Synchroscope—A synchroscope is an in-
strument that indicates the difference in phase
between two electromotive forces at cvery
instant. By its aid the operator can see
whether the incoming machine is running
fast or slow, what the difference in speed is,
and the exact instant when it is in synchronism.
These conditions cannot be observed with
certainty by the use of lamps alone and it is
usual practice for large machines to have both
synchroscope and lamps.

The synchroscope has a pointer which shows
the phase angle between the incoming and
running machines. This angle is always equal
to the angle between the pointer and the ver-
tical position marked on the dial of the in-
strument. When the frequencies of the two
machines are equal the pointer stops at some
position on the scale and when the machines
are in phase the pointer coincides with the
marker at the top of the scale.

In order to check the synchroscope con-
nections, proceed in the same manner as pre-
viously described for determining whether
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lamps will be bright or dark for a given syn-
chronizing connection. If the synchroscope
pointer stops at the bottom, reverse the leads
at the upper terminals. If it stops in the
same position the connections to the upper
terminals are made to the wrong phase.

Synchronizing Two Frequency-Changers—
In order that this explanation may be sim-
plified, it will be assumed that the armature
windings of the various machines are identical
in location and sequence of terminal coils.
Then the position, at some chosen time, of a
pole of the rotating field, (with respect to a
group of armature coils covering one pole
switch) represents the phase of a wvoltage
generated in the motor or generator winding;
accordingly, in the following explanation the
“position of the rotor pole”, or, “polar posi-
tion” will signify the voltage phase. Thus,
if two synchronous motors are operating
from the same supply system without load
the polar positions of the two motors will
be the same. Likewise, before two genera-
tors can be synchronized, the polar positions
of the two rotors must be made the same.

A distinction will also be made between
“polar position” and ‘‘rotor position”; the
former will mean the phase of the generator
voltage, while “rotor position” will mean the
mechanical position of the rotor without ref-
erence to magnetic or electrical conditions.
This distinction may be illustrated in the
following way: If a synchronous motor is in

synchronism with the generator and is then
caused to slip two poles its polar position will
not have been changed while its rotor position
will have been changed.

In synchronizing two engine-driven gen-
erators, it is not difficult to bring the two
rotors into the same polar position, since the
two rotors may be independently controlled
in speed and the relative polar positions are
continuously changing. Moreover, the two
generators will have the same polar positions
(that is, will be in synchronism) when any
pole of one generator has the same position
as any pole of the same polarity of the other
generator. There are as many positions of
the rotor that are correct for synchronizing
as there are poles of the same polarity on the
incoming generator.

When a synchronous motor driven frequency-
changer is to be synchronized with another
similar set, the same general principles apply,
but the rigid mechanical connection between
the poles of the motor and the poles of the
generator considerably reduces the number
of correct rotor positions of the motor. In
the case of two sets, the two motors must
have the same polar positions and at the same
time the two generators must have the same
polar positions. Referring to Fig. 28, which
represents a 4-pole-6-pole set, if the two motors
are connected to the same position, then the
generator poles Ny in both sets will have the
same position and the sets will be in synchro-

Fig. 27—Frequency Changer

Showing motor frame mounted in cradle for rotation.

The usual commercial range of this

frame shifting device is about four mechanical degrees; on a ten-pole motor
this corresponds to 20 electrical degrees.
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Fig. 30—25 to 50 Cycles; 4 and 8 Poles

nism on both ends. If, however, the two
motors are connected to the supply circuit
so that pole N; in one motor has the same
position as pole N in the other motor (which
is a possibility considering the motors alone)
then pole N; in one generator will have the
same position as pole S, in the generator and
the two generators will be 180 degrees out of
phase at the same time the two motors are in
phase. If the two motors are considered
alone, there are two correct rotor positions;
if the two generators are considered alone,
there are three correct rotor positions; but
if the motor and generator are tied rigidly
together, as in a frequency-changer, there is
only one correct rotor position for the incoming
motor. For the sake of brevity ‘‘synchro-
nizing position” will be used to denote that
rotor position of the incoming motor in which
both motor polar positions will be the same
and both generator polar positions will be the
same. In general the number of synchro-
nizing positions in any pair of sets is equal
to the greatest common divisor of the number
of possible synchronizing positions of the
motor and of the generator considered as
separate machines. The synchronizing posi-
tions for the separate machines are equal in
number to the number of pairs of poles.
Thus in the 4-pole-10-pole set shown in Fig.
29, there are two synchronizing positions for
the motor, considered alone; there are five
synchronizing positions for the generator,
considered alone; and there is only one syn-
chronizing position for the set; in the 4-pole-
8-pole set, in Fig. 30 there are two synchro-
nizing positions for the set; or as many as
for the motor, considered alone; in the 10-
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Generator

Motor
Fig. 31—25 to 60 Cycles; 10 and 24 Poles

pole-24-pole sets in Fig. 31, there is, again,
only the synchronizing position for the second
set.

If the number of correct synchronizing
positions of the motors or generators, consider-
ed separately, is increased, the number of
synchronizing positions for the second set will
also be increased. Thus, if the polarity of
the south poles of the incoming generator,
considering the two generators as separate
engine-driven units, be changed, each of the
generator poles, at one time or another, will
be a north pole, and there will be as many
synchronizing positions as there are poles.
Considering the motors alone, by reversing
the motor excitation, the number of motor
synchronizing positions may also be doubled.
In the 3-pole-6-pole set (Fig. 28) it was shown
that if pole N; of one motor had the same
position as pole Ny of the second motor,
the pole N; of the first generator would have
the same position as pole S; in the second
generator, and that the two generators would
be 180 degrees out of phase. Obviously, by
reversing the excitation of the second gen-
erator, the south pole is changed to a north
pole, thereby bringing two generator poles
of the same polarity into the same position,
and the two sets into synchronism.

In the 10-pole-24-pole combination (Fig. 31)
the number of. set synchronizing positions
can be increased by reversing the motor
excitation. Consider that the two motors are
connected to the supply circuit so that the
poles Nj of both motors are in the same
position. Generator poles of the same polar-
ity will also be in the same position, but the
generators are not connected in parallel.
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Now assume that the excitation of one motor
is reversed. The pole N; (which is now a
south pole) will drop back and the pole &,
will occupy the position that N; occupied.
The motor has dropped back one pole—or as
it is called has “slipped a pole”—and its new
position is 180 magnetic degrees or 36 mechani-
cal degrees behind its original position. The
generator of the second frequency-changer has
been pulled back 36 mechanical degrees or 432
magnetic degrees. Pole Nyof thesecond genera-
tor is now 6 mechanical degrees or 72 magnetic
degrees back of pole Ny of the first generator.
If this process of slipping a pole is repeated
until pole S; of the second motor is in the same
position as pole N; of the first motor pole,
N, of the second generator will be in the same
position as pole N; of the first generator, and
the two sets will be in synchronism on both
ends. In practical operation, the second
motor may be connected to the circuit in any
one of five polar positions (considering only
one direction of excitation); if the generator
poles have different positions, they may be
brought into the same position by slipping
a motor pole as often as may be necessary.

It will be noted from the preceding dis-
cussion that the number of synchronizing
positions depends on the number of poles in
the motor and the generator of the frequency-
cy-changer; that with some pole combinations
number of correct position is increased by re-
versing the generator excitation, and, in others,
by reversing the motor excitation. These re-
sults may be summarized as follows:

(1) The number of synchronizing positions
of the incoming set with a single direction
of excitation, in both motor and generator, is
the greatest common divisor of the number of
pairs of poles in motor and generator of the
incoming frequency-changer;

(2) The number of synchronizing positions
of the incoming frequency-changer, with both
directions of excitation in both motor and gen-
erator, is the greatest common divisor of the
number of poles in motor and generator of the
incoming frequency-changer.

