BELL SYSTEM PRACTICES . SECTION 159-410-301
Plant Series ' Issue 1, December, 1927
AT&TCo Standard

SYNCHRONOUS MOTORS
WITH DIRECT CONNECTED EXCITERS
PER KS-5123
DESCRIPTION AND OPERATION
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SECTION 159-410-301

2.1

2.2

2.3

SECTION 1 - GENIRAL

Synchronous motors may be used in place
of induction motors for driving charging
geénerators in telephone power plants
where it is desired to raise the power
factor of the office load. These motors
are equipped with direct connected ex-
citers for furnishing the motor field
current. Section 159-410-701 covers

the installation and maintenance require-
ments for these motors.

Section 2 of this specification desoribes

1.3

1.4

these motors &nd will be called Descrip-
tion®.

Section 3 of this specification describes
the operction of these motors together
with their control equipment and will be

called "Cperation”.

Seotion 4 of this specification describes
the various conditions which may interfere
with the proner operation of this equip-
ment and will be called "Genersl Troubles”.

SECTION 2 - DESCRIPTION

Synchronous motors consist of & station-
ary ermture with a revolving field and
are designed to operuate on polyphase cir-
cuits. Current is supplied to the field
coils from a direct connected exciter,
through slip rings on the rotor shaft, to
produce the necessary overuting torque.

A squirrel cage winding is 'imbedded in
the fuce of the field poles in order to
rermit startiug as &n induction motor,
and to prevent "hunting" of the motor
while in operation, These motors require
sterting compensetors similar to those
used with {nduction motors, and in addi-
tion have an arrangement for automatical-
ly shunting the motor field circuit
through a resistor connecting it to the ex-
citer. 'he motor is always sterted with
the field contactor open. .ith the field
cornitector in the open position, the motor
field discherge resistor is connected
across the field coils. ./hen the motor
is nrectically up to speed, the field con-
tactor closes automatically removing the
resistor from the field circuits, and con
necting the exciter across the field wind-
ings. <{he motor then pulls into synchro-
nism, The field current may be adjusted
manually by r.eans of the exciter field
rheostat to change the office power fac-
tor.

2.5

The motor freme is a cest iron skeleton
frame with feet cast integral with the
freme. Luminated steel punchings having
slots for the armature windings ore &as-
senbled under high pressure, accurestely
aligred and keyed to the frame. The
coils of the zrmature windings &re form
wound, and are held in place in the slots
by wed;ces. The leads e&re brought out on
the ri-ht side of the motor frame &as
viewed from the coupling end. Lnd shields
are mounted on euch end of the frume and
support the bearings for the rotor shaft.
For the smzller motors easch end shicld is
cast in one piece; making it necesscry to
remove the ead shield in order to repluce
the bezrings. ©The ernd shields of the
larser motors on the end opposite the
coupling are ‘'solid, while the end shields
on the courling end sre split to faclli-
tete the removal of the bearing.

The rotor consists of & shaft with a
rigidly attzched spider sunporting the
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field poles, field windings and squirrel
cuge winding. Two collector rings for
bringing current to the field windings
arc &lso mounted on, but insulated from,
the shaft, The spider and pole-pieces
are mzde of steel laminations rigidly
festened together. Fins are attached to
the spider which circulste air through
the windings for cooling purposes.

Tre exciter is a smell DC generator with
its frame mounted on.one of the motor end
shields znd its armeture mounted or the
end of the motor shaft. The exciter out-
put is controlled by a manually operated
rheostat mounted seperstely. During
starting, this rheostat is shunted by a
back contuct on the field contactor, in-
suring that the exciter voltuge will build
up to full strength during the starting of
the motor. .Jhen the field contuctor is
closed, this shunting contact 1s opened,
and the resistunce mey be cut in or out

of the exciter field circuit as desired

by opersting tne rheostat hand-wheel.

