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CAUTION

Keep the  generator 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 insu-
lation are as much out of place as grit or sand
in a cylinder or bearing. In a direct-con~
nected unit oil may splash from the driving
machine or work along the shaft to the insu-
lation and cause a burn-out unless the at-
tendant provides the necessary protection.



Westinghouse

Alternating-Current Generators and
Synchronous Motors.

General Information

CHARACTERISTICS

Types—Westinghouse standard alternating-
current generators and synchronous motors
are of the separately excited type with sta-
tionary armature and revolving field. They
are divided into the following classes:

Belt-driven type, having two or three bear-
ings, shaft and pulley.

Coupled type, having one or two bearings
with shaft arranged for direct connection to
the driving machine, cither steam or hydraulic.
The frame may or may not be provided with
a bedplate.

This class includes generators of the turbine
type, specially designed for direct connection
to steam turbines. For these machines the
bearings are not provided by the generator
manufacturer.

Engine type, consisting of complete field
and armature without bearings or shaft, the
revolving field being mounted on the extended
shaft of the stcam engine or other prime mover.
The yoke may or may not be provided with
shoes, or shoes and slide rails.

Excitation—The exciting current for the
field of Westinghouse standard alternators
may be supplied from any suitable direct-
current circuit. The exciting electromotive
force is 125 volts, unless otherwise specified.

INSTALLATION

Location—It is very important that the
location of an alternator be wisely chosen,
due regard being paid to the rules of the
National Beard of Fire Underwriters and to
local regulations. Wherever possible the fol-
lowing considerations should govern the choice:

(1) The generator must be located in a
dry place and not exposed to moisture. All
fittings below the machine must be tight, so
as to prevent moisture or escaping steam from
reaching the windings.

(2) The machine should not be exposed
to dirt from coal handling, or other causes.

(3) Tt should be placed in a cool and well
ventilated place, as any increase in the tem-
perature of the engine room is added to that
of the generator.

(4) A gcnerator must never be placed in a
room where any hazardous process is carried
on, or in places where 1t will be exposed to
mmflamable gases or flyings of combustible
material,

Caution—Never support the revolving field
wholly or in part by the collector rings, either
when raised by blocking or when held by a
rope sling.  Lift the field by a rope sling about
the shaft. Do not allow workmen to stand
on the rings.

Use kerosence to remove paint on the journals.
In cases where rust is present use an oil stone
or emery cloth and finish with an oil stone,
depending upon the amount of rust to be
removed.

Do not mar or scratch the shaft, as any
roughness may cut the bearings and cause
them to run hot. The rotating field of a large
gencrator which must be pressed on the shaft
in the station should be supported when
possible on the spokes of the spider by passing
heavy timbers through the spider and blocking
up to them at each end. When this is im-
possible, it should be set in a cradle, cut out
of heavy timber to fit and lined with excelsior
or waste, so that the weight will be evenly
distributed over a large area of the core. This
cradle should be made narrower than the core
in order not to injure the winding. A field
so supported should be braced on both sides.

Foundations—Solid masonry or concrete
makes the best foundation for heavy ma-
chinery. A generator not exceeding 50 kva.
in capacity may be supported by a framework
of timber. Other types of machines require
heavier foundations and should be secured by
foundation bolts set with a template made
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according to a drawing or blue-print of the
generator base or bedplate, which will be
furnished on application.

For turbo-generators the instructions of the
Westinghouse Machine Company for foun-
dations for turbine units should be consulted
and followed.

Unpacking—If the coils of the machine
have been exposed to a low temperature their
coverings should not be removed until they
have had sufficient time to attain a temperature
nearly as high as that of the rcom in which
they are to be unpacked. Otherwise when
opened, they will “sweat”.

Grounding of Frames—Grounding of the
generator frame is recommended. If the frame
be insulated from the ground the strains of
the insulation of the windings will be decreased
but danger to the attendants will be increased.
If such insulation is desired, the foundation
should be capped by a stout wooden frame
bolted to the masonry, care being taken that
the bolts are so placed that they do not make
electrical contact with the bolts which secure
the generator frame to the wooden cap, or with
the frame itself. This wooden cap may be
covered with some insulating waterproof paint
or compound.

Engine Type Generators have their rotating
parts of necessity grounded through the driving
machine and piping. The stationary part
may be insulated, but to do so requires special
work and such insulation is not essential.

Erection of Belted Generators—(1) Set the
frame in position, level it, and insert the bear-
ings, if they are separately shipped. If the
generator has a split frame, follow the same
procedure with the lower half frame.

(2) See that the bearings and oil reservoirs
are clean and free from dirt. Place the rotating
part in its bearings.

(3) Clean the contact surfaces of both
halves of the frame, dressing down the burs
and rough edges to insure a perfect magnetic
joint. If split frame, set the upper half in
position and secure to the lower half by the
field bolts and feather keys.

(4) Accurately align the shaft of the
generator with the driving shaft, with the
center lines of the pulleys directly opposite.

(5) Place the belt in position and run
slowly.

If the shafts are parallel but the pulleys not

directly opposite, the belt will run to one side
of the larger pulley. If the pulleys are opposite
but the shafts not parallel, it will run to one
side of the smaller pulley.

(6) Secure the machine to its foundation.

Some of the smaller alternators are shipped
complete and need only to be set upon their
foundations, leveled and lined up.

Erection of Coupled Type Generators— Pro-
ceed as in sections 1, 2 and 3, above.

(4) Align the generator shaft with the
driving shaft and mount the coupling.

(5)  Connect the coupling and run slowly:
then secure the machine to its foundation.

Erection of Engine Type Generators—(1)
The first operation in the assembly of an engine
type generator is the placing of the rotating
part and engine shaft in the bearings. With
machines of large size the rotating part, usually
the field, must previously be pressed upon the
shaft in the station. In this case the first
operation is the fitting of the hub to the shaft.

The shaft for an engine type generator is
turned accurately to a certain gauge and the
hub is bored out to a similar gauge several
thousandths of an inch smaller, in order to
secure a press fit. Before attempting to
force the rotating part on its shaft, it should
be gauged and the shaft calipered by an ex-
perienced mechanic and, if necessary, filed or
scraped until it conforms to the correct gauges.
The feather key in the shaft and the keyway
in the hub should also be measured and fitted
if necessary. The key should have a good
bearing on its sides and should clear on top to
37 of an inch. If the side of the key or way is
not exactly parallel with the axis of the shaft,
the pressure required to put the armature in
place may be increased perhaps 30 per cent
above the normal. In the larger sizes of shaft,
from 16 inches up, the allowance for press fit
1s from .004 to .006 of an inch.

The pressure required to force the rotating
part on the shaft varies with the temperature,
condition of surface, and quality of the metal
to such an extent as to make it practically
impossible to estimate its value with any de-
greeof accuracy. Itisin general safe to assume
that pressure of from 100 to 200 tons will be
required for the allowance mentioned.

Before pressing the rotating part in place
on the shaft, the bearing surfaces inside the
hub should be painted with white lead and
engine oil to prevent cutting the shaft.
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When forcing a large rotating part on its
shaft, it is preferable to use a hydraulic press.
When this cannot be secured, make two yokes
out of I beams. Set onc of these in the rear
of the rotating part and one at the end of the
shaft, and draw the rotating part in place by
means of two bolts which pass through the
yvokes and spider close to the hub. Care
should be taken to tighten up cvenly on the
bolts; otherwise, the hub will twist and bind
on the shaft. Once started, this operation
should be carried to completion as quickly
as possible, as, if the rotating part 1s allowed
to set several hours when only part way on the
shaft, it may require from 25 to 30 per cent
more pressure to start than was previcusly
used.

After the rotating part has been pressed
upon the shaft it should be carefully lifted in a
sling and lowered into its bearings.

(2) Set the bedplate in place and level up
to proper pesition, i.c., to such a height as will
allow room for one-half of the liners allowed
for adjustment under the frame when the
air-gap 1s correct.

(3) Set the frame in position and adjust,
shifting it in a direction parallel with the shaft
until its center line (half way between the
ends of the laminated iron) is directly opposite
the center of the rotating part (half way be-
tween the end plates which hold the lamina-
tions of the core). Then drill the bedplate
for the guide rail.

(4) Cement the bedplate Lo the foundation,
using a mixture of one part of Portland cement
arnd two parts of sand, or half cement and
half sand; either will give good results. First
mix the cement and sand together, dry, and
then add water until a very thin solution is ob-
tained. Construct a dam around the bedplate
and pour this solution under the bedplate, con-
tinuing the process until the cement stands
about half an inch above the bottom of the
bedplate. The entire operation of mixing and
pouring the cement should be carried on with-
out 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.  After the cement 1s hard tighten
up the foundation bolts.

(5) Adjustment of the Air-Gap—In setting
up any machine in which the bearings are
independent of the frame, great care must be
cxercised in adjustment of the air-gap between
the armature core and pole faces, as any
inequality in this gap will cause unnecessary
friction and heating of the bearings and
uncqual heating of the armature iron. The
unbalanced magnetic pull for 4 of an inch
displacement 1s usually given on the outline
drawings of large machines. Adjust the air-
gap horizontally by means of the cross beams
and jack screws upon the bedplate, and verti-
cally by means of thin sheet-stcel liners be-
tween the bedplate and the yoke. During
this cperation gauge the gap at different
points cn the front and back of the machine
by inserting a small metal or wooden wedge in
the air-gap and noting the distance to which
this wedge cnters.

Connections—It is general practice to con-
ncet the main generator terminals to the
switchboard bus-bars direct, without the use
of protective devices such as fuses or circuit-
breakers. The high armature reaction of
alternating-current generators makes it possi-
ble to follow such practice without danger to
the machines. Protective devices must nct
be used in the self-excited field circuit of
composite wound machines. (See pages 20
and 21))

MEASURING INSULATION
RESISTANCES

It sometimes happens that the insulation
of a machine is mechanically injured or exposed
to moisture after the factory test but previous
to erection. For this reason, insulation tests
should be made before the machine is run.

The higher the resistance, the better the
general condition of the insulating material.
The insulating resistance of the field will be
much higher in proportion to the electromotive
force of the exciting current than that of the
armature and will usually give little or no
trouble. Since large armatures have much
greater areas of insulation, their insulation
resistance will be proportionately lower than
that of smaller machines. Even though the
material is in exactly the same condition, the
insulation resistance of any machine will be
much lower when hot than when cool, es-
pecially when the machine is rapidly heated.
The only feasible way of increasing the insula-
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tion resistance when the machine is complete
15 by “dryving out’’.

