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Example :-Design a 200 k.v.a., 2300 to 230 volt, 60 cycle,
three-phase transformer which has the following constants,B
12000; lei
1550; Sc = 0.36; S. = 1.0; ~
0.4; yt =
2.7; zt = 2.
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TIle Tv/in Arnlature Motors
For the Chicago,

~lilwallkee

& St. Paul Direct-Current J.A)comotives
GERALD

HE ten 266 ton Baldwin-Westinghouse electric
locomotives which are now being built for operation over the Rocky Mountain Division of the
Chicago, Milwaukee & St Paul Railroad will be the
most powerful locomotives in passenger service, and
as they will be supplied ahnost exclusively \vith hydroelectric power, they form an important item in the coal
conservation program in the far West. Six main motors of the twin armature quill geared type are used per
locomotive. This type of motor permits of the devel-
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ratings are quite conservative. Air for ventilation is
supplied by an external blower assisted by a
large fan mounted on the pinion end of each armature.
These fans greatly assist in distributing the air and
draw sufficient cooling air through the motor to allow
the auxiliary blower to be shut down when operating
over the lighter grades, and thus save power. The cooling air enters a duct through an air inlet placed in the
center of the top of the motor. It moves forward in
this duct toward the commutator end, where it is blown
into the interior of. the motor. It then passes in parallel streams through the armature cores, through the
air-gaps and through the spaces between the field coils,
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FIG. 2-MAIN MOTOR \VITHOUT GEAR CASE OR QUILL

Sho\ving the pinions of the twin armatures.
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complete \vith quill and gear covers.

0plnent of greater horse-power per axle than any other
type in which a single Inotor mounted between wheel
flanges drives a single axle. Each armature is wound
for 750 volts, and the twin arn1atures are connected per111anently in series, giving 1500 volts per Inotor. The
1110tors are insulated for operating two in series on a
3000 volt trolley line.
The contract ratings based on 75 degrees rise by
therlnometer are 667 hp for one hour, natural ventilation, \vith all covers off and 533 hp continuously with
3350 cu. ft. of air per minute, forced ventilation. Tests
on the first motor manufactured indicate that these

enters the fan at the rear, and is thrown out through
circumferential openings in the pinion end of the frame.
These openings are protected by special covers designed
to keep out snovv and water. The weight of the motor
complete with pinions, gear, gear case, quill bearings,
quill and quill drive details is 25 400 pounds.
The motors are mounted on top of the truck transoms of the locomotive, which puts them well up above
the road-bed away from the dust, dirt, water and roadbed obstruction. Furthemlore, being entirely spring
supported, the motors are not subject to the direct
shocks or vibrations due to irregularities in the track.
The frame of the nlotor consists of a rugged steel
Heretofore, twin armacasting as shown in Fig. 4.
ture motors of the alternating-current type, adapted for
quill drive, had two separate frames which were bolted
together. \Vith the direct-current motor, requiring a
heavy magnetic frame, a saving in weight and cost is
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possible by making the frame casting in one piece. The
center wall inside the frame does not carry any of the
main pole flux and serves only as a supporting wall for
the poles and coils, and as a path for the commutating
pole flux; hence, it can be made of relatively thin section.
There are four main and four commutating field
poles and coils per armature. The field coils are wound
with copper straps insulated between turns with asbestos. The insulation around the field coils is of mica
with a final taping of heavy cotton tape. The coils are
impregnated by the vacuum process with a heat conducting and water proofing compound. The commutating coils are insulated for line voltage. The main

FIG. 3-COMMUTATOR END OF MOTOR

Showing the air in-take.
FIG. 4-STEEL CASTING OF MOTOR FRAME

The main poles on the center wall are of opposite polarity,
so that no main pole flux passes through the frame at this
point.

coils are always on the ground side and are insulated
for one-half line voltage. The field coils are supported
between the pole tips and machined surfaces in the
frame.
They are protected by means of coil shields
and washers, and prevented from moving by a heavy
spring placed between the top washer and the frame.
The housings which carry the bearings fit tightly
into the tnachined bores in the ends of the frame. They
are secured by bolts which are prevented from turning
by plate-lock-washers. The bearings are of ample size.
They are lubricated by the oil and waste method which
is standard for railway motor practice.
There are four brushholders for each armature,
each carrying three brushes. The brushholder support
consists of a block into which are pressed insulated pins.

