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PREFACE

This instruction book is intend e as a guide
during the installation and ope% of the machine

so that maximum useful life will be obtained. Every

.
o
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machine should be kept clea should be inspected
at regular intervals. | manner, most difficulties
will be found and corr before they become seri-
ous enough to cause t-down.
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VVéstinghouse

Large Synchronous and Induction‘Motors

Part 1

GENERAL INFORMATION

Shipment and Handling

Before shipment, all motors are assembled,
inspected and tested to eliminate electrical and
mechanical defects. If the crate or wrapping
appears damaged, the motor should be un-
packed at once, in the presence of a claim ad-
juster, and all apparent injuries and breakage
reported to the Transportation Company.
When writing to Westinghouse Electric Cor-
poration concerning the machine, always give
the serial number which appears on the namé-
plate or on the end of the shaft.

All lifting should be done by meansfof ‘eye-
bolts or lifting bars when provided. Never lift
or support the stator by the core, panchings or
coils. When lifting completely assembled
machines which are mounted ong@ybedplate,
slings should be attached in the openingsrwhich
are provided. Arrange the slings so that the
weight is distributed uniformly and use care
to avoid distortion of the bedplate. 4The weight
of the motor should be supported by the frame
feet when it is not being 9ifted.

If the machine has ‘been exposed to a low
temperature, the covering® of the winding
should not be removed until the temperature of
the machine is nearly®as high as that of the
room in which itlisfofe unpacked. Otherwise,
“sweating” ‘may ‘result.

Storage

Machines, which cannot be installed as soon
as received, should be stored in a room which
is clean and dry. Refer to the section entitled
“Machines, Out of Service” for the method of
protection during this period.

Location

It is important that the location of the
machine meet the requirements of the National

Board of FiretUnderwriters and all local regu-
lations. Theafollowing additional considerations
should alsg govern the location.

a) ‘UInstalluthe machine so that it is well
ventilated and easily accessible for
cleaning, inspection and assembly.

b) “®Avoid exposure to mill and coal dust, or
any other injurious substances.

¢) Protect the machine from moisture, acid
or alkali fumes.

The motor room must be well ventilated so
that the hot air can escape and will not be re-
circulated through the machine. Unless the
room is large and well ventilated, natural ven-
tilation will not be sufficient. If the machine
is designed to take air from the pit, suitable
ducts must be provided in the foundation. The
outline drawing shows the approximate size of
the pit.

Foundation and Erection

The foundation should consist. preferably of
solid concrete walls or piers, which should be
carried down far enough to rest on a solid sub
base. If it is necessary to support the machine
on steel work instead of concrete, the beams
or girders should be adequately braced and sup-
ported by columns. A rigid foundation is es-
sential so that vibration and misalignment dur-
ing operation will be reduced to a minimum,
Pedestal type motors depend on the foundation
to help maintain accurate alignment of the
shaft and air gap.

The outline drawing, which is furnished with
each machine, gives all dimensions necessary
for the location and mounting. A template
made to the dimensions on the outline drawing
will simplify the work of locating the founda-
tion bolts. It is best to provide for some varia-
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tion in the location of the foundation bolts.
This can easily be done by locating the bolts in
steel pipe embedded in the foundation, as shown
in Fig. 1 and 2.

The top of the concrete foundation should
be roughened, cleaned and washed before the
bedplate is placed upon it. A roughened sur-
face permits a good bond between the founda-
tion and the grout.

The machine, completely assembled, should
be adjusted on the foundation by means of
steel plates and shims beneath the bedplate so
that the bedplate is substantially level, thie
stator air gap is correct and the coupling align-
ment is satisfactory. These checks should be
made with the foundation bolts pulled tight.
The bedplate should then be grouted fe, the
foundation.

A wooden form is the best method_of retain-
ing the grout inside and outside thle bedplate.
The grout is mixed in the proportion ‘of one part
clean sand to one part Portlandgcement. Add
water until the mixture is, thin,enough to be
tamped thoroughly under the'basey Fabricated
bedplates are preferably groeutedyto the bottom

of the plate as shown in Fig. 3. Rails are
grouted to within a half inch of the top.

