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Important Notice

Mechanical Re-determination of Neutral Position
On Fabricated Type D-C. Brush Riggings

At any time, the following mechanical method for determining the
factory neutral position, can be applied:

With a convenient constant radius, using the two countersunk holes
in the front edge of the frame as centers, scribe two ares to intersect on
the commutator surface between the ends of the bars and the first brush,
so that the point of intersection is visible when the brush arm is in place.

If the axial center line of a brush contact surface be made to coincide
with the point of arc intersection, the brush will be in the factory neutral
position.  The position of one brush arm is thus established and the
other brush arms can be spaced with reference to it,



Westinghouse

GENERAL
INFORMATION

The motor-generators covered by
this Instruction Bool, include the larger
a-c.—d-c. sets with either synchronous
or induction motor drive. The well
known advantages of the syochronous
motor, such as its adjustable power
factor, high efficiency and
speed, have brought the svochronous
set into far more general use than the
induction set. For that reason, the
mstructions given here will deal largely
with the synchronous type although,
where differences of construction or
operation require it, exceptions will
be made to cover the induction type.

CONSTRUCTION

General

The smaller sets are built with the
two machines mounted on a single bed-
plate and with three bracket bearings
for supporting the rotors. The shafts
are coupled together solidly with either
cast iron couplings which are pressed
on the shaft ends or, more often, with
flanges which are forged as part of the
shafts.

Larper sets have three pedestal bear-
ings with the shafts coupled together
in the same manner.

Three unit sets consist of a single
motor dnving  two generators. The
motor 15 placed in the center and there
are four pedestal bearings.

constant

Exciters

Exciters may be mounted on either
or both ends of the set. The exciter
frame is usually supported by a stand
which is bolted to an extension of the
bedplate. This allows the stand and
the exciter stator to be removed in case
it hecomes necessary to remove one of
the main rotors for repairs. The ex-
citer armature may be mounted on an
extension of the main shaft or on a
small shaft coupled to the end of the
main shaft.

Bedplates

The bedplates are fabricated from
structural steel beams. For very large
sets it may be necessary to make the
bedplate in sections bolted together or
to use separate side rails and end rails
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which are not joined at the corners but
which are mounted separately on the
foundation. Cast-iron hedplates  were
used formerly but these have been super-
seded by the fabricated steel structures.
The cross member of the bedplate which
carries the center pedestal bearng of
a three-bearng set 15 sometimes made
removable.  This allows greater accessis
bility when repairs are made. Four-
bearing sets have two cross members or
bridges for the two center pedestals and
ome of these 15 usually removable. It s
sometimes necessary to support the
bridges in the center by means of ver-
tical columns which extend into the pit
and rest on conerete piers. These are
bolted to sole plates at the bhottom and
to the bridge at the top.

Bearings

The bearings are lubricated by means
of oil rings, There are openings at the
top of the bearing cap which permit
inspection of the rings. The oil level
can be determined by raising the spring
cover on the sight hole which is pro-
vided on the pedestal. There is a drain
cock which allows all of the oil in the
reservoir to be removed. Tor large
high speed miachines it is often neces-
sary to water-cool the bearings. Water
inlet and outlet pipe connections are
attacrhed to the bearings in these cases.
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Some of the large sets are provided with
a high pressure ol system for lubricating
the beanings during starting. A small
inlet pipe and a larger return pipe are
furnmished with the bearing when this
system 13 used.

Insulated Pedestals

Slight the magnetic
circuit of one of the machines may cause
a perindic change in the amount of Aux
linking the shaft. The result of this
15 that a small voltage is generated in
the =haft which tends to set up a current
through the circuit formed by the shaft
bearings and hedplate. If such a cur-
rent 15 allowed to flow it s0on has a de-
structive effect upon the journals and
bearings,  Small pits are usually formed
on the surface of the shaft and these
are sufficiently rough to score the sur-
face of the bearing. Ocecasionally, the
babhitt itself appears to be eaten away
by the current,

To avoid this trouble certain of the
pedestals are insulated from the bed.
plate so as to break up the flow of cur-
rent. See Fig. 3. Usually, the two end
pedestals are msulated, although this
practice varies with the design of the
particular set involved. A sheet of in-
salation about 1% inch thick is placed be-
tween the bottom of the pedestal and
the hedplate, and insulating tubes and

varialions in
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washers are used around the belts and
dowels. If water or oil piping is con-
nected to the beanng, an insulated
union 15 used, Care should be taken
to see that there is no metallic connec-
tion between an insulated pedestal and
the bedplate. If this precaution is not
obzerved, the insulation becomes use-
less and bearing current is permitted to
flow. Metallic connection may result
from any of the following: Piping which
touches both the pedestal and bedplate
and which has no insulated wunion:
guard rail; metal ladder set against the
pedestal; tools left in contact with both
pedestal and bedplate; pump or other
device geared to the main shaft. A
break in the insulation may oceur during
erection due to careless handling and it
15 well to test for this with a bell and
battery or with a test lamp. If a
machine has bearing currents it is usually
possible to detect this by placing one end
of a copper wire on the pedestal and
touching the other end on the shaft from
which sparks can be drawn. The wire
simply shunts part of the current which
otherwise flows through the bearing
sutfaces,

Many of the smaller sets have very
little tendency to produce bearing cur-
rents and these may be operated safely
without pedestal insulation. Mo insula-
tion 15 furnished with machines in this
class.

Oil Pressure for Starting

The use of a high pressure oil system
reduces the starting friction of large
motor-generators and permits the use
of lower starting voltages and currents.
The equipment consists of a four eylinder

pump driven by a small motor and
the necessary piping.

The pressure developed by the pump
is about 1000 lbs. per square inch which
iz sufficient to lift the shaft from the
bearing and provide a perfect oil film.

If any of the bearings are insulated
from the hedplate the piping connected
to them should be equipped with in-
sulated unions. (See page 3).

Speed Limit Device

The Speed-Limit Device—As a
safeguard against overspeeds, a
speed-limit device is attached to
one end of the shaft, consisting
of a spring closed switch, When
the machine reaches a certain
speed above normal, a centrifugal

trip case to the shaft, next push
in the switch arm; there should be
at least 14 inch between the switch arm
and the trip-case. (See Fig. 4).

Adjustment of Speed-Limit Device —
When testing for overspeed the d-c. ma-
chine can be run as a motor, the d-c. bus
or the set can be belted to a motor. It
is important to have complete control
of the speed during the test. Use a
tachometer or any reliable direct-read-
ing speed indicator, but do not use the
ordinary revolving dial indicator.

Then test for overspeed; the switch
should trip at about 13 per cent above
normal speed. Bring the speed up
slowly and watch for the tripping speed
of governor trip-lever.

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

First determine the tripping speed,
assemble the governor as shown in (See
Fig. 4). Screw in the adjusting screw
even with the gpovernor case, and give
the screw about one-half turn inward at
each run until it trips at the overspeed.
Then tighten the =zmall locking screw
on the side of the trip-case.

JBhaze

Star or Delta Single Phase
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governor mechanism operates the nreh en
switch and opens the circuit-
hn.:aiir;vrﬁ, t!tqs cutting off the ma- ;ﬁ;ﬁ&;ﬁgﬂf
I-"l'l.!l!l'llE.' f_mm 11.5 source 1.3[ supply. ffﬂiﬁﬂfﬂug'ﬁﬁ‘ﬂw 2Phase Wire
A circoit opening switchisregularly
supplied with Westinghouse speed
limit devices but a circuit clos- . 7l ?‘4.
ing switch can be supplied when "‘l{;/ s
desired. 76
: 3 %

To Reset the Switch—It is fﬁ;rgr ral!
merely necessary to move the 4 73 Teal &"}'} o
switch arm back to the normal Rk ]
position by hand. This can read- JPhadsé Star With 15 1>
ily be done at any time whether Neutral Lead 2Phase diWire
the machine iz running or not and 7
without opening the switch box.

Assembly of Speed-Limit De-
vice—All speed-limit devices are
set and tested at the Works.
The switch box complete is shipped
attached to the Eedestal. “Bolt 3727 fo g
up parts in place, fasten the Frs. 54““%1‘;33;“&%&2;“ Lxaps FoR
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Before starting each test see that the
switch arm is in and pull the trip-lever
several times by hand to see that it works
freely.

Inspection—Speed hmit devices should
he tested and lubricated at regular inter-
vals az a part of the routine inspection to
insure that all parts are operative and all
circuits complete.  Failure to maintain
the overspeed device and wiring in
proper condition may result in the loss
of a machine.

Fans

Fans or blowers are attached to the
rotors of most generators and motors
to assist in foroing ventilating aur through
the machines. In some cases these are
straight radial vanes each of which is
holted to the rotor.  For other machines
a completely assembled blower having
inclined blades is bolted to each side
of the rotor. The blades are inclined
in such a wav that they are not radial,
the edge of the blade nearest the shaft
being ahead of the outer edge in the
direction of Totation. (See Fig. 6.} It
is important that the set be run in such
a direction that thiz relation 15 obtained
since the amount of air delivered by
the fan is greatly reduced when it is
run in the opposite direction,

Leads

A-C. Leads—The arrangement of
leads for various types of windings is
shown in Fig. 5. The leads are brought
out normally at the bottom of the frame
onn the collector end of the machine
and are equipped with terminals into
which the purchaser’s cable may be
inzerted,

Phase Sequence—The phase sequence,
or phase rotation as it is sometimes
called, is in the order of Ty, T, etc,
when the mechanical rotation is in a
clockwise direction wviewed from the
collector end of the machine. When
the rotation is counterclockwise, viewed
from the collector end, the phase se-
quence is in the reverse order.

A name plate, indicating direction of
rotation, is attached to the rocker ring of
the brush rigging of the D-C. generator,

D-C. Leads—The generator leads,
except on small capacity machines are
usually brought out underneath the
generator frame.

Methods for Disassembly for
Repairs

The following general directions for

removing the stators and rotors or for
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making them accessible for repairs apply
to machines of standard design. For
seéts having special constructional fea-
tures, there may be exceptions to these
rules,

Three Bearing Sets

(a) For cases in which either of the
rotors 15 too large in diameter to be
entirely removed from the stator, due
with the end member
of the bedplate, the center bridge is
made removable,  This allows the center
pedestal and bridge to be taken out and
the stator of either machine to be shifted
toward the center a sufbcient distance
to clear its rotor. The coupling bolts
should be removed before the bearing
15 taken out so as to prevent an excessive
strain on them. The rotor of the ma-
chine to be repaired should be supported
at the inner end by a rope from a crane
or by jacks or blocking from below.

to interference

The other rotor may be allowed to rest
agaimst the stator.

(b} When rotors small
enough in diameter to clear the bedplate
the center bridge is not removable and
the rotors should then be taken out of the
stators in a direction away from the
center.

both are

In some cases it 15 necessary to
unbolt the center pedestal from the bed-
plate and, after removing the bearing
cap, to lower the pedestal into the pat
beneath the machine so that it will not
interfere with the coupling.  If thereisa
direct connected exciter it is necessary
first to remove the exciter frame and its
supporting stand., If the exciter rotor
15 coupled to the main shaft it should
be removed also.

Three Unit Sets with Four Bearings
The usval arrangement of three unit
sets is an a-c. driving motor in the center

with a d-c, generator on each end. Ome

Fi1c. 6—VIEW oF ROoToR OF A SyHCcHROMOUS MoToR
Suowins Fans avp Daspive WinniNe
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of the two bearings next to the motor
is mounted on a removable bridge.
When this bridge and the hearng are
removed the motor stator can be shifted
along the bedplate a sulficient distance
to clear the rotor and thus make both
stator and rotor accessible for repairs.
The armatures of the rnachines
can be taken out of the stators when
the end pedestals have been removed.
An alternative method of handling the
d-c. machines is to unbolt the upper
half of the frame and lift it off entirely
thus making the armature accessible for
repairs. In the case of & compensated
generator it is necessary to open up the
compensating winding before the top
half of the frame can be removed.

Types of Direct-Current Gen-
erator Construction

There are two general tyvpes of
constructiom, which are being used
in direct-current machines:  One type
using commutating  poles only  and
the other which is a variation
of the commutating-pole type and which
is called a “compensated” machine
using a pole face winding in addition
to the commutating poles. The com-
mutating poles are small poles placed
between the main poles.  These =mall
poles are magnetized by a winding which
15 in series with the armature, so that
the flux furmshed to assist commutation
will vary with the armature current.
The brushez are so placed that the coil
undergoing commutation comes under
the influence of the flux from the com-
mutating poles, this Aux being of such
value and direction that the cutting
of it produces in this coil, a voltage which

d-e,

type,

neutrahizes the voltage of self-induction.
In a generator, the fAux {rom the com-
mulating pole must be in the same direc-
tion as the Aux from the main pole im-

No Load Neutral
Full Load Neutral

}

b leutral at all Load's

mediately ahead and in 2 motor, the
flux from the commutating pole must
be in the zame direction as the flux from
the main pole immediately behind.

The commutating pole  maintains
the neutral position midway between
the main pole pleces, for either a motor
or a generator, and smee the commutat-
ing-pole winding is in series with the
armature, a change from generating
load to motor load automatically changes
the polarity of the commutating poles.

The compensated machine mav be
locked vpon as a modified commutating-
pole machine, The commutating-pole
machine has 1the exciting winding con-
centrated about the commutating pole
while the compensated machine has a
part of the exciting winding distributed
in the main pole face, The total ex-
citation 15 the same in both cazes, In
the llustrations (Figs, 7 1o 9), the direc-
tion of the corrents and the shape of
the magnetic fields are shown for the
non-commutating-pole  machine,  the
commutating-pole machine and  the
compenzated machines, {The non-com-
mutating-pole diagram isshown for com-
parison only, as this type of machine
15 not used in molor-generators,)

\FUH Load Freld Form
No Load Freld Form
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As the commutating-pole machine
is simpler in mechanical construction
than the compensated machine, the
question naturally arises as to why the
latter construction is uwsed. In order
to explain this, it is necessary to consider
the function of the commutating-pole
winding. Figs. 10 and 11 show the mag-
neto-motive forces which are present
in both tvpes of machines. The essential
difference, as will be noticed from an
inspection of the diagram, is that in
the commutating-pole  machine, the
armature reaction 15 not neutralized
in the zone “a-b’"", while on the com-
pensated-pole machine the armature
reaction is completely neutralized under
the main pole. In order to maintain
the best commutating condition, the
flux from the commutating pole must
change in exact proportions to the change
of load. As soon as there is any satura-
tion in the commutating pole, this exact
relation is destroved and the commuta-
tion limit is soon reached.

