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IMPORTANT

Keep the motor clean. The most perfect installation may
cause an expensive delay if it does not have proper inspection and
care. The insulation must be kept clean and dry. Oil and dirt
injthe insulation are as much out of place as grit or sand in a
bearing. In the severe service for which mill motors are built,
many abuses which shorten the life of a motor and increase
operating expenses can be eliminated.

Before installing or operating a motor, read the following
instructions carefully and check the points to be observed.

The operating man with a large number of mill motors
should check each drive under the points outlined, and may find
that his maintenance expense can be materially decreased.

The importance of taking care of equipment and of saving
by careful operation with motors properly applied, cannot be
over-emphasized.
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GENERAL INFORMATION

Westinghouse Direct-Current Mill Motors, types MC and
MCO, arc applicable to intermittent scrvice such as operating
stecl mill auxiliarics, cranes, contractors’ hoists, mine hoists,
railway turn tables, transfer tables, railway lift bridges, draw-
bridges, etc.

The applications in stecl mills where these types are most
desirable are crancs, ore bridges, roller tables, manipulator side
guards, screw-downs, tilting fingers, transfer lift table mechanisms,
etc., where the periods of operation are short and high momentary
torques are required. The types MC and MCO motors are of a
special very rugged construction, both designed to operate under
the most severe scrvice and to withstand the mechanical shocks
to which mill motors are subjected. This service is in most cases
intermittent. The type MC is a totally enclosed motor and the
type MCO an open motor.

F16. 1—WESTINGHOUSE TypE MCOA MILL MOTOR SHOWING OPEN CONSTRUCTION OF MOTOR

For convenience in specifying motors on orders the type MC
motor without countershaft brackets is known as a type MCA,
with countershaft brackets as type MCB. Similarly the type
MCO motor without countershaft brackets is known as the type
MCOA, and with countershaft brackets as type MCOB.

The two lines are developed with and without axle brackets,
and with either series or compound fields, and all motors are
equipped with interpoles. Either plugging or dynamic braking
can be used to obtain quick stopping. Where the friction load
is low and quick reversing is wanted, it is better to use compound-
wound motors and plugging control. When motors are plugged
at high speeds, more than double voltage may be impressed upon
the armature. The use of a light shunt field winding limits the
light load speed and the heavy plugging current. When quick
stopping is desired, the use of a compound-wound motor and
dynamic braking is preferable.
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GENERAL DESCRIPTION AND
DETAILS OF CONSTRUCTION

FRAME:

The frames are cast steel and machined. By building the
frames in two halves which are bolted together, the operator is
able to get at the armature or fields for repairs by unloosening four
nuts and lifting the top half off bodily.

In the smaller motors, frames 20 to 50, inclusive, lugs are
bolted to the frames and a hinge bolt used. With the smaller sizes
no crane is necessary as the top half of the frame can be swung
back on the hinge and the repairs easily made.

Heavy feet are cast on the bottom half of the frame and when
properly bolted down, the motor is permanently and rigidly held
in place.

Two holes are drilled in the bottom of the frame for the pur-
pose of drawing off waste oil or water in the motor due to condensa-
tion or other causes.

FIELD CIRCUIT:

Poles.—The pole pieces are built up of steel laminations
riveted together. They fit against machined seats which are cast
on the frame and are drawn tight by bolts which pierce the frame
and thread into the laminated pole piece. The interpoles arc also
laminated and held to their seats by bolts.

Field Coils.—The field coils are machine wound on forms. The
coils for each size of machine having the same characteristics are
interchangeable. Series and interpole field coils are strap wound
for the larger sizes and wire wound for the smaller sizes with
asbestos covered square wire. Shunt field coils are wound with
wire with a tough enamel coating and single cotton covering. They
are then impregnated and dipped in bakelite so that they suc-
cessfully resist high temperatures. In the coils for compound-
wound machines, the series and shunt coils are taped up separately
and put on the pole pieces as independent units.

It is an easy matter to change a series-wound motor to a
compound-wound motor, or a compound-wound motor to a
series-wound motor. It is only necessary to replace the windings
on the four main poles and properly connect them.

Field Coil Leads.—The leads of all the series and shunt coils
are brought out at the commutator end where they can be easily
inspected through the opening.
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Flexible leads are brought out from inside series and interpole
coils. Where strap wound coils are used, flexible cable is soldered
on the strap inside and where wire wound coils are used, the wire
of the coil is brought out. The flexible leads are soldered in sleeve
connections which prove to be simple and solid connections be-
tween coils.

All field coils are alike, proper polarity being obtained by
wiring around frame connections.

The leads pass through the frame in soft rubber bushings and
are so arranged that any disconnecting necessary to separate the
frame can be done outside the motor.

F16.52—UppER HaLr oF TyrE MC MoTor FraME

Field Coil Bracing.-—The field coils are held between the over-
hanging pole piece and the frame, and are braced in position by a
heavy steel spring between the coil and the frame. The spring is
seated on pads which are cast on the frame and machined, insuring
uniform assembly of all poles and coils. "

Steel liners are used between the spring and the coils to in-
sure a large bearing surface and to protect the coils.

The figures and field wiring diagrams in the back of the book
show the connections for every motor.

ARMATURE ASSEMBLY::

The armature laminations are assembled on a steel spider and
are held rigidly in position between end plates. The rear end
plate is pressed on the spider and the front end plate is held in
position by a ring key which is sprung in place. The commutator
is assembled separately as a unit with the standard V-ring con-
struction and pressed on the main spider. The shaft is also
pressed in position. Oil wipers keep the oil from creeping along
the shaft.

Armature Coils.—The armature coils are form wound with
mica and asbestos insulation and dipped in insulating varnish.
Coils for machines of the same size and voltage are interchange-
able.

5
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Ti6. 3—CROSS-SECTION OF ARMATURE AXND BREARING

After the coils are placed in the slots and temporary bands
put in position, the armature is heated, then permanent bands are
put on while the armaturc ‘s hot. The heating tends to soften
the insulation and the parmanent band put on after this, draws
the coil down to its final position so that there is no loosening of
coils or bands in service. When the armature is properlyfwound,
the core bands will rest both on the armature coil and armature
teeth. No wedges are used.

F16. 4—REMOVING ARMATURE AND BEARINGS

Commutator.—All commutators are of the standard V-ring
construction. They are first assembled as a scparate unit and
thoroughly seasoned and are then pressed on the armature spider.
The front V-ring is wrapped with insulating cambric tape which is
given several coats of insulating varnish.

6
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White mica segments are used between bars on all commut-
ators and all commutators are under-cut. The commutators are
assembled on a shell which is forced on the same spider that
carries the armature, and it is possible to press out the shaft with-
out disturbing the commutator or windings.

BEARINGS:

The bearings consist of cast iron shells made in halves bolted
together and lined with high grade babbitt. They are provided
with eye bolts for the purpose of easy removal or replacement of
armatures. It is feasible to carry spare armatures cquipped with
pinion, bearings and brake in some cases, so that delay in changing
armatures can be reduced to a minimum. :

Ring oiling is used with brass tube f‘
overflows to regulate the height of oil .
carried in the reservoir. Tin funnels are
provided in the bearings so that the oiler
will be able to get oil to the right place
without getting it in the split between
frames. When desired, bearings are ar-
ranged for grease lubrication,

BRUSHES AND BRUSHHOLDERS:
The brushes are set permanently at
the neutral point before the motors
leave the works. The spring tension is
carefully adjusted when the motors are FIG. 5—ARMATURE BEARING AND
tested at the works and the design of Om Rrve
the brushholder is such that g uniform brush tension is main-
tained throughout the life of the brush.
Moo In case it becomes neces-
‘. Q@\ “ sary to i_ncrease or dqcrease
e P the spring tension in ser-
& vice on all motors larger
— than frame 30, the ratchet
on the side of the brush-
holder may be turned with
a screwdriver until the de-
sired tension is obtained.
Radial adjustment of the
brushholders is possible to
compensate for commuta-
tor wear. The brushes used
are radial and of sufficient
size to give a low current
density. Brush shunts are
FIG. 6—CRoss-SECTION OF BRUSHHOLDER used on all bI‘LIShQS.
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COVERS:

Openings are provided on front
and back side of the type MC
motors for inspection. When operat-
ing conditions permit, the covers can
be removed, improving the ventilation
and increasing the capacity of the
§ motors somewhat. The large opening
over the commutator permits the easy
inspection of commutator and brush-
holders and casy replaccment —of
. brushes. A wirc gauze cover can
F1G. T—BRUSHITOLDER sometimes be made use of.

GENERAL INSTRUCTIONS WHEN INSTALLING
MOTORS

Upon receipt of the motors, place them in a dry and sheltered
position.

It is easily possible by rough handling or careless use of bars
or hooks to do more damage to a machine than it would receive
in years of regular service. Bear in mind that the armature 18
liable to damage, since its own weight is sufficient to crush the
winding or damage the commutator if it is lowered on or swung
against a projection.

If machines have been exposed to moisture, they should be
carefully baked until thoroughly dry. This can also be done by
passing an electric current through the winding. This current
should be about one-half the full load current and should be con-
trolled by a suitable rheostat.

ERECTION AND ALIGNMENT:

Motors should in all cases be located where they are accessible
for inspection.