The entire operation of mixing and pouring
the grout should be completed without inter-
ruption and as rapidly as possible.

Coupling Alignment
The motor should be accurdtely“aligned with

its connected mechanical load “se, that shaft
stresses, vibration and couplifig wear will be

reduced to a minimum. Rigid eouplings should
be checked for alignment4and(truth by loosen-
ing the bolts and measuring with thickness
gauges between the coupling faces with the
shafts setting at four angular positions, equal-
ly spaced. The alignment®should be sufficient-
ly accurate to give noymore than .002 inches

variation between /the faces, per 12 inches of
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Large Synchronous and Induction Motors

face diameter. Care should be observed in
checking the alignment to insure that the pilot
fit in the coupling is not so tight that it affects
the alignment measurements. ’

Flexible couplings should not be forced to
accommodate excessive misalignments. This
will produce undue wear and can cause vibra-
tion. Flexible type couplings should be aligned
by checking between the coupling hub faces
with feeler gauges and with dial indicators from
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one hub cylindrical surface to the other. This
will eliminate both offset and angular misalign-
ment.

Mount the indicator on one shaft and read
radial as well as axial variations between the
coupling halves as they are revelved slowly to-
gether. Where the two  half eoéuplings float
axially with respect to each, others it is neces-
sary to use two indicators mounted 180° apart
and obtain the differencg in thetwo axial read-
ings in order to check the@ngular alignment.

Fig. 6—Tyre CS SQuUIRREL CAGE WRIPPROOF
InpucTiON MOTOR
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Part II

ASSEMBLY OF ENGINE TYPE MACHINES

Caution _

The bore of the spider and the diameter of
the shaft must be carefully checked against
each other to make certain that the proper al-
lowance has been made for the press or shrink
fit. The dimensions of the keys should also be
checked against the dimensions of the keyways.
Before fitting any type of spider to the shaft,
remove all slushing compound with kerosene
or other solvent.

Split Rotors

The halves of the spider are fastened to-
gether by means of bolts at the hub, while
shrink links are sometimes used at the rim.
The two halves are placed in position and bolted
together. If the spider is of large size and it
is possible to do so, the bolts may be removed,
one at a time, and heated to approximately
100° C. This will facilitate tightening the nuts.

Dowels are provided to correctly aligngthe
halves of the spider, and this alignment 4nust
always be carefully checked before the, bolts
are tightened.

Where shrink links are provided, thé spider
is also bolted together at the hub. Theé hub

Fic. 7—Tyre HR SyNcsroNous MoTor
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bolts must be tightened before the links are
inserted. Before insertion, the shrink links are
heated to not more than 356°C. At this tem-
perature, the expansion will be such that the
links may easily be slipped into place. The
links are not interchangeable, and each is num-
bered to correspond with the slot in which it
fits.

When it is necessary to remove the shrink
links, the following procedure should be fol-
lowed: Remove the poles adjacent to the split.
Insert asbestos paper in the slot at each side
of the link, and also lay strips on the spider to
protect the spider from the heat which is ap-
plied to the links. Apply heat by means of a
torch until the link is loose enough to be pried
out. There is a tapped hole in each end of the
link so that eye-bolts may be inserted to facili-
tate removal.

Solid Rotors
The usual method of assembling solid rotors
on the shaft is to expand the spider by means
of heat. The method of applying heat depends
on the facilities which are at hand.

W
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If the poles and field coils are mounted on
the spider, the heat must be applied only to
the spider to protect the rotor insulation. If
these parts are not in place, the entire spider
should be heated uniformly. A temporary
housing which encloses the spider will facili-
tate the heating. Experience has shown that
the proper degree of expansion will be obtained
by heating the spider to a total temperature of
150°C. Do not exceed this temperature be-
cause of the possibility of permanent distor-
tion.

After the rotor has been located on the
shaft, the whole assembly should be permitted
to cool uniformly to avoid any serious contrac-
tion stresses.

