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SECTION 159-410-301 
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1.2 

2.1 

t.2 

SECTION l - GEll!RAL 

these 1:1o"&ors &nd will be called ''Descrio­
tion". 

Synchronous motors may be used in place 
of induction motors for driving chargins 
generators 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 

i.3 Section 3 of this specification describes 
the opert:.tion o:r tr.ese motors together 
with their control equipment and will be 
called "Operation". 

the installation and maintenance require­
ments for these motors. 

Section 2 of this specifiosti on desori bes 

l.4 Section 4 o:r this speci:fication describes 
the various conditions which may interfere 
with the proper o~eration of this equip­
ment and will be called "GenerE.l Troubles·•. 

_SECTION 2 - DESCRIPTIOM 

Synchx·onous mo tors consist of a station­
ary arr:uture with a revolving fiel_d. and 
1re designed to oper~te on polyphase cir­
cuits. Current is supplied. to the field. 
col ls from a direct connected exci te:r, 
through slip rincs on the rotor shaft, to 
produce the necessary ooeratine torque. 
A squirrel cag& winding is 'imbedded in 
the fi,.ce of the 1'1 eld poles in order to 
permit st1rti11£ as an induction motor, 
and to prevent "hunting" of the motor 2.4 
while in operation. ~hese motors require 
stE.rting compense.tors similar to those 
used 1·1ith induction motors, and in addi-
tion have an arrangement for automatical-
ly shunting the motor field circuit 
thro'llf;h a resistor connecting it to the ex­
citer. '£he motor is alwtiys ste.rted with 
the field conti:.ctor open. ,iith the :field 
contactor in ~~e open position, the motor 
field discherge resistor is connected 
across the :field coils. ·./hen the motor 
is rir~ cti c_a.lly up to speed. the field con-
t actor closes automatical.ly removing the 
resistor from the field circuits, and con­
necting the exciter across the field wind­
ines. ihe motor then pulls into synchro- f.5 
nism. ~he field current may be adJusted 
manually by r:.eans of the exciter field 
rheostat to change the office power fac-
tor. 

The motor frume is u cast iron skeleton 
frc ne ni th feet cast integral with the 
frcme. Lurr.inated steel punchincs having 
slots for the s.rmnture windings ere as­
se□bled under high pressure, ac~ur&tely 
aligr:ed nnd keyed to the frame. 'fhe 
coil::; of the ur·~.ture ._,,i ndings i;re forn: 
wound.. r,nd are held in !)lace in the slots 
by ,·,ed,~es. '£he leads are brought out on 
the ri:-.nt side of the motor fra::ie as 
viewed ·rrom the coupline; end. End shields 
ure mounted on each end of the frume and 
supnort the bearings for the rotor sh~ft. 
For t'"ie smaller rr,otor::i each end s!'licld is 
cast in one piece; m&king it necesscry to 
remove the end shield in order to replace 
the bei.rines. 'i.'he er.d shields of the 
l:iir,:or motors on the end opposite the 
couplin-:; e.re ·solid., while the end shields 2.6 
on the couplin~ end. &re s:9li t to facili-
t~te the remov~l of the bearing. 

'!.'he :r·otor consists of e oho.ft with a 
ri~idly atttched spider supporting the 

field. poles, field win<1ings and squix·rel 
c&.ge winding. Two collector rings :f'or 
bringing current to the field windings 
arc also mounted on. but insulated :from, 
the shaft. The spider and pole-pieces 
are lllE;.de of steel laminations x·igidly 
fastened together. Fins i:..re attached to 
the spider which circult. te air throti&h 
the windings for cooling purposes. 

T~e exciter is a sMall DC generator with 
its frame mounted on.one of the motor end 
shields &nd its E1rme tl..I'e mounted or; the 
end of the motor shaft. ~he exciter out­
put is controlled by a manually operated 
rheostat mounted separately. During 
starting, this rheostat is shunted by a 
back contuct on the. field cont&ctor, in­
suring that the exciter voltage will build 
up to i'ull strength durin~ the starting o.f 
the mot.or. ./hen the field contactor is 
olosed, this shunting contact is opened, 
and the resistunce may be cut in or out 
or the exciter field circuit as desired 
by operating the rheostat· hand-wheel. 