When possible, motors chould be set level on substantial and
solid foundations and should be bolted down tight. On tilting
tables, motors will sometimes operate satisfactorily at an angle
of as much as 15°.

Care should be taken in the alignment of the motor and gear-
ing to eliminate vibration, the worst enemy to successful operation.

These motors have been designed to give successful operation
under the most severe conditions, but as far as possible the location
should be free from dust, dirt drippings and clouds of wet steam.
When installed outdoors, a rain-proof shelter should be provided
for the type MCO motors.

Drains should be provided so that excessive oil will not collect
around the motor.
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STARTING:

Before starting, the bearings should be inspected to see that
they are clean and free from grit. The oil reservoirs should be
filled to the overflow and the rings inspected to see that they turn
freely. :

F16. 8—Tyr MCOA MOTOR FROM END OpPosITE COMMUTATOR END SHOWING LEADS

All electrical connections should be looked over and inspected
for loose joints or defective insulation. When automatic control
is used, the control operation can be checked from the master
before the line switch is closed.

BRUSHES:

Inspect brushes to see that all are sliding freely in the holders
See that spring tension is uniform, The following spring tension
for various size brushes used with type MC and type MCO motors
is recommended :\—

Brush Size. Approx. Spring Tension.
La"x 114" 414 1bs.
Lo”x 134" 414 1bs.
Lg"x 27 415 Ibs.
28" x 134" 434 lbs.
34" x 115" 434 1Ibs.
347x 2 S¥4 1bs.
1// X 2 14 53/4 le

If brushes are not ground to fit the commutator, this should be
done.

With brushes bearing on commutator, lift them enough to
permit a sheet of sandpaper to be inserted. Draw the sandpaper
back and forth, being careful to keep the ends of the sandpaper
close to the commutator so as to keep from rounding the edges of
the brushes. Emery cloth or paper should never be used.

To aid in obtaining a polished commutator when first starting,
a very little paraffine is sometimes used. This can be applied with
the motor running with a canvas cloth saturated with paraffine.

9
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MAINTENANCE
INSPECTION:

Tt is important that motors be given frequent and intelligent
inspection to insure the most successful operation. This should
be done at regular intervals.

Fi6. 9.—TypE MCB MoOTOR SHOWING SHAFT GUARD, COUNTERSHAFT BEARINGS
anD Gear CASE.

OILING:

Bearings should be regularly and intelligently oiled with a
good grade of engine oil. Flooding bearings with oil by careless
oilers may cause oil to reach the commutator by creeping which
will cause the mica to deteriorate. At regular intervals, the bear-
ings should be drained through the tap hole at the bottom and
cleaned and refilled with fresh, clean oil.

BLOWING-OUT:

Dirt and dust are enemies to successful operation.

At regular shut-down intervals, the motor should be blown
out with an air hose. An air pressure of 25-30 pounds should be
used.

Commutator should be wiped off occassionally with a piece
of canvas. Do not use waste. When kept clean the commutator
will acquire a dark brown color and will not require anything more
than an occasional wiping. The bottom drain holes in frame should
be kept open.

BRUSHES:
Brushes should be inspected at intervals for signs of trouble
or excessive wear and replaced with new ones when needed. When

10
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replacing worn out brushes, an inferior grade of brush should
never be used.

TROUBLES

SPARKING AT COMMUTATOR:

Sparking may be due to either mechanical or electrical
causes. If the former is responsible, sparks are usually small
“pin sparks” caused by breaking the contact between brush and
commutator or small ““streamers”’ caused by particles of carbon
breaking off the brushes. In either case the sparking varies little,
if any, between light load and full load. If the sparking 1is
due to electrical causes, the sparking varies greatly as the load is
increased, and the sparks are larger and have more snap or bite.
The brush contact surface is usually a true indication of the cause
of sparking. If the surface is eaten away or honey-combed, the
sparking is almost sure to be due to electrical causes.

The more usual mechanical causes of sparking are:—

1. Rough commutator that is pitted. Commutator should
be turned down.

2. Rough commutator with high bar. Tighten up V-ring
and turn off high bar.

3. High Mica. A piece of fine sandstone should be ground
to fit the commutator and held firmly against it while it revolves.
Mica should be undercut.

4. Flat Spots. These may be caused by a loose bar, rough
commutator, soft copper in one spot or by severe flashing. In
this case the commutator should be turned down in a lathe.

5. Low or Burned-Out Mica. This will show itself in ring
fire or tiny sparks will be carried all the way around the commut.
ator. ~The commutator may get excessively hot. It is caused by
allowing the mica to become oil soaked after which it chars and
burns out between bars, or by mica flaking out between bars. In
either case, foreign conducting material gets in and aggrevates
the trouble.

When this occurs, it may be effectively stopped by scraping
out the burned mica and filling the space with a solution of sodium
silicate (water glass) or other suitable commutator cement.

6. Ring Fire. This may be caused by low or burned mica
or by dirt or oil collecting on the commutator. In the latter case,
the commutator may be cleaned by holding a piece of clean canvas
against it while rotating. The canvas may have a small amount
of clean lubricating oil on it. In this case, the commutator should
be wiped again with a dry cloth. Cotton waste should not be used
for this purpose.

Oil Creeping. An excessive amount of oil on the ma-
chine frame or careless oiling will result in oil creeping on the
shaft and V-ring. On reaching the commutator, this will result
in ring fire as noted above.

11
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series-wound. By checking with a graphic meter, the “plugging”’
peak can be determined, and on automatic controllers the proper
increase can be made in resistance to limit the current on ‘plug”
to the proper value automatically. The amount of resistance
required varies with the light running load.

HOT BEARINGS:

When bearings exceed 75° C. by thermometer, they are over-
heated from one or more of the following causes:—

1. The lubricant used may be a poor grade or may be dirty.
Foreign substance in the oil can be avoided by using only filtered
oil.

2. Insufficient oil. The oil reservoir should be kept filled
just to the overflow.

3. Failure of oil rings to revolve. A ring may stick when
motor is first put in service.

4. Poor alignment—end thrust. 1f motor and gear are not
in proper alignment, end thrust will result under load and one
bearing may over-heat.

5. Bent shaft. This will cause chafing and over-heating of
bearing.

6. Worn bearings—Re-babbitting. Bearings may be worn
out and should be re-babbitted with a good grade of babbitt.

REPAIRS

REPAIRING ARMATURES:

1. Removal of armature-—care of commutator. It is very
easy to remove the armature from the motor by lifting it at the eye
bolts in the bearings. The armature should be hung in a suitable
wooden cradle where it can be inspected.

2. Replacing single coils. In case of a short-circuit or open
circuit in one of the coils of a two-circuit armature, temporary
repairs can be made by cutting both commutator leads of the
effected coil and its mate with which it is in series and putting
jumpers on commutator bars thus cut out, these bars are diamet-
rically opposite on the commutator. This method of keeping an
armature in commission should not be resorted to when several
adjacent coils are damaged.

Damaged coils can be replaced if care is used in handling other
coils while the injured coils are being removed. In this case it will
be necessary to remove armature bands and reband after repairs
are made. ‘

3. Complete rewinding of armatures.

(a) Removing commutator.

The oil wiper or guard at the commutator end is first removed
by a clamp and tie rods taking a bearing in back of the wiper and
on the end of the shaft. The armature coils are then disconnected

14
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from the commutator and the leads opened out to permit passing
clamping bars on each side of the shaft between the commutator
and the armature core. By using tie rods and a cross bar bearing
on the shaft, the commutator can be pulled off. Similar methods
can be used in replacing commutator, taking a bearing on the op-
posite end of the shaft. In doing this work, care should be used
not to batter the ends of the shaft or injure the commutator.

(b) Rewinding.

After old banding is removed and coils are stripped out clean,
the slots should be gone over with a rough file for any burrs or
sharp edges in the slots,

In rewinding, the work should be done by a skilled armature
winder. Instructions giving throw on various frames are given on
page 31. Slot installation should be obtained from the factory.

(c) Banding.
This should be done the same as at the works or as near that
as possible.

(d) Checking for grounds, shorts or open circuils.

At the works commutators are checked before being put on
the armature. A lighting circuit with g lamp in series is con-
nected across adjacent bars all the way around the commutator.
If it lights the bars are shorted. After this all bars are shorted
and test taken from bars to the Vring. If lamp lights, commut-
ator is grounded. For this latter purpose a transformer testing
box should be used if possible. The proper testing voltage can be
obtained from the works.

After commutator has been checked and put in place and con-
nected to armature leads, the armature itself should be checked for
shorts, open circuits and grounds.

At the shop an alternating-current magnet is used for testing

to these bars are open or short circuited. Both leads from the coilg
should be disconnected and tested out with a lighting circuit until
the defective coil or connection is found.

The No. 103 230-volt armature is lap wound. |This, as is the
case with all lap wound armatures, cannot be tested out as outlined
in the preceding paragraph on account of the presence of cross con-
nections which must be used on this type of winding.

15
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1f such a magnet is not available, the check can be made as
follows —Connect a source of potential across the armature at two
points 90° apart. This should be controlled by resistance to give
about one-half full load current. Using a low reading volt-meter
or milivolt meter, check the drop between adjacent bars. If no
short or open is present, all readings will be approximately the
same. If winding has short or open circuit, it can be detected by
the difference in voltage readings obtained from bar to bar.