Flywheel Rings
With the application of synchronous motors
to various types of compressors, flywheel rings
are sometimes used to provide additional fly-
wheel effect. The rings are provided with
barring holes and they are bolted to the side
of the spider rim.

With the aid of a crane or other suitable
means, the flywheel ring is slipped over (the
shaft and held against the spider rim until the
bolts are inserted and tightened.

Adjusting the Air Gap
After the rotor has been placed in the,stator,
the air gap should be adjusted./ Line up the
stator core with the rotor poles’t0 avoid end

thrust. The mechanical center is n6t neces-
sarily the magnetic center, and end thrust/can
be eliminated by adjusting the stator “axially
before doweling. The gap is then equalized at
the vertical center-line by placing shims under
the frame feet, and at the_horizontal center-
line by moving the stator fongthe rail or bed-
plate.

Measure the air gapgin, athileast four equally
spaced points about the/circumference of the
rotor by means of feeler gauges long enough to
obtain an average reading to the center of the
core as measuredifrom ‘each end. If the core
is more than 30ninches long, the feeler gauges
should be long enemgh to extend at least 15
inches into_the%ore on each end. The air gap
should befadjusted until diametrically opposite
measirements)are within 10% of each other.
If theyaix gap is not uniform, the unbalanced
magnetic pull may overload the bearings.

Doweling the Stator
Where the motor is furnished with a bed-
plate, the stator is doweled at the factory. Mo-
tors which are to be mounted on rails or on the
customer’s bedplate, are doweled when in-
stalled. The dowel holes should be drilled and
reamed and the dowel bolts inserted only after
the stator has been carefully aligned and ad-
justed axially to eliminate end thrust. The
dowel bolts maintain correct alignment of the
various parts and are a great help in realign-

ing the motor in case of repairs.

Fi16. 9—Tvyre HG SyNcHRONOUS MOTOR
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Part 11l

BELTED MOTORS AND EXCITERS

Slide Rails

Belted motors are usually furnished with
slide rails to permit movement to obtain proper
belt tension. The rails must be accurately
leveled and securely bolted to the foundation.
The rails should be located so that the shaft of
the motor is parallel with that of the machine
which it drives.

Distance Between Pulleys
The minimum distance between pulleys

should be approximately 214 times the diam-
eter of the larger pulley. If the distance s
smaller, an idler pulley may be requifed for flat
belt drives.

Belt Tension

The belt tension should just be tight enough
to avoid slipping, and must, not be excessive,
otherwise the bearings may be damaged from
overheating. Avoid vertieal belt drives except
where the belt pull withyrespect to the motor
is downward.

Part IV

EXCITATION

Source of Excitation
Excitation for synchronous motors can be
secured from any constant d-c voltage supply
such as a bus, motor-generator set, belted or
direct-connected exciter.

Voltage Adjustment

The necessary voltage adjustment is secured
by using a rheostat in the motor field for bus
excitation or an exciter field rheostat when an
individual exciter is used. This arrangement
gives the most economical operation since the
rheostats can be adjusted to give minimum
"~ rheostat loss.

Shunt and Compound Exciters
Shunt wound type exciters have thie desired

operating ®eharacteristics for individual ex-
citers. Thetmo 16ad voltage of such exciters is
high asjeompared with the load voltage, and
therefore assures a positive action of the con-
trol during starting plus the correct excitation
without rheostat adjustment. A quick building
up’ of the exciter voltage is secured since a
stronger shunt field is available than if a com-
pound winding were used.

For individual exciters the best operation can
therefore be secured by using shunt wound ex-
citers and, unless otherwise specified, exciters
should be so connected. Motor-generator sets
furnished from stock, and used for exciters, are
standard as compound wound, but for exciter
service the series field should not be connected.