(3) The number of synchronizing positions
of the incoming frequency-changer with both
directions of excitation in either motor or gen-
erator, is the greatest common divisor of the
number of pairs of poles of the machine with a
single direction of excitation and the number of
poles of the machine with both directions of
excitation,
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Whether the installation of a field reversing
switch for the motor or generator or for both
is of any value, may be determined from the
rule just given. Thus in the 10-pole-24-pole
set with both directions of excitation for the
motor, the number of synchronizing positions
is 2 (the greatest common divisor of 10 and 12);
with both directions of excitation for the gen-
erator, the number of synchronizing positions
is 1 (the greatest common divisor of 5 and 24);
with both directions of excitation for both
generator and motor the number of synchro-
nizing positions is 2 (the greatest common
divisor of 10 and 24). Therefore, a field re-
versing switch for the motor is desirable,
but a similar switch for the generator is of no
benefit.

This information for the pole combinations
ordinarily used is given in the following table:

Table I—Polar Connections of Frequency Changers

Motor Gen.
(Low (High
Direction of Syn. Positions Freq.) Freq.)
Motor Gen. Excitation  Motor Gen. Field Field
Poles Poles Motor Gen. Alone Alone Set Sw.Reg. Sw.Req.
4 10 Single Single 2 5 1 ..
.. .. Both Single 4 5 1 No ..
Single Both 2 10 2 Yes
8 20 Single Single 4 10 2 ..
.. . Both Single 8 10 2 No ..
Single Both 4 20 4 .. Yes
10 24 Single Single 5 12 1 ..
.. .. Both Single 10 12 2 Yes ..
Single Both 5 24 1 .. No
I. This information applies whether the fre-

quency-changer is started from the low fre-
quency or from the high frequency end.

Mechanical Adjustment of Two Frequency-
Changers—Before two frequency-changers can
be safely connected in parallel on both
motor and generator ends, the relative loca-
tion of the field poles and armature winding
of one set must be made identical with the
relative location of the same parts of the
second frequency-changer, so that when the two
motors are properly synchronized as just de-
scribed, the two generators will be in phase.
Even in frequency-changers of duplicate design,
ordinary manufacturing variations usually pre-
vent two frequency-changers from being oper-
ated together in this way without some adjust-
ment. Obviously, with frequency-changers of
different sizes and with frequency-changers
made by different manufacturers, the need for
adjustment will be greater. This requirement
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is met by supporting one frame—usually the
motor frame— in a cradle in which the frame
can be rotated through a small angle. Shown
in Fig. 27.

Frame Adjustment at No Load—The two
frequency-changers to be adjusted should be
synchronized on the motor ends until the least
possible difference exists in the generator
phase. If the generator switchboard contains a
synchroscope, this adjustment will be greatly
facilitated. If any difficulty is experienced in
determining the best motor synchronizing posi-
tion, a systematic study, as outlined below,
should he made.

(1) Mark a radial line on some accessible
part of a motor pole and place a mark on a
generator pole that is in line with it, the two
marks lying in the same radial plane. It will
be found convenient to use the motor pole
and the generator pole that are approxi-
mately in line, if such exist. Place the rotor
of both frequency-changers in such positions
that the lines of the motor poles are in line with
the armature slots containing the terminal coil
of the A-phase. Observe the angular difference,
if any, between the mark on the generator pole
and the slot containing the terminal coil of
the A-phase of the generator in both sets. If
this angular difference is the same in the two
frequency-changers, no frame adjustment will
be required. If it is not the same, the frames of
one or both frequency-changers will have to be
moved to make it the same. An approximate
adjustment of the frame can be made from
these mechanical measurements, but the final
accurate adjustment must bemadeby operating
the two frequency-changers. If these mechan-
1cal measurements indicate that the two fre-
quency-changers are widely different (more
than 3 or 4 degrees difference in generator rotor
position with respect to the terminal coil)
the difference can be reduced by electrical
adjustments described later.

(2) With one frequency-changer running
with full voltage on the motor and with the
generator on open circuit, start the second fre-
quency-changer, synchronizing the motor with
the supply system. Note the synchroscope
reading. Cause the second motor to slip a pole
by reversing the field excitation (see pages 36-
37) and again note the synchroscope reading.
(The motor will more readily slip a pole if it is
operated on the starting voltage, assuming
that the motor is alternating-current self-
started, but care should be taken that it is not
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operated from the starting taps for a loug
enough time to overheat the starting auto-
transformers). Note the reading of the synch-
roscope for each rotor position of the second
motor. It is not necessary to experimentally
observe the synchroscope readings with re-
versed generator excitation, as these will be
180 degrees displaced from the corresponding
reading with the original direction of excita-
tion. These should be set down together with
the observed readings and these readings should
be compared with the theoretical difference in
generator rotor position. Such a set of readings
for a 4-pole-10-pole frequency-changer is given
in Table II for purposes of illustration.

Table II—Comparison of Synchroscope Position for
Different Rotor Positions
Actual Difference in Gen. Phase

by Synchroscope L
Orig. Ex itation Rev. Excitation

Rotor Position of
Second Motor

1 100° Fast 80° Slow
2 10° Fast 170° Slow
3 80° Slow 100° Fast
4 170° Slow 10° Fast

The theoretical difference in generator rotor
position, assuming correct mechanical ad-
justment, 1s shown in the following Table I11:

Table II[—Difference in Generator Rotor Position
of a 4-Pole-10-Pole Set
Rotor Position of

Second Motor
(Rotor Position of First

Rotor Position of Second Generator
as Compared with N, of First Gen.

Motor = Ny) Orig. Excitation Rev. Excitation
Ny 0° 180°
S 90° Behind 90° Ahead
N. 180° 0°
S, 90° Ahead 90° Ahead

Comparing the figures in Tables II and
III, it is evident that the second generator
is set 10 electrical degrees ahead (ie., “FAST”
as indicated by the synchroscope) of its cor-
rect position, with the motor in No. 2 posi-
tion. The two generators will be brought
into the same polar position if the second
motor is synchronized in No. 2 position and
the frame of the second motor is moved 10
electrical degrees (2 mechanical degrees) in
the direction of rotation.*

The theoretical difference in generator rotor
position, assuming correct mechanical adjust-
ment for 10-pole-24-pole set, are shown in the
following table:

*The movement of a pole in the direction of rotation advances
the phase of the generated voltage and a movement of an armature
coil (or frame) in the direction of rotation retards the phase. This
is true whether the motor or generator frame is moved to adjust the
generator phase.



Westinghouse Motor-Generators and Frequency-Changers

Table 1V—Theoretical Differences in Generator
Rotor Positions
Rotor Position of
Second Motor
(Rotor Position of First

Rotor Position of Second Generator
as Comrared with N, of First Gen.