As the commutating pole must carry
both the useful flux for commutating
and also any leakage flux which may
be produced by its winding, it is evident
that reducing the leakage flux will in-

| |
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crease the commutating limit of the
machine. The most effective way of
reducing this leakage flux is to distribute
the commutating-pole  exciting  field
winding in the main pole faces and there-
by increase the length of the path of
leakage flux. This construction becomes
what we have called the compensated
machine and it possesses two distinet ad-
vantages over the plain commutating-
pole machine, It has a greater maxi-
mum commutating capacity and the
armature cross-magnetization is neutral-
ized under the main poles, so that the
maximum  voltage between adjacent
commutator bars 15 correspondingly
less. By taking advantage of these
points, it becomes possible, by the aid
of compensation to increase the speed
of generators and to make motors which
will meet more difficult cyveles of op-
eration. Within the lmits of com-
mutation, the commutating-pole ma-
chine commutates just as well as the
compenzated machine, but the limiting
factor in commutation is the saturation
of the commutating-pole magnetic cir-
cuit, and the main factor in saturating
this circuit is the leakage flux, and as
there is less leakage in this part of the
compensated machine, the overload limit
is correspondingly increased.

As the number of commutator bars
per pole decreases with an increase of
speed, a high average voltage between
adjacent commutator bars is the result,
and if the number of commutator bars
iz arbitrarily increased in order to obtain
low average voltage between bars, the
armature reaction is correspondingly
increased, and the distortion of the main
flux becomes greater, resulting in a high
peak wvoltage between adjacent com-
mutator bars. As has been shown in
the compensated machine, there is little
distortion of the main pole flux; con-
sequently, with the same degree of
safety, a higher voltage between commu-

tator bars is permissible.  That is, with
the same peak voltage hetween commu-
tator bars the compensated mzachine can
have a higher average voltage between
bars than the commutating-pole ma-
chine, Hence, for wvery high speeds,
the compensated machine makes higher
ratings possible. For the same reason
the compensated machine, for a given
speed, makes higher voltage machines
possible,

The elimination of armature reaction
by the use of distributed paole face wind-
ings improves wvoltage regulation and
greatly reduces commutating pole sat-
uration. It iz possible to carry rapidly
fluctuating peak loads without disturh-
ance to commutation making possible
many applications to which straight
commutating pole machines are un-
suitable. The straight line voltage
regulation of compensated penerators
requires a careful investigation of parallel
operation with other equipments.

The pole face windings and the neces-
sary connections for the same introduce
a certain amount of complication, which
cannot be avoided, and as a result the
compensated machine is not as easily

dismantled and not as easily repaired
as the commutating-pole machine, The
better performance is obtained at a
sacrifice of simplicity.

Three Wire Generators—The neutral
wire for a three-wire, two-voltage sys-
tem can be obtained from any Westing-
house generator by connecting collector
rings to suitable points in the armature
winding and connecting a balance coil
between two collector rings (See Fig. 12).

The middle point of the balance coil
iz the neutral point to which the third
or neuiral wire of the svstem is con-
nected. Two rings and one balance coil
or four rings and two balance coils may
be used depending on the space available
for collector rings, the amount of un-
balanced current, etc,

The commutating-pole windings and
series field windings in three-wire gen-
erators are divided into two circuits
{adjacent coils being in different cir-
cutts), one cireuit heing connected in the
positive and one in the negative side.
This is done to obtain the same excitation
independently of the unbalancing. Con-
sider the case of a generator with the
series field in the negative side only and
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with all the load on the positive side,
The current will flow from the positive
brush, through the external circuit,
back through the neutral wire without
passing through the series-field winding.

Equalizers— As there are two series
fields, two equalizer leads and busses
are required.

Ammeter Shunts can be located in
both negative and positive sides of the
generator, in order that the meters will
indicate the current in both armature
leads.

INSTALLATION

General
The following instructions and pre-
cautions are intended to aid in the in-
stallation of motor-generators. In many
cazes the instructions are of a very gen-
eral nature since the wide wvariety of
types and sizes and the numerous
special features that may be included
make it difficult to give detailed in-
structions that are applicable to all units,
The service of an experienced erection
engineer is invaluable and must be
relied upon for a great many of the
details of installation.
For diagrams of connections see Figs,
31 to 33, pages 26 to 30,

Foundations

The foundation should consist of solud
concrete walls or piers whenever possible
and should be carried down far enough
to rest on o solid sub base, A competent
engineer who s familiar with local con-
ditions should lay out this part of the
work, If it is necessary to support the
bedplate on steel work instead of con
crete, the girders should be well braced
and supported by columns so as to pre-
vent vibration.

The pits beneath the machines should
be made deep enough to give plenty
of workimg space for connecting the
leads. They should he properly drained
and if possible should be ventilated.

Protection

The machines should be protected
carefully apainst moisture both before
and after erection. Water or steam
from leaking pipes, rain, sNowW O con-
densation from the atmosphere zhould
be excluded. [1 is particularly
portant to keep the windings and rom-
mutator dry since moisture lowers Lhe
insulation resistance and increases the
likelihood of a breakdown, If a ma-

-
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chine is brought from cold surroundings
into & warm room, it should be kept
vovered until its temperature has risen
to room temperature so as Lo prevent
condenzation on the windings and other
parts. (See pages 10 and 11 for methods
of drving out windings.)

Care should be taken in transporting
and handling the machines to see that
the windings are not damaged. A blow
upom any part of the windings is liable
to injure the insulation and result in a
burn out of the coil.

Lifting of the machines by cranes
should be done with the greatest care.
The stators of the a-c, machines are
wsually provided with lifting holes in the
sides of the frame in to which the crane
hooks may be inserted. The d-c. stators
have eye bolts for lifting. The rotors
should he lifted preferably with rope
slings looped around the shafts. In no
case should the ropes or chains be al-
lowed to exert pressure on the windings,
commutator or collector rings.  The en-
tire set should never be lifted by the
bedplate  since the bedplate has not
sufficient strength to carry the weight ex-
cept when it is resting on a solid founda-
tion. In the case of small sets which are
shipped assembled and are to be lifted as
a whole the crane hooks should be attach-
ed to the stator frames and one or more
heavy timber should be
wedged hetween the two frames at the
tap to prevent distortion.

preces  of

Location of Machines

It is of the greatest importance in
laying out a power house or substation
that the location of the sets be governed
largely by the following considerations:

(1} The machines should not he,
exposed to moisture from leaky pipes
escaping steam or condensation of at-
maospheric moisture on overhead glass
ar a metal roof,

(2} They should not be exposed
to the vorrosive action of acid fumes
or other injurious gases,

(3} They should not be exposed
to dirt from coal handling or similar
CRLEES,

(4} Since the total temperature, and
consequently Lhe capacity of 1he ma-
chine, depends upon the temperature
of the surrounding air, it is evident that
the location should be in a room as eool
and well ventilated as is consistent with
proper protection from dirt and moisture,
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(5) The position of the set should
always be such that the commutator
and collector rings, which require special
attention, are readily accessible for
inspection,

Aligning Motor-Generator
Sets

When considering the installation of
motor-generator  sets, such apparatus
may be divided into two general classes,
namely ;

(1} Units shipped assembled,

{2y Units shipped unassembled.

Each class may again be divided into
two-bearing and multi-bearing  units,

Two Bearing Units—The aligning and
leveling of two bearing units that have
been shipped assembled is a relatively
simple  operation. The unit should
be placed on the foundation with
the bedplate resting on steel plates,
shims or wedges, These supports
should be of sufficient height to per-
mit  satisfactory  grouting  and  they
should he so located that they will
carry the weight of the pedestals,
rotor and the frame without distorting
the bedplate, The unit should be
brought into alignment with, and also
leveled to the elevation of other appa-
ratuz or “bench marks" as reguired,
The foundation bolts must have suffi-
cient freedom of movement {o permit
such alipnment. The pedestal caps
should be removed so that the bearing
alignment may be checked. Most satis-
factory results in leveling horizontal
electrical apparatus are usually secured
by using a very accurate =pirit level on
the shaft or bedplate pads. It is
sometimes desirable to use a piano wire
“line'" in checking the alignment of the
pedestals or the stator bore, or in de-
termining if the bedplate is distorted,
but this iz seldom necessary when a two
bearing unit is being installed,

When the alipnment (including the
level} is satisfactory the nuts on the
foundation bolts should be tightened
snugly and the level should be again
checked to make sure that the bedplate
has not been distorted. If this check
is satisfactory, the bedplate should be
grouted, When the grout has hard-
ened the nuls on the foundation bolts
should be drawn down tight.

The grouting should be carried up
nearly to the top surface of the bedplate
50 as to give rigid support for the
machine. (See Figure 13).



Multiple Bearing Units—All standard
modern  multiple  bearing motor-gen-
erator sets are made with 1wo separate
shafts bolted {ogether by the use of
Hanged couplings. These couplings
may be either of the pressed on tyvpe or
with half couplings forged integral with
the shaft.

Multiple bearing units may be clas-
sified for methods of shipment and align-
ment as;

1. Small molor-generator sets.
2, Large molor-generator sets.

Small Motor-Generator Sets—5Stand-
ard units of this classification are pro-
vided with three main pedestal Lype
bearings,. When additional bearings
are provided for exciters they are usually
nf the bracket tvpe. This classifi-
cation covers units that may be shipped
with the main elements assembled.
They will have a maximum rating of
approximately 1500 kv-a., although
thiz will depend to a considerable extent
on the speed, which of course directly
affects the dimensions and weaights,
which in turn control the method of
shipment.

The method previously  described,
for aligmng two bearing motor-generator
sets should be used 1n the preliminary
alignment of three bearing units.  Be-
fore grouting the bedplate, however, the
shaft alipnment must be checked.
Sinee the coupling faces are always
machined perpendicularly true to the
shaft axis, the shaft aliznment can be
checked very satisfactorily by loosening
the coupling balts and “hreaking' the
coupling so that a thickness (feeler)

Fic. 13—BETTING OF STRUCTURAL STEEL
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gauge may be inserted between the half
coupling faces. The factory allowable
tolerances for such alignment are;—

(4) The difference between the read-
ings at either =side—.001"" for any
size flange.
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(B) The difference between the read-
ings at the top and hottom—not
to exceed 02 per 12 of Aange
diameter, but a maximuom of
JH4Y tor any diameter of Qange.

If the opening at the top and hottom
of the coupling faces are not uniform the
larger opening must always be at the top.

When the small motor-gencrator sets
are being aligned, the adjustments to
secure lop and bottom fAange align-
ment are made by elevating the ends of
the hedplate, Care must be used to
insure hoth ends being raised as near as
possible the same amount,

Diring the coupling alignment  the
shafts should be rotated in the bearings
1807 from the original checking position
anid the coupling separation should be
re-checked at top, bottom and sides to
again prove the shaft alignment and
the truth of the coupling faces.

Large Motor-Generator Sets —As it
roncerns shipment and installation meth-
ods,  this covers  units
that because of weight and dimension
limitations must be shipped unassem-
bled, The bedplate for a large motor-
renerator set should be alipned and
leveled and it 15 usually grouted in before
the various parts of the unit are assem-
bled on it. These parts are assembled
n aceordance with regular practice for
apparatus of this type. The final
ahgnment 15 secured as deseribed for
small mulliple bearing molor-generator
sets except that the bedplate is main-
tained level from end to end and the
shaft coupling faces are brought into
alignment by the adjustment of the
bearing pedestals by means ol the nse of
steel shims between the pedestal and
the hedplate pads, The tolerances
given for small motor-generator set
couplings also apply to large motor-
generator sets.

classification

Briefly, the steps for alignment are
as follows:—

Small Motor-Generator Sets Ship-
ped Unassembled—

1. Set the bedplate approximately
level.

2. Mount the bearing pedestals, tak-
ing care to match the center line
markings,

3, Mount the stators and rotors in
the conventional manner.

4. Open the couplings enough to
9

allow checking with a fecler
hetween the coupling faces.

gauge

5. Adjust the alignment to the fol-
lowing allowances;

A. The allowahble tolerance at
either side is 001" for any
size flange,

B. The allowahle tolerance af
the top or baltom is not in
exceed 002" per 12" of Aange
diameter with a maximum of
Y for any Aange diameter,

Note—The adjustments to secure top
and hottom flange alignment are made
be elevating the bedplate. Care must
be used to insure ihat hoth ends are
raised an equar amount. If the open-
ing at the top and bottem coupling
faces is not uniform, the larger opening
must always be at the top of the coup-
hing.

6. Rotate the rotors in their bearings
180° from the onginal checking
position and repeat the measure-
ments made with the feeler gauge
to prove the shaft alignment and
the truth of the coupling faces.

Small Motor-Generator Sets Shipped
Assembled —The same steps should he
taken as for sets shipped unassembled
with the exception of 1, 2 and 3 being
ot ted.

Large Motor-Generator Sets Shipped
Unassembled —Large motor-generator
gets are to be assembled much the same
as the small motor-generator sets except
that the bedplate must be equally level
at all times.

To secure coupling alignment an equal
amount, as near as possible, of sheet
steel shims should be placed under
both outhoard pedestals, The same
tolerances apply to all machines regard.-
less of size.

The divizion line between small and
large motor-generator sets 1s approx-
imately 1500 kv-a., but will vary to
some extent with the speed,

Insulation Resistance

The insulation resistance of windings
15 measured, usually, with an instrument
called & megger. This measurement
gives an indication of the condition of
the insulation particularly with regard
to moisture and dirt. The actual value
of resistance varies greatly in different



machines depending on the size and
voltage, The chief value of the measure-
ment therefore, 15 in the relative values
of resiztance of the same machine taken
at various times. During a drying out
run, for example, the inzulation resis-
tance rises as the winding dnes out.
When measurements are made at regu-
lar intervals as part of the maintenance
routine, it iz thus possible to detect
an abnormal condition of the insulation
and take steps to remedv it before a
failure occurs.