The compensators used with these motors 
&re of the auto-tro.ns1·ormer type having 
a "Start'', "Off" and "Run" position. 'rhe 
desired oturtine voltage is obt~ined by 
connectin£ the motor to or.e of four taps 
on the tI·bllsformer· ,·1inding. It is neces­
o~ry to hold the stElrting lever i.1·m in 
the "Sts.rt" r,osition c-.anut:.lly, but in the 
"Run" position the lever arm is held by 
means of a catch controlled by a voltube 
coil. ~y interruption of the power ser­
vice releases this c&tch f.ind the lever &rm 
is returned to the "Off" positioz; by meuns 
of a spring. A mecha~iChl interlock pre­
vents throwing the lever arm to the "Run" 
position until &fter it has been thrown 
to the "Sturt" C>osition'rmd the lever can 
then be thrown only with a rapid unhesi­
tatine movement. There is also a thermal 
over-load rLlhy which operates to open the 
circuit of the voltage coil in case the 
motor beco~es over-loade~ shuttine down 
the set before damage is done to the motor. 

Tho automatic control for the n,otor field 
cor;sists of a fielc. contactor Lnd field 
relay, i:.nd is mounted. in un enclosed 
sheet metal box on the framework to wbich 
the compensator is fDstened.. The field 
conthctor is closed Lutore&tically upon the 
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clos 1ng of the cor.tacts of the field re­
lay. The field relsy contacts close only 
Vlhen the motor is thrown directly across 
the line and the voltage induced in the 
motor field winding is at a minimum. 

Theoq of ~otor s.nd Field Control - See 
Fl~. 111th the compensator 1n the open 
position, the motor is disconnected from 
the power supply, the under voltage coil 
of the compensator is not energized, the 
field control relay and the field cont&c­
tor of the automatic fiel.d control _panel 
are rele4sed, the field discharge resis­
tor is connecte:i across the motor field . 
and the exciter field rheostat is shunted. 
When the stiu-ting compensator is thrown 
manually to the nstart" position the pow­
er supply is connected to the motor 
through the com-,ensator which steps down­
the voltage so as to reduce the starting 
current taken by the motor. The ~otor 
starts as an induction motor by means of 
its squirrel cage winding. During the 
starting period a high voltage induced in 
the motor n eld sends current through the 
discharge resistor and the auxiliary coil 
of the field control relay which prevents 
the relay from operating. As the ~otor 
comes up to speed the voltage induced in 
the motor field approaches zero. After 
the motor reaches its ma:dmUJ!I speed at 
the reduced voltage the compensator is 
thrown manually to the "Run;, position. 
In this c0111pensator position full line 
voltage is applied to the motor and the 
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holding coil of the field control relay 
a energ ze • 

speed the current through the auxilit-ry 
coil of the field control relay approuch­
ea zero, the field control relay operates 
applying line volt&.ge to the field con­
tactor winding which ope~tes the field 
oontactor. If the motor is not up to 
speed En induced current ·flows through 
the auxiliary coil and prevents the field 
control relay from operating. When the 
field contactor operates the shunt around 
the exciter field rheostat is broken, the 
resistor circuit is opened and the ex­
citer armature is connected to the motor 
field. As soon as the exciter arus.ture 
is connected to the motor field the motor 
pulls into step and operates as a syn­
chronous motor. The power :i'actor of the 
motor is varied by adjusting the exciter 
voltage by means of the exciter field 
rheostat, In case of an overload suffi­
cient to operate the overload relay, or 
of too low line voltage, or in case the 
stop button is pushed, releasing the 
voltage coil, the compensator drops back 
to the open po2ition and disconnects the 
motor from the power supply. When the 
com,enantor drops back to the open posi­
tion the field control relay and the mo­
tor field contactor of the automatic 
field control panel release, disconnect­
ine the exciter armature from the r.:otor 
field~ shunting the exciter field rneo­
stat and connecting the motor field dis­
charge resistor across the motor field. 

SECTION 3 - OPERATION 

Preparation for Startinf Before starting 
these motors a genera.l nspection 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 gauges 
should be noted and oil added if neces­
sary. 