Motor = Ny) Orig. Excitation Rev. Excitation
N, 0° 180°
S, 72° Behind 108° Ahead
N, 144° Behind 36° Ahead
S, 144° Ahead 36° Behind
N; 72° Ahead 108° Behind
S 0° 180°
Ny 72° Behind 108° Ahead
S, 144° Behind 36° Ahead
Ns 144° Ahead 36° Behind
Ss 72° Ahead 108° Behind

(3) It is possible, if the two frequency-

changers are of dissimilar manufacture, for the
second generator to be out of phase, when
tested as just described, by a larger angle than
can be corrected by the maximum frame move-
ment permitted by the candle. The out of-
phase angle (A to C, C to B, and B to A) may
be reduced in most frequency-changers by ad-
vancing all motor armature leads so as to
change the motor phase 120 electrical degrees
(in a three-phase motor) or 90 electrical de-
grees (in a two-phase motor). A change of 1
electrical degree in the motor phase results in a
change of 2.5 degrees in the generator phase in
the 4-pole-10-pole set or a change of 2.4 degrees
in the 10-pole-24-pole set. The generator phase
can similarly be changed by changing the
generator winding 120 degrees or 90 degrees
(depending on the number of phases). These
changes do no good in the case of a 4-pole motor
having a two-phase armature winding, or, for
example, in the case of a 6-pole motor having a
three-phase winding.

If all the possible electrical adjustments
are made—that is—if the motor is synchro-

nized in all possible positions, if the generator
field is reversed and if the motor and generator
leads are interchanged as described—the fre-
quency-changers can be synchronized within
a very small angle (in mechanical degrees).
If, after attempting to adjust two frequency-
changers and the smallest obtainable generator
phase difference is greater than can be corrected
by the frame movement provided further
electrical adjustments should be made, making
use of the mechanical measurements described
on pages 37-38 as a first approximation to the
change in phase angle that is required.

The electrical adjustments that can be made
are indicated by the following example showing
the maximum frame movement that would
be required in a frequency-changer having a
four-pole-three-phase motor, and a ten-pole
three-phase generator:  Assume that one
frequency-changer differs from the other in
generator phase to the greatest possible extent.
Obviously, it can differ by no more than 180
electrical degrees. However, any difference
greater than 90 degrees can be changed to a
difference less than 90 degrees by reversing the
generator field excitation. If in any syn-
chronizing position of the second motor the
generator phase difference is 90 degrees, this
can be reduced to zero by making the motor
slip a pole. Therefore, any phase difference
greater than 45 degrees can be changed to a
difference of less than 45 degrees by reversing
the motor field excitation. If the motor
armature leads are advanced one terminal,
the motor phase will be changed 120
degrees or 300 degrees in generator phase

Fig. 32—6835 Kva., Frequency-Changer with Direct Connected Exciter
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4)'
viously existing difference of 45 degrees, there
will be a difference of 345 degrees which is
equivalent to a difference (in the opposite
direction) of 15 degrees (360—345). In this
frequency-changer, a change in generator ter-
minals produces the same change in generator
phase as does a change in motor terminals. If
the motor armature is two-phase, no new com-
binations can be obtained that could not be
obtained by slipping a motor pole, for both
changes result in a change of 90 degrees in
motor phase.

If no generator synchroscope is available,
lamps may be used. Since lamps give no defi-
nite indications of the angle of generator
phase difference, greater dependence must be
placed on the mechanical measurement of
generator phase difference described on pages
37-38. When the generators are nearly in
phase, they may be connected in parallel and
a more accurate adjustment made. The
field currents should be adjusted for equal
voltages before the generators are connected
together and the field currents should not be
changed thereafter. A current will flow in
the generator armatures that will be pro-
portional (for small angles) to the phase dif-
ference. The frame should be moved slightly
and the effect on the current noted. The
frame should then be moved 'in the proper
direction until no current flows in the generator
circuit. If the field excitation is not cor-
rectly adjusted as described above before the
generators are paralleled, the armature cur-
rent cannot be reduced to zero by moving the
frame. The current that circulates in the
two generator armatures due to phase differ-
ences is an energy current—one greater will be
acting as a generator supplying power to the
other generator, driving it as a motor. The
two motors of the frequency-changers will,
therefore, indicate whether the current flow-
ing in the generators are due to mechanical
phase differences or to differences in field
excitation. In the former case, the currents
taken by the motors will be much greater
than required by the losses of the frequency-
changer, and one motor will be acting as a gener-
ator (a wattmeter will show reverse power).

Division of Load Between Two Frequency-
Changers Operating in Parallel—If two fre-
quency-changers are correctly adjusted, me-
chanically, as has been described and if they

(120 x If this change be added to the pre-
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are properly synchronized, they will operate in
parallel on both motor and generator ends,
without cross-currents, assuming that the
field excitation is properly adjusted and that
there is no load on the generator bus. As the
load is connected, the load division between
the two frequency-changers may be propor-
tional to their ratings, or it may not, depending
on the comparative design proportions of the
two frequency-changers.

As a synchronous motor is loaded, the phase
of the counter electromotive force of the
motor changes, the phase of the motor electro-
motive force dropping behind the line electro-
motive force as the load increases. The
phase of the line electromotive force may be
visualized as the position of a motor pole
(in a two-pole rotating field motor) if the
motor carries no load whatsoever:; and the
phase of the motor electromotive force may be
represented by the position of the opposite
pole at the various loads applied to the motor,
at the time that the same instantaneous
value and direction of line electromotive force
exists. As load is applied to the motor, the
position of the opposite motor pole will drop
behind the position it had with no load at the
chosen reference time; and the amount of the
difference will be found to increase as the load
increases.

This change in rotor position is due to two
actions; viz., the shifting in resultant flux
due to the increase and the change in phase
of the armature reaction, and the lag in counter
em.f. due to the internal voltage drop in the
motor.

The same change in rotor position occurs in
the generator end of the frequency-changer, and
for the same reasons. These changes in position
in motor and generator are such that they are
cumulative,

Two frequency-changers having synchronous
motors will divide the available load in such a
way that the angle of total phase shift, due to
the load, will be the same in the two frequency-
changers. If one frequency-changer is designed
so that it drops back a smaller angle when
carrying its rated load than does the other
frequency-changer, then the first frequency-
changer will carry more than its proper share
of the load.

If two frequency-changers do not satisfactor-
ily share the load, there is no possible adjust-
ment that will improve the load division at all
loads. The load division at some particular
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Fig. 33—Rotor of a Typical Frequency Changer

load such as rated load may be improved by
advancing the phase position of the motor or
generator carrying less than its proper share of
the load, this being done by moving the frame
in the cradle. This will increase the load taken
by the frequency-changer by the same amount
at all loads, so that at light loads this frequency-
changer will take more than its share and at no
load will motorize the generator of the other
frequency-changer.

Any factor that changes the angle of phase
shift in either motor or generator will change
the load division. Thus, if two duplicate fre-
quency-changers are operating in parallel and
carrying equal loads, the load can be partially
shifted from one to the other by changing the
excitation of either motor or either generator.
A change in the low frequency machine is more
effective than in the high frequency machine, on
account of thelarger mechanical angle foragiven
electrical angle in the lower frequency unit.

If the frequency-changer has induction
motors instead of synchronous motors, the
load division is determined by the relative
“slips’” of the two motors. In this case, an
actual drop in speed occurs as in the direct-
current motor or engine-driven generator.

Synchronizing an Unloaded Frequency-Chan-
ger with a Loaded Frequency-Changer—The
fact that both the motor counter electromotive
force, as compared with the line voltage, and
the generator terminal electromotive force, as
compared with the generator internal elec-
tromotive force, shift in phase, in the same
direction as the load increases; introduces a new
factor in synchronizing a loaded and unloaded
frequency-changer.  If the two frequency-
changers are correctly adjusted for exact syn-
chromisn at no load, it will be impossible to
exactly synchronize an unloaded frequency-
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changer with another set that is transferring
power between two systems. It will usually be
satisfactory to connect the two generators to-
gether, even through exact synchronism does
not exist.