Insulation Test—In case a ‘“‘meger” is not
available insulation resistance measurements
may be easily made using a 500-volt direct-
current circuit and a 500-volt direct-current

A safe general rule is that insulation resist-
ance should be approximately 1 megohm for
cach 10,000 volts applied in testing.

No machine should have an
resistance of less than 1 megohm.

insulation

Drying Out—If the generator has been
exposed to dampness, before being started
in regular service it should be run

with its armature short-circuited

beyond the ammeters and with
the field current so adjusted as to
raise the temperature to about 85
degrees Centigrade. The current
should then be lowered and raised
by means of the field adjustment

voltmeter. The method of measurement is
[ 500 to 600 Volt D, C. Clecuit
i 2
P ——O O—1
3 4 A
o—j P
5 13 ]
© 0 _‘ ™~ Double Pole, Double Throw Switch

N
4
To resistance to be measured

> until the coils become thoroughly
> dry. During this procedure the

Volimeter -

Fig. 1 —Connections for Measuring Insulation Resistance

to first read the voltage of the line; then to
connect the resistance to be measured in
series with the voltmeter and take a second
reading.

The measured resistance is then calculated
by using the following formula:

r(V-w)
v (1,000,000)
v = voltage of the line.
v =voltage reading with insulation in series
with voltmeter.
r=resistance of voltmeter in ohms (generally
marked on label inside the instru-
ment cover).
R=resistance of insulation
(1 million ohms).

R =

in which

m  megohms

The method of connccting the apparatus
1s shown in the diagram above.

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 meg-
ohm are now made for this purpose so that,
if one of these instruments is used, the cal-
culation 1s somewhat simplified, since r=
1,000,000 and the above formula becomes

rR=-" 1

T

temperature should not be allowed
to drop to that of the surrcunding
atmosphere, as the moisture would
again then be condensed on the
coils and the machine brought to the same
condition as at the start.

There is always danger of overheating the
windings of a machine when drying them with
current, as the inner parts which cannot
quickly dissipate the heat generated in them,
and which cannot be examined, may get
dangerously hot while the more exposed and
more casily cocled portions are still at a com-
paratively moderate temperature. The tem-
perature of the hottest part accessible should
always be observed while the machine is being
dried cut in this way and it should not be
allowed to exceed 80 degrees Centigrade,
total temperature.

It may require several hours, or even days,
to thoroughly dry out the machine, especially
if it is of large capacity. Large field coils dry
very slowly. Insulation is more easily injured
by overheating when damp than when dry.

Insulation Test—During the drying out
run, readings of the insulation resistance
should be taken at regular intervals and plotted
in curve form, using time as its seconds ordi-
nates.  In casc the resistance shows a tendency
to decrease at first, the drying should continue
until the resistance reaches a minimum and
has increased again to its proper value.

A high voltage or insulation test to ground
is useful in determining the strength of the
insulation of the machine. It is made by
subjecting the insulation to an electromotive
force greater than it will have to stand in
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actual service. As this test is of the nature

S
)]
1]

T
[

Joark Gap |

Distance Curve:

of an over-strain, it must be applied with

I

e

S
=3

great caution. Such tests are always made

H

HH

S

in the factory and need rarely be repeated.

wWHHS

However, when they must be made, it is

b=y
S

HSHHS)

well to remember that the insulation is more

o

<
i

easily broken down when hot than when
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Large machines, when tested at high volt-
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current may be taken by the machine. The
transformer capacity required for testing
varies as the square of the voltage of the
test, as the frequency of the circuit and as the
static capacity of the apparatus under test.

On machines of large static capacity due
to distortion of the testing circuit wave form,
the test voltage may be quite different from
what the testing transformer ratio would
indicate. For this reason the ratio should
first be checked on all large machines as follows:
Connect the testing transformer to the winding
of the machine in the same manner as in making
the regular test. Connect a needle point
spark gap with a high resistance in series
across the transformer terminal to the machine.
Adjust the spark gap the distance given in
the accempanying curve Fig. 2 to indicate
the correct test voltage. Gradually raise
the test voltage until the spark gap discharges
the reading voltage indicated on the low-ten-
sion voltmeter, at the moment of discharge.
Remove or increase the spark gap and make
regular test for time specified bringing low-
tension voltage to same value as noted on
meter during calibration test.

In general a 5-kva. transformer has sufficient
output for testing machines up to 500 kva.
at a testing electromotive force of 6000 volts.

When making a high voltage test the low-
tension circuit connections should always he
used to throw the electromotive force off or on.

The severity of the test depends in a marked
degree upon the time the electromotive force
is applied. All breakdown tests are supposed
to be applied for a short time only, as a long
continued test is liable to permanently injure

Fig. 2—Spark-Gap Testing Curve

the insulation even if no immediate fault is
developed.

High-Tension Wiring — Exceptional care
should be taken in the running the lines of
high-tension circuits. They should be placed
as far as possible out of reach and where they
will be free from danger of mechanical injury.
All wiring should be installed in accordance
with the rules of the National Board of Fire
Underwriters.

OPERATION OF A SINGLE
GENERATOR

General Precautions—(1) Leave all switch-
es open when the alternator is not running.

(2) At all times keep the generator clean
and frec from oil and dust, especially from
copper or carbon dust. With high voltage
machines a small accumulation of dust on
the windings may be the cauvse of a serious
burn-out. In stations of sufficient size to
warrant the expense it is advisable to install
an air pump and blast, so piped that by means
of a short section of hose the attendant may
reach any part of the winding to blow out the
dust. The pressure used in such service
should not exceed 25 pounds per square inch,
as a higher pressure may raise the insulation
cn the windings and blow dust inside the coils
Always allow the accumulation of water in
the pipes to be blown out before turning the
air blast on the machine.

In water power plants where the type of
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wheel is such that a vacuum is created in the
tail pipe ‘‘vacuum cleaning” may be used.

(3) Keep small pieces of iron, such as
bolts and tools, away from the generator.

(4) Occasionally give the machine a tho-
rough inspection. The higher the voltage of
the generator the more often should this be
done.

Collector Rings—Precaution must be taken
to keep the collector rings clean, smooth and
true. To prevent cutting, a little clean oil
should be applied occasionally.

Brushes—On the present types of alternat-
ing-current generators carbon brushes are used.
Brushes should be given attention to see that
they fit the rings properly.

Bearings—Westinghouse alternators have
self-oiling bearings. The well should be filled
to such a height that the rings will carry
sufficient oil upon the shaft. If the bearings
are too full, oil will be thrown out along the
shaft. The oil should be renewed about once
in six months, or oftener if it becomes dirty
and causes the bearings to heat.

The bearings must be kept clean and free
from grit. They should be frequently ex-
amined to see that the oil supply is properly
maintained and that the oil rings do not stick.
Use only the best quality of oil. New oil
should be run through a strainer if it appears
to contain any foreign substance. If the oil
i1s used a second time, it should first be filtered
and, if warm, allowed to cool.

A warm bearing or a “hot box’ is probably
due to one of the following causes:
(1) Excessive belt tension.

(2) Failure of the oil rings to revolve with
the shaft.

(3) Rough bearing surface.

(4) Improper fittings of the journal boxes.

(5) Bent shaft.

(6) Use of poor grade of dirty oil.

(7) Bolts in the bearing cap may be too
tight.

(8) End thrust, due to improper leveling.

A Dbearing may become warm because of
excessive pressure exerted by the shoulder of
the shaft against the side of the bearing.

(9) End thrust, due to magnetic pull,
rotating part being ‘“‘sucked” into the field
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because it extends beyond the field poles
further at one end than at the other.

(10) Excessive side pull, because the rotat-
ing part is out of center.

If a bearing becomes hot, first feed heavy
lubricant copiously, loosening the nuts on the
bearing cap; and then, if the machine is belt-
connected, slacken the belt. If relief is not
afforded, shut down, keeping the machine
running slowly until the shaft is cool, in order
that the bearing may not ‘“freeze”. Renew
the oil supply before starting again. A new
machine should always be run at a slow speed
for an hour or so in order to see that it operates
properly. The bearings should be carefully
watched to see that the oil rings are revolving
and carry a plentiful supply of oil to the shaft.

Opening of Feeder Circuits—If a line fuse
blows or a circuit-breaker opens, first open
the switch corresponding to that line and
then replace the fuse or close the breaker.
After that, close the switch. If the circuit
opens the second time, there is something
wrong on the line—probably a short-circuit—
and this should be corrected at once. If a
short-circuit occurs at or near the machine,
or if an arc be formed at a switch or fuse block
and holds on, throw all resistance in with the
theostats. If necessary, open the field switch,
and shut the machine down at once.

Starting—(1) Sec that the generator is
clean and that there are no loose pieces of iron
such as nuts, bolts or tools lying in close prox-
imity.

(2) See that the bearings are well supplied
with oil and that the rings are free to turn.

(3) Start slowly. Sse that the oil rings
are revolving properly.

(4) Bring the machine up to speed and
turn the rheostat so that all the resistance
is in the field circuit, then close the field switch.

(5) Adjust the rheostat of the exciter for
the normal exciting voltage; then gradually
raise the alternator to its proper voltage by
cutting out the resistance of its field rheostat.

(6) Throw on the load.

Causes of Insufficient Voltage—The follow-
ing causes may prevent alternating-current
generators from developing their normal elec-
tromotive force:

The speed of the generator may be below
normal.

The switchboard instruments may be in-
correct and the voltage may be higher than
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that indicated, or the current may be greater
than is shown by the readings.

The voltage of the exciter may be low be-
cause its speed is below normal, or its series
field reversed, or part of its shunt field reversed
or short circuited.

The brushes of the exciter may be incorrect-
ly set.

A part of the field rheostat or other unncces-
sary resistance may be in the field circuit.

The power factor of the load may be ab-
normally low.