PART V

STARTING AND OPERATION

Connections

Connect the motor by referring to the dia-
gram which is furnished with the control ap-
paratus. Standard motors, a¥é connected as
follows:

a) Three-phase, “three-wire power supply.
Connect the three line leads to the three motor
terminals. To reverse the direction of rotation,
interchange anyatwo leads.

b) Two-phase, Wfour-wire power supply.
Connect the leads from one phase to motor
terminals marked T-1 and T-3, and the leads
from the other” phase to motor terminals
marked T=2 and T-4. To reverse the direction
of rotatiom,interchange the leads of one phase.

c)wTwo-phase, three-wire power supply.
Connect the two outside leads to motor termi-
nals,T-1 and T-2 and the common lead to T-3

and T-4 joined together, or to T-3 if the mo-
tor is internally connected for 3-wire opera-
tion. To reverse the direction of rotation, in-
terchange the two outside leads.

When the machine has more than the stand-

ard number of leads, refer to the connection
name plate or to the outline drawing.

All wiring must be installed in accordance
with the National Board of Fire Underwriters
and the local requirements.

Grounding :

It is recommended that the frame of the
motor be grounded as protection to the oper-
ator in case of a breakdown of the stator wind-
ing.

Rotation

All motors having straight radial blowers

are suitable for either direction of rotation.

s




Large Synchronous and Induction Motors

Two-pole motors always have inclined blade or
propeller type blowers and are suitable only for
one direction of rotation. A rotation plate
shows direction of rotation.

Starting—All Motors

Before starting the motor for the first time,
the following instructions should be carefully
observed:

1. Carefully remove all the slushing com-
pound from the collector rings with kerosene
or other solvent.

2. Be sure that the voltage and frequency
on the nameplate correspond with that of the
power line. -

3. Check all connections to make certain
that they have been properly made.

4. Fill the bearings with a good grade of
oil to the height indicated on the gauge. (Re-
fer to the section entitled “Bearings’” for the
proper grade of oil.)

5. Inspect all electrical clearances. Be sure
that brush shunts do not touch each other.

6. Carefully examine the interior of the
motor, coil ends, air gap, slip rings, spider, and
the spacer between poles for loose objects such
as-bolts, nuts, and tools.

7. Be sure that all moving parts havepsuf-
ficient clearance with respect to thefnearest
stationary part.

8. If possible, turn the rotor by handto see
that it rotates freely.

9. As soon as the machine hasgStarted; ob-
serve the oil rings to see that they/are turn-
ing and are feeding oil to the bearings:

Starting--Synchronous, Motors
The following additional gequirements should
be observed when starting synchronous mo-
tors:

1. See that the damper segments at engine
type machines assembled in the field ‘axe_con-
nected at the split and the nuts are tightened.

2. Be sure that the field switch is in the
position to short the field through the resist-
ance provided for that purpese, and that the
circuit is closed.

3. After starting and®when,_constant speed
has been reached, the field%switch is thrown,
applying the exciting voltage to the field wind-
ing.

4. Adjust the field current to the value
marked on the metor mame plate, which will
give rated powen,facter at rated load.

Fic. 10—Re10R oF Tyre CS SQUIRREL
Cace InstctiON MOTOR

Starting—Induction Motors
1. Be sure that the correct value of resist-
ance is connected in the secondary circuit.
2. Never apply a wound rotor motor to
plugging service unless it was designed for that
service.

Part VI

COLLECTOR RINGS AND BRUSHES

Brushes'and Brush Rigging

The bruish holders should clear the collector
rings by approximately one-eighth inch. Brush
shunts must not be permitted to touch each
other or anyypart of the brush rigging.

Replacement brushes are ground in by draw-
ing fine sandpaper under each brush in the di-
rection of rotation, while pressing the brush
against the ring, until the contour of the brush
15"the same as that of the ring.

The spring tension should be adjusted to give
a brush pressure of 214 pounds per square inch
for carbon, and 314 pounds per square inch for

Fic. 11—ReTOR oF TyrE CW Weux» RoTor INDUCTION
Mo7roRr
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metallized brushes. The pressure should be
equal on all brushes so that the current will di-
vide evenly.

The brushes must move freely in the holder.
If there is a tendency to stick, rub the side of
the brush with fine sandpaper. The correct
grade of brush is supplied with the motor, and
for best results, this grade should always be
used.