For testing for grounds, a testing transformer should be used
and the motor subjected to the proper voltage. This is 1500 volts
for repaired motors. New armatures are tested at 2400 volts.

(e) Removing shaft.

The armature and commutator are mounted on a spider.
To remove the shaft, the front oil wiper must be pulled off, then

4 o

FiG. 10—MOTOR OPERATED SporTiNG TooLs

the armature should be placed in a press and blocking applied to
bear on the hub of the spider. Pressure should be applied to the
commutator end of the ghaft. The armature should be carefully
lined up in the press to avoid slippage and damage to spider, com-

mutator or winding. Care should be taken to avoid battering
up the ends of the shaft.

(f) Turning commutator.

On turning down a commutator, a diamond point tool should
be used. This will be set with the cutting edge at right angles to
the work and will give a very smooth finish. The best speed for
this is from 500 to 600 f.p.m. Care should be taken in putting the
armature in the lathe not to damage the shaft centers and to have
the work run true.

(g) Undercutting.

The mica should be kept andercut to a depth of from 1-32"

to &% inch. This should be done with a regular tool for this
purpose. The Westinghouse Electric & Manufacturing Co.
carries undercutting tools for motor operatiot. See Pig. 10. After
undercutting, the edges of the bars should be scraped and well
rounded off so that no coOpper burrs extend across the undercut slot.

REPAIRING FIELDS:

When field repairs are made without taking the motor out of
operation, a single coil 1s generally repaired and no check is made on

16
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the others. In the case of shunt field coils all coils should be
checked, as the other coils may be damaged. With current in the
coils, polarity can be checked with a compass and in the case of
compound-wound motors, care should be taken that series and
shunt fields agree. These can be checked one at a time.

To remove the field coils, the bolts holding the pole piece
must be taken out when the pole piece and coil can be removed
from the frame after which the coil can be removed from the pole
piece.

In replacing the field coils, care should be taken to place them
so that the leads come in position shown in the corresponding
diagram. (See back of book).

The coils should be caretully handled and in the case of the
shunt coils, care should be used not to use so many liners behind
the coil as to crush it and start short circuit between turns, when
the pole piece bolts are tightened.

F16. 11—81rEL ENVELOPE FOR SPARE ARMATURES

RE-BABBITTING BEARINGS:

The bearing shells may be refilled with babbitt by assembling
them on a mandrel of suitable size. Paper or sheet iron liners
should be used to separate the two halves, channels being provided
for the babbitt to flow through or the two halves can be filled
separately. Care should be taken to prevent the babbitt filling
the oil groove at the center of the top shell and the two oil drain
holes at the ends of the lower shell.  Oil guard grooves should be
chipped arcund the bearings at each end and connected with the
two drains. The best grade of genuine babbitt should be used for
pouring motor bearings. After pouring the bearing should be
scraped or bored and reamed to fit,

CARE OF REPAIRED ARMATURES:

After an armature is repaired, it will sometimes be allowed
to lie around the mill until needed and may suffer damage before

17
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it is needed. The use of a steel envelope is recommended similar
to that shown in Fig. 11. The weight of the armature is
carried by bearings and when it is needed it will be in the same
condition as when it left the repair shop.

SPARE PARTS

It is important that a full line of spare parts be carried. For
this reason, it is advisable to carry complete spare motors which
can be dropped in place in a very chort time and repair work done
later. Repairs on mill motors <hould be done in the shop where
facilities are present for skillful work.

DONT’S

1. Don’t use emery cloth or paper on commutator.

o

Dorn’t let armature weight rest on end coils or commut-
ator.

Don’t run without oil.

3

4. Don’t flood motor with oil.

5. Don’t use acid flux when soldering electrical connections.
6

Don’t let water or steam play on commutator.

7. Don’t let an old motor wreck itself because of worn out
bearings.

8. 3 Don’t let brushes wear until contact is broken.

9. Don't delay repairs.

18
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METHOD OF CHECKING LOAD CYCLE
AGAINST RATING SHEETS OF MOTOR

Fig. 12 represents current curve which is obtained from an
application where the motor is brought up to speed and then
plugged and reversed. Three accelerating switches are used and
it is assumed that the plugging resistance is such as to give con-
stant peaks when the line switch and accelerating switches come
in after plugging. Such a curve is obtained in reversing main
roll table applications.
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To check load cycle with the paper speed known, divide the
curve into second or half second periods as shown by dotted lines.
Mark the middle point of each section on the curve as shown.
Square the current value at each of these middle points and add
the results. Divide by the number of periods taken and take the
square root of the quotient. This value will now be the R.M.S.
current over the period chosen and if a cycle has been used which
is representative of the operation for any length of time, one-half
hour, 1 hour, 5 hours, etc., by checking the current rating for one-
half, 1, S hours, etc., from the rating sheet, it can be seen at once
whether the motor is suitable or whether a motor of higher or
lower capacity should be used.
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DIRECT CURRENT MAGNET BRAKES
TYPE B

Adjusting Screw to Compengate tor Brake-Shoe Wear.
king Device Prevents Change of Setting by
o,

Strong Compression Springs Set Brake,

Vibration

Locknut Prevents @ Change Magnet-Armature Lev-

of Setting by Vibration. :
1 ~ YEAR er. - Moves only a
\ ’ Fragtion of an Inch.
héﬁtniw_um Wear and no
Holding Torques 10 Suit icking.
the Service gre Obtain-
able in an Infinite Num-
ber of Values by Adjust
ing Handled Nut.———
~ Magnet Coil-Weather-
proof and unaffected

Brake Lining—Fabricated by Qil.

Asbestos, Heat, Moisture
and Gi! Resisting

nd are held in Place by
Pins Subject o Wear

Cast-Iron Brake Wheel can be Bored All Bearing Pins have Tapered Ends a
for Either Straight or Tapered Shaft. Cotter Pins, Facilitating Remaval.
are Hardened and Ground.

Fi16. 13—TyrE B MaGNET-OPERATED BRAKE

BRAKE APPLICATIONS

On application where quick, accurate stopping is wanted,
such as in screwdowns, side-guards, manipulator fingers, etec., or
when it is desired to hold the load when power is off, such as in
crane service, magnetic brakes should be used.

Type B brakes operate on the well known toggle principle,
the brake setting and releasing as power goes off or on. The

Brake Lever Links Spring Rod
Magner Lever——— Spring
Locking Device Spring Cap
Air Gap Lock Nut
Adjusting Screw — Hondled Nut
Magnet Arm
Insulaior Brake Wheel
Armature
Magnet Coil B Brake Shoe
A Brake Shoe Lining
f_crews_ for i _ Brake Arm
C(f];;/[ ig”f]—/qﬂf”@ 1\———Adjusmb/e Air Gap frome

F1G. 14—0UTLINE OF TYPE B MAGNET-OPERATED Brake Frames Nos. 10, 100, Axp 200

20




Westinghouse Direct-Current Steel Mill Motors  Ins. Book 5189

brakes can be equipped with cither series or shunt operating coils.
The series brakes are used on service, employing dynamic braking
such as crane hoists and the majority of steel mill applications.
Shunt brakes are required under the following conditions:—

a. Where a drift point is required as on lift bridges, trolley
motion of ore bridges and similar applications.

b.  Where the motor current passes through a low point at
some time during the cycle.

¢.  In some cases where resistance is used in shunt with the
armature to obtain slow-down, as on skip hoists, bell
hoists and car dumpers.

Brake Lever Links. ///Sprmg Roa

T —Soring

Magrer Arm —~-Spring Cap
T Lock Nut

Insulator.... —Handled Nut
o _.—Brake Wheel

Magnet Coil -Brake Shoe Lining
~— —~Broke Shoe

Armature N T -Brake Arm
7777777777777777777 \ - —=Collar

Seews for ||| ,,,,,,,,,,,,,,,,,, == X ——= —__—Locking Device
fastening & 1 ; Ko & G
Coil to Frame : A @ = NN Adjusting Sorew
Adjustable Air Gap Stop Frame —Set Screw

F1G. 15—D1aGraM oF TyprE B MAGNET-OPERATED BrAKE Framz No. 300

All shunt coils are wound for low voltage and are equipped
with an adjustable series resistor and discharge resistor.

In general, series brakes should be used where possible,
as they are faster in operation than the shunt brakes, on account
of the lower inductance of the series coil.

Brakes with series coils will release the shoes at 409, of the
rated motor current with springs set for torque given in the table.
For example, coils can be supplied for use with the No. 10 brake
which is used with No. 20 type MC motor which will release the
shoes at 409, of the continuous current if the spring is set to give
30 pounds torque; at 409, of the one hour rated current if the
spring is set to give 50 pounds torque; and at 409, of the half
hour rating if the coil is set to give 70 pounds torque. Higher
releasing torques can be obtained by tightening springs and in this
case the releasing current will be higher.
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MC Max. BRARE TORQUE Max.
Brake or MCO N Les. AT 1 Fr. RADIUS Max Safe
Frame Motor Ho. Rpm.
No. Frame 1853 t1 1Con- P- of Brak
No. Hour Hour | tinuous Wheel
10 20 70 50 30 25 2400
100 303 250 175 110 55 2000
40§
50
200 ?0 1000 700 400 150 1300
. 0
{ 80
300 411(9)(0) f 3200 | 2000 | 800 400 1000
103

tHeating cycle of magnet. This should be the same as that of the motor
with which it is used.