The insulation rezistance of armature
windings of machines in good condition
15 usually not less than the following:

Insulation reszistance {in megohms) =

Machine voltage
Rated Kw. - 1000

Drying Out Windings

If there is reason to believe that the
windings have been expozed to moisture
during shipment or erection, it 15 well
to subject them to a drying process
before putting the machine into regular
operation. The windings can be dried
by passing current through them or by
the use of external heat,

A-C, Machine—{Une way of circulating
rurrent  through
without subjecting them to full voltage,
ig to drive the machine and short-circuit
the armature applying field

the motor windings

enough
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excitation to give somewhat less than
full load armature current.  Thisimplies
that the d-c. machine of the set can be
used as a driving motor which s not
always possible. If beth machines are
in need of drying, as is usually the case,
this method is not applicable, since the
drving process should not involve sub-
jecting either machine to full voltage.

A second method is to apply a low
voltage, from an external source, to the
armature winding. If the current is
kept down to less than full load current
there is a possibality that the machine
will not rotate, If it does not rotate
or if it rotates at less than svnchronous
speed, the damper winding should be
watched to szee that it does not owver-
heat. The field winding should he short-
circuited during the drying operation.

In all cases of drving by means of
current in the windings, the temperature
measured by thermometer should oot
be allowed to exceed 65°C. If the
temperature 15 measured by imbedded
detectors it may be allowed to go as
high as &0°C. In general, the drving
should proceed slowly at first and the
heating should be increased gradually
as the msulation dries. It iz well tn
take readings of insulation resistance
by means of a megger at intervals as
this gives a good indication of the state
of the insulation.

In many cases, it is impracticable

to dry the windinzs by heat generated
within the machine and external heat
must be used. A tarpaulin should be
unsed o cover the machine and some
source  of heat, preferably electric
heaters, placed within the enclosure,

Drying Out D-C. Generators

{1} Drive the generator by the mutor
or from some external source, such as
a szeparatelv belted motor, and short-
circuit the armature, bevond the am-
meter using a very weak field excitation.
If the generator is shunt-wound, low
voltage, separate excitation must be
employed; if compound-wound the arma-
ture may be short-circuited ahead ot
the series field coils or the series coils
reverserl,

Direct-current generators are very
sensitive when operated as series machine
and there is danger of generating an
excessive current if the short-circuit
i3 applied bevond the series field,

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

There 15 always danger of serious
injury to the windings when drving
out with current since the heat gen-
erated in the inner parts is not readily
dissipated; furthermore, coils containing
maoisture are much more susceptible to
injury from overheating than
thoroughly dry. The temperature of

when
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all accessible parts should be carefully
observed during the drving out process
and never allowed to exceed 20°C,,
total temperature. Several hours or
even days may be required for thor-
oughly drying out large machines,

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

Duning the drving out run, readings
of the insulation resistance should he
taken at regular intervals and plotted
as a curve, using time for the horizontal
scale and resistance for the wvertical
scale.  The drying out should continue
until the resistance has begun to increase.
If the insulation contains appreciable
moisture the resistance will decrease
during the first part of the drying out
Process.

Heating windings by current 12 more
effective than any process of heating
from the outside, such as enclosing the
machine and heating the air by electric
heaters, becausze in the former method
the inside of the coils becomes hotter
than the outside and moisture iz driven
outward. With external heating the
reverse is true.

If the apparatus is to be stored hefore
being put in service, consult the nearest
Service Department for detail recom-
mendations,

Drying Out Induction Motors—In-
duction motors can be dried by operation
at no load and low voltage (the primary
current and heating increazes as the
voltage is reduced) or by the application
of a still lower voltage that will circulate
a sufficiently heavy current at stand-
still. If a suitable low alternating volt-
age iz not available, direct-current, if
available, may be used. Lacking any
source of current the motor can be dried
by enclosing it as completely as possilile
by wood or canvas and heating the en-
closure by external means.

Connections

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

If the generators are of the same size
and make, the only feature reguiring
special attention is that all the cables
which lead from the various machines
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to the bus-bars be of equal resistance.
This means that if the machines arce
at different distances from the switch
board, the same length of cable shonld
b used for each generalor or resistance
inserted in the low resistance leads.

If the generators differ in design or
size, the matter requires more attention.
[n this case the dilference in potential
or drop in voltage between the terminals
of the marhine and the bus-bars to which
they are connected should be exactly
the same for every generator when each
is carrving its proper share of the load,
To secure the best results, the total
drop hetween generator terminal and
switchboard must not only be the same
at equal loads, but the drop in corre-
sponding  sections of the connecting
cables of the different machines should
also be equal; 1.e., the drop in the positive
lead from any one generator at full load
should equal the drop in each of the
other positive leads when carrying full
load, The same condition should be
secured in the nepative lead, in the
equalizer connections and in series feld
windings. It may be necessary in
achieving the desired results to alter the
length or size of connecting cables, and
accasionally to add resistance to some of
the circuits.

Equalizer Leads—In compound-wound
direct-current  generators operated in
parallel, an equahzer lead is required.
With grounded railway circuits, it 1=
desirable to have the equalizer connec-
tion made on the negalive or
grounded side of the penerator since
with this arrangement it is unnecessary
to  carry  the equalizer connections
through the switchboard and the wiring
is greatly simplified,  This is the stand-
ard arrangement in Westinghousze gen-
erators,

The equalizer lead should have small
resistance, It 15 the uswal practice to
make the equalizer leads equal to the
main leads. In installations where long
equalizer leads are necessary, a larger
equalizer may be advisable in order
to maintain a sufficiently low resistance,

Series Shunt—A series shunt consists
of a low resistance connection across
the terminals of the series field, by means
of which the compounding effect of the
series winding may be regulated by
shunting more or less of the armature
current past the series coils. It may
bein the form of grids, on large machines,
or of ribbon resistors on smaller ma-

11

chines. In Lhe latter case it is usually
insulated and folded sooas to take but
a small amount of sparce,

Resislance in Feeders -With circuits
subject to frequent and severe short-
circuits, such as in many railway in-
stallations, it is dezirable to connect the
feeders from substations to the trolley
{or other distributing line) at some dis-
tance from the nrder
to have some resistance between the
generator and the point of short-circuit
even when the short-ciremt occurs direct-
ly at the point of feeder and trolley
CONMErting,

In some cases the same result ran he
more conventently obtained by inserting
grid resistors in Lhe fesder within the
substation,

In deciding whether this resistance
is necessary, 1t muost be remembered
that any commutating machine will
“buck™ on dead zhort-circuit, The
only guestion invalved is whether the
number or severity of the short-circuits
to he expected requires the resistance
in order to protect the service from
nterruption.

Balance Coil Connections of Three-
Wire Generators --Wires connecting the
balance ol to the machine must be
short and of low resistance.  Any con-
giderable resistance in this conneclion
will affect the voltage regulation. The
unbalance current fAows along  these
connections; consequently, if they have
much resistance, the resulting drop in
potential reduces the wvoltaze on the
heavily loaded side.

Switches are not ordinanly  placed
in the circuits connecting the collector
rings to the balance conl. When neces-
sary the coil may be disconnected from
the generator by raising the brushes
from the ocoollector rings. Switching
arrangements often make it necessary
to run the balance coil connectionz to
the switchboard and back, requiring
heavy leads to keep the drop low; or
if heavy leads are not used, then poor
regulation may result, The balance
¢oils are so constructed that there is
very little ikelihood of anything happen-
ing to them which will not be taken care
of by the main circuit-breakers.

OPERATION

Parallel Operation of Direct-Current
Generators—The inherent  regulation
charactenistics of the armature of a
direct-current machine have much to do
with its parallel operation with other

substation, 1n



machines. When two direct-current
armatures are coupled in parallel and
delivering load to the same external
circuit it is necessary, i order to obtain
stable conditions, for each armature
to tend to *shirk" its load; that is, it
must naturally tend to transfer load
to the other machine. This tendency
to shirk may be either in bad speed regu-
lation duve to the prime-mover which
drives the armature, or in the drooping
voltage characteristics of the armature
itself,

A drooping speed characteristic in-
directly produces a drooping voltage
characterstic in the armature and there-
fore both cauzes lead to the one charac-
teristic, namely, drooping voltage, as
the rcondition for stable parallel op-
eration.,  This drooping voltage charac-
teristic must be the inherent condition.
In some applications, the wvoltage at
the armature terminals may rize with
increase in load, but its rise is due to
some  extermal condition such as in-
creased field strength and not to condi-
tiong in the armature itself.

Drooping  Voltage Characteristics—
Direct-current machines, without com-
mutating-pole windings naturally give
drooping voltage characteristics in the
armature windings, If two such ar-
matures are paralleled they tend to
divide the load in a satisfactory manner,
provided their prime movers repulate
similarly in speed.  If means are applied
for giving a rising veltage characteristic
to the machines, such az series coils in
the field, then the armature terminals
rmuast be paralleled directly in order to
maintain stability. If, for instance, the
armatures are not paralleled directly by
equalizer connections but the paralleling
is done outside the series coils, then the
operation will be unstable unless the
machines still have drooping wvoltage
characteristics,. If they have rising
characteristics, then parallel operation is
impracticable,  If either machine should
take an excess of load its voltage would
rise while that of the other machine
would fall due to decreased load. This
condition would naturally force the firat
machine to take still more load and the
second one to take still less until the first
machine actually fed current back
through the other machine and it would
he necessary to cut them apart to avoid
injury. However, by paralleling the two
armatures inside the series coils, that is,
between the series codls and the arma-
ture terminals, this unstable condition
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is avoided. The armatures inherently
have droaping voltage characteristics,
and the series coils are paralleled at both
terminals, forcing them to take currents
inversely proportional to their resistances
at all times, thus compounding both
machines equally.

Rising Voltage Characteristics—If
direct-current machines are so designed
or operated as to give rising instead
of drooping armature characteristics,
then parallel operation iz liable to be
unstable. This condition could be ob-
tained 1n non-commutating-pole  ma-
chines by prime meovers which tend to
speed up with increasing load, thus
producing rising voltape on the arma-
ture. Ordinarily, such speeding up of
the prime mover would have to be in
rather large proportions as the normal
drooping characteristics of the ordinary
armature are fairly large: however,
prime movers having a rising speed
characteristic are comparatively rare.

A second condition which can give
a rising voltage is not infrequently found
in the commutating-pole type of direct-
current machine. (See Fig. 15.) The
commutating-pole winding is connected
directly in opposition to the winding
on the armature. The maximum mag-
netizing effect of the armature winding
iz found at the points on the armature
corresponding to the coils which are
being commutated,

The commutating pole i= intended
to be placed directly over these points
and the winding normally has such a
value that it not only neutralizes the
magnetizing effect of the armature wind-
ing at these points, but it also sets up
a small magnetic field in the opposite
direction which assists in the commu-
tation of the armature coil.

Equaheés Negative “Fosive
Viewed from Commutator End

Effect of Commutating-Pole Posi-
tions—When this commutating pole
winding is placed directly over the com-
mutating position of the armature wind-
ing it will have practically no effect
on the armature characteristics., If,
however, the commutating-pole winding
is not placed over these positions it will
have an effect on the voltage character-
isties of the machine tending to either
raise or lower the wvoltage, depending
upon the pesition of the commutating
pole with respect to the commutating
position.  The commutating points on
the armature depend directly upon the
brush position. If the hrushes are rocked
backward or forward from the point
corresponding to the mid-position be-
tween the poles, then the position of
the commutated armature coils moves
backward or forward with the brushes,
{See Fig. 15.)

Herein lies a possible trouble in paral-
lel operation for the commutating points
can be so shifted with respect to the
comtutating-pole that the armature
voltage characteristics can be made to
rise instead of droop. As explained
before, this is an unstable condition
for parallel operation.

Let TFPig. 16 represent two main poles
and two commutating poles, with the
brushes set in a position corresponding
to the middle point of the commutating-
pole. The polarity of any commutating
pole and main poles is indicated in this
figure. The polanty of any commutat-
ing pole when the machine is running as
a generator is always the same as the
polarity of the main pole immediately
in front of it.  When the brush is placed
in a position corresponding to an exact
intermediate point in the commutating
pole it 1s evident that the armature coils
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Fro, 16—Two Mars PoLez a0 Two CoamuTaTtivg PoLes

Iving between two commutating points,
that 15, the winding between a and b
in Fig. 17 are acted upon by induction
from the main pole and by half the in-
duction from the commutating poles
adjacent to the main pole. However,
as these iwo commutating poles are of
opposite  polarity and  the induction
13 the same {rom each, it 15 evident that
they have equal and opposite effects on
the armature winding between a and b
and therefore do not affect its voltage,

Back Lead—In Fig. 17 the brushes
are given a slight back lead so that the
commutation 15 under the traveling
magnetic flux from the commutating
poles. It is now evident that between
a and b the induction is from the main
pole and from one commutating pole
principally. With the back lead at the
brushes, the commutating pole is the
cne immediately behind the main pole
and therefore of the same polarity.  This
commutating pole, therefore becomes
a magnetizing pole and adds to the elec-
tromotive force generated between a
and B. As the strength of this com-
mutating pole is zero at no load and
rises with load, it 15 evident that it tends
to give an increased voltage betwesn
a and b as the load increases and tends
to produce a rising voltage character-
istic instead of a drooping one.

As stated before, the number of am-
pere-turns in the commutating pole 1s
considerably greater than in the arma-

ture, but ordinarily the effect of these
ampere-turns is almost neutralized by
the opposing effect of the armature
winding. However, with the back lead,
as indicated in Fig. 17, the opposing
elfect of the armature winding is shifted
to one side of the commutating pole
and thus the commutating pole ampere.
turns become more effective in actually
magnetizing the armature, but become
less effective in creating a commutating
field for the coils which are now being
reversed by the brushes. On account
of this less effective field it may be neces-
sary in practice to still further increase
the ampere-turns on the commutating
pole in order to bring the traveling mag-
netic fringe up to suitable value for
producing proper commutation.

It is evident that this increased num-
ber of ampere-turns on the commutating
pole increases the induction under other
parts of the commutating pole as well
as under the trailing tip, and this in-
crease under the other parts of the pale
still further increases the wvoltage hbe-
tween a and b,

With a back lead, therefore, the com-
mutating pole may have the same effect
as the series winding on the main feld:
that is, it may compound the machine
s0 that the wvoltage at the terminals is
rising instead of falling, even without
any true series winding on the main
poles. The machine, therefore, becomes
an equivalent of a compound-wound
machine and the generator may be un-

stable when paralleled with other ma-

chines.