Collectors—Low Speed

All motors having split spiders are also pro-
vided with split collector rings. The bolts at
the split must be removed when assembling
the spider. Dowels are provided so that the
halves of the collector rings can be accurately
bolted together. If the halves do not fit to-
gether exactly, they should be lined up by tap-
ping with a rawhide mallet or wooden block.

All collector rings are turned concentric with
the bore of the hub. If care is taken in as-
sembling the spider on the shaft, the rings will
run true. An eccentricity of 1/64 inch is per-
missible on low-speed machines which- run at
450 RPM and below. If the eccentricity is great-
er than this, the nuts on the collector studs
should be slightly loosened and the rings tapped
lightly into position. A dial gauge will be found
convenient for measuring the eccentricity.

Collectors—High Speed

High speed collector rings which operate
above 450 RPM must run true at all times,
otherwise they must be ground or turned.te re=
store a smooth and true condition. Hand grind-
ing or turning is not advised because the eccen-
tricity may actually be increased™ by, “this
method.

General Information

It is important that the colléetor and brush
rigging be kept clean at all fimes. B If dirt and
dust are permitted to accumulate, a flashover is

likely to result. Most collector ring troubles are
due to lack of proper care and maintenance}
Any black spots that appear on the surfaece
of the collector rings should be removed by
lightly rubbing with fine sandpaper. These
spots are not serious in themselves, but they
will lead to pitting of the rings unless removed.
If the condition is corrected as soonm™as it is
found, no harm will be done to%the rings.

Sometimes an imprint of thegbrushes will be
found on the surface of the colleetor, rings. This
usually occurs on a machine which' is subjected
to moisture or acid fumes which act on the sur-
face of the rings. Whén,the machine is shut
down, the fumes willsaet upon the surface of
the ring except where it 1s)in contact with the
brushes. The differenee in surface caused by
this condition miay/ eause a slight burning as
the ring rotates.

Brush imprint, on the rings may also be
caused Byma. slight unbalance in the rotor which
may causeja jerk or movement in the ring once
every revolution. The brush jumps slightly
with & smallyarc which, in time, burns an im-
print“of the brush on the ring. Elliptic or egg-
shaped rings may also cause this condition.

Brush imprints due to moisture or fumes
will“eccur at any point where the motor hap-
pens to stop. Imprints due to unbalance will
always occur at the same place on the ring.

Since there is always an electrolytic action
on the surface of a ring, the collector operation
of a synchronous motor is improved by re-
versing the polarity of the rings at intervals
of two weeks.

The brushes and rings of wound rotor induc-
tion motors may be burned if an attempt is
made to start a heavy load with too little re-
sistance in the secondary circuit.

Part VII

ELECTRICAL MAINTENANCE

Machines Qut of Service

Machines whichdwill be shut down for an ex-
tended period require special care. The room
in which the machine is located should be kept
dry and, warm £o prevent condensation of mois-
ture on the windings. Brushes should be lifted
and thescollector rings should be coated with
paraffiny or rust-resisting compound. This
coating ‘must be carefully removed and the
brushes lowered before the motor is started.

10

Bearing surfaces should be inspected fre-
quently and the surfaces must be kept coated
with heavy oil to avoid rusting.

Before a machine is started after an extend-
ed period of idleness, it must be given a thor-
ough inspection and cleaning, Remove all
grease from the collector rings and polish, if
necessary. Measure the insulation resistance
to determine whether or not drying out is re-
quired.

J)
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Cleaning Insulation

Electrical machinery should be kept free
from accumulation of dirt so that the ventilat-
ing ducts will not be clogged and so that con-
ducting paths will .ot be formed between live
parts.

Compressed air is very effective in remov-
ing dirt which does not adhere too tightly. The
air must be free from moisture and the pres-
sure should not exceed 50 lbs. per square inch,
to avoid damage to the outer covering of the
insulation.

When the dirt contains grease or oil, a sol-
vent will usually be required to remove it. The
cleaning is done by sponging with rags which
have been wet in the solution. The solvent
should be applied sparingly, and the insulation
must be thoroughly dried afterward to remove
The solvents generally used are benzine or car-
Thke solvents generally used are benzine or car-
bon-tetrachloride, or a mixture of the two.
These compounds must be used with care be-
cause of their inflammable, explosive or toxic
nature.