Brake Terminals

©
i, > Adj! /e Res.
Brake Terminals Brake Coif 14 ajustacle Res

Li
. . .o ra0s / L
orias 810 /re Discharge Res. L————. Lz
Field Coil gonnec; Lz to point on Resistors 1o g/ve best
Joeration.
Fic. 16—SERIES COIL Fi16. 17—SuuNt CoIL

DiaGRaMS OF CONNECTIONS

MOUNTING:

When mounting the type B brake, the brake wheel should be
exactly centered between the brake arms when the brake is in the
released position.

In case the distance from center line of the brake wheel and
the bottom of the brake is less than the corresponding dimension
of the motor, steel or iron plates of the necessary thickness can be
placed beneath the brake frame or base.

Tlectrical connections should be made according to Figures
16 and 17.

AIR GAP ADJUSTMENT:
The following table gives the air gaps to which the magnet
armature and core should be adjusted:—

Brake Frame No. Air Gap.
10 14 inch.
100 34 inch.
200 14 inch.
300 74 inch.
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The brakes should be inspected at regular intervals and, as the
shoes wear, the adjustable air gap should be set as near as possible
to the dimensions given in the air gap table. The time interval of
inspection will vary with the conditions under which the brake is
operating. A brake operating at its full torque rating will require
adjustment more often than a brake that is operating at only 509,
of its torque rating.  This time interval can be determined by ex-
perience. The adjustment of the air gap on Frames No. 10, 100 and
200 is by means of the air gap adjusting screw, shown in Figure 14.
Remove the locking device and turn the screw until the brake arm
drops to the point for the desired air gap. Replace the locking
device after each setting.

Figure 15 shows the device in the base of the frame for making
the necessary air gap adjustment of the No. 300 brake frame.
Loosen the set screw so as to allow the locking device to clear the
collar on the adjusting screw. Turn the adjusting screw until the
proper air gap is obtained. After making the adjustment, tighten
the set screw securely, forcing the locking device over the collar
and the adjusting screw against the stop.

On all brake frames except the No. 300, provision is made
for changing the pins in the brake lever links of the toggle when
all possible adjustment of air gap has been made with the pins in
the position shown in Figure 14. To make the change, insert the
pins in the new holes, and turn the air gap adjusting screw until
the necessary setting of the air gap is obtained.

ADJUSTING THE RETARDING OR HOLDING
TORQUE

Turn the handled nut on the spring supporting rod to the
right to increase torque and to the left to decrease torque. The
best setting of the spring tension to suit the application is obtained
by trial after the brake is installed. After the proper setting is
found, fasten the handled nut in position by means of the lock nut
furnished.

MAINTENANCE
REPLACING WORN BRAKE SHOES:

Take off handled nut and remove spring supporting rod.
Take out the pin holding the brake lever links of the toggle,
remove the two pins securing the brake shoe to the brake arm and
slip shoe up over brake wheel and out.

REPLACING COILS:

Disconnect the leads and remove the two screws fastening
the coil to the magnet base. Lift the magnet arm and slip coil
out over the core.
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REPAIR PARTS

When ordering repair parts, specify the name of the part
wanted, referring to the accompanying illustrations and give the
style and number and stock order number of the brake and the
voltage of the circuit on which it is used. The style number of the
brake will be found stamped on the name plate.

WIRING DIAGRAMS SHOWING CONNECTIONS
AROUND FRAME

MOTOR VIEWED FROM COMMUTATOR END

The diagrams show connections for compound-wound
motors. For series-wound motors use the same diagrams,
omitting the shunt winding and leads { 4 and f—.

For field coil connections, see figs. 24 to 30.

Pasition of leads
Tt £t A+
7
Yy
7 <
A: T v 4
£ [b Qﬂ
e
’I} /
\\\
Y
\\\\\\\\
\\ X
N
N

Positior: of leads
A
'@ - Ar
¢ ',
g Av 7 4’;
@ 94 e
1+ 2
F
A
£
A- \ + /
£ +

Fic. 19—TypeE MC MoTtor Frames 90 anp 100
AND 103 WITH Two0-CIRCUIT ARMATURE.
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f—o
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Posiron of Leads
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Fic. 20—TyrE MCO MoTorR FRAMES 60 TO 80 INCLUSIVE
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FIG. 21—TvPE MCO MoTOR FRAMES 90 AND 100 AND 103 WITH Two-CIRCUIT ARMATURE
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SIS
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NN\ 75772290

G 22—Tvypi MC MOTOR FRaME 103 WiTit MULTIPLE WOUND ARMATURE
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F16. 23—Tvypre MCO MotorR FRAME 103 WiTH MULTIPLE WOUND ARMATURE
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DIAGRAMS SHOWING CONNECTIONS OF
FIELD COILS

ran ‘\\ Y T

| s \ IR |

P Pl \

P ‘ P R / 4 ‘

L AEERRE

HERRIT R |

R vhody )

S N ' .
e T
! oo
\ 7+ Shunt Cols f-

Fic. 24—CONNECTIONS FOR SHUNT COILS FOR ALL TYPE MC anp MCO CoMpPoUND-WOUND
MOTORS

Ft Series Coils F- —/

F16. 25-—CONNECTIONS FOR SERIES-WOUND MOTORS AND FOR SERIES AND COMMUTATING-POLE
CoiLs oF ComMpOUND-WoUND MoTors—TyPE MC MOTOR FRAMES 20 TO 80 INCLUSIVE
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4]. I
1

- ™

At—]

Series Colls
/’.‘

F1G. 26—CONNECTIONS FOR SERIES-WOUND MOTORS AND FOR SERIES AND COMMUTATING-POLE
CoiLs oF ComMPOUND-WOUND MoOTORS—TYPE MC MOTOR FRAMES 90 AND 100.
AND 103 wITH Two-CIRCUIT ARMATURE.

A+
A-e—
Jeries Coils.
f..

Fe

F1G. 27—CONNECTIONS FOR SERIES-WOUND MOTORS AND FOR SERIES AND COMMUTATING-POLE
CoiLs oF CoMPOUND-WOUND MoTOrRS—TYPE MCO MOTOR FRAMES 60 10 80 INCLUSIVE
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J
JJ N4 4
\J
[l
=
X Vs
— A+
7/ X, A o
Jeries Coils
- Ir_,, f‘ [ ——

F1G. 28—CONNECTIONS FOR SERIES-WOUND MOTORS AND FOR SERIES AND COMMUTATING-POLE.
CoiLs oF CoMpOUND-WOUND MoTORS—TYPE MCO MoTOR FRAMES 90 AND 100
AND 103 WiTH Two-CIRCUIT ARMATURE.

Ja /// N2 J1.
J
N

A+

Jerres Coils
- [ fr—-

F1G. 20-—~CONNECTIONS FOR SERIES-WOUND MOTORS AND FOR SERIES AND COMMUTATING-POLE
CoiLs oF CoMpOUND-WOUND MoOTORS—TyPE MC MOTOR FRAME 103
WITH MULTIPLE WOUND ARMATURE
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JIi

Jeries Lol
F [ -

F16. 30—CONNECTIONS FOR SERIES-WOUND MOTORS AND FOR SERIES AND COMMUTATING-POLE
CoiLs oF CoMpoUND-WouNDp Mortors—TypE MCO MoTOR FRAME 103
WITH MULTIPLE WOUND ARMATURE

Vi V)
Fic. 31 Fic. 32 FiG. 33 Fic. 34

D

D1AGRAMS OF ARMATURE CorL CONNECTIONS REFERRED TO ON PAGE 22

Nore—Where there is a dead, or idle, coil, as in Fig. 32, it is the first coil unit in right of
slots 1 and A and is part of the first coil with which the wmdmg is begun.
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ARMATURE COIL CONNECTION DATA FOR TYPES MC AND MCO