The compernsators used with these motors
&re of the auo-transiormer type having

a "Start?, "Off" and "Run" position. ‘The
desired starting voltage is obtuined by
connecting the motor to one of four taps
on the trunsformer winding. It is neces-
sery to lold the starting lever srm in

the "Start" rosition manuelly, but in the
"Run" position the lever arm is held by
rneans of & catch controlled by a voltuge
coil. 4ny interruption of the power ser-
vice releuses this catch and the lever arm
is returned to the "Off" position by meusns
of a spring. A mechanical interlock pre-
vents throwing the lever arm to the "kun"
position until &after it hus been thrown

to the "Sturt" position’'and the lever can
then be thrown only with a rapid unhesi-
teting movement, There is also a thermsl
over-load rclay which operates to open the
circuit of the voltage coil in case the
motor becomes over-losaded, shutting down
the set betore damage is done to the motor

The automatic control for the motor field
consists of a fielc contactor znd field
relay, and 1Is mounted in un enclosed
sheet metal box on the frumework to which
the compensator is fastened. The tfield
contactor 1is closed autometically upon the




closing of the corntacts of the field re-
lay. The field relsy contacts close only
when the motor is thrown directly across
the line and the voltage induced in the
motor field winding is at & minimum.

Theory of Motor and Field Control - See
Fig., 1 With the compensstor in the open
poslition, the motor is disconnected from
the power supply, the under voltage coil
of the compenssator is not energized, the
field control reley and the field contac-
tor of the automatic field control paénel
are releaged, the field discharge resis-
tor is connected scross the motor field .
and the exciter field rheostat is shunted.
When the sturting compensator is thrown
manually to the "Start" position the pow-
er supply is connected to the motor
through the comnensator which steps down-
the voltage so as to reduce the starting
current taken by the motor. The motor
starts &s an induction motor by means of
its squirrel cage winding. During the
starting period & high voltage induced in
the motor field sends current through the
discharge resistor and the auxiliary coil
of the field control relay which prevents
the relay from operating. As the motor
comes up to speed the voltage induced in
the motor field approaches zero. After
the motor reaches its meximum speed at
the reduced voltage the compensztor is
thrown menually to the "Run” position.

In this compensator position full line
voltage is applied to the motor and the
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holding coil of the field control reley

8 energilized, up—tvo
speed the current through the auxiliury
coil of the field control relay approsch-
es zero, the field control relay operates
applying line voltage to the field con-
tector winding which operutes the field
contactor, If the motor is not up to
speed &n induced current flows through
the auxiliary coil and prevents the field
control relay from operating. When the
field contuactor operetes the shunt around
the exciter field rheostat is broken, the
resistor circuit is opened and the ex-
clter armature is connected to the motor
field. As soon as the exciter armature
is connected to the motor field the motor
pulls into step and operates as a syn-
chronous motor. The power factor of the
motor is varied by sdjusting the exciter
voltage by means of the exciter field
rheostat. In case of an overlozd suffi-
cient to operate the overlozd relay, or
of too low line voltage, or in case the
stop buttom is pushed, releasing the
voltage coll, the compensator drops back
to the open pogition and disconnects the
motor from the power supply. When the
compensator drops dback to the open posi-
tion the field control relay and the mo-
tor field contactor of the automatiec
Tield control panel release, disconnect-
ing the exeiter armature from the motor
field, shunting the exciter field rheo-
stet and connecting the motor field dis-
charge resistor across the motor field.

- OPERATION

Preparation for Startin Sefore starting
these motors a general inspection should
be made to see that nothing is in or on
the set which will interfere with its
starting.

The height of the oil in the oil geuges
should be noted and oil 2dded if neces-

sary.

Starting Make sure that the motor dis-
connect switch is closed. Throw the com-
pensator lever to the "Start” position
and hold it there until the sound of the
motor indicates thet the motor 1s pr&cti-
cally up to speed, then throw the com-
pensztor lever rapidly through the "Off”
to the "Run" position.

Caution During the starting of the motor
the operator should be careful
not to touch any part of the mo-

tor field eireuit, such &g slip

rings, brushes, and sutomatic
field switch circuit. The box
enclosing the cutomatic field
control panel should be kept
closed during the starting peri-
od.

3.3 Running Adjust the exciter field rheo-

stet until the desired office rower factor
is obtained or the motor field is at maxi-
mum condftion. The rheostat setting at
which the motor operttes at 0.8 power fac-
tor leading under the full losd hot con-
dition is marked by means of a bdlack line
painted on the rheostat. A stop is pro-
vided to prevent cutting out the resist-
ance in the rheostat beyond this point.
After starting, an inspection should be
made to make certain that the oil rings
are turning on the shaft and delivering
0il to the shaft und bearing.