Forward Lead
where the brushes are given a forward

Take the case, next,
lead, as shown in Fig. 18 Comparing
this with Fig. 17, by the same reasoning
it is evident thal the commutating pole
is now opposing the effect of the main
pole, in the winding between a and b,
The interpole therefore tends to produce
a drooping voltage characteristic and
has just the opposite elfect to the series
winding,  In this position of the brushes
the commutating winding tends to give
good characteristics for parallel op-
eration, but as the effect of the com-
mutating pole 15 in opposition to the
main pale it 1s evident that more series
winding is required on the main field
in order to over-compound the machine
as a whole. Also, with the brushes
in this position the commutating pole
15 not as effective in producing good
commutation and therefore more am-
pere-turns are reguired on the com-
mutating winding. Therefore, both
windings must be increased when the
brushes are given this forward position
but parallel operation should be stable.

Correct Brush Position—It is evident,
therefore, from the above considerations
that for best results the brushes should
be so set that the true point of com-
mutation comes midway under the com-
mutating pole.  If this position 12 found
exactly, then the commutating pole
should have practically no effect on
the voltage characteristics of the arma-
ture, and parallel operation with other
generators  should be practicable, A
very slight forward lead is favorable
to paralleling, but lessens the compound-
ing.

As a back lead at the Lrushes, when
the machine is acting as a generator,
tends to improve the compoundimg and
lessens the seres winding required on the
main field, it might be sugpested that
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this gives a cheaper and more efficient
machine and that therefore this arrange-
ment should be used, with some means
added for overcoming the unstable con-
ditions of paralleling. One means pro-
posed for this is an additional equalizer
connected between the commutating
poles and the armature terminals,  This
haz been uzed in one or two instances,
but in principle the arrangement 15 in-
herently wrong. When the commu-
tating-pole windings are paralleled, then
the currents in them must divide accord-
ing to their resistance.

This condition would not be objection-
able provided the armature currents
also varied i the same proportion. With
slow changes in load this condition might
be obtained. However, there are condi-
tions of operation where the armature
currents will not nise and fall in propor-
tion and therefore the commutating
pole windings, with this arrangement,
would not always have the right value
to produce the desired commutating
fields., Each armature should be con-
nected directly in series with its own
commutating poles and the currents
in the two should rizse and fall together
for best tesults. This condition  will
not be obtained when an equalizer is
connected between the armatures and
commutating poles and this solution
of the problem should therefore be avoid-
ed in general,

The equalizer should always be con-
nected between the series winding and
the commutating-pole winding, the com-
mutating-pole winding being  treated
as part of the armature circuit,

Adjustment of Load Division and of
the Equalizer Circuit—With two com-
pound-wound generators operating in
parallel, one of which takes less than
its proper share of the load, the division
of load can be changed by the following
adjustments,

{a) The shunt field rheostats may be
adjusted 1o give better average division,
If one generator compounds less than
another and it 15 desired te mamtain
the higher full-load voltage, the average
load of the former generator can be n-
creased by increasing the shunt field
excitation.

{b) The shuntz on the series-field
winding can be adjusted, decreasing
the resistance of the shunt on the over-
loaded generator, if possible, or inereas-
ing the resistance of the shunt on the
underloaded generator, It should be
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borne in mind, however, that changing
the ampere-turns in the series field by
changing the shunt resistance also
changes the resistance of the complete
field circuit. This change in resistance
must be compensated for by a cor-
responding  change in  resistance in
another part of the seres-field circuit
a0 that the resistance of the total
circuit  remains unchanged. From
another standpoint, a shunt on one
series-field may be considered a shunt
on hoth series-fields, the effect varying
only by reason of the resistance of the
leads and busses being added to one
shunt circuit and not to the other,

(¢) If the relative ampere-turns are
correct, but the series-field resistances
are differently proportioned, the resis-
tance of the leads between the series-
field and equalizer bus can be changed
to compensate for a difference mn the
series-field resistances. The resistance
in the series circuit of the generator
talking more than its share of the load
should be increased, This adjustment
varies the resistance of one series-field
without introducing a third parallel
circuit between the egualizer and main
bus, and for this reazon the adjustment
15 less complicated than in (bB).

In making the above adjustment it
is advisable to make the changes sys-
tematically.

The several generators should be
operated separately and the wvoltages
at all loads should be made as nearly
equal as possible by adjustments of the
shunt-field rheostat and by changing
the series-field current by means of
shunts across the series field, It may
be advisable to operate the several gen-
erators with different no-load voltages
in order to obtain a better average agree-
ment between the several voltage regu-
lation curves, It is not so important
that the voltages at partial loads agree
as it 15 at full load and overloads. At
partial loads the load division may de-
part from the correct division without
over-loading the penerator ihat takes
the greater share of the load.

When the several regulation curves
have been made to agree as nearly as
possible, then the resistances of the
several equalizer cireoits  should  be
checked and changed, when necessary,
by changing the resistance of the equal.
izer leads to make the resistances in-
versely proportional to the generator
ratings. For example, of a2 500-kilowatt
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generator and a 1500-kilowatt generator
are operated in parallel, the resistance
of the series-field cireuit (including a
shunt if used) the main lead from the
series field to main bus, and the equalize-
leads should be in the case of the 1500r
kilowatt penerator one-third of the resis-
tance of the corresponding circuit of the
S00-kalowatt,

Excitation of Direct-Current Gen-
erators—When starting up, a generator
may fail to excite itself. This may
oceur evén when the generator oper-
ated perfectly during the preceding
run. It will generally be found that
this trouble is caused by a loose con-
nection or break in the field circuit,
bv poor contact at the brushes due to
dirty commutator or perhaps to a fault
in the rheostat, or incorrect position
of brushes. Examine all connections;
try a temporarily increased pressure
on the brushes; look for a broken or
burnt out resistance coil in the rheostat.
An open-circuit in the field winding
may sometimes be traced with the aid
of a2 magneto; but this is not an in-
fallible test as some magnetos will. not
ring through a crcuit of such high resis-
tance, even though it be mmtact, If no
open circuit is found in the rheostat
or in the field winding, the trouble is
probably in the armature. But if it
be found that nothing is wrong with
the connections or the w.nding it may
be necessary to excite the field from
another generator or some other outside
source. Calling the generator we desire
to excite No. 1, and the other machine
from which current is to be drawn, No. 2,
the following procedure should be fol-
lowed. Open all switches and remove
all brushes from generator No. 1; connect
the positive brushholder of generator
No. 1 with the positive brushholder
of generator No. 2; also connect the
negative holders of the machines to-
gether (it is desirable to complete the
vircuit through a switch having a fuse
of about five amperes capacity in series).
Close the switch. If the shunt winding of
generator Na, 115 all right, its field will
show considerable magnetism. If pos-
sible reduce the wvoltage of generator
Mo, 2 before opening the exciting circuit;
then break the connections. [If this
cannot be done, throw in all the rheo-
stat resistance of penerator No. 1; then
open Lhe switch very slowly, lengthening
out the arc which will be formed until
it breaks,



A very simple means for gelting a
compound wound machine to pick up
ig to short-circuit it through a fuze hawv-
ing approximately the current capacity
of the generator. If sufficient current
to melt this fuse 15 not generated, it is
evident that there is something wrong
with the armature, either a short-circuit
or an open-circuit.  If, however, the
fuse has blown, make one more attempt
to get the machine to excite itself. [If
it does not pick up, it is evident that
something s wrong with the shunt wind-
ing or connections,

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

Circuit-Breaker Protection on Reverse
Direct-Current—Whenever there is a
source of direct-current in parallel with
a generator, a relay should be provided
that will open the direct-current breaker
in case the direct-current reverses. A
reverse current relay prevents over-
speed resulting from accidents or bad
operation.

Setting of Circuit-Breakers in Railway
Substations—In some railway systems
the conditions are such that shori-cir-
cuits occuron the fecder or trolley circuits
that are so severe that the generators
flash and the arc holds until the gen-
erator “'kills’ itself. In such cases the
severity of the short-circuits should be
reduced by the insertion of resistance
in the affected feeders as described on
pages 9—10.

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

Direct-Current Machine and Feeder-
Breakers—The direct-current machine
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breaker should be equipped with an over
current tripping mechanism in which a
definite mumimum time element may b
introduced. The feeder-breakers should
be equipped with a series Lype instanta-
neous trip mechanism, Non-compen-
sated or partially compensated d-c.
generators which will satisfactorily com-
mutate very large momentary currents
providing  the direct-currenl  machine
breaker docs not open, may fash with
no preater currents if the breaker is
opened,  In feeder  stations
the selective action between opening
of the instantaneous type feeder
breaker and time delay machine breaker,
is of value in that it tends to eliminate
fashing due to sudden dropping of heavy
loads. In normal operation the selective
action between opening of machine
and feeder breaker may be sufficient
to prevent the opening of the machine
breaker on faults that are readily isolated
by the opening of the feeder-brealker,
In single feeder stations the time
element in conjunction with the machine-
breaker 15 of no value as the opemng of
the feeder-breaker ruptures the entire
value of machine current,

multiple

Emergency Instructions—(1) When
direct-current generators flash over or
the breakers come out from excessive
current, it 15 always wise to note the
direct-current voltmeter before throwing
in on the line again, as these troubles
very frequently cause a reversal of polar-
ity in the felds, making them build up
in the opposite direction.  If this should
be the case, it will be necessary to reverse
polarity.

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

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

{4} When a direct-current generator
fashes over and is cut out of circuit,
it iz best to shut down and examine
the commutator and brushes and clean
up any burrs which may have been
caused,  If this is not possible, the com-
mutator may be cleaned, by exercising
great care, after the set has been put in
sErvice.

Caution

Leave all the switches open when the
motor-generator is not operating.
When the shunt-field circuit of a
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generator or motor is excited, never open
it quickly unless a path for the inductive
discharge is provided. The circuit can
be opened slowly, if desired, the arc
at the opening serving to reduce the
field current gradually. Do not permit
any part of the body to bridge this open-
ing, or a serious shock will be received;
better use but one hand, keeping all
other parts of the body clear of the circuit.

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

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

Field Current Adjustment
of Motor

The power factor of any zynchronous
motor may be controlled by varving
the field current. Motors are rated
at either 100 per cent power factor or at
some leading power factor, usually 30
per cent. The field current necessary
to give the rated power factor at full load
iz recorded on the motor nameplate. If
the maximum leading kv-a. 15 wanted
at all times, the field current should
be =et at this value even though the
load is less than rated output., With
this excitation, motors that are ratec
at 100 per cent power factor will give a
small amount of leading kv-a. at reduced
loads. A machine of usual proportions
will have about 30 per cent reactive
kv-a. at no load and this will decrease
to zero reactive kv-a, at full load. A
motor rated at 80 per cent power factor
has 60 per cent reactive kv-a. at full load.
If the excitation iz kept comstant, the
reactive kv-a. increases slightly as the
load is reduced, rising to about 75 per
cent of rated kv-a. at no load. The
total kv-a. 1s reduced from 100 per cent
to 75 per cent as the load decreases.

If there 15 no need for supplying reac-
tive kv-a. the excitation may be ad-
justed so as to maintain 100 per cent
power factor at all times. This will
result in minimum losses and highest
economy. There is one objection, how-
ever, to lowering the excitation below
the rated walue, and that is the re-



duction in pull out torque. A machine
rated at 80 per cent power factor and
operated at 100 per cent power factor,
may pull out of step with a fairly amall
increase in load whereas a motor rated
at 100 per cent power factor usually
has a momentary overload capacity
of at least 50 per cent.

An increase in field current will in-
crease the pull out torque, Thus, in
an ermergency, a motor could be made
to hold in step at a considerable cver-
load by over-exciting the field. The
length of time that this could be con-
tinued is limited by heating.

Unbalanced Voltage and
Single Phase Operation

The ability of a synchronous motor
to operate on unbalanced wvoltage or,
in the extreme case, to operate single
phase, depends largely on the desgn
of the amortizsseur or damper winding.
Single phase operation produces heavy
currents in the damper winding, which
may cause overheating in a machine
not designed for such operation. The
field current required for a given load
may alzo be increased to such an extent
that the output is seriously limited.
Operation with unbalanced voltage has
the same effect as single phase operation
but in a less degree.

For machines nol designed for single
phase operation, 20 to 30 per cent of
normal current single phase iz usually
safe. Higher values may be permissible
if the damper winding 1= liberal. The
degree of unbalanced polyphase op-
eration that is permissible depends like-
wise on the design of the individual
machine. In any case of unbalancing
of more than five per cent at full load,
it 15 adwisable to wateh the temperatures
of all parts closely.

It iz impossible, of course, to start
the motor in the usual manner if only
single phase power 15 advisable. If
one line is opened up after the machine
i5 in operation on a three phase circuit
it will operate single phase with the
limitations stated above.

Starting a Synchronous Motor
Driven Motor-Generator

If the machine is eguipped with a
high pressure oil system to reduce start-
ing friction, the oil pump should be
started first, Full pressure will be huilt
up, normally, in a few seconds,
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Close the starting switch applying
réduced voltage from the starting trans-
formers to the stator windimgs, During
this time, the field winding should hbe
closed through a short-circuiting switch
or, if the motor has a direct connected
exciter, or 15 excited from the main d-c.
machine, it may be connected to its
source of excitation., A rheostat may
or may not be in the circuit with the
field in either case.  In no case should
direct-vurrent be applied to the field
when the machine is to be started, nor
should the field be left open circuited.

In the case of motor penerator setss
the no load running losses furmsh so
small a load on the synchronous motor
that the motor may pull into syn-
chronism before the excitation is applied.
In the rase where the synchronous motor
is started with the field closed through
a short circuiting switch, the excitation
should be applied while the motor s
ztill on the starting tap, in order that
the Kv-a, inrush due to the process of
synchronizing may be reduced to a
minimum,  If the field is connected
during the starting period across a
direct connected exeiter or across the
main d-c. machine, the field is applied
automatically,

After the excitation has been applied,
the running switch can then be closed,
transferring the machine from the start-
ing voltage to the full line voltage,

This method differs from the practice
on Industrial Drives, where it is neces-
zary to change to the running voltage
before applving the field in order to
obtain the maximum pull-in torque and
where the motor will seldem pull into
step without the feld being applied.