MOTORS
Frame|*Fig. | Slots | Bars CoIL CONNECTION DATA
No. | No. |[1toAl1toB
230 VOLTS
20 32 1— 7 | 1-51 | CD, the center line of commutator bar No. 27, is
on center line of slot No. 4.
30 31 i— 8 | 1-42 | CD, the center line of mica between commut-
ator bars Nos. 22'and 23, is on center line of
tooth between slots Nos. 4 and 5.
40 31 | 1- 9| 1-51 | CD, the center linc of commutator bar No. 27,
is on center line of slot No. S.
50 31 1—- & | 1-45 | CD, the center line of commutator bar No. 24, is
on center line of tooth between slots Nos. 4
and 5.
60 31 | 1-10 | 1-54 | CD, the center line of mica between commutator
bars Nos. 28 and 29, is on center line of tooth
between slots Nos. 5 and 6.
70 32 ! 1-11 | 1-79 | CD, the center line of commutator bar No. 41,
is on the center linc of slot No. 6.
) 32 1 1-10 | 1-71 | CD, the center line of commutator bar No. 37,
is on the center lince of tooth between slots
Nos. 5 and 6.
90 32 1— 9 | 1-63 | CD, the center linc of commutator bar No. 33,
is on the center line of slot No. 5.
100 31 1-10 | 1-57 | CD, the center line of commutator bar No. 30,
is on the center linc of tooth between slots
Nos. 5 and 6.
103 34 | 1-11 | 1= 2 | CD, the center line of commutator bar No. 3, is
on the center line of slot No. 6.
550 VOLTS
30 33 1— 0 | 1=79 | CD, the center line of commutator bar No. 42,
is on the center line of slot No. 5.
40 32 | 1-10 | 1-75 | CD, the center line of commutator bar No. 39,
is on the center line of tooth between slots
Nos. 5 and 6.
50 33 | 1-10 | 1-89 | CD, the center line of commutator bar No. 47,
is on the center line of tooth between slots
Nos. 5 and 6.
60 32 | 1-10 | 1-71 | CD, the center line of commutator bar No. 37,
is on the center line of tooth between slots
Nos. 5 and 6.
70 32 | 1-11 | 1-79 | CD, the center line of commutator bar No. 41,
is on the center line of slot No. 6.
80 32 | 1-10 | 1-71 | CD, the center line of commutator bar No. 37,
is on the center line of tooth between slots
Nos. 5 and 6.
90 33 1-13 | 1=119| CD, the center line of commutator bar No. 62,
is on the center line of slot No. 7.
100 33 | 1-11 | 1-114] CD, the center line of mica between commutator
bars Nos. 59 and 60, is on the center line of
slot No. 6.
103 33 | 1-10 | 1-89 | CD, the center line of commutator bar No. 47, is
on the center line of tooth between slots Nos.
5 and 6.
*Page 30.
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WESTINGHOUSE ELECTRIC & MFG. CO.
EAST PITTSBURGH, PA.

DISTRICT SALES OFFICES

City Building Street
ATLANTA, GA............... Candler.................................. 127 Peachtree
) BALTIMORE, MD.,.......... Westinghouse.................. 00000 121 E, Baltimore
BIRMINGHAM, ALA......... Brown-Marx.................. 0 ' 1st Ave. & 20th
BLUEFIELD, W. VA.......... Law and Commerce.......... . . - ""7 7 777
BOSTON, MASS............. que ................................ 10 High Street
BUFFALO, N. Y.......... . .Ellicott Square reseees et re st iee e Ellicott Square
' BUTTE, MONT.......... ..Montana Electric Co........ N ..50-52 East Broadway
CHARLESTON, W, VA... selmion... L.
CHARLOTTE, N. C.......... Commercial Bank, Rooms 409-10-11 . . . . Cor. Tryon & Fourth
CHATTANOOGA, TENN...... Hamilton National Bank...................... ... .. . ...
! CHICAGO, ILL........... <Conway............... 000l 111 W. Washington
CINCINNATI, O.......... Traction........o. oL T 5th & Walnut
CLEVELAND, O.............. Swetland........ e eieiie e, 1010 Euclid Ave,
COLUMBUS, O.............. Interurban Terminal............ ... 0000 3rd & Wood
DALLAS, TEX................ Cotton Exchange.................... " """ Akard & Rich
DAYTON, O................. Reibold. . ... ... ... ... ............0" ..South Main
DENVER, COL............... Gas and Electric...................... ..910 15th
DES MOINES, IOWA........ 608 Securi_ties ........................ 16 Seventh
DETROIT, MICH............ Dime Savings Bank................ Fort & Griswold
DULUTH, MINNESOTA...... Alworth... . ... ... ... .. ... e
EL PASO, TEX.............. Mills. .. ..oovnninnnen.
, HOUSTON, TEX............. Union National Bank..... ... . "
INDIANAPOLIS, IND.........Traction Terminal............ ..
OPLIN, MO................ Miner’s Bank, Room 306.........
NSAS CITY, MO.......... Orear-Leslie.................. ..
LOUISVILLE, KY............. Paul Jones............... ... ..
LOS ANGELES, CAL......... L N. Van Nuys............... ) )
MEMPHIS, TENN............ Exchange... . ........ .. 0 . [
MILWAUKEE, WIS........... First National Bank....... . .. ..
MINNEAPOLIS, MINN....... Met. Life Insurance............
NEW ORLEANS, LA......... Maisen Blanche............ ..
NEW YORK, N. Y........... City Investing................ .
PHILADELPHIA, PA......... Widener.................. ..
PITTSBURGH, PA........... Union Bank................
PORTLAND, ORE.......... ..Northwestern Bank. ..., ... .
ROCHESTER, N. Y.......... Chamber of Commerce. .. ... . M
ST, LOULS, MO..........ccvunrinnrininnnnnnnnnnniil] ..300 N. Broadway
f SALT LAKE CITY, UTAH... Walker Bank.... . . "~ """ 2nd, South & Main
i SAN FRANCISCO, CAL....... First National Bank........ 1 Montgomery
SEATTLE, WASH............ Alaska....... ..... . .. ... 2nd & Cherry
q SYRACUSE, N. Y............ University. ............ ... 0 0 000 r T T Y
TOLEDO, O................. Ohio.................... on Ave. & Superior
- TUCSON, ARIZONA . .....ovvsoeennnnn ..., T T P et
WASHINGTON, D. C......... Hibbs................... 723 15th, N. W.
WILKESBARRE, PA....... .. Miner’s Bank,............... 0"
. Service Department Repair Shops
ATLANTA, Ga..... Mangum and Markham Streets PHILADELPHIA, Pa. .. 214-220 North 22nd}St.
BosToN, MASS. ............ 12 Farngworth Street PITTSBURGH, Pa. . 6905 Susquehanna St.
Burraro, N. Y............145-157 Milton Street SaLT LAKE, Utal ....350 Pierpont Street
CHICAGO, ILL............... 32 So. Peoria Street St. Louts, Mo.............. . . .. 1906 Pine Street
CINCINNATL, O..... ... .s, 320 Sycamore Street  SAN FrRANcisco, Car.. ..... ... .. 1400 Fourth St.
Los ANGELES, Cal.............. 2026 Bay Street SEATTLE, WASH. ....... 560 First Avenue, South

NeEw Yorg, N. Y........,...467 Tenth Avenue

WESTINGHOUSE ELECTRIC EXPORT COMPANY
NEW YORK OFFICE—165 Broadway, New York City, N. Y.
Lonpon OrricE—No. 2 Norfolk Street, Strand

Cusa—ZKelvin Mfg. Co., Inc., Havana
Japan—Takata & Company, Tokio
CaiLe—]. K. Robinson, Incorporated, Iquique, for Northern Chile
BraziL—F. H, Walter & Co., Rio de Janeiro, for Northern Brazil
Byingtor & Co,, Sao Paulo for Southern Brazil
CoLomBIA—Vincente B. Villa, Medellin
Porro R1co—Porto Rico Railway, Light & Power Co., San Juan, Porto Rico
CuiNaA—Gaston, Williams & Wigmore Electrical Engineering Corporation, Shanghaj
Costa Rica aAND NicaraGua—Purdy Engineering Company, San Jose, Costa Rica
SaLvapor—W. C. McEntee, Santa Ana
GUATEMALA—Emilio Selle & Co., Plaza ““Reyna Barrios” Avenida Dela Reforma, Guatemala City
MEex1co—G. Amsinck & Company of Mexico, Inc., 3 a de la Palma, No. 34, Mexico, D. F.
ARGENTINE, URGUAY AND PARAGUAY—G. Amsinck & Co., Inc., New York
PHILIPPINE ISLANDS—Wm. H. Anderson & Co., Manila

FOREIGN COMPANIES

CANADIAN WESTINGHOUSE CoMPANY, LTD., HAMILTON, ONTARIO
THE BriTisH WESTINGHOUSE ELECTRIC & MANUFACTURING COMPANY, L1p., Manchester, England
For the United Kingdom and her Colonies (except Canada)
‘WESTINGHOUSE NORSKE ELEKTRISK AKTIESELSKAP—Rozenkrantzgaten 20, Kristiania, Norway
For Norway, Sweden and Denmark
SOCIETE ANONYME WESTINGHOUSE, PARIS, PRANCE
For France, Belgium, Spain, Holland, Switzerland, Portugal, their colonies and countries under
their protectorate
Tae WEesTINGHOUSE ELrcTrRIC CompaNy, LTD., Norfolk Street, Strand, London, W. C.
SoCIETA ITALIANA WESTINGHOUSE, Vado Ligure, Italy
For Italy
Owners of Westinghouse apparatus are invited to make use of our Service Department, Repair Shops
where repair work will receive prompt and efficient attention.
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IMPORTANT NOTICE

Keep the motor clean. The most perfect installation may cause an
expensive delay if it does not have proper inspection and care. The insula-
tion must be kept clean and dry. Oil and dirt in the insulation are as
much out of place as grit or sand in a bearing. In the severe service for
which mill motors are built, many abuses which shorten the life of a motor
and increase operating expenses can be eliminated.

Before installing or operating a motor, read the following instructions
carefully and check the points to be observed.

The operating man with a large number of mill motors should check
each drive under the points outlined, and may find that his maintenance
expense can be materially decreased.

The importance of taking care of equipment and of saving by careful
operation with motors properly applied, cannot be over-emphasized.