Belts—The driving belt of a belted generator
should be tight enough to run without excessive
slipping, but the tension should not be too
great or the bearings will heat. Belts should
run with the lapping, not against it. The
joints should be dressed smooth so that
there will be no jarring as it passes over the
pulley. The crowns of driving and driven
pulleys should be alike, as “wobbling” of belts
is sometimes caused by pulleys having unlike
crowns. A wave motion or flapping is usually
caused by slippage between the belt and pulley,
resulting from grease spots, etc. This fault
may sometimes be corrected by increasing
the tension, but a better remedy is to clean
the belt. A back and forth movement on
the pulley is caused by unequal stretching of
the edges of the belt.

Static Sparks from Belts—It sometimes
occurs on belted machines, especially in dry
weather, that charges of static electricity on
the belt, which may be of quite a high potential,
cause discharges to ground. If the frame is
not grounded, these charges may jump to the
armature or field winding and thence to
ground, puncturing the insulation.

The belt and frame may be discharged by
placing close to the belt, at a point near the
dynamo pulley, a number of sharp metal points
which are carefully grounded. If the field
frame is grounded there should be no danger
to the insulation.

To Shut Down—(1) Reduce the field
current as much as possible by mcans of the
field rheostat.

(2) Throw off the load by opening the
feeder switches, or main generator switch if
one be used.

(3) Open the separately excited field circuit.

(4) Shut down the driving machine.

(5) Wipe off all oil and dirt, clean the
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machine and put it in good order for the next
start.

KINGSBURY THRUST BEARINGS

Packing and Rust Prevention—The bearing
faces of the thrust collars (or runners) and
shoes must be carefully protected against
rust, corrosion or other injury, because any
roughness may make the bearing run hot or
burn out. In shipment or storage, those
surfaces must be protected by some kind of
neutral water-proof coating. Wood or damp
packing material of any kind must not be
placed in contact with them.

The best method of packing a collar (or
runner) for shipment or storage is to bolt it
into the box in such a way that the bearing
faces are in no danger of touching the inside
of the box. Very slight rusting of the bearing
face may be removed by stoning with a fine
oil stone, but if deep rusting occurs the surface
must be refinished.

Babbitt faces of shoes are very scnsitive to
acid. Hence to avoid pitting they must not
be packed in contact with paper, even if it is
oiled. Tt is best to paint them all over with a
neutral protective coating, placing two babbitt
faces together and then wrap up the pair of
shoes in weatherproof paper or case lining to
keep out dirt and moisture.

Cleaning— Bearings and housings should be
thoroughly cleaned before assembling bearing
in place. Remove all anti-rust coatings with
gasoline or kerosene. Use rags or cloth for
cleaning, as waste always leaves lint, which
may cause trouble in the bearing, or oiling
system.

Bearing Faces—As the working faces of
shoes and collars are fitted to a surface plate,
they will fit each other very well when as-
sembled in the bearing. This accurate fit
is essential to the formation of the continuous
thin oil film on which the working of the
Kingsbury thrust bearing depends. Burrs,
bruises and rust, caused by handling, shipment
or storage, should be removed from all parts.

In order to detect and remove all small
defects, the bearing face of the thrust collar
(or runner) should be stoned lightly all over
with a clean, flat face of a fine emery or car-
borundum stone and kerosene, rubbing back
and forth in the radial direction (not circum-
ferentially). Do not use a coarse-grained
stone, nor scraper, nor file on the bearing face
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of the runner. The fine side of a number 121
carborundum oil stone is satisfactory.

Bruises on the wearing faces of the shees may
be removed with a scraper. The high spots
may be found by testing them on a surface
plate or on the bearing face of the collar.
Remove any chips or grit that may be found
embedded in the faces of the shoes.

Freedom for Self-Adjustment—Good opera-
tion of the bearing requires that the shees and
their supporting parts be frec to adjust them-
selves to the collar position so as to overcome
the effects of misalignment cr springing of
parts. Clearances for this purpose are pro-
vided in the designs. Before putting into
service the bearings should be inspected to sce
that all parts are free as above described.

Keys, Dowels and Bolts—Special care should
be taken to see that keys, dowels or holts,
used to fasten a thrust bearing collar or other
parts to the shaft or housing, do not bottom
or bind, as this will throw the parts out of true.

Removable Collars—Separate collars made
in one piecc are made a free fit on the shaft,
and are usually held against a shouvlder on the
shaft by a nut. This shoulder must be ma-
chined truc and square and must be free from
bruiscs so that the collar will run true. The
nut must be driven up very tight in order to
prevent chaffing at the joints.

Removable thrust blocks, to which re-
movable facing collars are attached, should
be fitted to the shaft as above described.

Starting Up New Bearings—When shipped
separately from the gencrator the bearings
arc carcfully finished and boxed at the factory
in the manner described above, but they are
liable to injury thercafter from handling, im-
proper re-boxing, dirt and bruises during
shipment; hence, carcful final inspection is
necessary to be sure each bearing is in proper
condition for operation.

After being run a short time, or after being
turned slowly a few times, the bearing should
again be inspected. If rubbing marks show
excessive bearing pressures at any part of the
bearing surfaces, the high spots should be
removed by scraping. This process should
be repeated until a good fit is secured. Streaks
in the faces of the shoes may be caused by
bruises or rough spots on the collar. Fine
scratches may be due to dirt in the oil.

The ordinary installation will show a tem-
perature rise of the oil in the thrust pot of
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about 15 degrees Centigrade to 20 degrecs
Centigrade. If any appreciable rise ahove
normal temperature occurs, the machine should
be shut down as quickly as possible and the
cause of the trouble removed. If the trouble
is detected early it can be corrected by scraping
the babbitt to a new fit and stoning the collar,
but if allowed to continue, the babbitt will
be dragged off and more extensive repairs
will be required.

In vertical thrust bearings, subjcct to practi-
cally full load at all speeds, repeated starts and
stops may be made to improve the polish of
the runner and the fit of the shoes. Practi-
cally no wear occurs except at the instants of
starting and stopping; that is, when the oil
film is not fully formed and the metals rub
together. At these times the bearings when
not rigidly mounted make more or less noise,
like a grunt or groan, but this is normal and
not an indication of trouble. When the
bearing is in good condition and running up
to speed the metals are separated by an oil
film and there is practically no wear.

In general, it should be remembered that
these bearings are very heavily loaded and
should, therefore, receive more care and
attention at first than ordinary shaft bearings.

Oil—The bearings will not operate properly
unless the housing is filled with oil above the
wearing surface, preferably up to the overflow.
During erection, if it is desired to make a few
turns of shaft for adjustment, apply a coating
of heavy cylinder oil to the shoes. The service
0il, unless otherwise specified, should be a
good grade of dynamo or engine oil, free from
acid, and having a viscosity of approximately
170 seconds at 40 degrees Centigrade (Saybolt
test.) It should be kept clean and free from
grit or other injurious substances, and where
a ‘“station” oiling system is used should be
supplied returned to the bearing at a temper-
ature not exceeding 35 degrees Centigrade.

Re-Babbitting Shoes—In case of necessity
shoes may be re-babbitted, using genuine
hard babbitt, preferably of the composition
85 per cent tin, 10 per cent antimony, 5 per
cent copper, with proper care to prevent
overheating in melting. Allow about 1% inch
to machine off the face. Do not pene the
babbitt. Facc carefully and scrape to the
collar face or to a surface plate

For shoes whose finished thickness must be
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Fig. 3—Cross-Section of Type EV Generator Showing Arrangement of Oiling System

exactly the same, machine the babbitt to about
.004 inch above gauge thickness, measured
to supporting point on back of shce. After
scrapping final thickness may be adjusted
by stoning the support point on back of shce,
measuring by micrometer or other convenient
gauge. This precaution is essential when
the bearing design provides a single rigid ring
for holding the shoes.

When shoes are supported by adjusting
screws, exact uniformity in thickness is, of
course, not cssential.

Bearing Current—Under certain ccnditions,
depending upon the number of poles and the
number of segrmrent into which the armature
punchings are divided, there may be a small
voltage generated in the shaft.  This voltage
tends to circulate current through the circuit
formed by the shaft, bearings and bedplate.
If current is allowed to flow it will soon pit the
shaft and hearing surface so that bearing
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trouble is likely to occur. For this reason a
layer of insulation is placed between one
pedestal and the bedplate on all machines
which might otherwise develop bearing current.
On vertical generators the insulation is placed
between the frame and the upper bearing
bracket.

It is important to see that there is no metal
connection between the insulated parts which
will permit current to flow.  On a horiz:ntal
machine there must be no metallic connection
between the insulated pedestal and the bed-
plate. On a vertical machine there should be
no metallic connection between the frame and
the upper bracket or the stairway or platform
which are attached to the bracket The piping
which comes in contact with the frame and
bracket is furnished with insulated unions.
Any additional piping or other equipment in-
stalled after erection of the generator should he
put on with the same precaution.
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Arrangements of Leads and Phase Se-
quence—Figure 4 shows various arrangements
of leads on standard generators.

For three phase machines having three
leads as shown in Fig. 4A the phase sequence,
or phase rotation as it has sometimes been
called, is in the order T;, Ty, T3 when the
rotation of the machine is clockwise as viewed
from the collector end. For counter clock-
wise rotation the phase sequence is reversed.

When the neutral Jead is brought out it is
located on the extreme right as shown by the
lead marked Ty in Figure 4B.

On some three phase machines six leads are
brought out as is shown in Figure 4C. In this
case either Ty, T, and T3 may be used as main
leads and the remaining three leads connected
together for the neutral or the opposite ar-
rangement may be used. That is Ty, Ts and
Temay be used as main leads and Ty, T, and
T; used as neutral leads. In either case the
phase sequence is from right to left with clock-
wise rotation.

When six leads are brought out as shown in
Figure 4C, Ty and T, are connccted to the
beginning and end respectively of one leg of the
winding. Similarly T, and T are connected
to the ends of the second leg and T3 and T to
the third leg.

A machine having six leads may be connected
in delta in the following manner. Connect
T, and Te together; connect T, and Ty to-
gether; and connect T; and T; together.
Three terminal leads can then be brought out
frem the three junction points.

A change from star to delta will lower the
voltage to 58 per cent of its former value.

Figure 1D shows the arrangement of leads
for a two phase machine. Leads T, and T,
arc connected to one phase and T, and T, are
connected to the other phase. When rotation
of the machine is clockwise as viewed from the
collector end the phase sequernce is in the or-
der T], Tg, Tg, T4.