In connection with this question of syn-
chronizing an unloaded frequency-changer with
a loaded frequency-changer, it is interesting to
point out that the total shift in phase, due to
load, is greater when power is transferred from
the low frequency system to the high frequency
system than when the direction of power flow is
reversed. The reason for this is, of course, the
fact that the phase shift of the motor, ex-
pressed in generator electrical degrees, is the
motor electrical angle multiplied by the ratio of
the generator poles to the motor poles. This
ratio is obviously greater than unity when the
motor is the low frequency machine, and less
than unity when the motor is the high frequency
machine. In extreme cases of phase shift
due to load, this fact might be made of practi-
cal use if it happens that when a second fre-
quency-changer is to be synchronized, the
direction of power flow can be made such as to
secure this smaller angle of phase shift.

OPERATION OF FREQUENCY-
CHANGERS

General Instructions—Before starting a fre-
quency-changer the following routine should
be regularly observed.

(1) 'The collector ring brushes should be
examined to see that they move freely in their
holders.

(2) See that no loose material, such as a bolt
or a tool, is near enough to the moving or live
parts of the frequency-changer to cause damage.

(3) See that all switches in both motor and
generator circuits are open.
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(4) Examine the bearing housings to see
that there is oil in-the wells and that the oil
rings turn freely.

(5) When the frequency-changer has been
started examine the oil rings to see that they are
revolving properly and examine the collector
ring brushes to see that they are not sparking.

Starting a Single Frequency-Changer—
The operations in starting the motor will be
identical with those in starting the motor of
motor generators given on pages 29-31. The
same methods of starting may be used.

Starting with Oil Pressure System—When
such a system is installed the following ad-
ditional instructions should be followed:

(1) Before voltage is applied to the motor
armature or starting motor (as the case may be)
start the motor-driven oil pump The oil
pressure will first increase to 800 to 1200
pounds per square inch (depending on the
pressure between the shaft and bearings and
the ratio between the area subjected to oil
pressure and the total bearing area) and as
soon as the rotor is lifted the oil pressure will
fall to about one-half of the initial value.

(2) As soon as the rotor has been raised
as shown by the oil pressure or by the sound
that accompanies the lifting of the rotor,
close the starting switch.

(3) The oil pump should be shut down as
soon after the set begins to revolve as may be
convenient.

To Connect a Single Generator to Its Line—

(1) If there is no other alternating-current
power source connect to the same load close
the generator oil switch and adjust the gen-
erator (or exciter) rheostat to give the desired
voltage.

(2) If there is another source of alternating-
current power with which the generator of
the frequency changer must operate in parallel
the two systems must synchronize through
the frequency changer. This can only be
done by chang ng the speed and frequency
of the generators of either primary source of
power. Usually the frequency changer is
located in the same station with the generators
of one frequency and obviously it will be most
convenient to synchronize by adjusting the
speed of these generators.

This condition applies to induction-motor-
driven frequency-changers as well as to syn-
chronous-motor-driven frequency-changers.
While the speed of a frequency-changer driven
by an induction motor, having a phase-wound
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secondary, is under control when carrying
load (by changing the resistance in the secon-
dary circuit) the speed can not be appreciably
changed at no load for synchronizing purposes
on account of the negligible secondary voltage
and current.

Starting a Second Synchronous-Motor-
Driven Frequency-Changer—It will be as-
sumed that one frequency-changer is in opera-
tion and carrying load.

(1) Start the motor of the second fre-
quency-changer and synchronize it, if motor
started, with the supply system. If it is self-
started leave the switch in the starting position.

(2) Synchronize the incoming generator
with the loaded generator. This can not be
done exactly on account of the phase shift
of the loaded frequency-changer (see page 40).
This phase difference between a generator
carrying full load and one unloaded, for any
particular installation should be determined
from the synchroscope reading when it is known
that the generators are correctly synchronized.
For methods of synchronizing see pages 35 to
37.

(3) When the unloaded generator is as
nearly in phase as it is possible to make it
close the generator oil switch. The incoming
generator will automatically take its share
of the load.

(4) Adjust the field current of the second
generator to secure the same power factor
on the two generators.

Starting a Second Induction-Motor-Driven
Frequency-Changer—

(1) The motor should be started as pre-
viously described (pages 27-31). The speed
of the unloaded frequency-changer will be high-
er than that of the loaded frequency-changer.

(2) Open the motor line switch and, as
the frequency-changer drifts, the speed will
approach the speed of the loaded frequency-
changer.

(3) Close the generator switch when the
two generators are in synchronism.

(4) Close the motor line switch. The
motor will automatically take on a load cor-
responding to the “slip” forced by the opera-
tion of the two generators in parallel.

(5) Adjust the generator field current of
the incoming generator to secure the same
power factor on both generators.

Disconnecting a Loaded Frequency-Changer
—If the frequency-changers are synchronous-
motor-driven the load on the frequency-
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changer can not be gradually dropped. It is
necessary to open the generator oil switch,
immediately transferring the total load to the
remaining units.

If the frequency-changer to be disconnected
is induction-motor-driven and the induction
motor is phase wound, it is possible to transfer
the load from one generator to the other by
increasing the secondary resistances of the fre-
quency-changer about to be shut down and
decreasing the secondary resistances of the re-
maining frequency-changers. The generator
switch can then be opened without shock to
the remaining frequency-changers.

The above instructions for starting, paral-
leling and shutting down synchronous fre-
quency-changers are based on no field adjust-
ment (for changing phase angle) and no frame
rotating device. On pages 29-30 an explanation
of how the phase angle, and consequently the
load division, can be influenced by field ex-
citation is given. No specific mention of this
possibility is made in the instructions for
paralleling frequency-changers because it is not
generally applicable. Quite often frequency-
changers rated at unity power factor do not
have sufficient margin in field capacity and
excitation voltage to permit enough change in
field excitation to obtain an appreciable change
in phase angle. Furthermore, even if ample
margin in field capacity and excitation voltage
is available; it is often not permissible to change
the field excitation appreciably on account of
the effect upon the power factor and voltage
of the system.  Although it is possible to par-
tially correct for difference in phase angle, due
to load, by variation in field excitation, exact
phase relation between a loaded and unloaded
frequency-changer cannot be obtained by this
method.

By the use of a frame rotating device
(usually supplied on large frequency-changers,
exact phase relation can be obtained between a
loaded and unloaded frequency-changer, and
the division of load between frequency-changers
operating in parallel can be changed at will.

MAINTENANCE

Caution—At all times keep the motors and
generators clean and free from oil and dust,
especially from copper or carbon dust. With
high-voltage machines a small accumula-
tion of dust on the windings may be the cause
of serious burnout. In stations of sufficient
size to warrant the expense it is advisable
to install an air pump for supplying compressed
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air with a piping system so distributed that a
short section of hose will enable the attendant
to reach all parts of the winding on any machine
to blow out the dust. The pressure used in
such service should not exceed 25 pounds
per square inch, as a high pressure may lift
the insulation wrappings and blow dust in
side the coils. Always allow any accumula-
tion of water in the pipes to be blown out
before turning the air blast on the machine.

In blowing out machines, adjacent machines
should be protected from flying dust by a
suitable cover or shield.

A preferable method of cleaning machines
is by a vacuum cleaning system whereby all
the dirt is carried away from the machines
and the danger of blowing dirt into adjacent
machines is completely avoided.

Where insulated parts, subject to copper or
carbon dust, are accessible they shou'd be
wiped clean with a dry cloth, in addition to
cleaning as described above.

Tt will facilitate the cleaning of insulated
parts if they are painted with insulating
varnish at regular intervals. At the time
selected for painting the machine should be
given a suitable high-voltage insulation test
to locate possible weaknesses at a time when
they can be conveniently repaired.