Westinghouse
Types MC and MCO Direct-Current
Mill Motors

GENERAL INFORMATION

Westinghouse Direct-Current Mill Motors,
types MC and MCO, are applicable to inter-
mittent service such as operating steel mill
auxiliaries, cranes, contractors’ hoists, mine
hoists, railway turn tables, transfer tables,
railway lift bridges, draw bridges, etc.

The applications in steel mills where these
types are most desirable are cranes, ore bridges,
roller tables, manipulator side guards, screw-
downs, tilting fingers, transfer lift table mecha-
nisms, etc., where the periods of operation are
short and high momentary torques are re-
quired. The types MC and MCO motors are
of a special very rugged construction, both
designed to operate under the most severe
service and to withstand the mechanical
shocks to which mill motors are subjected.
This service is in most cases intermittent.
The type MCis a totally enclosed motor and the
type MCO an open motor.

The two lines are developed with and without
countershaft brackets and with either series
or compound fields, and all motors are equipped
with interpoles. Either plugging or dynamic
braking can be used to obtain quick stopping.
Where the friction load is low and quick re-
versing is wanted, it is better to use compound-
wound motors and plugging control. When
motors are plugged at high speeds, more than
double voltage may be impressed upon the
armature. The use of a light shunt field wind-
ing limits the light load speed and the heavy
plugging current.

Fig. 1—Type_.MC Motor Without Countershaft Brackets

Fig. 2—Type MC Motor With Countershaft Brackets
and With Gear Case in Place

GENERAL DESCRIPTION AND
DETAILS OF CONSTRUCTION
Frame

These motors have massive cast steel frames.
The frames are split horizontally so that the
top half can be readily swung back or lifted
off. A large opening with easily removable
dust proof cover is provided over the com-
mutator for inspection and adjustment of
brushes. Also there are hand holes closed by
dust proof covers at each end of the bottom
half of the frame which aid in inspection.
Two holes are drilled in the bottom of the
frame for the purpose of drawing off any water
that may accumulate due to condensation or
other causes. Wide-spreading feet, reinforced
with ribs, are cast integral with the lower half
of the frame.

All electrical connections required between
the two halves of the frame are made outside
the frame. This is of great convenience in
lifting off the top half of the frame.

Fig. 3—Type MCO Motor Without Countershaft Brackets
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Fig. 4—Upper Half of Type MC Motor Frame

Field Circuit

Poles—The main pole pieces are built up
of steel laminations riveted together. The
interpoles are also laminated. It is possible
to remove all poles without taking the lower
half of the frame from its foundation. See
Fig. 5.

Field Winding

The series and commutating field coils are
wound of strap copper with asbestos between
turns or of asbestos covered square wire, de-
pending on the motor size. The coils are in-
sulated with mica, taped with asbestos tape,
and then dipped in insulating varnish and
baked. For compound wound motors, each
shunt coil is wound with cotton covered en-
ameled wire, impregnated with a high grade
insulating compound, and given a bakelite
coating. Movement of the coil relative to
the pole piece is prevented by a heavy steel
washer spring between the frame and coil.
Brass or steel washers between the spring
washer and coil, and between the pole tip and
coil give protection to the coil insulation.

Any MC motor can be changed readily from
series to compound or vice versa by changing
from one set of standard field coils to another
standard set.

Armature Assembly

The armature laminations are assembled on
a spider and are held rigidly in position be-
tween end plates. The rear end plate is pressed
on the spider and the front end plate is
held in position by a ring key which is sprung
in place. The commutator is assembled sep-
arately as a unit with the standard V-ring con-
struction and pressed on the main spider. Oil
wipers keep the oil from creeping along the
shaft.

Armature Coils—The armature coils are
form wound with mica and asbestos insulation
and dipped in insulating varnish. Coils for
machines of the same size and voltage are
interchangeable.

The armature is heated and temporary
bands are wound on while the insulation is
soft and pliable which permits the coils to be
drawn down snugly in the slots. The armature
is then dipped in varnish and baked hard.
After cooling, the temporary bands are re-
moved and the permanent bands are wound
on the cold armature. When the armature
is properly wound the core bands will rest
both on the armature coil and teeth. No
wedges are used.

Commutator—All commutators are of the
standard V-ring construction. They are first
assembled as a separate unit and thoroughly
seasoned and are then pressed on the armature
spider. The front V-ring is wrapped with
insulating cambric tape which is given several
coats of insulating varnish.

White mica segments are used between bars
on all commutators and all commutators are
under-cut. The commutators are assembled
on a shell which is forced on the same spider
that carries the armature, and it is possible to
press out the shaft without disturbing the
commutator or windings.

Bearings

The bearings consist of cast iron shells made
in halves bolted together and lined with high
grade babbitt. They are provided with eye
bolts for the purpose of easy removal or replace-
ment of armatures. It is feasible to carry
spare armatures equipped with pinion, bearings
and brake wheel, so that delay in changing
armatures can be reduced to a minimum.

Ring oiling is used with brass tube overflows
to regulate the height of oil carried in the
Teservoir,

Fig. 5—Pole Piece with Compound Winding
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Fig. 6-—Cross-Section of Armature and Bearing

Brushes and Brushholders

The brushes are set permanently at the
neutral point before the motors leave the
works. The spring tension is carefully ad-
justed when the motors are tested at the works
and the design of the brushholder is such that a
uniform brush tension is maintained through-
out the life of the brush.

In case it becomes necessary to increase or
decrease the spring tension in service on all
motors larger than frame 30, the ratchet on the
side of the brushholder may be turned with a
screwdriver until the desired tension is ob-
tained. Radial adjustment of the brushholders
is possible to compensate for commutator wear.
The brushes used are radial and of sufficient
size to give a low current density. Brush
shunts are used on all brushes.

Covers

Openings are provided on front and back
side of the type MC motors for inspection.
When operating conditions permit, the covers
can be removed, improving the ventilation
and increasing the capacity of the motors

Fig, 7—Armature Bearing and Oil Ring

w

somewhat. The large opening over the com-
mutator permits the easy inspection of com-
mutator and brushholders and easy replace-
ment of brushes. A wire gauze cover can
sometimes be made use of.

INSTALLATION

General

Upon receipt of the motors, place them in a
dry and sheltered position.

It is easily possible by rough handling or
careless use of bars or hooks to do more damage
to a machine than it would receive in years of
regular service. Bear in mind that the arma-
ture is liable to damage, since its own weight is
sufficient to crush the winding or damage the
commutator if it is lowered on or swung against
a projection.

If machines have been exposed to moisture,
they should be carefully baked until thoroughly
dry. This can also be done by passing an
electric current through the winding. This
current should be about one-half the full load
current and should be controlled by a suitable
rheostat.

Fig. 8—Brushholder
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10. Brushes Sticking in Holders—This is
caused sometimes by dirt working between
brush and holder and will cause unequal
division of current in brushes. Brushes should
be removed, brush boxes wiped out. If brush
is sticking in one spot, it can be sandpapered
down until a smooth sliding fit results.

11. Worn-Out Brushes—Worn brushes
should be replaced with new ones before the
contact with commutator is broken.

12. Too Small Contact Surface of Brushes.—
Brushes should be ground to fit commutator.

The more usual electrical causes of sparking
are:—

1. Motor Over-Loaded—A graphic ammeter
should be used in checking this; if the motor is
reversing, a zero center meter should be used.
The shunt should be placed in the armature
circuit. The readings obtained should be
analyzed together with the performance curves
of the motors. These performance curves
can be obtained from standard leaflets. If
the peaks are not excessive, the current curve
should be integrated or averaged, taking the
time into consideration and the R.M.S. (root-
mean-square) value of current obtained
checked against the continuous rated current
of the motor. If it exceeds the rating of the
motor, the motor should be either ventilated or
replaced by a larger motor.

An example of this is given at the end of the
book on motors.

2. Open Circuit in Winding or Loose
Connection in Commutator—This trouble will
show itself as a bright ring of fire which appears
to pass completely around the commutator
and by excessive sparking at the edge of the
brushes. It can generally be located im-
mediately by a blackened bar at point of open
circuit.

3. Short Circuit on Commutator—This will
generally show itself by a spark which appears
to revolve with the commutator. This will
give the appearance of a high bar and will very
quickly burn out an armature coil.

Heating of Field Coils

The field coils of mill motors are designed
for 75° C. rise and may in some cases appear to
be excessively hot but by taking temperatures,
by thermometer, it will often be found they are
within their rating.

Excess current and over-heating can be
caused by over-voltage on the shunt winding.
The coils are designed for 109 over-voltage.

If one shunt coil becomes partially short-
circuited, an extra strain is thrown on all the
others and when the coil is replaced, all the
others should be checked to see whether they
are weakened. This can be done by placing
the four in series and checking the drop across
each one when full voltage is impressed on the
set.

If the motor is very much over-loaded, the
radiated heat of the series and interpole coils
and armature may be sufficient to overheat the
shuntcoils. This will show in other ways first.

Armature Heating May Result from any
of the Following:

1. Partial short-circuit between coils will
cause excessive local heating of the affected
coils.

2. Short circuit on commutator will cause
the armature to heat up and may or may not
show itself in sparking at the commutator.