] 7z s il 7z 7 T

Fig. 4-A Fig. 4-B

While the sketches given here show horizon-
tal machines the same arrangement is used for
vertical units The phase sequence is from
right to left when rotation is clockwise as
viewed from above.

PARALLEL OPERATION

Determination of Relative Frequency and
Phase Coincidence—The elementary principle
of the method of determining when generators
are of the same frequency and are in phase is
illustrated by the diagram below, in which
A and B represent two single-phase generators,
the Jeads of which are connected to the bus-bars
by the switches C, and through two series
incandescent lamps. It is evident that as
the relative positions of the phases of the
electromotive forces change from that of
exact coincidence to that of exact opposition,
the flow of current through the lamps varies
from a minimum to a maximum. If the
electromotive forces of the two machines
are exactly cqual and in phase the current
through the lamps will be zero and, as the
difference in phase increascs, the lamps will
light up and will increase in brilliancy until
the maximum is reached when the phases are
in exact opposition. From this condition
they 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.,
in the speeds of the machines, and by adjust-
ment of the governors the rate can generally
be reduced to as low as one pulsation in ten
scconds, which affords ample time for throwing
the switch connecting the generators in multi-
ple.

When the phase of two generators coincide
the machines are said to be ‘“‘in phase,” “in
step”, or “in synchronism’.  The apparatus
used for determining when generators are in
phase 1s called a “synchronizer.”

e
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Fig. 4-C Fig. 4-D

Fig. 4
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Fig. 5—Elementary Connections for Synchronizing
Low-Voltage Single-Phase Generators

Synchronizing Single-Phase Alternators—
An arrangement for synchronizing alternators
in general is illustrated cn Fig. 5, in which
the lamps may be replaced by any synchroniz-
ing device. 4 and B represent two single-
phase generators with switches in the main
leads. There are two transformers, the pri-
maries of which are connected across the
main leads of A and B respectively, the second-
aries being connected in series through the
lamps. If the transformers are connected
similarly in the two circuits (as shown in the
diagram) when the generators 4 and B are
in phase the electromotive forces in the sec-
ondaries will be in phase and no current will
flow through the lamps. When the generators
are out of phase, the electromotive forces in
the secondary circuit will be out of phase also,
and the current will flow through the lamps,
the amount of this current and the resultant
brilliancy of the lamps depending on the differ-
ence in phase. If the connections of either
the primary or secondary of either transformer
be now reversed from those shown in the
diagram, the indications of the lamps will
be reversed, i.c., when the generators are in

phase, the lamps will burn at maximum
Bus-Bars
Lamps
fe) ~ o O
C‘ | [;iii o Lo ol

Voltage Trans,

B
(&

Fig. 6—General Arrangement for Synchronizing
Single-Phase Generators
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brilliancy and vice versa.
Synchronizing with short
connections is generally to
be preferred.

In order to determine
whether the synchronizing
lamps will be bright or dark
for a given connection of
transformers when the gen-
erators are in phase, remove
the main fuses from one machine, or disconnect
the generator back of the shunt connection,
and throw in the main switches with the other
generator at full voltage. Since both primaries
are now connected through the switches to
one machine, the lamps will be in the same
condition as when the main or paralleling
switches are open and both generators are
in phase. If the lamps burn brightly and
it is desired that they be dark for an indication
of synchronism, the conditions of one of the
primaries or one of the secondaries of the
transformers should be reversed.

The lamps should be adapted for the highest
voltage which they will receive. Thus, if
they are placed upon the secondaries of two
100-volt transformers, there should be two
100-volt lamps or four 50-volt lamps in series.
If two 200-volt machines have the lamps
applied directly without converters, then it
will be necessary to use four 100-volt lamps
or their equivalent.

Fig. 7—Winding Dia-
gram, Two-Phase, Open
Coil Armature

Synchronizing Polyphase Alternators—What
has been said in regard to synchronizing two
circuits applies equally well to synchronizing
the individual and similar circuits of polyphase
machines.

In the paralleling of polyphase machines
the location of the different circuits in the
armatures and the connection of those circuits
to the switches require special consideration.
Two-Phase Generators—When machines are
to be run in parallel, the proper connection to
the bus-bars is obtained when leads T, are
connected to one bus-bar, T, to the second
bus-bar, T; to the third bus bar and T, to
the fourth bus-bar, provided all the machines
are running in the same direction. If, however,
some of the machines are running in the oppo-
site direction, it is necessary to transpose the
two conductors of one of its phase, say T
and Ts. It is always desirable, however, to
test the connections in each case in accord-
ance with the instructions.
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Fig. 8—Connections for Synchronizing Two-Phase Generators

The standard winding of Westinghouse
two-phase armatures is of the open type with
separate circuits. The two phases are clec-
trically 90 degrees apart. Fig. 7 illustrates
the method of connection.

As an illustration let it be required to wire
two two-phase generators for parallel running.

Wire to the switches in such a way that
the main circuits of machine 4 will go in
parallel with the main circuits of machine B.
These connections may or may not be correct
for both circuits. In case they are incorrect,
the electromotive forces of the two machines
in one circuit will be exactly in phase when
the electromotive forces in the other circuit
are exactly opposed.

With apparatus of tco high voltage to
permit use of lamps, in order to determine
whether or not these connections are correct
it is advisable to connect a temporary syn-
chronizing device in both phases. Such an
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arrangement consists of four transformers
one in each phase, as shown.

For each circuit this arrangement is identical
with that shown for synchronizing single-phase
machines (Fig. 5). With one generator up
to normal speed and voltage and the fuses
removed from the other, the synchronizing
device should be tested out separately, as
previously described  (pages 18 and 19), and,
if necessary, the connections should be so
changed that the lamps will ke either dark
or light as desired when indicating synchronism.
Thren both machines should be run at normal
speed and voltage. If the lamps on both
synchronizing sets glow and darken in syn-
chronism the connections are all right. If,
however, one set becomes dark and the other
light at the same time, one phase will have
to be reversed.

Some of the synchronizing transformer con-
nections may then have to be changed, de-
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pending upon the place at which the LiNe
changes were made in the main leads.
It is therefore advisable, in order to

guard against an error, to test out the
synchronizing devices again and make the °
necessary changes in the connections so
that all the lamps will be dark or light

.
as desired when indicating synchronism. » | 3 Nor-Avto
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Three-Phase Generators — Machines g ahitd

which are to be run in parallel should )
have lead T, connected to one bus-bar, Auto Trans.
lead T, to the second bus-bar, and lead Ty )
to the third bus-bar, provided the direc- Motor
tion of rotation is the same in all cases. ,
If the rotation of any machine is differ- Fig. 10—~Connections for Panel-Mounted Type QF Auto-Starter
ent from the Othefs, two of its 1eads, with Two-Breaker Starter Mounted Remote from Panel
say Ti and Ty should be interchanged.
It is best to test out each case according to I_\,..A_,\,__\/—w
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A star winding is almost always used on
three-phase alternator armatures, as shown
in the Fig. 9 on Page 17.

Let 1,2, 3 and 4, B, C I
represent, respectively, the
terminals of two three- Cur
phase generators, D and E. Trans 3
In wiring them to their
switches connect them tem-
porarily so that the phases

Fig. 9—Three-Phase of D will be in parallel with

Armature Winding

Star Connection those of £.  For example,

connect phase A-B to 1-2; @
phase B-C to 2-3; and phase C-4 to 3-1. )

Connect synchronizing devices in any two  Fig. 11 Connection for Panel-Mounted Type QF Auto-
i - - f .
phases, as phase Starter with 3-Phase Auto-Transformers

\Ad

f1-2 [2-3 .
d ph . Test out the syn- Line
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chronizer connections with machine D run-
ning at normal speed and voltage, the
brushes or fuses removed from E and the
paralleling switches closed. Having changed
the connections of the synchronizer, if nec- 3
essary, so that both sets of lamps will be the
same when indicating synchronism, open the
paralleling switches, replace the fuses or
brushes of machine £ and bring it up to
normal speed and voltage. Then observe

the two sets of synchronizer lamps. If their
@
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pulsations come together, i.e., if both sets are

dark and both are bright at the same time,

the conncctions are correct for paralleling the .

generators when the lamps are dark If, Fig. i2—Connections for Panel-Mounted Type QF Auto-

Starter with 'l;hree-PBrealker Starter Mounted
. R d i —
however, the pulsations of the lamps alternate, emote from Fanel and with 3-Phase
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Fig. 13—Diagram of Connections—Synchronous Motor Starter with Type OF Switch for Three-Phase Motor.
Fig. 16 shows a simplified diagram using previous style of power factor meter.

ie., if one is dark when the other is bright,
reverse any two leads of one machine and test
out the synchronizer connections again, chang-
ing them if necessary 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. A synchronizer in one
phase only will be sufficient for paralleling
the generators after the first time.

In wiring three-phase machines for parallel
running it will be noticed that two circuits
only need be considered. This is evidently
correct, inasmuch as any one circuit has its
terminals in common with terminals of the
other two circuits.

Synchronizer and Synchronoscope — Al-
though lamps are quite generally used for

synchronizing, the method is not safe practice
for high-voltage generators nor wholly satis-
factory for low-voltage machines, as there is
always the possibility of throwing a machine
in parallel with others when a considerable
difference in phase exists between the respective
circuits, inasmuch as the operator has no in-
dication of phase difference other than by
interpolating in a succession of lamp bright-
nesses. As such interpolation may be difficult
and the results dangerous for the machine, a
mechanical synchronizer is preferable.

The ideal synchronizer should perform three
distinct functions:

(1) It should indicate whether the in-
coming machine is running too slow or too
fast.

(2) 1t should indicate the amount by
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which the incoming machine is too slow or too
fast.

(3) It should indicate the exact instant
of synchronism or coincidence in phase between
the bus-bars and the incoming machine.