Warm water may sometimes be used effec-
tively, but the washing must be rapid, and the
apparatus must be thoroughly dried in an gven
or with a jet of hot air to prevent thieywater
soaking into the windings.

Cleaning by wiping with a dry clethiis of-
ten satisfactory and is recomended wherever
it can be used. Waste should not_be“used, be-
cause the lint may adhere to thé winding, col-
lecting dust, moisture, and oil. ®If the insula-
tion shows signs of dryneSs, itwshould be
cleaned and varnished, preferably under the di-
rection of a Westinghousé§Serviée representa-

tive.
Drying Out
If the motor hasgbeenisitbjected to extreme
dampness, drying (out will be necessary. The

&-

simplest method is by the application of “ex-
ternal heat, preferably with electric‘heaters or
with hot air blown over the windings® The
temperature of the insulated parts should be
maintained, 15 to 25°C. higher than the am-
bient temperature of the air, but not less than
40°C. or more than 80°C# total temperature.
The process should notybe ‘hairried and must be
continued until the insulation®fesistance reach-
es a satisfactory value€!

Insulation| Resistance

Insulation resistance measurements are
made to determine®he condition of the wind-
ing, and are especially useful when drying out
a winding.. The resistance may be measured
either by a/megger or by using a 500-volt di-
rectéeurrent circuit and a 500 volt direct-cur-
rentWwoltmeter., The insulation resistance is
calculated'by the following formula:

R

V =Line Voltage
V’=Voltage reading with
series with voltmeter.

R=Resistance of Voltmeter in ohms.

R’=-Resistance of Insulation in megohms.

A convenient connection diagram is shown in
Fig. 12.

The insulation resistance of a machine at the
operating temperature should not be less than
that given in the following formula:

insulation in

Terminal Voltage
Rating in Kv-a N
<___W1_66_.. w.>+1000

Additional information will be found in the
Westinghouse Handbook “Maintenance Hints”.

R (Megohms)=

L 500 to 600 Volt D-C Circuit

Voltmeter

Orery

CV This switch Closed For reading line voltage

To resistance to be measured

Y ¥

I

Fic. 12— PiagraM oF CONNECTIONS FOR MEASURING INSULATION RESISTANCE
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Part VIII

HORIZONTAL BEARINGS

e e e e e e

Fic. 13—Tyre CS SqQuirreL CaGE INDUCTION MOTeR. 3600 Ry,

Sleeve Bearings (1800 rpm. and below)

Sleeve bearings which operate at 1800 rpm.
and below are normally self-cooled and ring-
lubricated.

Before starting the motor, fill the bearing
reservoir with the proper grade of high-quality
lubricant, to the level marked on the oil gauge
or to within 14 inch of the top of the cup, if ng
oil gauge is provided. Engine oil having a vis-
cosity of 180 to 220 SSU at 100°F. is recom-
mended for these lower speed bearings.

The bearings should be inspected at regutar
intervals to check the amount and condition“ef
the oil in the reservoir as well as#he operation
of the oil rings. At intervals offyfrom" six
months to one year, depending upon operating
conditions, the bearing reservoirsyshould be
drained, flushed out and refilled?

Certain pole and punchingfcombinations have
a tendency to produce circulating currents be-
tween the shaft and the"Bearing. When this
condition exists, the frontfbearing is insulated
to prevent the flow of,current. This insulation
must not be sho#t-circuited. If oil pipe or elec-
trical connections are made to the bearings, in-
sulated joints must befinserted in the pipe or
conduit.

Sleeve Bearings (3600 rpm.)

Motorsg which "operate at 3600 rpm. have
flood-lubricated bearings. There are three
types of\librication systems for supplying oil to
the bearings. One method consists of a positive
feed ‘0il pump, mounted at the front end of the
motox, )and driven from the end of the shaft.