The insulation is a composition which is moulded on the
pins and machined to exact size to obtain a good fit in
the blocks. The portion of the insulated pin extending
from the block is surrounded by two porcelain bushings
in series which gives a long creepage surface to ground.
The outer ends of the pins are drilled and tapped
axially for bolting to machined surfaces on the frame.
The brushholder is of standard railway motor construction and is bolted to the insulating supporting
block. The connections to the brushholders are so arranged that the brushholder or support may be removed
with a minimum of disturbance of the connection.
This fact, together with the location of the motors up
from the road-bed, makes the brushholders convenient
for repairing and inspecting. Two openings in the
bottom of the frame, two in the comers at the top and.
one in the center at the top are provided for inspection
and removal of brushholders. Six of the brushholders

FIG. 5-MAIN AND COMMUTATING FJELD POLES.. SHIELDS} WASHERS
AND SPRINGS

can be inspected and the carbons removed from the top.
The other two are accessible from the bottom. It is not
necessary to run the locomotive over a pit in order to
inspect or remove brushholders.
The armature is of the standard railway motor
type. The shaft is of forged steel and is pressed into
the spider. It can be removed for replacement without
disturbing the remainder of the armature. The spider
and pinion end bell form an integral casting. Figure 6
shows the armature core with commutator in place, and
also the large fan on the rear end Balancing pockets
are arranged in the spider, in the commutator end bell
and in the fan. The armature core is balanced before
the commutator or fan is applied. The commutator is
finished all over and hence is not subject to very great
variation. The fan is balanced' independently before
being applied to the core.
The armature coil shown in Fig. 8 is made in one
piece and is completely insulated·before being applied to
the armature core. The complete coil consists of five
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single coils each having a single turn of tVlO straps in
parallel. There are no cross-overs inside the coil. The
coils are insulated with mica with a' final taping of
strong cotton tape. The complete armature is dipped
it:l insulating varnish and baked several times after being
\vound.
In Fig. 7 is shown the quill \vith gear center and
gear rim. The gear rim has 8g teeth, each pinion has
24 teeth, and the gear face is six inches wide. By using twin armatures with the two pinions meshing with
the single gear, considerable space is saved in the dir~ction of length. There is also no necessity for using
th~, flexible type of gear to insure proper division of
19ad between pinions. At the same time, all the advan,tages of flexibility of drive are obtained due to the

tween the gear case and quill, and between l.he upper
and lower portion of the case. It will thus be seen
that the gear case is of simple and sturdy construction.
The normal clearance between the lowest part of the
gear case ~d the rail is seven inches.

FIG. 8-ARMATURE COIL

The conlmutating and flashing characteristics of
the motor are inherently good, due to the use of only 750volts per armature. There are 205 commutator bars on
each armature, which is "ample for 750 volts. The'
air-gap is proportioned in accordance with the latest
practice to give a steep speed curve, so that it is only
necessary to shunt one-third of the field current to obtain the maximum speed desired with a full tonnagetrain on level track. The range of speed at full vo1tareis from 23 to 65 miles per hour, depending on the load.
In general it will be seen that this motor is of
simple and rugged design. The insulation is capable of
standing high temperatures and, with the large creepagedistances, is liberal for the high line voltage. An ample

FIG. ~ARMATURE CORE
FIG. 7-QUILL \VITH GEAR CENTER AND GEAR RIM

use of the quill springs connecting the quill to the
wheels.
The upper and lower portions of the gear case are
shown in F~g. 9. The upper portion is made
of two rugged castings as shown. l'he line of split between the upper and lower portions of the gear case is
3.5 in. from the horizontal center line of quill. On the
pinion end housings, there are skirts extending down to
the line of split, as shown in Fig. 2. On the faces of
the pinion end housings are flanges to which the upper
castings are bolted. The lower portion of the gear case
is of sheet steel riveted and welded. It is supported at
the ends from the upper castings.
Hand holes with
spring covers are provided in the upper portion of the
gear case. Tongue and groove fits are provided be-

FIG. 9'--<'iEAR CASE

number of commutator bars are used on each annature, which will greatly reduce troubles from flashing.
The capacity is ample for the duty required. The motors can therefore be expected to operate with a high.
degree of reliability in service.
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