These functions are performed with per-
fection by the Westinghouse Synchronoscope.
The instrument is provided with an indicator
or hand which shows the phase difference
between the machine and the bus-bars.  This
angle of phase difference is always equal to the
angle between the pointer and the vertical
position marked on the dial of the instrument.
If the frequency of the incoming machine is
higher than that of the bus-bars, this angle will
vary, causing the pointer, if the instrument is
properly connected, to rotate to the left. If the
incoming machine is lower in frequency the
pointer will rotate to the right. Fast and slow

6 i e i’ i
esponossS o
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Fig. 14—Synchronoscope

on the dial mean that the speed of the incoming
machine is too high or too low for the frequency
of the bus-bars. When the frequencies are
equal, the pointer stops at some position on
the scale, and when the machine is in phase
with the bus-bars the pointer coincides with
the dummy pointer at the top of the scale.
The generator switch may then be closed.
For further information see Ins. Tag. 26G on
Westinghouse Synchronoscopes.

Starting—(1) Get the gencrator up to
speed according to instructions on page 13.

(2) Adjust the electromotive force to
correspond with the electromotive force of the
bus-bars or the generators with which the
incoming machine is to be connected.

(3) Synchronize; then close the main switch.

(4) Adjust the fleld rheostat to eliminate
cross currents and the governors of the driving
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machines to properly distribute the load
between the operating units according to their
capacity.

Running Alternators in Parallel—GENERAL
CoNsIDERATIONs—If at any instant the electro-
motive force of one generator is lower than that
of other machines with which it is connected
in parallel, it will take current from the other
generators instead of feeding current into the
line.

That the electromotive forces may be the
same at all times, the generators must conform
in frequency, phase and wave form; otherwise
pulsating currents will be set up. If similarly
designed machines are adjusted for the same
voltage and operate at the same uniform
speed, thesc conditions are usually fulfilled.

Speed Adjustment and Regulation—The
speeds of the driving machines should be
adjustable while they are running in order
that they may more readily be made to corres-
pond when the generators are being connected
in parallel and that the load may be properly
divided.

When machines are operated in parallel
there is sometimes a tendency to unequal
speeds, which may be of several kinds.

(1)

(2) Unequal speed regulation between no
load and full load.

(3) Varying the speeds, such as would be
caused by a hunting action on the part of the
governors, giving rise to a surging of load
between the machines.

(4) An irregular fluctuation of speed such
as would be caused by lack of uniformity of
velceity during a single revolution,

(1) DirrereENT SPEEDS—If the governors
on the driving machines give different speeds
it is evident that when two machines are in
parallel that which runs at the greater or
higher speed will carry a greater proportion of
the load until the speed is reduced, when the
second machine will begin to carry the load.
Before this condition is reached one generator
may be running as a motor, as the tendency
is for the speed to be higher than it would be
if it were not running in parallel.

(2) Ungequal RecuratioNn—It is assumed
that the governing of the speeds of the machines
shall be such that when running at a common
speed they shall receive their proper amount of

A tendency to two different speeds.
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power. It is to be noted that machines
governed closely between no load and full
load may not be as well adapted to running
in parallel as others in which the regulation is
not so close. If two drivers regulate different-
ly one will carry a much greater proportion
of the load than the other.

In general, the power delivered by a gener-
ator which is running in parallel with other
generators is dependent only upon the driving
power, and not upon its field charge.

(3) Varving Sreeps—If the governors
give varying or irregular speeds it sometimes
happens that first one machine and then the
second will carry the greater load. The
rapidity with which this change takes place
depends upon the rapidity with which the
governors oscillate in their running action.
A slight irregularity of this kind may not
produce objectionable interference with the
service but, if carried far, results may be
disastrous.

This tendency to varying speed, resulting
in changes of position of the governor, is one
of the most common sources of difficulty in
parallel operation. It should be observed
that if two direct-current generators are
running in parallel, slight changes in the
relative speeds of the generators amounting
to, say, onc-half per cent or so, would make
very little difference in the amount of power
delivered. With alternating-current generators,
however, the relation between speeds must be
constant.

(4) IRREGULAR FLUCTUATIONS IN SFEED—
Difficulty of this nature seldom occurs with
steam or hydraulic turbines, but is sometimes
cxperienced  with reciprocating engines of
insufficient flywheel capacity and is due to a
slight irregularity in the angular velocity of
the rotating parts. The engines driving the
alternators should have the following char-
acteristics:

A. The engine governors should be so
constructed that there is no tendency to cause
a periodic transfer or surging of the load be-
tween one engine and another. This tendency
may originate in the angular variation of
velocity in different parts of the revolution
which is common to all reciprocating engines,
or to a sudden variation of load which will
affect each governor in a slightly different
manner, or to other causes that lead to a
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non-uniform speed. The engine governors
should not be sensitive to such disturbances
nor maintain or increase them.

The effect on the engines of a periodic
transfer of load, occasioned by hunting be-
tween two machines running in parallel is
somewhat similar in effect to throwing the load
on or off of a single engine at short equal inter-
vals which may be measured by one or several
pulsations in the combined turning efforts
applied to the engine shaft.

In some extreme conditions the pulsations
of load may amount to more than the normal
capacity of either engine. With no external
load one engine may then alternately drive the
other, which will evidently be a more severe
condition than if the load were only applied
and removed from a single engine.

If under any case of pulsating load the
engines do not tend to accentuate the pulsa-
tions in turning effort and speed, then a condi-
tion favorable to parallel running is attained.

B. Variation of the rotating part of the
generator through the revolution at any con-
stant load not exceeding 25 per cent overload
should not exceed one-sixticth of the pitch
angle between two consecutive poles from the
position it would have if the motion were
absolutely uniform at the same mean velocity.
The maximum allowable variation, which is
the amount the rotating part forges ahead
plus the amount which it lags behind the
position of uniform rotation, is therefore
one-thirtieth of the pitch angle between two
poles.  Generally this is rcgulated by the
use of a heavy flywheel.

In a 2-pole machine this variation is equiva-
lent to 3 degrees as measured on the circum-
ference of the rotating part; in a 4-pole ma-
chine it is 114 degrees, and in a 6-pole machine
1 degree, or as the number of poles increases
the permissible angular variation decreases.

C. The cngine should have practically the
same characteristics of speed regulation in
order that the power delivered to their re-
spective gencrators may be proportional to
the load; that is, the same load on any engine
should produce the same percentage drop
in its speed. This is most readily obtained
in engines in which at full load the speed drops
from three to 5 per cent below the no-load
speed, as a slight change in adjustment of the
governor will have less relative effect than in
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engines in which the speed drops only one
per cent under the same variation of load.

D. The use of governors which are ad-
justable while the engine is running is recom-
mended. Slight adjustments of speed may
then be made which will facilitate synchro-
nizing the alternators or changing the lcad
carried by the engines.

Adjustment of Field Current—When the
rhecstats of two alternators running in parallel
at normal speed are not adjusted to give
proper excitation, an idle or cross current
will fow between the armatures, which de-
pends cnly upon the difference in ficld charges
of the machines and which may vary over a
wide range, from a minimum of zero when
both field charges are normal, to more than
full-load current when they differ greatly.
The effect of this cross current is to increase
the temperature of the armatures and, con-
sequently, to cut down the output of the gen-
erators. It is therefore important that the
rheostats be o set as to reduce it to a minimum.
This cross current is registered on the ammeters
of both generators and usually increases both
readings. The sum of the ammeter readings
will be a minimum when the idle or cross
current is zero.

In gencral, the proper field charge of a
machine running in parallel with others is
that which it would have if running alone and
delivering its lead at the same voltage.

In order to determine the proper position
of the rheostats it is necessary to make trial
adjustments after the alternators are con-
nected in parallel, until that position is found
which reduces the sum of the ammeter readings
to a minimum.

To illustrate this method let us consider
two similar alternators, 4 and B, operating
in parallel. When the rheostats of both are
properly adjusted no cross currents will flow
through the armatures and the main ammeters
will show equal readings if each machine is
receiving the same amount of power from its
prime mover. It the rheostat of 4 be partly
cut in so as to reduce its field current, a cross
current, Jagging in B and leading in A, will
flow between the armatures, the effect of
which will be to strengthen A’s magnetization
and weaken B’s until they are approximately
equal. The resultant electromotive force of
the system will thereby be lowered. On the
other hand, if the rheostat of B be partly cut
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out so as to increase its field current, a cross
current leading in 4 and lagging in B will flow
between the armatures, strengthening A's
magnetization and weakening B’s magnetiza-
tion until they are again equal. The resultant
electromotive force of the system will thereby
be raised. A cross current of the same char-
acter is therefore produced by decreasing one
field current or increasing the other, i.e., in
both cases it will lead in the first machine and
lag in the second machine. The electromotive
force of the system will, however, be decreased
in one case and increased in the other.

From the above it is obvious that by a
combination of changes in the two rheocstats,
ie., by cutting one in and the other out at
the same time, the strength of the cross current
may be varied considerably while the electro-
motive force of the system remains constant.

For the first trial adjustment cut in A’s
theostat several notches and cut out B’s the
same amount, so as not to vary the electro-
motive force of the system. If this reduces
the sum of the main ammeter readings, con-
tinue the adjustment in the same direction
until the result is a minimum. After this
point is reached a further adjustment of the
rheostat in either direction will increase the
ammeter readings. If the first adjustment
increases the sum of the ammeter readings
it is being made in the wrong direction in
which case move the rheostats back to the
original positions and then cut out A’s rheostat
and cut in B’s. If both adjustments increase
the sum of the ammeter readings the original
positions of the rheostats are the proper ones.

In making these adjustments of the rheostats
it may be found difficult to locate the exact
points at which the cross current is a minimum,
as it may be possible to move the rheostats
over a considerable range when near the correct
positions without materially changing the
ammeter readings. When the adjustment is
carried this far, it is close enough for practical
operation.

If the generators are provided with power
factor meters, the same result may be obtained
by adjusting all these to read the same.

Automatic Voltage Regulator—For details
of operation when voltage regulator is used,
see instructicns with regulator.

To Cut Out a Generator Which is Running
in Parallel with Others—(1) Preferably, cut
down the driving power until it is just sufficient
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to run the generator empty. This will reduce

the load on the generator.
(2) Adjust the resistance in the field circuit
until the armature current is a minimum.

(3)  Open the main switch.

It is vsually sufficient, however, to simply
disconnect the machine from the bus-bars
thereby throwing all the load on the remaining
machine without having made any previous
adjustment of the load or of the field current.

Caution—The field circuit of a generator
to be disconnected from the bus-bars must
not be opened before the main switch has been
opened; for, if the field circuit be opened first,
a heavy current will flow between the arma-
tures.