12

Oil is drawnyfrom’a tank or reservoir mounted
on the side of%he frame and pumped through
pipes which%ennect to the bearings. A second
method“is similar except that the oil pump is
drivendby @ separate motor. The third method
is to supply oil from a central system.

ToUsupplement the flood system of lubrica-
tion, the bearings are sometimes provided with
oil rings. These rings supply oil during the
period required for the pump to fill the bear-
ing supply pipes.

When the oil rings are used, the motor brack-
et is shaped to form a reservoir which supplies
oil to the rings. The reservoir is kept full by
the flood system. However, for the initial
start, this reservoir must be filled by pouring
in oil through the oil ring sight holes, thus in-
suring that the bearings will be lubricated as
soon as the shaft begins to revolve. It is not
necessary to repeat this operation until the
housing has been drained for cleaning.

Use only the best grade of turbine oil hav-
ing a viscosity of 140 to 160 SSU at 100°F. for
the bearings of these 3600 rpm. motors. Each
bearing requires V% to 34 gallon of oil per min-
ute. The rate of flow must never exceed 3/, gallon
per minute. For oil systems integral with the
motor, the rate of oil flow is set at the factory
and further adjustment is not required. When
either of the other two systems is used, the
rate of flow must be adjusted by means of a
valve or orifice before permanently connecting
the bearing supply pipes.

For the integral system, with the pump
driven from the main shaft, the tank is located
on the side of the frame at such height that

e
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the pump is automatically primed when the
tank is filled to the level shown in the gauge.
Always maintain the oil level between the
marks on the gauge. A lower level may pre-
vent the priming of the pump, and a higher
level may prevent free drainage from the bear-
ings.

For the system which has a separately driv-
en pump and separately mounted tank, locate
the tank as specified on the outline drawing.
It is recommended that the starter of the pump
motor be interlocked with the main motor start-
er so that the main motor cannot be started
unless the oil pump is in operation.

The radiating surface of the tank and con-
necting pipes is usually sufficient to keep the
oil and bearings cool enough for satisfactory

oeration. However, an oil cooler may be re-
quired under certain conditions of operation.

Anti-Friction Bearings

Ball and roller bearings are frequently¥ used
with large industrial motors. These bearings
are used where the motor must be able to with-
stand end thrust or when their use has been
requested by the customer.,

The anti-friction beatingswin large horizontal
motors are usually grease-libricated. They
are packed with greas¢®whenbassembled at the
factory and require lonly the addition of ap-
proximately one oumce (2 cu. in.) of grease
every three months. At intervals of approxi-
mately two years,%depending upon the applica-
tion, the bearingishould be cleaned thoroughly
and then repacked with grease. When repack-
ing, the bearing, and seal cavities beside it
should be filledy, approximately two-thirds full

of afgeod (quality sodium base grease of the
channeling type.

Part 1X

VERTICAL MOTORS

Vertical construction is frequently used for
both synchronous and induction/metexrs. The
most common application is that of driving a
centrifugal pump. Vertical motors may be de-
scribed as open, drip-proef, weather-proof, or
splashproof. The shaft is either solid or hol-
low, depending upon, thérequirements of the
pump. Both cast andifabriecated construction
are used. Large moters arepusually fabricated.

The thrust bearing of a vertical motor is re-
quired to supportstheweight of the pump run-
ner, connecting(shafthiand pump thrust in addi-
tion to the weight. of the rotating parts of the
motor. 4The thrust bearing may be either
Kingsbary 0r anti-friction type.

Kingsbury Thrust Bearing

The Kingsbury bearing consists of a runner,
keyed or bolted to the upper end of the motor
shaft, and a set of segmental babbitted shoes
which support the runner by means of oil film
between the lower polished surface of the run-
ner and the upper babbitted surfaces of the
shoes. The bearing assembly is adjusted so
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that the segmental shoes divide the load equal-
ly.