MAINTENANCE

Caution

At all times keep the motors and gen-
erators clean and free from oil and dust,
especially from copper or carbon dust.

il is penetrating in mica and if oil
is allowed to get into the mica of a
commutator, from an oily vapor at-
mosphere or from oil leakage from the
bearings, the mica will be damaged and
burnouts may occur in the armature.

The insulation should be kept free
from dirt and oil. An occasional clean-
ing of the coil ends with an air hose is
recommended, and this should he fal-
lowed by a thorough wiping with a ¢loth.
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The dirt which clings to the field coil
washers should be removed carefully
since it may accumulate and form a con-
ducting path from coil to ground.

A coat of insulating varnish applied to
the armature and field coils after they
have been cleaned will protect the in-
sulation. An air hose should be applied
to the air ducts through the stator punch-
ings on the a-¢. motor and between the
spider spokes on the d-¢. generator, since
an accumulation of dirt at these points
will impede the free flow of cooling air.

With high-voltage machines a small
accumulation of dust on the windings
may be the cause of serious burnout.
It is advisable to install an air pump for
supplying compressed air with a piping
system =0 distributed that a short sec-
tion of hose will enable the attendant
to reach all parts of the winding on any
machine to blow out the dust.  The pres-
sure used in such service should not ex-
ceed 25 pounds per square inch, as a high
pressure may lift the insulation wrap-
pings and blow dust within the coils.
Always allow any accumulation of water
in the pipes to be blown out before turn-
ing the air blast on the machine,

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

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

Where insulated parts, subject to
copper or carbon dust, are accessible
they should be wiped clean with a dry
cloth, in addition to cleaning as de-
seribed above.

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

Grinding in Brushes—The ends of
the carbon brushes should be carefully
fitted to the curvature of the commu-
tator; this can be done by putting sand
paper under each brush while pressing
it firmly against the commutator as
shownin Fig, 19, The sandpaper should
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cut the brush only on the forward stroke
and in the direction of normal rotation.

Spring Tension — The brushholder
springs should be adjusted to a uniform
tension of from 2
sruare inch of cross-s
The direct-current brushes
are vsually of the graphite type. This
grade of brush is practically free from
Among

to 21s pounds per

ectional area of

the brush.

carbon or hard gritty matenal,
its important characteristics are—high
current carrying capacity, Tub-
ricating guality, low friction coefficient
friction

high

and consegquently  low losses,
and low resistance drop.

The absence of abrasive qualities
thiz type of brush unsuited
for non-undercut commutators,
the mica must be worn down by the

The low resistance drop also

makes
where

brush.
makes it 1n some
non-commutating-pele machines which
inherently have relatively high voltage
induced in the armature coils under-
poing comrmutation, producing
currents in the low resistance brush face.

The brushholder arms and brush-
holders are correctly spaced and ad-

rases unsuited for

large
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the machine leaves the

Waorks, but due to subsequent disassem

justed hefore
bling orrovgh handling during shipment,
they may be displaced. These adjust,
ments should be checked, in all cases-
before the machine is put in service.
The rushholder arms should be parallel
Ler the commutator bars: and the relative
spacing of the brush arms arvound the
determined from the
edges of the brushes, must be umform.

commuolator, as

The preferable method of checking this
latier point 15 to stretch a prece of paper
tape around the commutator vwnder the
brushes, allowing the ends 1o averlap
Lo some extent,  Care must be taken
that it is smooth and parallel with the
edge of the commutator at all points.
Make a fine clear mark with a sharp
pencil on the tape exactly at the toe
of the brush on each arm resting on
the tape. Some marks of identification
should also be made so that, after remov-
ing the tape from the machine, the arms
corresponding to the marks may he
readily identified. Remove the tape
and measure the hetween the
marks, adjusting the arms until ap-
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space

proximately equal spacing results
Brushes must be ground in as indicated
in the preceding paragraph before spac-
ing brushes, The dilference in SN
should not be more than 4 inch,

All of the direct-current brushes
should be gone over once a week to
make sure that they move freely in
their holders, Shunts on the direct-cur-
rent brushes should always be kept in
well rounded shape and never mashed
down, otherwise proper brush contact
on the commutator will not be obtained.

All direct-current brushholders sheuld
be kept as near as possible to within
about L inch of the commutator,  As
wear on the commutator makes it neces-
sary, up by changing the
position of the holders,

follow it

Keep the commutator smooth. Grind-
mg aboul onee a vear is a safe means
for best operation, particularly onauto
Keep the mica well under-
cut and bars properly chamfered, Keep
well  cleaned  out.
Whenever commutator Ha:—;ljlnj__r 15 eX-

matic units,

the undercutting
perienced, the commutator should al-
ways be smoothed up with at least a
hand stone and polished off with sand-
paper. If the flash of g severe nature,
the commutator should be ground with
a regular grinding outfit,
Direct-Current Brush Position and
Brush Arm Spacing — In non-commutat-
ing-pole machines the correct running
position of the brushes is “ahead" of
the no-load neutral and 1s found by trial.
In commutating-pole machines the brush
position is fixed and the correct adjust
ment 5 determined before shipment
The relative positions of the ring,
which varnes the brushholder
amdd the field frame are indicated by a

arms,
dowel pin.  With the dowel pan i place,
the rocker ring can be placed only in
the correct position,

The brushholder arms are correctly
placed and adjusted, hefore the machine
This insures the
The arms, how-

the plant.
correct brush spacing.

mav become dizplaced, due to

leaves

EYVET,
subsequent disassembly or rough hand
ling, during shipment.  In consequence,
spacing should be checked to be sure
that vanations of more than s% inch
do not exizst hetween arms, and care
taken to see that the arms are parallel
to the commutator bars before the ma

chine is put in service,



Location of Neutral Point—The no-
load “neatral’” peint on the commutator
is that point at which a minimum voltage
15 induced between bars when the ma-
chine 12 running without load with only
the main pole windings excited.

In case it 15 necessary to check the
location of the neutral point one of the
following methods should be followed:

Un non-commutating-pole machines
the “neutral” should be found while
running the machine as a shunt motor
from the direct-current end or by driving
the machine by some external power
with the shunt field winding excited.
Use a low reading voltmeter with .5—1.5
and 15 wolt scales preferably. Use
two pointed leads for the meter. Hold
the points one commutator bar width
apart on the commutator and move
them along until the point of minimum
voltage is located. This method 15 not
the most accurate, but is usually satis-
factory for non-commutating-pole ma-
chines,

For commutating-pole machine there
are two methods, either of which, if
properly used, 1s sufficiently accurate,

First—The “Neutral Kick"—This
method i1s based on the fact that when
the field-circuit of any direct-current
maching 15 opened, an induced voltage
is penerated in the armature windings.
In case the brushes are in the exact
neutral position the resultant voltage
so generated is zero.

Arrange to separately excite the shunt
field from any convenient source of
power with a quick-break switch in the
circuit. If line voltage is used, a resis-
tance of lamp bank should be uwsed m
series with the field circwit to give a
small current in the field. A low read-
ing voltmeter should be vused for measur-
ing deflections.

Determine the proper commutator
bar pitch for the machine., If, for in-
stance, the machine has 36 hars per pole,
the throw for a multiple wound armature
will he har 1 to bar 37.

Hold the voltmeter leads on bars 1
and 37, in the neutral zone, and then
open and close the feld switch and note
deflection on the meter,

The deflection, if any, will be only a
momentary kick., If deflection takes
place it indicates that the bars being
regiztered are not in the neutral position.

Aszsume for example, that holding the
vltmeter terminals on bars 1 and 37
that a deflection of 10 volts to the left is
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registered by the voltmeter needle when
the guick break switch is closed, The
awitch chould be left clozed now until
needle settles back to . The switch
should then be opened and a deflection
of 10 volts to the right will be obtained,
as the induced voltage 1= in opposite
directions when opening and closing
the field circuit.

MNext move the voltmeter terminals to
bars 2 and 38, Suppose now when the
field switch is closed a deflection of 10
volts to the right is obtained, and after
allowing needle to come to rest, and
switch is opened, a deflection of 10 volts
to the left is obtained, This indicates
that the correct no load neutral in this
case 15 exactly on the mica between the
two pairs of bars tried. The rocker
arm should therefore be shifted until the
centre of the direct-current brushes
is exactly over this neutral mica position.

When equal readings cannot he ob-
tained by moving voltmeter leads ahead,
or back, on any two pairs of commutator
bars it iz necessary to turn the armature
slightly until such a condition is ob-
tained.

Second—"Running Neutral”—This
method is based on the fact that if the
brushes are in the correct no load neutral
position no active electromotive force
will be generated by the commutating-
pole flux when the machine is mechan-
wally driven on open cireuit with the
commutating windings separately ex-
cited.

Beveled brushes should be inserted,
one in each arm, and so beveled that
the faces on these brushes will be wide
enough to bridge one mica segment.
The face of the brush must be ground
in for good commutator contact and
must not be wide enough to make con-
tact with more than two commutator
bars with any commutator position.
A reversing switch should be connected
in the separately excited shunt field-
circuit and some arrangement made for
separately exciting the commutating-
pole winding at from two to four per
cent of its normal current.  The com-
mutating-pole circuit should be discon-
nected from the armature and the arma-
ture left open-circuited, Use a low
reading voltmeter such as was suggested
for the “kick neutral” across arms of
opposite polarity.  Bring the machine
up to approximately normal speed and
by exciting the main field, for an instant
only, in a direction contrary to normal,
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demagnetize it entirely, that is, until
no deflection shows on the lowest scale
of the voltmeter. Anv deflection then
obtained by exciting the commutating
poles will be due to the commutating
pole flux alone., First excite the com-
mutating-pole windings with about two
per cent of their normal current and
ghift the brushes until no deflection is
obtained on the lowest scale of the volt-
meter. Check the residual magnetism
of the main poles from time to time
keeping it at as low a value as possible
by demagnetization as explained above,
After determining the best location
for the brushes at this excitation, raise
the commutating-pole current to about
four per cent of normal and check results.
If no difference iz found reverse the cur-
rent in the commutating-pole and try
again, still checking the residual from
time to time. In some cases higher
currents may be used, but the leakage
flux soon becomes large enough to de-
stroy the symmetry of the normal field
form and indefimite results will be ob-
tained.

Thiz method, if used carefully, gives
very accurate results. It may be noted
that the position of the brushes is at
the peak of the commutating-pole field
form and as this peak is rather sharp
the effect of displacement will be very
marked. Since the machine is running,
errors due to brush resistance or to a
brush resting on mica only, are entirely
eliminated, making this method pref-
erable to the "kick method"’,

Adjustment of Commutating-Pole
Field—The commutating-pole adjust-
ment to give the best commutating
conditions is made at the shipping point
and, in general, no reason for changing it
after the generator is installed will arise.
However, if such reasons should arise
the proper change in excitation may
be determined as follows:

(1) With a low reading voltmeter
read the voltage between the brush and
the commutator at four equi-distant
points along the width of the brush
{along the circumference of the com-
mutator) when the machine is running
at normal load and voltage. These
voltages can be most conveniently read
by inserting a hard wood or fibre block
inan end brushholder having four radial
holes correctly spaced in which the
voltmeter “point'’ can be inserted. This
is shown in Fig. 20,

Readings should be taken from one
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to four in the direction of rotation. Take
curves under both positive and negative
brushes for several brush arms.

These readingzs, if plotted as
shown 1n Fig. 20, indicate for ex-
ample in curve A, over compensation;
i.e., excezsive commutating field strength
curve B, correct compensation; curve
C, under compensation.

(2} Changes in commutating-pole
strength to secure correct compensation
can be made by changing the air gap
or by shunting part of the current from
the commutating-pole winding.  Ad-
justment by changing the air gap is
the more uwsual method, In case of over
compensation the air gap should be in-
creased and in case of under compen-
sation the air gap should be decreased.
When adjustment is made by shunting,
an inductive shunt, having approxi-
mately the same ratio of self-induction
to resistance as the commutlating-pole
winding 15 adwisable, This insures
proper division of current between the
field winding and shunt when the load
suddenly changes.

The measurement of brush curves
and the adjustment of the commutating-
pole strength should only be undertaken
under the supervision of an experienced
engineer,

Commutator Seasoning and Grinding
— The szatisfactory operation of a d-c.
generator is as dependent on the condi-
tion of the commutator as on any other
one item, It is a well recognized fact
that a commutator only Dbecomes
thoroughly “seasoned”, (the insulation

baked out and all parts in their final set
position) after operating {or a consider-
able time, Uwing to lack of facilities for
current loading at the factory, it is not
feasible, in all cases, to get the commuta-
tors finally seasoned before shipment. It
understood certain
amount of commutator seasoning  will
take place during the first year after
the generator is put into service, par-
ticularly if the commutator is of large
size.

should be that a

That the commutator needs attention
will usually be indicated by its becom-
ing rough due to a general LUNEVENness,
high or low bars, flat sections or ecren-
tricity.  If nesd
corrected they will result in poor com-

these condibions are
mutation, overheating of the commuta-
tor, a rapid deterioration of the brushes,
clips and pigtails, and greatly lhimat the
machine’s ability to satisfactonly handle
overlomds,

If the VEry
condition, it may be necessary to use

commutator is in had

a lurning tool, but for ordinary cases
a prinding tool, Fig, 21, 15 preferable
and 12 recommended. Commutators
should always be ground at 100 per cent
normal speed. Turning requires a much
lower speed ; it should not be higher than
Before grinding

a commutator, the machine should have

150 feet per minute

bzem in service a sufficient length of time
to bring the temperature of the com-
mutator up to a constant value of al
east 50° C. rise above the surrounding
air. Machme should then be shut down
and the bolts holding commutator ©V™
ring, shown in Fig. 22, tned for tightness
in accordance with instructions
the East Pittsburgh engineering depart-
ment, If any tightéeming on the bolts
15 obtained, the process of alternate
heating and tightening should be re-
peated until the commutator bolts can-
not be tightened further. The tighten-
ing of the commutator is all done with
click wrenches, These click wrenches
give a click indication when the pull
for which they are set is exceeded. Our
District Service departments all carry
these click wrenches as part of ther
standard equipment, for use in tighten-
ing commutators,

Commutators of the v
construction (Fig. 24) have now been
superseded by the 2V tvpe of construc-
Reference

Iroam

so-called

tion shown above in Fig. 22,
to thiz AV type of construction should
therefore be understood to pertain only
Lo apparatus now in Service,

In tighteming commutators having
the IV construction (Fig. 24) the outside
[Aux, V) bolts should always be backed
off slightly, say L turn, before attempt-
ing to tighten the bolts of the main V.,
After machine 15 given its fnal tighten-
ing, it should be run for at least 12 hours
to reach a constant temperature om
commutator of at least 30°C. rise before
prinding,

Fig. 21
19

-GRrINDING DEVICE FOR TRUING COMMUTATORS
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After commutators have been made
properly  tight they should then be
ground or turned to a true surface, Be-
fore grinding, the brushes should be
lifted off the commutator, as the copper
and stone dust will rapidly wear them
aff. The dust will also hecome im-
bedded in the brush contact surface
and later damage the commutator or
cause poor commutation. The arma-
ture winding should also be thoroughly
protected during this operation to pre-
vent an accumulation of dirt and metal
chips, which may result in an insulation
failure when the machine is again put
in service. This protection can usually
be best obtained by using a circular
shield of fullerboard, or similar material,
around the commutator at the end next
too the armature. This shield can be
easily supported from the brushholder
arms and should extend from the com-
mulator surface to an inch or two above
the surface of the armature. Another
method is to shellac circular sepments
of heavy paper to the commutator necks,
making an air-tight shield that revolve
with the armature, A shield of some
kind should alsa be put at the front
end of the commutator around the shaft,
s0 as to prohibit any dust or chips from
being drawn back under the commutator
and into the windings.