PHASE AND CAPACITY

For a single-phase generator the output in
kva. is proportional to the product of the cur-
rent in amperes and the potential in volts.

For a two-phase generator the total kva.
output is equal to the sum of the outputs of the
two single-phase circuits, so that if the load
be balanced it is equal to twice the output of
one phase.

For a three-phase machine with balanced
load the total kva. output is equal to the
output of one phase multiplied by 1.732.

POWER FACTOR

When any alternating-current and its elec-
tromotive force arc in the same phase, iec.,
rise and fall in strength exactly together, the
power in the circuit is the product 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 un-
loaded induction motor or transformer, or when
the current is in advance of or leads the electro-
motive force, as in the case of the current
to a condenser, to a second generator, or
to a synchronous motor or a rotary con-
verter with high field charge, the power
in the circuit is less than the product of the
amperes and volts. In cases where the cur-
rents lead or lag behind the electromotive
force, the actual power in the circuit will be
equal to a certain definite per cent of the power
that the circuit would represent were the
current and electromotive force in phase.
This per cent is called the “power factor” of
the circuit. It is the ratio between the true
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power and the “apparent” power. Its value
depends upon the amount the current lags
behind or leads the electromotive force.

An incandescent lamp load gives a power
factor of 90 per cent to 93 per cent. Fully
loaded transformers and induction motors,
when running near full Joad, give high power
factors, but unloaded transformers and lightly
loaded motors give a low power factor, the
average value being 70 per cent. Arc lamps
give a power factor varying from 0.7 to 0.8
at full load. As the load is reduced the power
factor decreases rapidly and lightly loaded
constant-current transformers have an ex-
tremely low power factor. Synchronous mo-
tors and. rotary converters give a power factor
dependent on their field current. The power
factor is therefore under control of the operator
and care should be taken that the field current
1s correctly adjusted.

REPAIRS

Ordering of Repair Parts—Repair parts of
any standard Westinghouse generator may
be secured on short notice. To avoid mis-
understanding it is advisable to give the
serial number of the stationary or of the
rotating part of the generator, as the case
may be. The former will be found stamped
on the generator name plate and the latter
on the end of the shaft. When material for
coils 1s ordered, it should also be stated whether
or not insulation for the winding is also desired.

SAVE THE SHIPPING NOTICES sent when the
apparatus 1s shipped as they give the number
of our shop orders on which the apparatus
has been built and this “S.0.” number is an
excellent means of indentification and material-
ly assists in quickly locating all records regard-
ing the parts.

Rebabbitting Bearings—The old babbitt
should first be melted out and a suitable
mandrel prepared. Split bearings should be
babbitted 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
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few moments should elapse before it is removed
from the mandrel, in order that the bearing
may become quite hard. The bearing housing
should then be placed in a suitable chuck or
dog and the inside turned to the proper bore.
The holes for inspecting the working of the
oil rings should then be drilled and the oil
ring slots melted to the proper depth. The
finishing can be done with a file. If the
mandrel is a smooth half-cylinder the oil
grooves may be shaped out, but 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
insulation. More extensive repairs should
not be attempted by the inexperienced or un-
skilled.

COMPOSITE-WOUND GENERATORS

Some of the smaller types of single-phasc
generators, built under the older designs are
composite wound, i.e., they have a compensat-
ing field winding in addition to the separately
excited fleld winding.

Compensating Winding—With rotating
armature machines the spokes on the armature
serve as the cores for the series transformers,
and two transformers are used in order to
secure a mechanical balance. With rotating
field generators the transformer core is separate
from the machine, and but one transformer is
used. The current from the secondary of this
series transformer is commutated by means
of a two-part commutator mounted upon the
generator shaft and is supplied to an auxiliary
winding upon the field poles. Rotating field
single-phase generators were formerly built
with composite field winding in sizes up to and
including 100 kilowatts. Above this size
the single-phase generators were made sepa-
rately excited, as are all of the polyphase
generators.

Commutator—The commutators of com-
posite-wound generators should be kept smooth
by the occasional use of No. 00 sandpaper.
Lubricant should be applied to high-voltage
generator commutators with a cloth attached
to the end of a dry stick. If the commutator
gets “out of true” it should be turned down.
In the case of revolving armature generators
this can be done without removing the rotating
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Fig. 15 —Correct Position of Brushes on Commutator
With 10 Segments or Less

part from the bearings by the use of a special
slide rest and by running the engine slowly
or the commutator may he taken off the shaft
and turned down in a lathe. The commutator
may be dismounted by removing the plate at
the end of the shaft, releasing the alternating-
current connections and taking out the screws
in the section between the ring and the com-
mutator, on account of the high voltage be-
tween commutator bars the commutator should
be short-circuited in cases where the compen-
sating winding is not used.

Brushes of Composite-Wound Generators—
The copper brushes used to collect the direct-
current from the commutators of alternating-
current generators with a compensating wind-
ing are beveled and bent into proper shape
before being shipped, as indicated in Fig. 12,
which shows the correct setting of the brushes
on a commutator with ten segments. The
number of segments between the Dbrushes
depends upon the location of the brushholder
rods. The brushes are set one, three, or five
segments apart in different machines, and the
operation of the commutator will be the same
electrically as long as the brushes are an odd
number of segments apart, independently
of the number of poles.

The brush nearest the field in onc holder
should be given a lead of about one-half a
commutator segment over its companions,
while in the other holder the brush at the
greatest distance from the field should have
an equal lead over the other brushes of its
set. In the diagram, the leading brushes
touch the commutator at the middle segment,
while the trailing brushes are just over the
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insulation between the segments. The total
number of cxciting brushes used with a small
alternator is four, two to a holder. With
larger machines having a compensating field,
three brushes per holder are employed.

The brushes should bear upon the com-
mutator with light, but good contact, the
leading brush having slightly less pressure
than the trailing brushes. Too great a pressure
will lead to heating and cutting. It is well
to place one set of brushes a little further from
the bearing than the other, so that the ridges
likely to be formed by one set will be worn
away by the brushes of the other set.

It is advisable to set the trailing brushes
exactly in position while the generator is at
rest, and when once set they should not he
changed. Sparkless commutation can he ob-
tained only when the brushes are set in this
correct position. The leading brushes may
be changed relatively to the trailing brushes
while the machine is in operation.

The compounding of a generator may be
varied by shifting the brushholder rocker and
also, to a slight extent, by changing the spread
of the brushes in each holder. Increasing
the spread decreases the compounding, and
vice versa. When the rocker arm is
shifted to give the proper compounding, all
brushes may be made to run sparkless by
changing their speed. The practical limit
of this adjustment is reached when the brushes
span one commutator segment, in which case
the compound winding is short-circuited, or
when all the brushes of each arm are in line
in which case the compound winding will be
open circuited. If the generator is running
on a purely non-inductive load or on a load
with a constant power factor, the composite
brushes may be permanently set for a given
regulation. If, however, the load has a
variable power factor, it will be found neces-
sary to adjust the brushes cccasionally. The
higher the power factor, the less ccmpounding
will be necessary for a given regulation, and
vice versa. With a widely varying inductive
load, it is impossible to adjust the composite
brushes so as to obtain absolutely sparkless
operation.

Sparking on the commutator may be due
to any of the following causes:

(1) Brushes may not be set at point of
commutation. A position can always be
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found where there is no appreciable sparking,
and at this pcint the brushes should be secured.

(2)  Brushes may be loose or may not be
bearing sufficiently on the commutator.

(3) Brushes may be welded at the end.

(4) Brushes may be spread at the end.
They should present a narrow surface to the
ccmmutator.

(5) Commutator may be rough; if so, it
should be smoothed off,

(6) Commutator may be dirty or oily, or

copper dust may have collected on the insu-
lating segments.

(7)  Generator may be overloaded.

(8) Compensator circuit may have a loose
contact or an open circuit.

Never run a composite-wound alternator
with load unless all its brushes are in place,
as an unduly electromotive force will be
generated in the open circuited composite
winding, which may puncture the insulation.

STARTING SYNCHRONOUS MOTORS

Synchronous motors are usually started by
applying reduced voltage to the armature
winding. The field winding is short circuited
during the accelerating pericd and is excited
when the machine reaches its maximum speed
as an induction motor. Full voltage 1s then
applied to the terminals.

The exact procedure is as follows:

(1) See that the field switch is in the DPo-
sition to short-circuit the field winding. This
is the lower position on standard double-throw
field switches,

(2) Close the starting switch handle. This
applics reduced voltage, by means of auto
transformers, to the armature and should
cause the motor to start and accelerate nearly
to synchronous speed.

(3) When constant speed has been reached
hrow the field switch from the lower to the
upper position, thus applying the exciting
voltage to the field winding. The best value
of field current to apply can usually be found
by experiment.

(4) Change the starting switch from the
starting to the running position, thus applying
full voltage to the motor In some types
of starters separate starting and running
handles are provided. After the motor has



Westinghouse Alternating-Current Generators and Synchronous Motors

/ncorurg Lire
/

\
fuse\g\. . i A

) i:ﬂ 1

o @
— ¢

VEPOT.
Freld Switch %
— 01
— o
Freld L | Avio-
is. Res Starter
Switch
7o Aufo-
Starter S
Avfo Trans. Mgfor Gr
freld

iy

Note .- Conrnections are shown as viewed [ror
rear of swifchboard.
/f the exciter 1s connected fo the sarne shaft as
the synchroriovs rmofor, the freld aischarge switch
can be single 1hrow.

Woltage Transformer not supplied on circurts
of F40 Yolts or /Jess. e e

B 250 Volts - 1 Amp. Fuse
Fig. 16—Diagram of Connections of Self-Starting

Synchronous motors—See Fig. 13 for Later
and More Complete Diagram

pulled into step but befcre full voltage has been
applied, tke field current may be adjusted so
as to obtain the minimum disturbance during
the throw-over to full voltage. As a general
rule, the field current to be used is about that
corresponding to normal voltage at no load.