Bearings—When first starting a machine
particular attention must be given the bear-
ings to see that they are well supplied with
lubricant. The oil rings should revolve freely
and carry oil to the tops of the journals. It
is well to allow a new machine to run for an
hour or two with no load, watching the bear-
ings closely for any indications of undue
heating. The bearings of all Westinghouse
machines are liberal in size, and with proper
care will not give trouble. They may, how-
ever, be made to overheat by any of the fol-
lowing causes:

(1) Insufficient lubrication which may be
due to:

(a) Poor lubricant.
(b) Insufficient quantiity.
(¢) Failure of oil rings to revolve.

(2) Poor aligning or leveling causing ex-
cessive end thrust or binding.

(3) Rough bearing surface which may
be caused by careless handling, or the presence
of dirt or gritty substances in the oil or grease.

(4) Bent shaft.

A bearing is usually safe if it operates at a
constant temperature below the boiling point
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from the roof, leaky steam pipes or other
source.

(3) Excessive overloads or short-circuits
on the direct-current line.

“Bucking” or ‘‘Flashing” Remedies—If
flashing continues after the first two possible
causes have been eliminated the trouble will
usually be due to causes external to the machine.

Flashing can in most cases, especially on
railway generators be traced to excessive
overloads usually caused by short circuits.
The most effective way is to increase the re-
sistance in the feeder circuits which can be
done as described on page 16. A readjustment
of machine and feeder breakers will very often
improve results. Experience has shown that
the majority of flashing troubles on generators
are due to external local conditions which
must be corrected to obtain the best results.

Speed Limit Device—At frequent intervals
the overspeed switch, wiring and circuit-
breaker tripping coil should be tried by operat-
ing the trip lever by hand. Occasionally,
the readjustment and condition of the centri-
fugal tripping device should be checked by
actually operating the machine at the over-
speed at which the tripping device is set to
operate.

REPAIRS

Ordering of Renéwal Parts—Renewal parts
of any standard Westinghouse Set may be
secured on short notice. To avoid misunder-
standing always give the serial number of
the stationary or of the rotating part of the
machine as the case may be. The former will
be found stamped on the nameplate and the
latterontheendof theshaft. When material for
coils is ordered, it should also be stated whether
or not insulation for the winding is also desired.

Rebabbitting Bearings—The old babbitt
should first be melted out and a suitable man-
drel prepared. Split bearings should be bab-
bitted one-half at a time and the mandrel
should consist of a half-cylinder with shoulders
running along its length on which the sides
of the bearings may rest so as to form a close
fit when the bearing housing is in position for
babbitting. Pieces of felt should be placed
between the ends to prevent the babbitt from
running into the oil well in the spaces back of
the bearing shell. Use only the best babbitt
metal. The melted babbitt should be poured
in the gate until it begins to overflow, and a few
moments should elapse before it is removed
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from the mandrel, in order that the bearing may
become quite hard. The bearing housing
should then be bored or reamed to the proper
size, the holes for inspecting the working of the
oil rings drilled, and the oil ring slots melted
or cut to the proper depth. The finishing can
be done with a file. If the mandrel is a smooth
half-cylinder the oil grooves should be chipped
out. The grooves may be cast by properly
designing the mandrel.

Repairs to Insulation —If a defect develops
in the outside of a field or armature coil, it can
sometimes be repaired by carefully raising the
injured wire or wires and applying fresh in-
sulation. More extensive repairs should not
be attempted by inexperienced, or unskilled
workmen.

Sectional Bands—Large generator arma-
tures are provided with sectional bands in-
stead of the more familiar continuous bands,
greatly facilitating the repair of large arma-
tures.

Fig. 32—Banding Tool

Fig. 38 shows the tool used in connecting
and disconnecting sectional bands.

To make the final connection between the
free ends, after the different sections have been
keyed together into an open hoop and are in
position on the armature, place the tool as
shown in Fig. 38, the two jaws gripping the
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projecting ends of the fixed pieces let into the
ends of each section for this purpose. With
the tool in the position shown in Fig. 38, bring
down the handle, forcing the movable jaw
forward along the beam and interweaving the
loops on the section ends. Insert the steel pin
A in the holes through the movable jaw and
beam, and with the tool clamped in this way,
remove the handle and advance it to the next
hole in the beam. This operation is repeated
until the ends of the band are interlocked
sufficiently to permit the steel key piece B
to be inserted (see Fig. 38). All that remains
is to remove the tool and paint or shellac
the joint.

To remove the band, reverse the preceding
process. Relieve the tension on the joint by

tightening the band with the tool and then
drive out the key piece.

CAUTION

In soldering connections use an acid that will
not act on the insulation or the copper; an
alcoholic solution of resin is a suitable solder-
ing flux.

In soldering commutator connections do not
allow bits of solder to drop down where they
may short-circuit commutator bars.

Keep the commutator, brushes and insula-
tion clean.

Never use emery cloth or emery paper on
commutator, collector or brushes.

RENEWAL PARTS
Repairing

Repair work can be most satisfactorily accomplished at our Works, or nearest Service Shop.

However, inter-

changeable renewal parts can be furnished, as listed below, to customers, who are equipped for doing repair work

Recommended List of Renewal Parts

The following is a list of the renewal parts and the minimum quantities of each that should be carried in stock.
These are the parts most subject to wear in ordinary operation and damage or breaking due to possible abnorma

conditions.

The maintenance of such stock will minimize service interruptions due to breakdowns.

Motor-Generators and Frequency-Changers

Name of Part

Sets in use up to and including. ... ..o

Generator

Armature Coils—(Set) ... ......... ... ...
Rewinding material. ........ ... ... ... ... ...,
Field Coils Complete—Open. ..................
Field Coil Complete—Closed . ..................
Brushes. . ... ... i
Brushholders. ... ... ... ...

Syrichronous Motor

Armature Coils—~-(Set)
Rewinding Material .. ... ... .......... .. ...
Field Coils Complete—Open. ..................
Field Coils Complete—Closed. ............... ..
Brushes. . .. v
Brushholders. ................ TS

Mechanical Parts

FBEATINES .« o vt ot et
KON RING. . oot

No. Per
Set Recommended for Stock
............. 2.0 S ]S

| 14 Set........ 24 Set........ 1 Set
| S 14 Set........ 24 Set........ 1 Sct
1 Set......... 1.0 .. o 1 2

1 Set. ..., 1. ... 1. 2

) ] N 20 3 Sets
... .. 2 T 0
1. ]/;/ Set........ ',z‘g Set........ 1 Set
oo 15 Set. ... ... 24 Set........ 1 Set
1 Set......... ) oo oo 2

1 Set......... | 1o o 2

| P Lo 2. 3 Sets
1o 2 4o 0

1 Set......... N 2 3

1 Set......... 1. . 2 2

*The above recommendation is for each different kind.
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Renewal Parts—Continued