A vacuum dust collecting outfit is
now being used guite generally by our
Service Engineers when commutators
are being ground. This outfit works

2V TarovcH Bort Tvee ConMwuUTa TOR

on the same principle as the ordinary
household vacuum sweeper, The nozzle
15 of special shape so that it fits close up
against the grinding stone and collects
the discharge dust as it leaves the stone.
A flexible hose perrmts the nozzle to
follow the stone back and forth across
the commutator. It has been found
that with this arrangement from 85 to
90 per cent of the dust is collected that
otherwize would be thrown off into the
room and into the machine,

After pgrinding a commutator the
machine should alwavs be thoroughly
cleaned by blowing out with dry com-
pressed air or by wiping out with rags
hefore replacing it in service, or by both,

Emery cloth or paper should never be
used on account of the continued abra-
siveaction of the emery which becomes
embedded in the copper bars and broshes

In cases where it 15 desired to obtain
a high temperature on the commutator

for seasoning, this can be conveniently
accomplished by removing the direct-
current brushes from their holders and
replacing them by maple block brushes
By imposing a high tension on these
wooden brushes and running the machine
at its normal rated speed the desired
temperature for seasoning will usually
be found to be easily obtained. It may
also be heated by external sources, but
due to the inability to heat uniformly
in this way, the former method will or-
dinarily be found to be preferable.

Undercutting Commutator Mica—All
standard commutators have the mica
between bars undercut i inch. After
grinding or turning a commutator, the
undercutting should be cleaned out and
the edges of the bars scraped to remove
burrs. It is particularly important that
the edges of the bars be well rounded.
Failure to do thizs has caused machines
to buck on sudden changes in load or
when the circmt-breaker opens,

If it i= necessary to re-undercut the
mica due to grinding or turning the
commutator or due to wear after long
operation thiz may be done with a hack
saw hlade held between suitable guides,
or, more conveniently and accurately

with motor-driven circular saws.  [(See
Fig. 23).
Care of Commutators—The ideal

appearance of a commutator surface
is a polished dark brown or chocolate
color,  Such a commutator needs no
attention other than to be kept clean.
Use of oil, prease, vaseline, or so-called
commutator compounds will gum up
the commutator causing a deposit of
carbon and metal dust on the surface
and particularly in the undercutting
that may cause "'burning’’ and '‘fAash-
ing".

Do not allow oil to come in contact
with the mica of commutators, as the

\

Fro. 23—8marl PorTABLE Tooru For UNDERCUTTING MICA
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oi] will penetrate the mica and carbon-
ize it and cause burnouts.

Sparking at Direct-Current Brushes—
Some sparking under the brushes on
modern high-speed commutating  ap-
paratus should not be construed as dis-
creditable performance.  The personal
element involved in the interpretation
of satisfactory commutation makes the
subject a difficult one for reaching agree-
ment in many cases. An effort to arrive
at some common basis of reasomable
commutation requirements has accord-
ingly been made in the 1925 Standards
of the American Institute of Electrical
Engineers. Under paragraph 5—2534,
successful commutation is defined as
follows:  “Successful commutation is
attained if neither the brushes nor the
commutator are burned or injured in
an acceptance test or in normal service
to the extent that abnormal maintenance
is required. The presence of some
visible sparking is not necessarily evi-
dence of unsuccessful commutation.”

Sparking may either be due to
mechanical or electrical causes.

The usual causes of sparking from
mechanical faults are:

{1y Rough commutator, due to high
bars, high mica (if commutator is not
undercut), flat spots, or rough edges
of undercutting.

(2) Vibration, originating in brush
rig.

(3) Unequal spacing of brushhalder
bracket arms.

{4) Incorrect setting of direct-current
brushholders too far away from com-

mutator, or misalignment of the holders
on the bracket arm.

(5) Incorrect brush tension.

(6) Brushes sticking in holders.

If the sparking is due to electrical
rauses, it will be seen to vary appreciably
with Inad changes on the machine. The
more commen electrical causes of spark-
ing met with in operation are:

(1)  Brushes on all arms or on part
of the arms incorrectly set with respect
to neutral points,

{2) Brushes of wrong composition
or resistance,

{3 Incorrect adjustment of com-
mutating-pale winding.

(4) Non-uniformity of main or com-
mutating-pale air-gaps

These are the more common Causes,
but sparking may be due to an open
circuit or Jonse comnection in the arma.
ture,

If sparking occurs that cannot be
accounted for by overloads or other
service conditions, wrong adjustments,
or mechanical defects, an experienced
engineer should be consulterd to remedy
the fault.

“Bucking" or ‘“Flashing" between
arms of opposite polarity is caused by
excessive voltage generated in the coils
chort-circuited by the brush or between
adjacent commutator bars, or abnor-
mally low surface resistance on the com-
mutator between adjacent brush arms.
Any condition tending to produce poor
commutation increases the likelihood
of “bucking”’. Bucking is usually caused
by the following:

(1) Rough or dirty commutator.
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(2) A drop of water on the com-
mutator, from the roof, leaky steam
pipes or other souree,

(3} Exressive overloads or
circuits on the direct-current side,

(4}
It 15 necessary that the resistance from
the machine frame to the station grounid
should he of such a nature that the cur-
renl incident to an are from the com-
mutator to one of the grounded circuits
should not be of a sufficiently appremahble
value to cavse damage. See grounding
machine frame under "“Application and
Protection" heading.

“Bucking’ or “Flashing™' Remedies—
If flashing continues after the first two
possible causes have been climinated
the trouble will usually be due to causes
external to the machine,

Flashing 15 limited to higher voltage
machines and can in most cases, es-
pecially on rallway machines, be traced
to excessive overloads uzually caused
by short-circuits. The only way to
correct this is to protect the machines
[rom these short-circuits.  This can
often be accomplished by increasing
the resistance in the feeders, A re-ad-
justment of machine and feeder breakers
will very oflen improve results, Ex-
perience has shown that the majonty
of Aashing troubles are due to external
loecal eonditions which must be corrected
hefore the flashing trouble will be elim-
mated.

short-

Frame or bedplate  grounding

Motor Collector Rings

Sparking at the collector rings mav
he due to any of the following causes:

Rough surface of ring.  {This condition
usually follows prolonged sparking orig-
inating from some other cavse.)

Eccentric rings.

Brushes tight in holders,

il on collector rings.

YVibration of brush rigging.

If sparking exists the rings should
be stoned or turmned to give a smooth
surface and, if possible, the source of
the trouble removed, The brushes
should have a close fit on the rings and
should slide freelv in the holders. If
the brushes stick in the holders, contact
with the ring will result and burning
will take place.

Bearings
When a machine iz started particular
attention should be given to the bearings
to see that they are well supplied with



lubricant. The oil rings should revaolve
jreely and carry oil to the top of the
fournals.

Bearings mav be operated safely at
a temperature of 80" Centigrade (1767
Fahrenheit} and, for a limited time,
thev may operate as high as 1007 Centi-
grade (212° Fahrenheit). It should be
remembered that a bearing may be
below this temperature and may be safe
aven though it is hotl enough to burn
the hand when held against the nutside.

A rapid rise in the temperature of a
bearing 15 usually an indication of trouble
and requires prompt attention. The
machine should be taken out of service
immediately, but, if possible, 1t should
be kept rotating at low speed until the
bearing has cooled. Fresh oil should
bhe fed to the bearing and on the
journal through the openings over the
nil rings.

The cause of overheating mav be any
of the following:

Insufficient cil in the reservoir,

Dirty oil or oil of poor guality.

Failure of oil rings to revalve,

Excessive pressure or end thrust
caused by poor alignment ot the ma-
chine.

Bent shaft.

Rough bearing surface, which may
have been the result of careless handling,

Keep the Oil in the Bearings Clean—
The frequency with which the bearings
must be refilled depends =0 much on
local conditions, such as the severity
and continuity of the service, the room
temperature, the state of cleanliness,
ete., that no definite instructions can
be piven. Until local conditions show
another interval to be more suitable,
bearings should be refilled every six
months.

Omnly the very hest grade of oil—hav-
ing a vizcosity of from 185 to 200 seconds,
Saybolt, should be used.

It always proves a false economy
to use cheap nil. If the oil is to be used
a zecond time it should he fillered and
if warm allowed to cool before the hear-
ings are refilled. Ewven new oil should
be examined carefullv anid filtered or
rejected if it is found to he gritty,

RENEWAL PARTS
Repairing
Repair work can be done most sat-
isfactorily at our nearest Service Shap.
However, interchangeable renewal parts

Westinghouse Motor-Generators

can be furnished, as hsted below, to
customers, who are equipped for doing
repair work.

Recommended Stock of
Renewal Parts

On pages 23, 24and 23 is a list of the
renewal parts and the minimum quan-
tities of each that should be carried in
stock., These are the parts most sub-
ject to wear in ordinary operation and
damage or breaking due to possible ab-
normal conditions.  The maintenance
of such stock will minimize service
interruptions due to breakdowns.

Ordering of Repair Parts—Fepair
partz of any standard Westinghouse set
may be secured on short notice. To
aveid misunderstanding  always  pive
the zerial number of the stationary or
of the rotating part of the machine as
the rase may be. The former will be
found stamped on the nameplate and
the latter on the end of the shaft. When
material for coils is ordered, it should
also be stated whether or not insulation
for the winding is also desired,

Rebabbitting Bearings—The old bab-
hitt should first be melted out and a
suitable mandrel prepared. Split bear-
ings should be babbitted one-half at
a time and the mandrel should consist
of a half-cvlinder with shoulders running
along its length on which the sides of
the bearings may rest so as to form a
close it when the hearing housing is in
position for babbitting. Pieces of felt
should be placed between the ends to

prevent the babbitt from runming into
the oil well in the spaces back of the
bearing shell, Use only the best babbitt
metal. The melted babbitt shovld be
poured in the gate until it begins to
overflow, and a few moments should
elapse before it is removed from the
mandrel, in order that the bearing may
become quite hard. The bearing hous-
ing should then be bored or reamed to
the proper size, the holes for inspecting
the working of the oil rings drilled, and
the oil ring slots melted or cut to the
proper depth. The finishing can be
done with a file. If the mandrel is a
smooth half-cvlinder, the oil grooves
should be chipped cut. The grooves
may be cast by properly designing the
mandrel.

Repairs to Insulation—If a defect
develops in the outside of a field or
armature col, 1t can sometimes he re-
paired by carefully raising the injured
wire or wirez and applving fresh insu-
lation. More extensive repairs should
not be attempted by inexperienced, or
unzkilled workmen.

Sectional Bands—Large generator ar-
matures are provided with sectional
bands instead of the more familiar con-
tinuous bands, greatly facilitating the
repair of large armatures.

Fig, 25 shows the tool used in con-
necting and disconnecting  sectiomal
bands.

To make the final connection between
the free ends, after the different sections

Fic, 25—Banoivc Toou
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have been keyed together into an apen
hoop and are in position on the armature,
place the tool as shown in Fig, 25, the
two jaws gripping the projecting ends
of the fixed pieces let into the ends of
each section for thiz purpose. With
the toal in the position shown in Fig. 25,
bring down the handle, forcing the mov-
able jaw forward along the beam and
mterweaving the loops on the section
ends, Insert the steel pin A in the holes
through the mowvable jaw and beam,
and with the tool clamped in this way,

Westinghouse Motor-Generators

remove the handle and advance it to
the next hole in the beam. This op-
eration i3 repeated until the ends of
the band are interlocked sufficiently
to permit the steel key piece B to he
inserted {see Fig. 251, All that remains
15 1o remave the tool and paint or shellae
the joant,

Ta the band, reverse the
preceding process.  Relieve the lension
on the joint by tightening the hand
with the tool and then drive out the
key pece,

remove

Caution

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

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

Keep the commutator brushes and
insulation clean.

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

RECOMMENDED STOCK OF RENEWAL PARTS

i

[t bt kot 1 |
. i |

Fic. 26—MECHAMICAL SPEED-LM1T SwiTCH

REF.

No. NAME oF PART

Switches in use up to and including

1 Speed limit switch complete. ... ... ... ... =

2 Switch box....... A Ei

3 Switch DOX COVEN. . . ooorrsmmrsemm e s e I - —
4 Contact plunger—open circaab. ... ... s ool
4 Contact plunger—closed cireuit. . ... . e B

5 Micarta mmsulating plate. . . . e i N

6 Fibre switch bage.... .. .. .. J Bk

7 Contact spring......... i

11 Micarta insulating tube, s L
12 Micarta insulating tube. . L
13 Switch lever...... s L.
14 Hinge pin for switch lever i
17 Spring for switch lever. =
18 Spritig POBt. . v vnsees e o
19 Flat spring for switch lever. 3 % ;

21 Insulating bushing.........

MNo. PER
SWITCH

Mechanical Speed-Limit Switch

Fig, 2T—GovERNOR

DUANTITY RECOMMENDED FOR

Governor for Mechanical Speed-Limit Switch

Governors in use up to and including. ... ... ..
Governor complete........