The bearing used in Westinghouse motors is
not a self-aligning type. Each shoe is supported
by an individually adjusted jack screw, and if
the bearing is dismantled for any reason except
failure, the adjustment of the jack screws
should not be disturbed. When new shoes are
installed or it is thought that the adjustment is
faulty, the bearing should be readjusted as de-
scribed in the following paragraph:

Uncouple the motor from the load and place
in a level position. Shim the runner so that it
is in the exact center of the upper guide bear-
ing. Remove the lower guide bearing. Adjust
the jack screws by means of a wrench by “feel”
until the shoes carry approximately equal loads
and the shaft is in the center of the lower
guide bearing fit. After this adjustment has
becen made, measure the gap in four equally
spaced points around the periphery. Diametri-
cally opposite air gap measurements should be
within 10% of each other. This adjustment
requires an experienced workman, and it is ad-
visable to obtain the services of a Westinghouse
representative.



Large Synchronous and Induction Motors

The shoes of a Kingsbury bearing are care-
fully scraped to fit the runner surface and
should show a characteristic marking pattern
over the entire shoe surface. Less than 70%
contact is not satisfactory and the bearing may
“wipe” during starting.

Kingsbury bearings should be lubricated with
a good grade of engine or machine oil. A vis-
cosity range of 200 to 250 SSU at 100°F. is
recommended for bearing operations at speeds
of 600 rpm. and above, while 250 to 325 SSU
at 100°F. should be used in lower speed bear-
ings. Examine the oil at regular intervals for
contamination and acidity, replacing if neces-
sary.

Anti-Friction Thrust Bearings

Anti-friction thrust bearings are either an-
gular contact ball, tapered roller, or flat roller
type. The flat roller bearing requires an upper
guide bearing to hold the shaft in its central
position.

Anti-friction thrust bearings require no ad-
justment, but must be properly assembled, and
the guide bearings accurately aligned. In ad-
dition, the oil pot must be absolutely free{of
contamination. Care should be observed In
dismantling or assembling these bearings to in-
sure that they are not loaded by the pullingide-
vice or become nicked or damaged in any man=
ner. Damage of any type will shortensthe life,
and may cause immediate failure.

The bearing pot should be kept“filled™o the
level marked on the oil gauge. (This level may
change slightly when the motef isWin operation
because of the circulation of theWeil,and change
in viscosity as the oil becomies warm. For these
reasons, the oil level must be _checked when the
machine is not in operation.

A good grade off%engifie or machine oil hav-
ing a viscosity of 180%0 250 SSU at 100°F. is
recommended./ Examine*the oil at regular in-
tervals for contamination and acidity, replac-
ing if necessaryj When the oil is changed,
carefully clean and flush the oil pot to eliminate
any chance of contamination.

Cooling of Thrust Bearings

Thrust’bearings are usually self-cooled, but
highWthrust and high speed may require addi-
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tional cooling. The cooling coil is usually in-
stalled in the oil pot, surrounding the bearing.
Clean water, free from sediment or corrosive
compounds, should be used in these coils.

Guide Bearings

Lower guide bearings are either anti-fric-
tion or sleeve type and should receive the same
care and treatment as the thrust bearing.
These bearings are usually very lightly loaded,
and require practically no maintenance, but
should be inspected at regular intervals to in-
sure satisfactory operation. Use the same
quality and grade of oil as recommended for
the thrust bearing.

Upper guide bearings are required only with
Kingsbury bearings or flat roller thrust bear-
ings. When used, they are lubricated by the
same oil as the thrust bearing, and should re-
ceive the same care and treatment.
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Alignment

Vertical motors are provided with a base
having a machined lower surface, and when re-
guired, a rabbet fit is also furnished. It is not
recommended that these parts be used for
alignment purposes unless a further check of
the shaft alignment is made to insure accuracy,
because the motor base is not always concen-
tric and square with respect to the shaft.

The alignment of the coupling of afvertical
motor should be checked in the manner out-
lined for horizontal machines. When the mo-
tor has a hollow shaft, the alignment of the
inner shaft should be checked with respect to
the hollow shaft to make certain that the cou-
pling at the upper end of thé meter is not sub-
jected to excessive bending moments during
operation.

F1G. 15-—INSTALLATION OF VERTICAL SYNCHReNOUS MOTORS
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