2—F—"1)
n
Fe—n It
4 — __J_H_
|
1
oo
I 1
- _.,}1
il 1
Lh
Foo=oYi
!
Mechanical Speed-Limit Switch
Ref. No. Per
Ne. Name of Part Switch Recommended for Stock
Switches in use up toand including. ........................... ... ...... P 15
1 Speed limit switch complete.......... ... ... ... ... ... ......... ..., 0........ O........ 1
2 Switch DOX. .. o 1........ 0........ O..... ... 1
3 Switch box Cover. ... 1........ 0........ 0........ 1
4 Contact plunger—open circuit. ................................ | 0........ 0........ 1
4 Contact plunger—closed circuit........... ... ... ... ......... 1........ 0........ 0........ 1
5 Micarta insulating plate. ......... ... .. ... .. ... ... ... .. ..., oo | A | 2
6 Fibreswitchbase..... ... .. ... ... ... . . .. .. ... ..., | S | 2
7 Contact spring. .......... ... . 2.0 ) 4
11 Micarta insulating tube. .. .. ... ... . L 2. ... 1........ 2
12 Micarta insulating tube. ....... .. Lo 2. 1........ 1........ 2
13 Switchlever.......... .. 1........ O........ 0........ 1
14 Hinge pin for switch lever. . ............ . .. ... .. ... ... ... | S O........ | DA 1
17 Spring for switch lever. . ... .. ... ... .. ... ... ... .. 1........ | I | (T 2
18 Spring post. ... ... 1........ 0........ 0........ 1
19 Flat spring for switch lever. .. ... ... ... . ... ... ... .. ...... 1........ 1........ ) 2
21 Insulating bushing....... ... ... ... ... ... ... .. ... ... ... ... ... 2. 1........ 2. 4
Governor for Mechanical Speed-Limit Switch
Ref. No. Per
No. Name of Part Governor Recommended for Stock
Governors in use up to and including............. ... .. ... .. ... ... 2 15
1 Governorcomplete.......... ... ... ... ... | S 0........ 0........ 1
2 GOVEIMOL CASE. .\ oot vttt et e e et ) A O........ 0........ 1
3 Headlessset screw. .. ... ... 2000 O........ O........ 2
4 Governorlever. .. ... ... ... | AN 0........ 0........ 1
5 Steel Shaft...... ... . . .. 1........ 0........ O........ 1
7 Operating SPring........ ...ttt e 1........ 1........ ... 2
8 Guide. ... ... .. ) R O........ 0........ 1
9 Steel washer. ... ... .. ... . .. ... 1........ 0........ 0........ 1
10 Headless set screw. ... ... ... | S 0........ 0........ 1

Ordering Instructions

When ordering renewal parts, give the name plate reading.  Always give the name of the part wanted, also
the stock order number or style number of the apparatus on which the part is to be used. Refer to the back
of this book for the nearest District Cffice from which to order parts.
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The Company’s Works at East Pittsburgh, Pa.

Westinghouse Products

A few of the Westinghouse Products ar
the great variety of electrical apparatus manu

tensive fields for their use.

For Industrial Use

Instruments

Motors and controllers for every
application, the more important of
which are: Machine shops, wood-
working plants, textile mills, steel
mills, flour mills, cement mills, brick
and clay plants, printing plants,
bakeries, laundries, irrigation, ele-
vators and pumps.

Welding outfits

Gears

Industrial heating devices, such
as: Clue pots, immersion heaters,
solder pots, hat-making machinery
and electric ovens.

Lighting systems

Safety switches

For Power Plants and Transmission
Lines

Carrier current equipment
Circuit-breakers and switches
Condensers

Controllers

Control switches

Frequency changers

Fuses and fuse blocks
Generators

Insulating material
Instruments

Lamps, incandescent and arc
Lightning arresters

Line material .
Locomotives

Meters

Motors

Motor-generators

Portable Power Stands, 110 volts
Rectifiers

Regulators

Relays
Solder and soldering fluids
Stokers
Suhstations,
matic
Switchboards
Synchronous converters
Transformers
Turbine-generators

portable and auto-

For Transportation
Locomotives
Railway equipment
Marine equipment

For Mines

Automatic substations
Lamps

Locomotives

Motor for hoists and pumps
Motor-generators

Portable substations
Switchboards

Line material

Ventilating outfits

For Farms

Fans

Household appliances

Motors for driving churns, cream
separators, corn shellers, feed grind-
ers, pumps, air COMPpressors, grind-
stones, fruit cleaning machines and
sorting machines.

Generators for light, power and
heating apparatus.

Portable Power Stands, 32 Volts

Radio Apparatus

Transformers

For Office and Store

Electric radiators
Fans

e listed below and will furnish some idea of
factured by the Company and the many ex

Arc lamps

Incandescent lamps

Sol-Lux lighting fixtures

Small motors for driving address-
ing machines, dictaphones, adding
machines, cash carriers, moving win-
dow displays, signs, flashers, envel-
ope sealers, duplicators, etc.

Ventilating outfits

For Electric and Gasoline Automo-
biles and the Garage

Battery charging outfits

Charging plugs and receptacles

Lamps

Instruments

Motors and controllers

Small motors for driving lathes,
tire pumps, machine tools, polish-
ing and grinding lathes.

Solder and soldering fluids

Tire vulcanizers

For the Home

Electric ware, including: Table
stoves, toasters, irons, Warming
pads, curling irons, coffee percola-
tors, chafing dishes, disc stoves,
radiators and sterilizers.

Automatic electric ranges

Fans

Incandescent lamps

Radio apparatus

Sol-Lux lighting fixtures

Small motors for driving coffee
arinders, ice cream freezers, ironing
machines, washing machines, vac
wum cleaners, sewing machines,
small lathes, polishing and grinding
wheels, pumps and piano players.

Sew-motors.



Westinghouse FElectric & Manufacturing Company, East Pittsburgh, Pa.
WESTINGHOUSE SALES OFFICES

ABILENE, KAN., 300 N. Cedar St.

ABILENE, TEX.. 109 N. 2nd St.

AKRON, OHIO, 714 United Bldg.. Main & Market Sts.
#LBANY, N. Y., 184 State St., Home Savings Bank Bldg.

*ATLANTA, GA., Westinghouse Elec. Bldg., 426 Marietta St.
BAKERSFIELD, CALIF., 2224 San Emedio St.

*BALTIMORE, Mp., Westinghouse Elec. Bldg.. 121 E. Baltimore St.
BraumonT, TEX., 2008 McFadden St.

BIRMINGHAM, ALA., 1407 Age-Herald Bldg., 2030 2nd Ave.
BLUEFIELD, W. VA., Peery Bldg., Bland & Federal Sts.

*BosTON, Mass,, Rice Bldg., 10 High St.

BRIDGEPORT, CONN., Bruce Ave. & Seymour St.

*BurFaLo, N. Y., Ellicott Square 8ldg., Ellicott Square
BURLINGTON, Iowa, 315 North Third St.

*BUTTE, MONT., Montana Elec. Co. Bldg., 52 East Broadway.
CANTON, OHIo, First Nat. Bank Bldg., Market Ave, & Tuscarawas St.
CEDAR RapIDS, Iowa, 1314 3rd Ave., East,
CHARLESTON, W. Va., Kanawha Nat. Bk, Bld., Capitol & Virginia Sts,

*CHARLOTTE, N. C., Westinghouse Elec. Bldg., 210 E. 6th St.
CHATTANOOGA, TENN., Tenn. Elec. Power Bldg. ,536-540 Market St

*CHICAGO, ILL., Conway Bldg., 111 W. ‘Washington St.

*CINCINNATI, OHIO, Westinghouse Elec. Bldg., Third and Elm Sts.

*CLEVELAND, OHIO, Station “B" Westinghouse Electric Bldg., 2209

Ashland Rd., S. E
CoLumBUs, GA., 216 11th St., P. O. Box 1114

*CoLuMBuys, OnIo, Interurban Terminal Bidg., Third and Rich Sts

*DaLLAs, TEX., Magnolia Bldg.. Akard and Commerce Sts
DAVENPORT, 1A., 208 E. 2nd St., United Light and Power Bldg.
Davron, OHio, Realty Bldg., 132 N. Main St.

*DENVER, CoL0., Gas & Electric Bldg., 910 Fifteenth St.