Stopping Remove the load from the driven
machine. Push the "Stop" button on the
compensator. This releases the catch

holding the &rm in the running position
and allows the compensator switoch to re-
turn to the “Off" position.
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4.01 Failure to Start
Cause
Fuses open
No voltage on one
or more phases of
the power service
Rotor blocked

Defective motor wind-

SECTIOK 4 - GENERAL TROUBLES

Astion
Replace

- Notify supervisor

Remove obstruction

Repair or replace

ing motor
4.02 Failure to Come up to Speed
" Causge Action
Low voltage or fre- Notify supervisor
' quency, or bdth )
" Open phase in motor Notify supervisor
4.05 Motor Stops
Ceuse Action
Overload reley on Res@t and gtart
compensator opera fgain avoiding
ted overload
Overload relay out Check and adjust
of adjustment relay setting
‘No voltuge on one or Notify supervisor
more phases of
power service
Fuses blown Feplace
Undervoltege relay  Start again
releases due to
momentary inter-
ruption of service
4.04 Feilure of Field Contactor
Cause ' ~ action
Contacts stuck to- Pry open, smooth
gether ’ or repluce
Binding adjust or replaoce
Defective winding or Repair or replace
open connections '
4.05 BNo Motor Field

Cauge

Poor contact of ex-
citer brushes or
brushes binding in
holders

Exciter field oir-
cuit open
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Aotion

Clean or replace
if too short

Repair open

4‘06

" Failure of exciter

to build up

Defective exoiter
winding

Defective motor
field cirocuit

Failure of field

Lemove exciter
brushes, apply
DC voltege to
field ooils
with proper po-
larity for few
seconds, KHe-
place brushes
and start set
again., Repeat
if necessary.

Repalr or replace
exciter

Repair or replace
rotor

adjust or replace

contactor
Foor connections Repair
Overheating of Besrings
Cauge ' ‘Action
01l rings not Adjust or replace
functioning
Bent shaft Replace rotor and
) shaft
Rough bearing Smooth or replaoo
surfage bearing
Improper s8lignment Reulign
Ingufficient oil

4dd oil

Improper grade of

Clean out bearing
01l or airt in oil

and lubriceate
with proper oil

Improper fitting of Repair or replace
babbit lining

NOTE In case a hot Vvearing develops,
the loed on the machine shall be
teken off, The bearing should
then be flushed with Dynamo oil
until oool. The set should, in no
cese, be stopped until the bearing
is cool unless the rotor is strik-
ing the stator. Stopping & motor

with & hot bearing before the bear-

ing is cooled muy result in the
shaft adhering to the bearing lin-~
ing &nd makxe the replacement of
the beuring more difficult.

After cooling the bearing, the set
shell be stopped and an inspection
made to determine the cause of the
hesting , and the condition cor-
rected before again placing load
on the machine.
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4.07 Qverhesting of Exciter Commutator

4.08

Cause

Excess ive bdrush
tension

Excessive sperking

Short cirocuited or
grounded winding

Aotion

Reduce tension

See paragraph 4.08

Repa ir or replace
armature

NOTE If the commutator appears exces-
sively heated the load should be
thrown off and the machine stopped
at once, the temperature cheoked
with a thermometer, and the con-
dition corrected, if necesssry,

before again operating the machine.

Excegs ive Sparking of Exoiter

Cause

- Brushes not seateld

properly
Brushes too short

Incorrect brush
tension

Oily or dirty oom-
mutator

Rough or pitted com-

mutator

Action

Refit

Replace

Adjust tension or
replace brush
and spring as
required

Clean

Smooth

4.09

4.10
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High, low or loose
commutator bars

Defective armature
winding such as
open or short
eircuilt

Repair or replace
armature

Repair or replace
armature

Excessive Nojse and Vibration

Cause
Set not level

Improper alignment

Loose bolts or nuts

Loose commutator

segments in exciter

Worn bearings

aAgtion
Level set
Realign set
Tighten

Replace armature

Replace

Overheating of Motor Windings

Cause
Overload
No voltage on one

phase of power
service

Open phase, grounded
or short-ocircuited

winding in motor

Low or high servioce

voltage or fre-
‘quency or both

Action

Reduce load

Shut down and no-
tify supervisor

Repair or replace
moto

Report to super-
visor
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