(5) Adjust the field current to the value
marked on the motor nameplate. If a motor
rheostat is not furnished the adjustment
should be made with the exciter field rheostat
In case a motor rhecstat is furnished and the
machine has an individual exciter, the motor
theostat should not be used until the exciter
voltage has been lowered to about 75 velts
50 as to avoid unnecessary rheostat loss,

It is extrcmely important to wait until the
motor has reached its maximum speed as an
induction motor before the field is excited.
If excitation is applied too soon the machine
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will usually fail to pull in to step. The ficld
ammeter gives a good indication of the speed
and should be watched by the operator. When
the machine approaches full speed the needle
oscillates slowly, its rate of oscillation decreas-
ing as the speed rises and falls to zero when the
motor teaches synchronous speed.

If it is found to be impossible to pull in to
step by following the above procedure, the
motor should be transferred to full voltage,
by closing the running switch, before the
field is excited. The field switch should then
be changed from the lower to the upper position
50 as to apply excitation to the field.

For certain applications using slow speed
motors, auto transformers are not furnished
and the motor is started by applying full line
voltage. The starter in this case has only
one position, but a push button is furnished
which short-circuits the overload relays during
starting. The push button is held down until
the machine has pulled in to step. This
arrangement allows the overload relays to be
set for slightly over full-load current and thus
give protection during normal operation.

In some cases, a resistance is submitted for
the short-circuiting bar on the lower side
of the field switch. During starting the
field is therefore closed through this resistance
instead of  being short-circuited. By this
means, a variation in the torque characteristic
is obtained. No change in the method of
starting is required.

Motors having individual exciters which
are either direct-connected or belted to the
motor and which start under fairly easy con-
ditions may be operated with the field per-
manently connected across the exciter arma-
ture. It is then unnecessary to manipulate
the field switch during the starting operation.
Under severe starting conditions, this method
does not give the best results and it is usually
necessary to follow the standard starting
procedure outlined above.

Motor Field Current and Power Factor—The
field current that is used determines the power
factcr at which the motor operates. The cur-
rent required to give the rated power factor
with full load output is stamped on the motor
nameplate as “‘Exciting Amps.” If the maxi-
mum leading Kv-a. is desired at all times the
field should be set for this value even though
the Joad is less than rated output.

Motors are built for either 1009 power
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factor or 809, leading power factor. Those
built for 1009, power factor furnish a small
amount of leading Kv-a. at reduced loads pro-
vided the exciting current is kept at the full
load value.

Motors rated at 809, power factor furnish
leading Kv-a. at all loads. In case there is no
necessity for supplying leading Kv-a. to the
line it is possible to reduce the exeiting current
and operate the motor at 1009, power factor.
This gives slightly lower losses although it
reduces the pull out torque of the motor.

Pull Out Torque of Motor—The pull out
torque of the motor, or its ability to hold in
step when overloaded, is dependent upon
the value of the line voltage and the field
excitation. Standard 1009, power factor
motors will pull out at about 1759, of rated
load while 809, power factor motors will
carry loads up to about 2239 rated load with-
out falling out of step. These figures are
based on the assumption that the line voltage
is maintained at its normal value and that full
load exciting current is used. By raising the
excitation to a higher value the motor can be
made to hold in step at greater overloads.
Higher exciting current will cause the tem-
perature rise to increase and should not be
maintained for long periods. It simply fur-
nishes a means of taking care of short peaks or
emergency conditions.

VENTILATION OF TURBINE TYPE
ALTERNATCRS

Westinghouse steam turbine alternators are
of the completely enclosed type, excepting
the sizes smaller than 300 kva., 3600 r.p.m.
These completely enclosed machines draw
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their cooling air from special ducts which lead
to the outside air, or from the basement in
special cases in which cool air can be obtained
therefrom, and discharge the air into a special
duct or into the engine room. In the smaller
sizes above referred to, a semi-enclosed con-
struction is used, air being drawn in at both
ends of the machine from the engine room, and
discharged again radially through ventilating
openings in the frame. In the enclosed ma-
chines suitable ducts, through which cool air
is supplied from outside the engine room, must
be provided by the purchaser. These ducts
must be of sufficient size to supply not less
than 3.2 cubic feet per minute per kva. rated
capacity of the generator, with a pressure
drop not exceeding .4 inch water gauge from
the outside air to the base of the generator.
This requires that the ducts be of sufficient
size and be free from sharp or right-angle
bends. Special precautions should be taken
that the warm air from the machine does not
escape into the intake passages.

The outline drawing furnished for each
turbo-unit usually indicates the minimum area
permissible for air ducts; but, in case of doubt,
an outline or sketch showing size and arrange-
ment of the proposed duct should be submitted
to the factory for suggestion.

The air is drawn through the ducts by means
of a fan, mounted on the end of the rotor,
which also forces the air through the lamina-
tions and armature winding.

It is advisable to remove the armature end
bells at intervals and give the machine a
thorough inspection and cleaning. Care should
be exercised that dust or oil is not allowed to
accumulate either on the armature winding or
in the armature vent ducts.
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Westinghouse Alternating-Current Generators and Synchronous Motors

SIOA 0027 wid3sig
Mmody | -3[BULg-—pIeoqUIIIMG  gr 2dA ] - 10jvIoUaT)

punop-ajisoduo]) sseyd-994y ] —suorosuuo)) jo wersei(—gg ‘514

SN Aty /- AD52=¢
PADOGUIYIMS [O
ADPOL LUOLL POMIIA SO prary sunye-
4D SUOIILLOT [1l ’
~PHON  prary sarias
Plald 341sodiuoy’
SUDAY gUILINY

J0LBINUILUOT A way

sbuly 404257109 Dle U2
VQ\S\GMW . -4

S9! Lli, Ovosns )
?I

;S [10 g 24K

' C1ede ﬁ.-o

Mo ao

D3y UAG
.m\ ?w Q
Suv.y

024y X7 | |SHY Siq IS
aboy/04]

A\
I @ ||| s

|
@S

:

YHIMG D131y
Sy 18de
UAG |

B
I

$SO7] 10 S3OA 0099
WSAG MOIY | -o[BUIG— PIROqIIIMG a3 odAy
‘rojelausn) ISBUYJ-931Y | —suond3uuo)) jo weaserq—zz ‘Big

osny dwyy- N 053 b

PADOGYIYMS  JOo 4POS

LUOLL POMBIA SO 4D SUOHIIUUOD [flY ~: 340N
Pretd finys

4
POl SIS e

PIots wsh

‘suoy

L—] \M\ [Fua.4in0 !

M%\.G

1848

O

b

.Wh\“x.\\n\n-.l\ . \h..\h;%*

T o e i
# 0 ¢ (oo 2x7 rm

2o ‘g-z.,m_m'%ﬁ O

#4008 | MG AT LTS

a0,
o803y ﬁ e UAD
LIy T T4

@ ” Rl g _

&

30



Westinghouse Alternating-Current Generators and Synchronous Motors
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Note:~ All connections are as viewed from rear of switchboard. #2250 Volt -/Amp. Fuse. # Lamyp. on rear of parrel.

Fig. 24—Diagram of Connections—Two Three-Phase Generators in Parallel
Type EB Switchboard, Single-Throw System, 6600 Volts or Less



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

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

ALBANY, N. Y,, Journal Bldg.

*ATLANTA, Ga., Westinghouse Elec. Bldg., 426 Marietta St.

BAKERSFIELD, CAL,, 2224 San Emedio St.

*BALTIMORE, MD., West Elec. Bldg., 121 E. Paltimore 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 & Seymour Streets

*BurraLo, N. Y., Ellicott Square Bldg., Ellicott Square

BURLINGTON, Towa, 315 North Third St.

*BunTE, MONT., Montana Elec. Co. Bldg., 52 East Broadway.

CANTON, OHI0, (Box 292-Mail and Telegrams)

CaspPeR, Wvo., 201 Cottman Bldg., 124 W. 2nd Ave.

CEDAR RaPIDS, Iowa, 1616 Fifth Ave., (Mail P. O. Box 1067)

CHARLESFON, W. VA., Kanawha National Bank Bldg.

*CHARLOTTE, N. C., 210 E. 6th St., Westinghouse Elec. Bldg.

CHATTANOOGA, TENN., Tenn. Elec. Power Co. Bldg.

*CHICAGO, ILL., Conway Bldg., 111 W. Washington Street.

*CINCINNATI, On10, West. Elec. Bldg., Third and Elm Sts.

*CLEVELAND, OHIO, Station “B" Westinghouse Electric Bldg.,
2209 Ashland Rd. S. E.

*COLUMBUS, O., Interurban Terminal Bldg., Third and Rich Sts.

*DaLLAs, TEX., Magnolia Bldg., Akard and Commerce Streets.

DAVENPORT, Ia., Central Office Building.

DavyToN, O., Realty Bldg., 132 N. Main Street.

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

Des MoiINEs, Iowa, Equitable Bldg.,, W. 6th & Locust Streets.

*DETROIT, MIcH., Westinghouse Elec. Bldg., 1535 Sixth St.

DuLutH, MINN,, Bradley Bldg., Lake Ave. & Superior St.

ELMIRA, N, Y., Hulett Bldg., 338-342 E. Water St.

*EL Paso, TEX., Mills Bldg., Oregon and Mills St.

ERiE, Pa., 1015 State Street.

EvansviLLg, InND., P, O. Box 492

FAIRMOUNT, W. VA, 613 Maryland Ave.

ForT WAYNE, IND., 1010 Packard Ave.

FresNo, CAL., Griffith-McKenzie Bldg., J and Mariposa Sts.

GRAND Rapips, MicH., 422 Kelsey Bldg., Pearl & Ottawa Sts.

HammonDp, IND., 1238 Jackson St.

HartFORD, CONN., 36 Pearl St.

*HoustoN, TEX., Union National Bank Bldg.,

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

*INDIANAPOLIS, IND., West. Elec. Bldg., 814 N. Senate Ave.
ISHPEMING, MICH., 507 N. 5th St.

Jackson, MIcH., 704 Peoples National Bank Bldg.
*JACKSONVILLE, FLA., Union Term. Bldg., E. Union & Ionia Sts.
JouNsTOWN, PA., 47 Messenger St.

JorLIN, Mo., P.O. Box 653.

*Kansas City, Mo., 2124 Wyandotte St., West. Elec. Bldg.
K~NoxvILLE, TENN., 413 Bankers Trust Bldg.

LittLE Rock, ARK., 2311 State Street.

LouisviLLE, Kv., Marion E. Taylor Bldg., 312 Fourth Ave.
*Los ANGELES, CAL., West Elec. Bldg., 420 S. San Pedro St.
MabpisoN, Wis., P. O. Box 222.