3. Overload is the usual cause of armature
heating. This will generally show itself in
bad commutation but where it is the continu-
ous load rather than the peaks, this will not be
so. Where overload is suspected the load cycle
should be checked with a graphic meter as
outlined later.

Commutator Heating

The commutator may over-heat from ex-
cessive sparking or over-loads and if so, can be
taken care of as outlined under commutation.

If the brush pressure is too high, the friction
of the brush on commutator may heat it up.

Bucking

Bucking or flashing between arms of opposite
polarity is usually caused by excessive voltage
generated in the coils short-circuited by the
brush or between adjacent commutator bars
or abnormally low surface resistance on the
commutator between adjacent brush arms.
Any condition tending to produce poor com-
mutation increases the likelihood of bucking.

Bucking is generally caused by the following:

1. Rough or very dirty commutator. Com-
mutator should be ground smooth or wiped
clean.

2. A drop of water on the commutator from
the roof, leaky steam pipes or other source.

3. Sudden over-loads on the motor.
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4. Reversing or plugging the motor at
high speed may cause the motor to flash-over.
At high speed, if the motor is suddenly plugged,
more than double normal voltage may be im-
pressed on the armature, causing the motor to
buck over. On applications where the friction
load is light, the motor will reach high speed if
allowed to run. On such applications when
the service is plugging, compound-wound
motors are preferable to series-wound. By
checking with a graphic meter, the ‘“plugging”
peak can be determined, and where suitable
magnetic controllers are used, the plugging
resistance can be increased to limit the current
on “plug” to the proper value automatically.
The amount of resistance required varies with
the light running load.

Hot Bearings

When bearings exceed 75° C. by thermometer,
they are overheated from one or more of the
following causes:

1. The Lubricant Used May Be a Poor
Grade or May Be Dirty—Foreign substance in
the oil can be avoided by using only filtered oil.

2. Insufficient Oil—The oil reservoir should
be kept filled just to the overflow.

3. Failure of Oil Rings to Revolve—A ring
may stick when motor is first put in service.

4. Poor Alignment—End Thrust—If motor
and gear are not in proper alignment, end thrust
will result under load and one bearing may
over-heat.

5. Bent Shaft. This will cause chafing and
over-heating of bearing.

6. Worn Bearings—Re-babbitting.—Bear-
ings may be worn out and should be re-
babbitted with a good grade of babbitt.

METHOD OF CHECKING LOAD CYCLE
AGAINST RATING SHEETS OF MOTOR

Fig. 11 represents current curve which is
obtained from an application where the motor
is brought up to speed and then plugged and
reversed. Three accelerating switches are
used and it is assumed that the plugging resis-
tance is such as to give constant peaks when
the line switch and accelerating switches come
in after plugging. Such a curve is obtained
in reversing main roll table applications.

To check load cycle with the paper speed
known, divide the curve into second or half
second periods as shown by dotted lines.

Mark the middle point of each section on the
curve as shown. Square the current value at
each of these middle points and add the results.
Divide by the number of periods taken and
take the square root of the quotient. This
value will now be the R.M.S. current over the
period chosen and if a cycle has been used
which is representative of the operation for any
length of time, one-half hour, 1 hour, 5 hours,
etc., by checking the current rating for one-
half, 1, 5 hours, etc., from the rating sheet, it
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can be seen at once whether the motor is
suitable or whether a motor of higher or lower
capacity should be used.

On applications where reversing is frequent
and where a study of a graphic load chart in-
dicates the motor is overloaded, it must not
be assumed that a change to a larger motor
will remedy the situation. Where the motor
armature WR? is an appreciable portion of
the WR? of the drive as a whole, a change to
a larger motor may increase the WR? of the
drive to such an extent that the overloaded
condition will not be relieved. In this case,
gear ratios and resistor values must be investi-
gated. The motor manufacturer is willing to
assist in the study of such drives.

DON'TS

1. Don’t use emery cloth or paper on
commutator.

2. Don't let armature weight rest on end
coils or commutator.

3. Don't run without oil.

4. Don’t flood motor with oil.

5. Don’t use acid flux when soldering
electrical connections.

6. Don’t let water or steam play on com-
mutator.
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7. Don't let brushes wear until contact is
broken.
&  Don’t let a motor wreck itself because
of worn out bearings.
9. Don’t wreck the motor by continuing
the use of worn out gearing.
10. Don't delay repairs.

REPAIRS

Repairing Armatures

1. Removal of Armature—Care of Com-
mutator—It is very easy to remove the arma-
ture from the motor by lifting it at the eye
bolts in the bearings. The armature should
be hung in a suitable wooden cradle where it
can be inspected.

2. Replacing single coils—In case of a
short-circuit or open circuit in one of the coils
of a two-circuit armature, temporary repairs
can be made by cutting both commutator leads
of the affected coil and its mate with which it is
in series and putting jumpers on commutator
bars thus cut out, these bars are diametrically
opposite on the commutator. This method
of keeping an armature in commission should
not be resorted to when several adjacent coils
are damaged.

Damaged coils can be replaced if care is used
in handling other coils while the injured coils
are being removed. In this case it will be
necessary to remove armature bands and re-
band after repairs are made.

3. Complete rewinding of armatures.

(a) Removing commutator.

The oil wiper or guard at the commutator
end is first removed by a clamp and tie rods
taking a bearing in back of the wiper and on
the end of the shaft. The armature coils are
then disconnected from the commutator and
the leads opened out to permit passing of clamp-
ing bars on each side of the shaft between the
commutator and the armature core. By using
tie rods and a cross bar bearing on the shaft,
the commutator can be pulled off. Similar
methods can be used in replacing commutator,
taking a bearing on the opposite end of the
shaft. In doing this work, care should be used
not to batter the ends of the shaft or injure the
commutator.

(b) Rewinding.

After old banding is removed and coils are

stripped out clean, the slots should be gone
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over with a rough file for any burrs or sharp
edges in the slots.

In rewinding, the work should be done by a
skilled armature winder. Instructions giving
throw on various frames are on page 16. Slot
insulation should be obtained from the factory.

(c) Banding.
See paragraph on Armature Coils, page 4.

(d) Checking for grounds, shorts or open
CIPCULLS.

At the works commutators are checked
before being put on the armature. A lighting
circuit with a lamp in series is connected
across adjacent bars all the way around the
commutator. If it lights the bars are shorted.
After this all bars are shorted and test taken
from bars to the V-ring. For this latter pur-
pose a transformer testing box as described in
the Westinghouse Annual Catalogue under “‘In-
sulation Testing Equipment,” should be used.
The proper testing voltage can be obtained
from the Works.

After commutator has been checked and
put in place and connected to armature leads,
the armature itself should be checked for
shorts, open circuits and grounds. At the
shop an alternating-current magnet is used for
testing for open and short circuits as de-
scribed in the Westinghouse Catalogue under
“Armature Testing Equipment”. The wound
armature is placed in the field of the magnet
and a piece of curved sheet iron is rested on
the armature core while it is revolved slowly
by hand in the magnet field. If the iron is
sucked down against the core, a short is
indicated. This or an open circuit can then
be found by shorting adjacent commutator
bars with a knife edge. If no short or open
circuit is present, this will be indicated by
sparking between all adjacent bars. When
there is no spark, the coil or coils connected
to these bars are open or short circuited. Both
leads from the coils should be disconnected
and tested out with a lighting circuit until the
defective coil or connection is found.

The No. 103, 230-volt armature is lap wound.
This, as is the case with all lap wound arma-
tures, cannot be tested out as outlined in the
preceding paragraph on account of the presence
of cross connections which must be used on
this type of winding.

If such a magnet is not available, the check
can be made as follows:—Connect a source of
potential across the armature at two points
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90° apart. This should be controlled by resis-
tance to give a sufficient current flow through
the armature so that an appreciable reading
can be obtained on a low reading voltmeter or
millivoltmeter between adjacent bars. If no
short or open is present, all readings will be
approximately the same. If winding has short
or open circuit, it can be detected by the
difference in voltage readings obtained from
bar to bar.

For testing for grounds, a testing transformer
should be used and the motor subjected to the
proper voltage. This is 1500 volts for repaired
motors. New armatures are tested at 2400
volts.

(e) Removing shaft.

The armature and commutator are mounted
on a spider. To remove the shaft, the front
oil wiper must be pulled off, then the armature
should be placed in a press and blocking applied
to bear on the hub of the spider. Pressure
should be applied to the commutator end of the
shaft. The armature should be carefully lined
up in the press to avoid slippage and damage
to spider, commutator or winding. Care
should be taken to avoid battering up the
ends of the shaft.

(fy Turning commutator.

On turning down a commutator, a diamond
point tool should be used. If this is set with
the cutting edge at right angles to the work
it will give a very smooth finish. The
best speed for this is from 500 to 600 f.p.m.
Care should be taken in putting the armature
in the lathe not to damage the shaft centers
and to have the work run true.

(g) Undercutting.
The mica should be kept undercut to a
depth of from 45 to 7 inch. This should

Fig. 12—Steel Envelope for Spare Armatures

be done with a special tool. The Westing-
house Electric & Manufacturing Company can
furnish undercutting tools for motor operation.
See Fig. 13.  After undercutting, the edges of
the bars should be scraped and well rounded
off so that no copper burrs extend across the
undercut slot.