Drs MoinEes, Iowa, Equitable Bldg., W. 6th and Locust Sts.

*DETROIT, MICH., Westinghouse Bldg., 5757 Trumbull Ave.
Dusuque, lowa, P. O. Box 199, J. C. Flynn.

DuLuTtH, MINN., Bradley Bldg., Lake Ave. & Superior St.
ELmIraA, N. Y., Hulett Bldg., 332-342 E. Water St.

*EL Paso, TEx., 910 Mills Bidg., Oregon and Mills Sts.

ERrIE, PaA., 1013 State St.

EvANSVILLE, Inp., P. O. Box 457.

FAIRMONT, W. Va., 602 Cleveland Ave.

FERGUS FALLs, MINN., P. O. Box 101.

FORT WAYNE, IND., 1010 Packard Ave.

FRrESNO, CALIF., Griffith-McKenzie Bldg., J and Mariposa Sts.
GARY, IND., 545 Garfield St., V. S. Acton.

GRrAND Rarips, MicH., Grand Rapids Nat. Bank Bldg.
HaAMMOND, IND., 135 Oakwood Ave,

*HousToN, TEX., Main St. & Congress Ave.

*HUNTINGTON, W. VA., Westinghouse Elec. Bldg., 2nd Ave. & 9th St.

*INDIANAPOLIS, IND., Westinghouse Elec. Bldg., 820 N. Senate Ave.
IsueEMING, MICH., 507 N. 5th St.

MarsHALL, TEX., 507 N. Boliver St. X
MewmpHts, TENN., Exchange Bldg., 130 Madison Ave.
Miami, Fra., 908 Huntington Bldg., 168 S. E. First St.
MimpLEsBoro, Ky., P. O. Box 518. .
MILWAUKREE, Wis., First Wisconsin National Bank Bldg., 425 E. Water St.
*MINNEAPOLIS, MINN., Northwestern Terminal, 2303 Kennedy St. N. E.
NasuviLLE, TENN., 109 9th Ave., South
NEwaRK, N. J., Academy Bldg., 17-25 Academy St.
NEw Haven, Conn., Liberty Bidg., 152 Temple dt.
*NEw ORLEANS, LA., 708 Masonic Temple Bldg., 333 St. Charles St.
*NEw York, N. Y., Westinghouse Elec. Bldg., 150 Broadway.
N1aGARA FaLLs, N. Y., Gluck Bldg., 205 Falls St.
NorroLk, VA., Nat. Bank of Commerce Bldg., 300 Main St.
OkLAHOMA CITY, OKLA., Main & Broadway Sts.
OMAHA, NEB., 712 Electric Bldg., 409 S. 17th St.
PEORIA, ILL., 104 Chestnut St., P. Q. Box 227,
*PHILADELPHIA, PA., Westinghouse Elec. Bldg., 30th and Walnut Sts
*PHOENIX, AR1Z., 412 Luhrs Bldg., 11 West Jefferson St.
PINE BLUFF, ARK., 1603 W. 17th Ave., P. O. 753. .
*PITTSBURGH, PA., Commerce Bldg., 7th Ave. & Smithfield St.
PORTLAND, MAINE, 61 Woodford St. .
*PORTLAND, ORE., 901-2-3 Porter Bldg., Sixth and Oak Sts.
PouGHKEEPSIE, N, Y., Bardavon Bldg., 35 Market St.
ProvipENCE, R. 1., 393 Harris Ave. X
PugsLo, CoL., 222 Colorado Bldg., 4th and Main Sts.
RALEIGH, N. C., 803 N. Person St. N
RicHmoND, VA., Electric Bldg., 7th & Franklin Sts,
RocuestER, N. Y., Gas & Electric Bldg., 80 East Ave.
ROCKFORD, ILL., 414 Stewart Bldg., 206 South Main St.

*SaLT LAkE CrTY, UTAH, Interurban Terminal Bldg., W. Temple & S. Temple

Sts.
SaN AnTONIO, TEX., 403 Frost National Bank Bldg.
San Dieco, CALIF., 411 Electric Bldg., 863 Sixth St.

*SAN FrANCIsCO, CALIF., Crocker First Nat. Bank Bldg., 1 Montgomery St

*SEATTLE, WAsH., Lloyd Bldg.. 6th Ave. & Stewart St.
SHREVEPORT, LA., 219 Wilkinson St.
Stoux City, lowa, 19th & Pierce Sts., P. O. Box 294. W. P. Meyer.
Soutx BEND, IND., 803 Sherland Bldg.

SporaNE, WasH., 1322-23 Old Nat. Bank Bldg., Riverside and Stevens Sts.

SPRINGFIELD, ILL., Public Service Bldg., 130 S. Sixth St.
SPRINGFIELD, Mass., 395 Liberty St.
*8t. Lours, Mo., Ambassador Bldg., 411 N, 7th St.
STOCKTON, CALIF., 22 S. Sutter St,
Svracusk, N. Y., University Bldg., S. Warren & E. Wash. Sts.
Tacoma, WasH., 1117 W. R. Rust Bldg., 954 Pacific Ave.
*TaMPA, FLA., Westinghouse Elec, Bldg., 417 Ellamae Ave.
TERRE HAUTE, IND., 309 Terre Haute Trust Bldg., 7th & Wabash Sts.
ToLEDO, On10, Ohio Bldg., Madison Ave. and Superior St.
TuLsa, OxLA., Mid Continent Bldg., 5th St., & Boston Ave.
*Utica, N. Y., 408 Pine St., Utica Gas & Electric Bldg.

ACKSON, Miss,, 820 Carlisle St., P. O. Box 141.

jAcstN. Micu., 704 Peoples National Bank Bldg.
*

ACKSONVILLE, FLa., 1223 Barnett Nat. Bank Bldg.

OHNSTOWN, Pa., 47 Messenger St,
OPLIN, Mo., P. O. Box 653,

*Kansas Crtv, Mo., Westinghouse Elec. Bldg., 2124 Wyandotte St.

KnoxvILLE, TENN., 413 Bankers Trust Bldg

LoursviLLE, K., Citizens Bldg., 6th and Jefferson Sts.
*Los ANGELES, CALIF., Westinghouse Elec. Bldg., 420 S. San Pedro St.

MabpisoN, Wis., P. O. Box 222.

KDKA, EAST PITTSBURGH, PaA.
KYW, Cuicaco, ILL.

ABILENE, KAN., Union Electric Co.

ALsaNny, N. Y., H. C. Roberts Electric Supply Co.

ATLANTA, Ga,, Gilham Electric Co.

BALTIMORE,Mbp.,H.C.Roberts Electric Supply Co.

BineuamroN, N. Y., H. C. Roberts Electric
Supply Co.

BIRMINGHAM, ALA., Moore-Handley Hdw. Co.

BLUEFIELD, WEST VA., Superior Supply Co.

Bos,l'rog. Mass., Wetmore-Savage Electric Sup-
ply Co.

BrookLyN, N. Y., Alpha Elec. Co.

Burraro, N. Y., McCarthy Bros. & Ford.

Burre, MonT., Fobes Supply Co.

CANTON, On10, The Moock Elec Supply Co.

CHARLOTTE, N. C., Carolina States Electric Co.

CHATTANOOGA, TENN., Mills & Lupton Supply Co.

CHICAGO, ILL., Illinois Electric Co.

CINCINNATI, OH10, The Johnson Electric Sup. Co.

CLEVELAND, Onio, The Erner Electric Co.

CoLUMBIA, S, C., Mann Electric Supply Co.

Corumsus, OHIO, The Hughes-Peters Elec. Corp.