Governor case., ........
Headless set screw. ..

Steel shaft...........

Grnide, 2o o

OO0 ~TUL s b e

=

Governor lever.............
Operating spring. . ....... ...

Steelwashar..._........:..._
Headless set screw........

STOCK
2 5 15
| L0, .|
el . s o |
0. . .0 1
0. . o O e e 1
PRE T s W 1
. A .2
T N i F e LR 2
. - | T— 4
i B . . 2
i PR i B R .
0 B 1
| . 1. 1
o e o et Y
| I .
S R i 55 2
| - L2 .4
- 5 15
. 0 o 1
0. . e Bodiirn 1
. 0. N " o e S 2
.. y Wesmmsmans 1
L4 PO B i e 1
) i i
| | |
0.. B | . |
0.. | |
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COMMUTATOR

ARMATURE COIL COMMUTATING FIELD COIL

BRUSH
/=0
( ( -
&
¥ SPRING
—9 i %
1 TENSION t SPRING TENSION I BRESSIRE t TENSION + RETAINING T WWASHER
Pk KEY FINGER PIN WASHER

Fic, 209
tSingla Brushhalder  {Double Brushholder

Recommended Stock of Renewal Parts—Continued

Units in use up to and including . . ... ... . .. ... ... .. ... e 2 5 15
MNaME oF PART Mo, PEr QUANTITY —RECOMMENDED FOR STOCK
Generator SET
Armature Coils e i RSP i ST P s - ey e M 5. || e et A 1 Set
Rewinding Material ; e TBeNerareeny  beBeheniad 24 Bt v 1 Set
Main Field Pole with Coils Complete—Open. .. ... 1 Sel 1 2
Main Field Pole with Coils Complete—Crossed . ... 1 5et. 1 Ttz 2
L = T ST ORI - -| oo 1 Set 2 Sels I Sels
Brushholders. . ... A e ey A ey 1 o by, 4
Spring . . . O ol A . ==} o 1 Set ; 2 e b
Pressure Finger. .. ... .o iiinniieinennes 18t ..., 2 b et s fi
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'FIELD COIL & POLE PIECE COMPLETE
WITH DAMBER \WINDING

(OPEN)

BEARING

e

FIELD COIL & PO
FLETE WITH DAMPER WINDING

BRUSH HOLDER.

>

OILRING. CARBON BRUSH.

(CROSSED)
LE PIECE COM-

e

Fig, 30

Recommended Stock of Renewal Parts—Continued

Units in use up to and including

MNAME OF PART
Synchronous Motor

Armature Coils. . .
Rewinding Matenal. ... ..

§Field Coils Complete—Open. . ... .

§Field Coils Complete—Crossed , .

§Main Field Pole with Coil Open.................
§Main Field Pole with Coal Crossed, .. ... ... ... ...
BroBhes. .. .. mvvmn et s s
Brushholders. .. ... .................

Spring. ...
FPressure Finger . .

Mechanical Parts
*Bearings........
*Oil Ring. ...

1 5et. .
18et. .. ... ..
1 Set.... 1

Ly Set

1 Set,
18et........
15t ..

15et, . ., :
L Bebir sy

§When coil is wound on the poie it is pecessary to order pole and coil together.

*The above recommendation is for each different kind. —
A recemmended List of Renewal Parts for your complete equipment will be supplied upon request to the nearsst District Otfice.
Parts indented are incleded in the part under which they are indented.
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1 Set........ 1...........

1

1
IiBetsgsid heyEgiiness

2

2

5

15

QUaNTITY—RECOMMENDED FOR STOCK

Sets
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Wiring Diagrams

2 Phase /ncoming Line
Ld3

4 20T aif ] | R
ROses: > Cir Bkr 22
Switchboard connections i
shown as viewed Ffrom rear
ﬁ.l" ﬂvﬂ.‘_‘i‘f‘ﬂl. 1
@ =250 Voit-6 Amp Fuse Cur.
Auxiliary switches are Tr GQS - |
Stown for the open posilian f q|
of the circuit breaker 4’37 N 3
:?% 0 -+ |
: |
| BEIAR E‘g&g anl
1234 ir. Bkr:
N
' : U Vot 220 Vol syn. lamps
Carbon {os.ours | i (on rear of pqmﬂ |

ir BRC g ’q;x'—' H fw? ﬁ::r. i
N .C 3—% Sw ﬁ i {Aﬂ? w ]l
%j e Bé% T | Amﬁ_i[‘ii s qpge

¥ Siv J
~fo0_=5]
o0 of

Neg Bus I j

«ﬁ ‘

Reverse [ .
Cur Res - TTHH — M
A ! ol
“+Shunt 17122
Rheo i : £
1 | o\ Gd g
Feeder —q'g' o) Starkin J
Ffs.f':m?" @ —
{234
E‘%&E;
- i
spsT__4 gamm Fid
K. Sw ]/ er Fld —%
£

7

Fio. 31—440-VoL7, 2-PHAsE IvcominG Line anp 440-VoLt, 2-Puase, SELe-STarTine Syveuronous Motor DRIVING A 250-VoLT, 2-WIRE,
D-C. GENERATOR AND AREANGED FOR STARTING _E-]IE!ER FRoM THE D-C. END 0k FROM THE A-C. END 8y MEANS oF Two
SiMGLE-PHASE AuTo-TRaMsFoRMERs., THE MoTon 12 EXCITED FroM THE D-C. GENERATOR
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ZBhase fncoming Ling

F&g4
Note Volt: Trans.
& . !
Swilchboard connections ‘E\ﬁ %‘:':rf” = :b]
Shawn as viewed from ' _]Fmes
reqr of board 7 ’E 5 !
§=250Vp!t -1Amp fuse Ifi‘ ur =p o Auto |
Auxiliary switches i) ] |
gre shown for the open I
pasition of the circutt 57— |
breaker g+ |
I
|
28 Carbon Cir Bkr | A5 . :
QL. Coils L _ /234 CrnB
1|
N
i R
| |
| |
| |
Iim I !
: — il I
ve | i :
h
|
i |
|
o . Vol i
o Lo ' Volt
Pos.—if L, vm Sw At || coir | | | :
:}’5- ?ﬁ?' - g Res.| |11
eg. £q. T N
K. Sw. Trip I
o1 Coils L
I l |
| Term l |
i |
Biock | I
0 ||
D | |
o s T i
- |
Gd. —
for |
d. |Rheo. 432/
Camm. f =/
Balance _| fld.
Cadl B 1 ¢:r¢ 5a
nd.
Newlral itntor
RO TN
Comm. Fid. — M Shunt Fid.

Jer Flad. ="

Fig. 32—2200-VoLT, 2-PHAsE, INcoainG LINE, 2200-Vovr, 2-Prase, SELe-Stantiss Inoucmion Motor Drivieg A 250-Volt, Turee-Wike
D-C. GENERATOR. ARRANGED FOR STakTING From A-C, Exp Bv MEAxs oF Two SINGLE-PHASE AUTO-TRANSFORMERS
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3 Pnase Incoming Lineg

Note - Voit. Tmﬁs. /e3 S5 s
Switchboard connections /123 i
.gmpm as wiewed from rear of | | | Lever End {;:':; m; N
ogrd wta Starler
@250 Vort - Amp Fuse o _& Cur l}’mns. —a :cr
Auxifiary Swilcfhies are L1 ol
Shown for the open position 14 ;;‘_:_L_L ] Aute
af Fhe corcued Bregker T 4{ 3 :E Trans.
(4]
Pos. EBUE [ 5 3 Auto \E‘iqrfe.’ffa I I,ZE.-
Pas. £q. Bus conmeclions for } 23
Neg. Eg. Bus- csingle phase | E’Eh‘_ J"r;rns.-—f»:;__ _‘El”‘ LanRigs
Neg. Bus— transformers |___ —— s g l
i U Volt 08~ 1
o T : ol TS [
[ i Mo a e 1 H‘m & - ‘ ‘
| F)% T %H T T D%_ A+_,\ |
T L | Fig. Am. |
5 At~ - +
1 o] e e |
t T % 2 vm.Jw. |
Shunt—1 l : ? oo i
» d’ 0-1 ] 'ﬁﬂ_ﬂl:——
N?ﬁ: aid Vi Fwe
3 Pos.~eolBd [ |
(] T L _] bt
3PST e _".?rr ";’g;r? |
K Sw : == Jwl| 1= ‘ I
; Aux| . ,
Ffeeder ASr—
N —
Tvpe TO Gver-__r,-r*”'_’£3,| g L] ! j,{?unf = Ak ~
foad PF.IFG}"S i i PO [c[ e
o | A=
" Rev. Cur. __ 5 ;JW #m| co
Relay | _ II—-Q—-——-% % 1
Grd. Bus | Rheo AT
21,321 3 E IL_@ = gfgﬂ 7 \
Starting (E -
Res. S
ea.
r 3 Jer Fid. ¥ iirpasis ~——--——I
Pog. Vm. Sw. E:| i,
vetait ||| g hunt (2
Comm. Fld="] TR LZ1
Balance Coil (= Gen. *'a-h;me
’ = 2| Fld. 3 phase
SRUNE g Syn. Motor
Fer Fld.— Comm. Fid.

Fic. 33—6600-VoLTt, 3-Prase, Ivcominc Live axp 6600-VoLT, 3-FHasE, SELF-STARTING SyncHRoNoUS MoTor Derivinc o 250-Vort, 3-Wink
[.C, GENERATOR., ARRANGED FOR STARTING FRoM Ertaen D-C. Exvp or A-C. Exp 0v MEaws of Two SiNGLE-PHASE oR ONE THREE-
PHASE AUTO-TRANSFORMER. Mortor 15 Exciter From D-C. GENERATOR
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FBhase Incoming Line
Bhase fotalion
fel
Lightring 111 DOwsconnecting
Arrester Switches
= Choke Cons
ca= JAST Oif .
B Cir 8K o o Trip Couls
afe:- " T
Switchboard conmections shown Cur Trans —4 | 1
as v eém% E}‘rﬁm mfj of bogrd —— 1.
5 it -fAmn. Fuse (,, A Ifmﬁ
*-600Volt -/ Amp. Fuse ok ~ Lower
Auxilary switches are shown 2 & f\'ﬁﬁl frans
for the open position of the circuit —0 3 :
breaker | ’_(E o o _]
| g JA T = __..jﬂﬂr o
I 1 ,,_.;]! - Cre fkr
I r{b'f Trans 153
e e
PPN . o s e 2
Pos.Bus: A F—— i y = i :
SO : =1 | ¢ Voit Coit I
Srtens Tiem 2l
1Lir B&r o [« & i
._§ I m A A L | |I
Virr 1

L1
; Am m Exc Fld |J|
Shend Fheo ||
= Fm i _,_..-'-? J ﬁﬂﬁ_f@ i | | |
: sw T nes] . |||
' Shunt L ||, | Gvort coir I
. e g ' |||I
SPST _.l_.__..---"""-"""‘tc E5.
hﬁﬂ % HEH{ L) et jﬁf . | Shunt
T J ! Corls ’— A | M|
Feed | Conptf Tt |
eeder r%}- ’_{;3 a |
|

— L= _”F% i

fqudﬁze’f | Current oty . T L Jl

= Rel
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Rheo
SO5T g
K Sw —_/[__l

5
5
'

0-C. Generalor. +
= = Comm. Fd
Comm. Fld — .
Series Fld.—= Shunt Fid D? ~-Series Fid
T 6d Shunt Fd

Fic, 34—3-Puase, Ixcosixe Live witiH UNGROUNDED NEUTRAL, aND 2200-VoLT, 3-PHASE SELF-STARTING, BvRCcHRONOUS MoTorR DRIVING A
G00-VoLT, Twu WIRE, D=0, RAILWAY GENERATOR, ARRANGED FOR STARTING FROM A-C. Exp sv MEANS OF STARTING TAPS 0N A STEP-
Down TRANSFORMER.
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3-Phase Incorming Line
Phase Rotation

f23
WeohE W
[ 3o
Note:- -t ] ;
Swilchboard connections 7 LT 3 P & & &5
Shown as viewed from rear of &J’ ‘
board 2N o8& g
#=250 Volt-6Amp. Fuse. =
A=2500Volt 1% Amp. Fuse ' _ 3
Awxiliary smitches are | [ ] L_,:.
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the circust breakers I Pyl /1
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a & u;renf J
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T ——— .
e =
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Westinghouse Electric & Manufacturing Company, East Pittsburgh, Pa.

ABILENE, KEAN., 300 N, Cedar 5t.

AKROM, OHIO, 11 5. Main 5t

ALBANY, M. Y., 160 Broadway
ALLENTOWHN , PA., 433 Green St
AFPLETON, WIS., # 1 Bellaire Courr
*ATLANTA, GA., 436 Marietta St. N. W
BAKERSFIELD, CALIF., 2224 San Emedio St
BALTIMORE, MD., 115 E. Lombard Se
BEALUMOMNT, TEX., La Salle Hotel
BIRMIMNGHAM, ALA., 2030 Second Ave.
BLUEFIELD, W. V., 308 Blucield Ave.
*ROSTOM, MASS., 10 High St
BRIDGEPORT, COMNMN., Bruce Awve. and Sey-

mour Sr.

*BUFFALD, M., Y., 814 Ellicost Square
BURLINGTON, [OWA, P. O. 107
BURLINGTOMN, VT., Park Ave.

*BUTTE, MONT., 52 E. Broadway
CANTOM, OHIO, 120 Tuscarawas St., West

*CHARLOTTE, M. C., 210 E. Sixth 5t
CHATTANOOGA, TENM., 516 Mackee 5t

*CHICAGO, ILL., 20 M. Wacker Drive

*CINCINMATI, OHIO, 207 W. Third St

*CLEVELAMD, OHIO, vzab W, 58th 5,
COLUMBLUS, OHIO, 20q 5. Third St.

*DALLAS, TEX., 300 Browder S,
DAVENPORT, IOWA, 206 E. Second St
DAYTON, OHIO, 32 M. Main St,

*DENVER, COLO., gio Fifteenth Sr,

DES MOINES, IOWA, 218 Second St.