Repairing Fields

When field repairs are made without taking
the motor out of operation, a single coil is
generally repaired and no check is made on
the others. In the case of shunt field coils all
coils should be checked, as the other coils may
be damaged. With current in the coils,
polarity can be checked with a compass and
in the case of compound-wound motors, care
should be taken that series and shunt fields
agree. These can be checked one at a time.

To remove the field coils, the bolts holding
the pole piece must be taken out when the pole
piece and coil can be removed from the frame
after which the coil can be removed from the
pole piece.

In replacing the field coils, care should be
taken to place them so that the leads come in
position, shown in the corresponding diagram.

(See Page 16 of this book).

Fig. 13—Motor Operated Slotting Tool
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The coils should be carefully handled and mended similar to that shown in Fig. 12. The
in the case of the shunt coils, care should be weight of the armature is carried by bearings
taken not to use so many liners behind the coil and when it is needed it will be in the same
as to crush it and start short circuit between condition as when it left the repair shop.
turns, when the pole piece bolts are tightened.

RENEWAL PARTS

Re-babbitting Bearings Itisimportant that a full line of renewal parts
The bearing shells may be refilled with be carried. For this reason, it is advisable to
babbitt by assembling them on a mandrel of carry complete spare motors which can be
suitable size. Paper or sheet iron liners dropped in place in a very short time and
should be used to separate the two halves, repair work done later. Repairs on mill
channels being provided for the babbitt to motors should be done in the shop where
flow through or the two halves can be filled facilities are present for skillful work.
separately. Care should be taken to prevent ..
the babbitt filling the oil groove at the center ~Repairing
of the top shell and the two oil drain holes at Repair work can be most satisfactorily ac-
the ends of the lower shell. Oil guard grooves complished at our Works, or nearest Service
should be chipped around the bearings at each Shop. However, interchangeable renewal parts
end and connected with the two drains. The ¢an be furnished, as listed below, to customers,
best grade of genuine babbitt should be used who are equipped for doing repair work.
for pouring motor bearings. After pouring
the bearing should be scraped or bored and
reamed to fit.

Recommended Stock of Renewal Parts

The following is a list of the renewal parts and
the minimum quantities of each that should be
Care of Repaired Armatures carried in stock. These are the parts most sub-

. . el . ject to wear in ordinary operation and damage
_After an armature is repaired, it will some- . breaking due to possible abnormal condi-
times be allowed to lie around the mill until +tjons. The maintenance of such stock will
needed and may suffer damage before it is minimize service interruptions due to break-
needed. The use of a steel envelope is recom- downs.

No. or MoToRrs

Number of Motors in use up to and including ......... ........... 2. 5.......... 15
No. PEr
NAME oF PARTS SET QUANTITY RECOMMENDED

Armature (complete)... ... ... .. ... ... 1.......... ... 1.0, 1.....

Armature Coil......... ... .. .. ... .. .. 1set....... lset....... l1set....... 2 sets

Rewinding material. ...... ... ... ... ... ... . ... .... lset....... Iset....... 1set....... 2 sets
fField Coil—shunt ............. .. ... ... . . . . . . . . ... ... 4. ..., .. .. 2.0 ... 2.0 4.......
Field Coil—series ............. ... .. ... .. .. .. 4. ... 20 2 4.......
Field Coil—commutating . . ............................. 4. 20 2.0 4.......
Commutator. .......... ... ... ... . . 1.......... 0.......... 1.......... 1.......
Brush. ... .. ... lset....... lset....... 2sets...... 3 sets
Brushholder...... ... ... ... . . . . .. . 1set....... Y set...... Iiset...... 14 set
Bearing...... .. ... 2. 2. 2. 4......
Ol RING. ... lset....... lset....... lset..... .. 2 sets

tUsed only on Compound Wound Motor.
These recommendations are for motors up to and including 100 Hp. ratings.

Instructions for Ordering

When ordering renewal parts, give complete name plate reading. Always give the name of the part wanted,
also the stock order number or style number of the apparatus on which the part is to be used.

12



Westinghouse Types MC and MCO Direct-Current Mill Motors

WIRING DIAGRAMS -CONNECTIONS AROUND FRAME

Motor Viewed from Commutator End

The diagrams (Figs. 14 to 19) show connections for compound-wound motors. For series-
wound motors use the same diagrams, omitting the shunt winding and leads f + and f —.

For field coil connections, see Figs. 20 to 27.
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Fig. 17—Type MCO Motor Frames 90, 100 and 103 with
Two-Circuit Armature
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Fig. 16—Type MCO Motor Frames 60 to 80 Inclusive Fig. 19—Type MCO Motor Frame 103 with Multiple
Wound Armature
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WIRING DIAGRAMS—CONNECTIONS OF FIELD COILS

f+ Shunt Cols f- ————

Fig. 20—Connections for Shunt Coils for all Types MC and MCO Compound Wound Motors

F+ Series Coils F- /

Fig. 21—Connections for Series-Wound Motors and for Series and Commutating-Pole Coils of Compound-Wound
Motors—Type MC Motor Frames 20 to 80 Inclusive
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Fig. 22—Connections for Series-Wound Motors and for Series and Commutating-Pole Coils of Compound-Wound
Motors—Type MC Motor Frames 90 and 100; and 103 with Two-Circuit Armature.
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WIRING DIAGRAMS—CONNECTIONS OF FIELD COILS—Continued

A+
A-——
Jeries Coils. £

Fig. 22—Connections for Series-Wound Motors and for Series and Commutating-Pole Coils of Compound-Wound
Motors—Type MCO Motor Frames 60 to 80 Inclusive
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Fig. 24—Connections for Series-Wound Motors and for Series and Commutating-Pole Coils of Compound-Wound
Motors—Type MCO Motor Frames 90 and 100; and 103 with Two-Circuit Armature
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Fig. 25—Connections for Series-Wound Motors and for Series and Commutating-Pole Coils of Compound-Wound
Motors—Type MC Motor Frame 103 with Multiple Wound Armature
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WIRING DIAGRAMS—CONNECTIONS OF FIELD COILS—Continued
Serves (ol

g

Fig. 26—Connections for Series-Wound Motors and for Series and Commutating-Pole Coils of Compound-Wound
Motors—Type MCO Motor Frame 103 with Multiple Wound Armature

WIRING DIAGRAMS—CONNECTIONS OF ARMATURE COILS

———
b

A+

Fig. 28 Fig. 29 Fig. 30
Diagrams of Armature Coil Connections

Note—Where there is a dead, or idle, coil, as in Fig. 28, it is the first coil unit in right of slots | and A and is part of the first coil with

which the winding is begun.

ARMATURE COIL CONNECTION DATA
Frame Fig. Slots Bars

No. No. 1to A lto B Coi. CoNNECTION Data
230 VOLTS
20 28 1-7 1-51 CD, the center line of commutator bar No. 27, is on center line of
slot No. 4
30 27 - 8 1-42 CD, the center line of mica between commutator bars Nos. 22
and 23, is on center line of tooth between slots Nos. 4 and 5
40 27 1-9 1-51 CD, the center line of commutator bar No. 27, is on center line of
slot No. 5.
50 27 1- 8 1-45 CD, the center line of commutator bar No. 24, is on center line of
tooth between slots Nos. 4 and 5.
60 27 1-10 1-54 CD, the center line of mica between commutator bars Nos. 28
and 29, is on center line of tooth between slots Nos. 5 and 6.
70 28 1-11 1-79 CD, the center line of commutator bar No. 41, is on the center
line of slot No. 6.
80 28 1-10 1-71 CD, the center line of commutator bar No. 37, is on the center
line of tooth between slots Nos. 5 and 6.
90 28 1-9 1-63 CD, the center line of commutator bar No. 33, is on the center
line of slot No. 5.
100 27 1-10 1-57 CD, the center line of commutator bar No. 30, is on the center
line of tooth between slots Nos. 5 and 6.
103 30 1-11 1- 2 CD, the center line of commutator bar No. 3, is on the center line
of slot No. 6.
550 VOLTS
30 29 1-9 1-79 CD, the center line of commutator bar No. 42, is on the center
line of slot No. 5.
40 28 1-10 1-75 CD, the center line of commutator bar No. 39, is on the center
line of tooth between slots Nos. 5 and 6.
50 29 1-10 1-89 CD, the center line of commutator bar No. 47, is on the center
line of tooth between slots Nos. 5 and 6.
60 28 1-10 1-71 CD, the center line of commutator bar No. 37, is on the center
line of tooth between slots Nos. 5 and 6.
70 28 1-11 1-79 CD, the center line of commutator bar No. 41, is on the center
line of slot No. 6.
80 28 1-10 1-71 CD, the center line of commutator bar No. 37, is on the centet
line of tooth between slots Nos. 5 and 6.
90 29 1-13 1-119 CD, the center line of commutator bar No. 62, is on the center
line of slot No. 7.
100 29 1-11 1-114 CD, the center line of mica between commutator bars Nos. 39
and 60, is on the center line of slot No. 6.
103 29 1-10 1-89 CD, the center line of commutator bar No. 47, is on the center
line of tooth between slots Nos. 5 and 6.

16