DaLLas, Tex., Electric Appliance Co.

Denver, CoLo., The Mine & Smelter Sup. Co.

Detrotr, MIcH., Commercial Electric Sup. Co.

Duruth, MINN., Great Northern Elec. App. Co.

EwL Paso, Tex., The Mine & Smelter Sup. Co.

ERIE, PA,, Star Electrical Co.

EvaNsVILLE, IND., The Varney Elect'l Sup. Co.

FarGo, N. D., Great Northern Elec. Appliance Co.

ATLANTA, GA., 426 Marietta St.

BALTIMORE, Mb., 501 East Preston St.

BosToN, Mass., 12 Farnsworth St.
BRIDGEPORT, CONN., Bruce Ave. and Seymour St.
Burraro, N. Y., 141-157 Milton St.
CHARLOTTE, N. C., 210 E, 6th St.

CHICAGO, ILL., 2201 W. Pershing Road.
CINCINNATI, OHI0, Third and Eim Sts.
CLEVELAND, OHIO, 2209 Ashland Rd., S. E.
DeNvVER, CoLO., 1909-11-13-15 Blake St.

WBZ, SPRINGFIELD, Mass,
WBZA, BosTtoN, Mass.

WasHINGTON, D. C., Hibbs Bldg., 723 Fifteenth St., N. W.
WATERLOO, Iowa, P, O. Box 585, .
WateErTOWN, N. Y., 254 Woolworth Bldg., Public Square.
WicHita, Kan., P. O. Box 1226,

WILKES-BARRE, PA., 267 N. Pennsylvania Ave., West. Elec. Bldg.
WORCESTER, Mass., Park Bldg., $07 Main St.

YounGsTown, OHI0, 810 First National Bank Bldg., Federal & Chestnut Sts.
The Hawanan ELectric Co., Ltd., Honolulu, T. H.,—Agent.

*Warehouse located in this city.

WESTINGHOUSE BROADCASTING STATIONS

WESTINGHOUSE AGENT-JOBBERS
GREENVILLE, §. C., Mann Elec. Sup. Co.
GREENSBORO, N.C., Carolina States, Elec. Co.
HARLINGEN, TEX., Tel-Electric Co.
Housron, Tex., Tel-Electric Co.
HUNTINGTON, W. VA., Banks-Miller Supply C
INpianapoLls, IND., The Varney Elect'l Sup. CB.
JACKSONVILLE, FLA., Pierce Electric Co.
ERSEY CITY, N. J., Newark Electrical Sup. Co,
ansas Crry, Mo., Columbian Electrical Co.
Los ANGELES, CALIF., Illinois Electric Co.
LouisviLLE, K., Tafel Electric Co.
Mason Crry, Iowa, Julius Andrae & Sons Co.
MEempHIs, TENN., McGraw Elec. Appliance Co.
Miawmt, FLa., Pierce Electric Co.
M1LwWAUKEE, Wis., Julius Andrae & Sons Co.
MINNEAPOLIS, MINN., Great North Elec. App. Co.
NEWwARK, N. J., Newark Electrical Supply Co.
NEw HAVEN, ConN., The Hessel & Ho pen Co.
NEwW ORLEANS, La., Electrical Supply go.
New Yorxk, N. Y., Alpha Electric Co.
OakLAND, CALIF., Fobes Supply Co.
OxrLanoma City, Okra., The Peabody Elec. Co.
OMaHA, NEB., McGraw Electric Co.
PEORI4, ILL., Illinois Electric Co.
PHILADELPHIA. PA., H. C. Roberts Electric Sup-
ply Co.
PHOENIX, Ar1z., Illinois Electric Co.
P1rTsBURGH, PaA.. Iron City Electric Co.
PocaTELLo, IDA., Inter-Mountain Elec. Co.

WESTINGHOUSE SERVICE SHOPS

DeTROIT, MICH,, 5757 Trumbull Ave.
FarMoNT, W. VA, 602 Cleveland Ave.
HUNTINGTON, W. Va., 9th St. & Second Ave.
INDIANAPOLIS, IND., 814-820 N. Senate Ave.
OHNSTOWN, PA., 47 Messenger St.
Ansas City, Mo., 2124 Wyandotte St.
Los ANGELES, CALIF., 420 S. San Pedro St.
MILWAUKEE, Wis., 37 Erie St.
MINNEAPOLIS, MINN., 2303 Kennedy St., N. E.
NeEw York, N. Y., 467 Tenth Ave.
PHILADELPHIA, PA., 30th and Walnut Sts.

(kpKkA—The Pioneer Radio Broadcasting Station of the World)

PORTLAND, ORE., Fobes Supply Co.
PROVIDENCE, R. I., Wetmore-Savage Electric
Supply Co. :
RreADING, PA., H. C. Roberts Elec. Sup. Co.
RicuMOND, VaA., Tower-Binford Elec, & Mfg. Co.
ROCHESTER, N. Y., Rochester Elect’] Sup. Co.
St. JoseEPH, Mo., Columbian Electrical Co.
St1. Louts, Mo., McGraw Elec. Appliance Co.
St. PaUL, MINN,, Great Northern Elec. App. Co.
SaLT LAKE Ciry, UtAH, Inter-Mountain Elec-
tric Co. N
SAN AnToONIO, TEX., Electric Appliance Co.
SaN FrANCISCO, CALIF., Fobes Supply Co.
ScranTon, Pa., Penn Elect’l Engineering Co.
SEATTLE, WASH., Fobes Supply Co.
Sioux City, Iowa, McGraw Electric Co.
SPOKANE, WasH., Fobes Supply Co.
SPRINGFIELD, Mass., Wetmore-Savage Electric
Supply Co.
Syracusk, N. Y., H. C. Roberts Elec. Sup. Co.
Tampa, FLA., Pierce Electric Co. j
TRENTON, N. J., H. C. Roberts Elec. Sup. Co.
TuLsa, OkLA., The Peabody Electric Co.
Urica, N. Y., H. C. Roberts Elec. Sup. Co.
WasHINGTON, D. C., H. C. Roberts Elec. Sup. Co.
WimiNGTON, DEL., H. C. Roberts Elec. Sup. Co.
WORCESTER, Mass., Wetmore-Savage Electric
Sup. Co
YoungsTowN, On1o, The Moock Elec. Sup. Co.,

PITTSBURGH, PA., 6905 Susquehanna St.

PrOVIDENCE, R. 1., 393 Harris Ave.

SALT LAKE Crry, UTAH, 573 W. 2nd South St.

SaN FraNcisco, CALIF., 1466 Powell St., Emery-
ville, Calif.

SeATTLE, WasH., 3451 East Marginal Way

SPRINGFIELD, Mass., 395 Liberty St.

S1. Lours, Mo., 717 South Twelfth St.

ToLEDpo, OHIO, 205-207 First St.

Urica, N. Y., 408 Pine St.

WILKES-BARRE, PA., 267 N. Pennsylvania Ave.

WESTINGHOUSE MARINE SERVICE PORT ENGINEERS

NEw ORLEANS, 631 Tchoupetoulas St.
NEw YORrk, 467 Tenth Ave.

WESTINGHOUSE ELECTRIC INTERNA'

PHILADELPHIA, 30th and Walnut Sts.
San Francisco (Emeryville), 1466 Powell St.

TIONAL COMPANY

150 BROADWAY, NEW YORK, U. S. A.

WESTINGHOUSE PRESS PRINTED IN U, S. A.

SEATTLE, 3451 E. Marginal Way.

CANADIAN WESTINGHOUSE CO., Limited

HAMILTON, ONTARIO