*DETROIT, MICH., 5757 Trumbull Ave.
DULUTH, MINH., 1e East Superior Srreet
ELMIRA, M. Y., 338 E. Warter 51,

*EL PASD, TE){A%!: oy M. Oregon S

*EMERYVILLE, Cﬁﬁlg.. 581y Peladeau 5r.
ERIE, PA., 103 W. ath S,
EYAMSWVILLE, INLy, P. O. Box 457

ABILEME, KAM,, Union Electric Co.

AKROHM, OHIO, The Moock Elee, Supply Co.
ALBANY, M. Y., Westinghouse Elec. Sup. Co., Inc.
ALLEMNTOWHN, PA., Wesringhouse Elec, Sup. Co.
ATLANTA, GA,, Westinghouse Elec. Sup. Co.
AUGUSTA, ME,, Wetmore-Savape Elec. Supply Co.

BALTIMORE, MD., Westinghouse Elecrric Sup-

BAMNOOR, ME., Wermore-Savage Elec. Sup. Co.
BINGHAMTOMN, M. Y., Westinghouse Electric
Supply Co., Inc.

BIEMINGHAM, ALA., Moore-Handley Hdwe. Co.
BLUEFIELD, W. VWA, Superior-Stecling Co.

BOSTOMN, MASS,, Wemore-Savage Elec. Sup. Co.
BUEFALO, M. Y., MeCarthy Bros. & Ford

BURLINGTON, WT., Wetmore-Savage Elec. Sup.Co.
BUTTE, MOMT, Westinghouse Elec. Sup, Co.
CAMNTOM, OHIO, The hjnnl:k Elee. Supply Co.
CHARLOTTE, M. C., Westinghouse Elec. Sup. Co.
CHATTANQOGA, TENM., Mills & Lupton Sup.

Co.

CHICAGO, ILL., Hyland Elec. Supply Co.
CHICAGO, ILL., Westinghouse Elec. Sup. Co., Inc.
CINCINMNATL, O., The Johnson Elec, Sup. Co.
CLEVELAMD, ., Westinghouse Elec. Sup. Co
COLUMBIA, 5. C., Westinghouse Elee. Sup. Ca.
COLUMBUS, O., The Hughes-Peters Elec. Corp.
COLUMBUS, O., Pixley Elec, Sufrplv ;
DALLAS, TEX,, Westinghouse Elec. Sup. Co.
DEMVER, COLO., The Mine & Smelter Sup. Co.
DES MOIMNES, LA, Westinghouse Elec. Sup. Co., lnc.
DETROIT, MICH., Westlnghouse Eles, Sup. Co.

DULUTH, MIMNM., Westinghouse Electric S-up.-

ply Co., Ine.
EL PASO, TEX., The Mine & Smelter Sup. Co.
EL PASO, TEX., Zork Hardware Ca.
ERIE, PA., Star Elecerical Co.

APPLETOM, WIS., 1029 5. Outagamie St.
ATLANTA, GA., 426 Marietta St, M. W.
BALTIMORE, MDY, so1 East Preston St
BOSTOM, MASS,, 12 Farnsworch St
BRIDGEPORT, CONM., Bruce Ave. and Seymour

Sr.
BUFFALO, M. Y., 1132 Seneca St.
CHARLOTTE, M. G 210 E. Sixth St.
CHICAGO, I L., zz11 W. Pershing Boad
CINCINMATL OHIO, 207 W. Third St
CLEVELAND, OHIO, 1316 W, s8ch 5.
DEMWVER, COLO., 2644 Walnur St
DETROIT, MICH,, s757 Trumbull Ave,

WESTINGHOUSE ELECTRIC INTERNATIONAL CO.
30 ROCKEFELLER PLAZA, NEW YORK, L. 8. A,

WESTINGHOUSE SALES OFFICES

FAIRMONT, W. VA, 6oz Cleveland Ave,
FORT WAYNE, IND., 1010 Packard Ave.
FORT WORTH, TEX., seu Jones St

GARY, IND., 715 Arthur 5t

GRAND RAFIDS, MICH., sor Monroe Ave, M. W.
GREEMVILLE, 5. C., West Earle St
HAMMOMND, [ND., 4n3FWnl:ham 5
*HOUSTON, TEX., 608 Fannin St.
*HUNTINGTON, W. VA., 209 Ninth St.
[NDIANAPOLIS, IND., 539 Madison Ave
1SHPEMIMG, MICH., 45&{ High 5t

[ACKSON, MICH., 212” W. Michlzan Ave.
JACKSONVILLE, FLA., 37 5. Hewan S
JOHMSTOWHN, PA., 47 Messenger St.
KAMEAS CITY, MO, 2124 Wyandaree St
EMOXWVILLE, TEMM,, 6oz Gay 5

LITTLE BOCE, ARK., 1115 West Twenty-fourth

St.

*LOS AMGELES, CALIF., 430 5. San Pedro St
LOUISVILLE, KY., 322 W. Broadway
MADISON, WIS., 508 Edgewood Ave.
MEMPHIS, TENH., 130 Madison Ave.

MIAMI, FLA., P. O, Box 1168,

MILWALUKEE, WIS., 546 N, Broadway
*SAINMEAPOLIS, MINH,, 2103 Kennedy St. M. E.

MOMBOE, LA., 1610 M. Fourth St

NASHVILLE, TEMNN.,, 210 M. Second Ave.
SMEWARE, M. ., Haynes Ave. and Lincoln Highway

MNEW HAVEM, COMN., 240 Cedar St
*NEW ORLEANS, LA, 333 St. Charles St

HEW YOREK, M. I'f., 10 ‘Eﬂckuﬂ:”er Plaza

MNIAGARA FALLS, M. Y., 205 Falls S

OKLAHOMA CITY, OKLA., 1o E. Californla St

OMAHA, NEB., 400 5. Seventesnth St.

PEORIA, ILL., 104 E. Seate Br.
*FHILADELFHIA, FA., 3001 Walnue St.
*PHOENIX, ARIZ, 11 W, é:ﬁ:rwn Se.
*PITTSBURGH, PA., 435 Sevench Ave

WESTINGHOUSE AGENT-JOBBERS

EVAMNSVILLE, IND., Westinghouse Elec. Sup. Co.
FLIMT, MICH., Wesringhouse Elee. Sup. 3
FORT WORTH, TEX., Westinghouse Eﬁc. Sup. Co
GRAND RAPIDS, MICH., Westinghouse Electric
Supply Co.
GREENVILLE, 5. C., Westinghouse Elec. Sup. Co
HOUSTOM, TEX.. Westinghouse Elee. Sup. Co.
HUNTINGTON, W. VA., Banks-Miller Sup. Co.
INDIAKAPOLIS, [MD., Westinghouse Elee.Sup.Co.
JACKSONVILLE, FLA., Westinghouss Ele-:.SuF.Cu.
EANSAS CITY., MO, Columbian Elecrrical Co.
LOS AMNGELES, CALIF., Westnghouse Electric
Supply Coa.
LOUISVILLE, KY., Tafel Electric Co.
MADISON, WIS, Westinghouse Elee, Sup, Co., Inc.
MEMPHIS, TEMM., Westinghouse Elee, Sug. Civ,
H%GWI}IJKEE. WS, Westinghouse Electric Supply
o Lrvc.
MINMEAPOLLIS, MINM., Wesinghouse Electric
Supply Ca., Ine.
MOMROE, LA, Monroe Hardware Cao.
NASHVILLE, TENM., Tafel Electeic Co.
NEWAREK, M. J., Westlnghouse Elec. Sup. Ca., Inc.
NEW HAWEM, COMM., Westinghouse |:J?;|;.Su p-Co.
NEW ORLEAMS, LA, Elecrrical Supply Co.
MEW YOREK, M. Y., Times Appliance Co., Ine.
MEW YOREK, M. Y., Westinghouse Elec.Sup.Co Inc.
OAKLAND, CALIF., Westinghouss Electric Sup-

ply Co,
OKLAHOMA CITY, OKLA., Westinghouse Electric
Supply Co.
OMAHA, MEB,, Westinghouse Elec. Sup.Co., lnc.
PEORIA, ILL., Westnghouse Elec, Sup. . Inc.
PHILADELFHIA, PA., Westinghouse Electric

Supply Ca.
PH&E@J‘E:{, ARIT: Waaririghisine - Elecitle Supgls

WESTINGHOUSE SERVICE SHOPS

FAIRMOMT, W, VA, 6o Cleveland Ave.
HOUSTON, TEX., 3315 Commerce St
HUNTINGTON, W. VA, 205 Minth St
[MDIARAPOLIS, IMD,, s51 W, Merrill St
OHMSTOWN, PA., 47 Messenger St

AMNSAS CITY, MO, 2124 Wyandome St
LO5 AMNGELES, CALIF., 436 5. San Pedro 5.
MILWAUKEE, WI5., 261 E. Erie St.
MINMEAPOLIS, MIMN., 2301 Kennedy St N E.
NEWARE, Nah. Haynes Ave. and Lincaln Highway
HEW YORE, M. Y., 468 W, Thirty-fourth St
PHILADELTHLA, PA., 3001 Walnur St
PITTSBURGH, PA., 541 M. Lang Ave.

PITTSBURG, KANSAS, P, O, Box 15
PORTLAND, ME., P. O. Boax trg7
*FORTLAND, DRﬁ.., 3og Southwest Sixch Ave,
PROVIDEMCE, R. L, ﬁj. Harris Ave.
RALEIGH, M. C., Sca N. Person St
RICHMOMND, VA., s01 5. Fifth St.
ROCHESTER, M. Y., 410 Atddantic Ave.
ROCKEQRD, ILL., 130 5. Second St
SACRAMENTO, CALIF., 1107 Ninth St
*SALT LAKE CITY. UTAH, 1o W. Firsc South Si.
SAN ANTONIO, TEX., 212 East Houston St
SAM DIEGO, CALIF., 863 Sixth 3t

SAMN FRAMNCISCO, CALIF., 1 Monmamery Si.
SSEATTLE, WASH., 6oy Stewart St

SIOUX CITY, IOWA, 2311 George St.

SOUTH BEMD, IND., 216 E. Wayne St
SPOKAMNE, WASH., 152 5. Monroe 5.
SPRINGFIELDY, ILL., 130 5. Sixth Sr.
SPRIMNGFIELD, MASS., 305 Liberty St
*5T, LOUIS, MO, 411 M. Seventh 5t
SYRACUSE, M. Y., 420 M. Geddas Sr.
TACOMA, WASH., 1oa1 Pacific Ave.

TAMPA, F’LA., 417 Ellamae Ave.

TOLEDO, OHIO, 245 Summit St.

TULSA, OKLA., 301 E. Brady St
*UTICA, M. Y., 113 N. Genesee St
WASHINGTON, D. C. 1434 New York Ave. N.W .
WATERLOO, 1OW A, 328 Jefferson St
WICHITA, KAN., 400 South Emporia St
WILKES-BARRE, PA., 267 M. Pennaylvania Ave,
WORCESTER, MASS., 3z Southbridge St.
YORK, PA., 143 5. George St

The HAWAII:&N ELECTRIC CO., Lid., Hono

lulu, T. H.—Agent

*Warehouses located in these ciries.

PITTSBURGH, PA., lron City Electric Co.

MORTLAMDORE., Westinghouse Elec. Supgply Co.
PROVIDEMCE, . 1., Wermare-Savage Elec.5up.Ca
RALEIGH, M. C., Westinghouse E;:ctric Supply

Caon
READING, PA., Westinghouse Elee. Sup. Co.
RICHMOND, VA, Westinghouse Elec, Sup. Co
ROCHESTER, M. Y., Westinghouse Elec. Sup Co |

Tne.
SALT LAKE CITY, UTAH, Westinghouse Eleceric
Supply Co. =
SAN ANTOMIO, TEX., Westinghouse Elec.Sup.Co
SAN FRAMCISCO, CALIF., Westinghouse Elec-
tric Sunply Ca.
SCRANTOM, A, Penn. Elec'l. Engineering Co
SEATTLE, WASH., Westinghouse Elec, Supply Co.
SIOUX CITY, 1A, Westinghouse Elec.Sup.Co dne
SPOKANE, WASH., Wesringhouse Elec Sup. Co
bl‘ﬂllNGFIHLD. MASS., Westinghouse Elec, Sup-
ply Co
5T. LOUIS, MO., Westinghouse Elec. Sup. Co
ST. PAUL. MIMNM., Westinghouss Electric Sup
sly Co., Ine.
SYRACUSE, M. Y., Westinghouse Elee.Sup Co.Ine
TAMPA, FLA., Westinghouse Electric Supply Co
TOLEDD, OHWO, Westinghouse Elec. Sup. Cn
TRENMTOM, M. ., Westinghouse Elee. Sup Co., lnc
TULSA, OKLA., Westinghouse Elec. Sup. Ca.
UTICA, M. ¥., Westinghouse Elec. Sup. Co., Inc
WSASHIINETUN. D. C., Westinghouse Electric
upply Co.
WATERL’CIGJA., Westinghouse Elec. Sup. Cao., Inc.
WICHITA, KAN,.W::-tinuTwuse Electric Supply Co.
WILMINGTON, DEL., Westinghouse Eler, Sup. Co.
WORCESTER, MASS., Wermore-Savage Elec.

up, Co.
YOREK, PA., Westinghouse Elec. Sup. Ca.
YOUNGSTOWN, DHIO, Moock Eles. Supply Ca.

PORTLAND, OREGOMN, =118 M. Interstate Ave.

PROVIDEMCE, R. L, 353 Harels Ave.

ROCHESTER, M. Y., st Adantic Ave.

SALT LAKE CITY, l]T.";H. 346-A Pierpont Awve.

SAN FRANCISCO, CALIF., 1466 Powell Srreer,
Emeryville, Calif,

SEATTLE, WASH., 3451 East Marginal Way
SPRINGFIELD, MASS., 195 Liberty St

ST. LOUIS, MO., 717 5 Twelfth St

UTICA, M. Y., 113 N, Geneses 5t
WILKES-BARRE, PA., 267 M. Pennsylvania Ave.
WORCESTER, MASS., 1z Sourhbridge St.

VAL a1 CANADIAN WESTINGHOUSE CO., Limited
estinghouse Press—Frinted in U, 5. A.—5. AL 5.-1—5.34
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