MarsHALL, TEX., 507 N. Boliver St.

MempHI1s, TENN., Exchange Bldg., 130 Madison Ave.

Miami, Fra., 406 N. E. 2nd Ave., 202 Coolidge Bldg.

MIDDLESBORO, Kv., (P.O. Box 518).

MILWAUKEE, Wis., First National Bank Bldg., 425 E. Water St.

*MI%NE&POI{:_IS, MINN., Northwestern Terminal, 2303 Kennedy

t. N. E.

NEwark, N. J., 38-40 Clinton St.

New Haven, Conn., Liberty Bldg., 152 Temple St.

*NEw ORLEANS, LA., Maison Blanche Bldg., 921 Canal St.

*NEW YORK, N. Y., 150 Broadway.

Niacara Farvrs, N, Y., Gluck Bldg., 205 Falls Street.

NorroLK, VA., Nat. Bank of Commerce Bldg., 300 Main St.

OxLanoMA Crty, OkvLa., Tradesman’s National Bank Bldg.

OMmaHA, NEB., 1102 Woodmen of World Bldg., 1319 Farnam St.

PEoRria, ILL., 417 Peoria Life Bldg., 214 Cooper St.

*PHILADELPHIA, PA., West. Elec. Bldg., 30th & Walnut Sts.

PHOENIX, ARiz., 412 Luhrs Bldg., 11 West Jefferson St.

PINE BLUFF, ARK., 1603 W.-17th Ave., P. O. Box 753.

*PI1TTSBURGH, PA., Commerce Bldg., 7th & Smithfield Sts.

PORTLAND, MAINE, 61 Woodford St.

PoORTLAND, ORE., Porter Bldg., Sixth and Oak Sts.

PouGHkEEPSIE, N. Y., Bardavon Bldg., 35 Market St.

ProvIDENCE, R. 1., 393 Harris Ave.

RALEIGH, N. C., 803 N. Person St.

PueBLo, CoL. 112 Central Block Bldg.

RicHMOND, VA., Va. Rwy., and Pr. Bldg., 7th & Franklin Sts.

RocHESTER, N. Y., Commerce Bldg., 119 E. Main Street.

Rockrorp, ILL., 1107 North Ave.

Saco, MaINg, R. F, D. No. 2.

*Sart Lake Crry, UtaH, Interurban Terminal Bldg.

SaN ANTONIO, TEXAS, 807 Frost National Bank Bldg.

San Dieco, CAL., 512 Electric Bldg.

*SAN FrANCISCO, CAL., First Nat. Bank Bldg., 1 Montgomery St.

*SEATTLE, WasH., West. Elec. Bldg., 3451 E. Marginal Way.

SHREVEPORT, LaA., 402 City Bank Bldg.

Sioux Crty, Iowa, 503 Davidson Bldg.

SourH BEND, IND., 212 Sherland Bldg.

SPOKANE, WasH., 1322 Old National Bank Bldg.

SPRINGFIELD, ILL., Public Service Bldg., 130 S. Sixth St.

SPRINGFIELD, MaAss., 395 Liberty St.

*S1. Louts, Mo., Westinghouse Elec. Bldg., 717 So. Twelfth St.

Syracusg, N. Y., University Bldg., S. Warren & E. Wash. Sts.

Tacoma, WasH,, W. R. Rust Bldg., S. 11th & Commerce Sts.

Tampa, FrA., 1221 Florida Ave.

TeERRE HAUTE, IND., 302 Terre Haute Trust Bldg.

ToLEDO, (., Ohio Bldg., Madison Avenue and Superior Street.

Tursa, OkLaHoMA, Mid. Continent Bldg., 5th & Boston Ave.

*Utica, N. Y., 408 Pine St.

WasninGToN, D. C., Hibbs Bldg., 723 Fifteenth St., N, W,

WarErTOWN, N. Y., 254 Woolworth Bldg., Public Square.

WILKES-BARRE, PA., Miner’s Bank Bldg.

‘WORCESTER, Mass., Park Bldg., 507 Main Street.

YoungsTowN, (., Home Savings and Loan Bldg.

HunT-Mirk & CoMpPANY, San Francisco, Cal., 141 Second St.,
Marine Dept., Special Pacific Coast Representative.

The Hawairan EvLectric Co., Ltd., Honolulu, T. H.—Agent
*Warehouse located in this city.

WESTINGHOUSE AGENT-JOBBERS

ABILENE, KAnsaAs, Union Electric Co.
ALBANY, N.Y., H.C. Roberts Electric Supply Co.
ATLANTA, GA., Gilham-Schoen Electric Co.
BarriMorg, Mb., H.C. Roberts Electric Sup. Co.
BIRMINGHAM, ALA., Moore-Handley H’dw’e Co.
BLUEFIELD, WEST VA., Superior Supply Co.
BosToN, Mass.,, Wetmore-Savage Electric Sup-
ly Co.
BI})F:‘IALO, N. Y., McCarthy Bros. & Ford.
BUTTE, MONTANA, The Montana Electric Co.
Cuicaco, ILL., Illinois Electric Co.
CHARLOTTE, N. C., Carolina States Electric Co.
CLEVELAND, OH10, The Erner Electric Co.
CoLUMBIA, S.C., Mann Electric Supply Co., Inc.
DENVER, CoLo., The Mine & Smelter Supply Co.
DEetro1T, MIcH., Commercial Electric Sup. Co.
DuLutH, MINN., Duluth Electrical Supplies Co.
EL Paso, TExas, The Mine & Smelter Supply Co.
ERIE, Pa., Star Electrical Co.

EvaNsvVILLE, IND., The Varney Elect’] Sup. Co.
HoustoN, Texas, Tel-Electric Co.
HuntiNGTON, W. VA, Banks-Miller Supply Co.
InDIANAPOLIS, IND., The Varney Electrical Sup-
ply Co.
JacksonviLLE, PLA., Pierce Electric Co.
Kansas City, Mo., Columbian Electrical Co.
Los ANGELES, CAL., Illinois Electric Co.
LouisviLLE, Ky., Tafel Electric Co.
MEewmpHIs, TENN., The Riechman-Crosby Co.
MiILWAUKEE, WIs., Julius Andrae & Sons Co.
MINNEAPOLIS, MINN., R. M. Laird Electric Co.
NeEw HaveN, ConN., The Hessel & Hoppen Co.
NEw ORLEANS, La., Electrical Supply Co.
New York, N. Y., Alpha Electric Co.
OMAHA, NEB., The McGraw Co.
PuILADELPHIA, PA., H.C. Roberts Elec. Sup. Co.
PrrrsBurcH, Pa., Robbins Electric Co.
PORTLAND, ORE., Fobes Supply Co.

Ri1cHMOND, Va., Tower-Binford Elec. & Mfg. Co.

RocHESTER, N.Y., Rochester Electrical Sup. Co.

St1. Louts, Mo., The McGraw Company

St. PAaUuL, MInN., St. Paul Electric Co.

Syracusg, N.Y,, H.C. Roberts Electric Sup. Co.

SaLT LAKE City, UtaH, Inter-Mountain Elec-
tric Co.

SAN FraNcisco, CaL., Fobes Supply Co.

SCRANTON, Pa., Penn Electrical Engineering Co.

SEATTLE, WasH., Fobes Supply Co.

Sioux City, Towa, The McGraw Co.

SPOKANE, WasH., The Washington Electric Sup-
ply Co.

SPRINGFIELD, Mass , Wetmore-Savage Electric
Supply Co

Tampa, FraA., Pierce Electric Co.

Wasninoron, D.C., H.C. Roberts Elec. Sup. Co.

WORCESTER, MAss., Wetmore Savage Electric
Supply Co.

WESTINGHOUSE SERVICE AND REPAIR SHOPS

ATLANTA, GA. ... . 426 Marietta Street Kansas Crty, Moo ..ol 2124 Wyandotte St.
BALTIMORE, MD.. .501 East Preston Street Los ANGELES, CAL................... 420 S. San Pedro Street
BostoN, MASS.. ............ ... ... 12 Farnsworth Street MINNEAPOLIS, MINN............... 2303 Kennedy St., N. E.
BRrIDGEPORT, CONN .Bruce Ave. and Seymour Street NEWYoORK, N.Y..............o.ooi. 467 Tenth Avenue
BurFraro, N. Y....... ... oLt 141-157 Milton Street PHILADELPHIA, PA................. 30th and Walnut Streets
CHARLOTTE, N. C........... ... ... ... 210 E. 6th Street PITTSBURGH, PA................... 6905 Susquehanna Street
Cuicaco, ILL.......... .. .. ... .. 2201 W. Pershing Road PrROVIDENCE, R. I......................... 393 Harris Ave.
CINCINNATI, OHIO. .. ................ Third and Elm Streets SALT LAKE City, UTAH. .. ....... 573 W. Second South Street
CLEVELAND, OHIO. ................ 2209 Ashland Rd., S. E. SaN Francisco, CAL.. ....... 1466 Powell St., Emeryville, Cal.
DENVER, COLO................... 1909-11-13-15 Blake Street SEATTLE, WASH.. . ............... .. 3451 East Marginal Way
DETROIT, MICH.. .. ..o 1535 Sixth Street SPRINGFIELD, MASS....................... 395 Liberty St.
HUNTINGTON, W. VA................ 9th Street & Second Ave. ST.Louts, Mo..................... 717 South Twelfth Street
INDIANAPOLIS, IND.. . ...... ... ..., 814-820 N. Senate Ave. Utica, No Yoo 408 Pine Street
JounstownN, Pa............o ool 47 Messenger Street
WESTINGHOUSE MARINE SERVICE PORT ENGINEERS

NEW ORLEANS. ............. ... 1028 South Rampart Street SAN Francisco (Emeryville)................ 1466 Powell St.
NEWYORK............oiiiiiiiiiiiiin, 467 Tenth Ave. SEATTLE..... ..o venniininn... 3451 E. Marginal Way
PHILADELPHIA. .. .............c.c.ouuunn. 30th & Walnut St.

CANADIAN COMPANY

CANADIAN WESTINGHOUSE COMPANY, L1D., Hamilton, Ontario

WESTINGHOUSE ELECTRIC INTERNATIONAL COMPANY

Westinghouse Press

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