Starting IA:o.ke 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 that the motor is prhcti­
cally up to speed, then throw the com­
pensator 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 circuit, such as slip 
rings, brushes, and auto1111tio 
field switch circuit. The box 
enclosing the t:utometic field 
control panel should be kept 
closed <luring the starting peri­
od . 

Running AdJust the exciter field rheo­
stat until the desired office ~o~er factor 
is obtained or the motor rield-is at maxi­
mum cond!tion. The rheostat setting at 
which the motor oper~tes at 0.8 power fac­
tor leading under the full load hot con­
dition is l!E.rked by means of' a black line 
painted on ti1e rheostat. A stop is pro­
vided to prevent cutting out the resist­
ance in the rheostat beyond this point. 
After starting, an inspection a·hould be 
made to make certain that the oil rings 
are turning on the shaft and delivering 
oil to the shaft and behring. 

Stopping Remove the load from the driven 
machine. Push the ''Stop" button on the 
compensator. This releases the catch 
holding the arm in the running position 
and allows the oomper.sator switoh to re­
turn to the "Off" position. 
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Si:CTIOJ -l - GIHRAL TROUBLES 

4.0l fail'IU't to Start 

4.02 

~ 
Fuses open 

No voltage on one 
or more phases of 
the power service 

Rotor blocked 

Action 

Replace 

Notify supervisor 

Remove obstruotion 

Detective motor wind.- Repair er replace 
ing motor 

Failure to Come up to Speed 

~ 
Low voltage or fre­

quency, or bd"th 

.Action 

No ti :r, sup e:z•viBor 

Open phase 1n motor 

4.03 Motor Stops 

?Jotit)' superv1Sor 

~ 
Overload rel.e.y on 

compensator opera 
ted . 

Overload relay oi.t 
of adjustment 

No volt~ge on one or 
more phases of 
PO'o'ter service 

.Action 

Reset and start 
again avoiding 
overlokd 

Check and adJust 
relay setting 

Notify supervisor 

Fuses blown Replace 

Undervolt~ge reley Start again 
releases due to 
momentary inter-
ruption of service 

4.04 Failure of Field Contactor 

~ 
Contacts stuck to­

gether 

Binding 

~ction 

P',:y open, smooth 
or repl1:1.ce 

-.dJust or repJ,&ce 

Defective winding or Repair or replace 
open conneet1ons 

4.05 No Motor Field 

~ Action 

Poor contact of ex- Clean or revlace 
citer brushes or if too short 
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brushes binding in 
holders 

F.xo1ter field cir­
cuit open 

Repair open 

lk1luz-e ot exciter 
to build up 

Defective exoiter 
winding 

De:reoti ve 11otor 
f'ield. ci reu1 t 

Fail'IU.'e of field 
cont actor 

foor connections 

f:emove exciter 
brushes, applJ 
DC voltfa.ge to 
tield ooils 
with proper po­
larity tor tew 
eeoond.li. .kt­
plaoe brushea 
and start aet 
asain. Repeat 
it necessary. 

Repair or replace 
exciter 

Repair or replace 
rotor 

•dJu.at or replace 

Repair 

Overheatiy of Bear1e«• 

~ 
OU rings not 

tunotioning 

l3ent ahaf't. 

Ro~h bearing 
sur:f'aoe 

Improper al1e,:iment 

Insufficient oil 

.Aotion 

AdJuat or replace 

Renlaoe rotor and 
shatt 

Smooth or replaoe 
bearing 

Reulign 

Add oil 

Improper grade of Clean out bearing 
o1l or dirt in oil and lubricate 

with proper oil 

lmpropel,' fitting of Repair or replace 
babbit lining 

ln case a hot bea1·il16 develops, 
the load on the machine shall be 
taken off. The beating should 
then be flushed with Dynamo oil 
until cool. ~he set should, in no 
case, be stopped until the bearing 
is cool unless the rotor 1s strik­
ing the stator. Stopping a motor 
with a hot bearing before the bear­
ing 1s cooled mu.y result in the 
shaf't adhering to the bearing lin­
ing and make the replacement of 
the be~ring more difficult. 
~tter cooling the bearing, the set 
shall be stopped and an inspection 
made to determine the cause of the 
he~ting, and the condition cor­
rected before again placing load 
on the machine. 
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4.07 Overheating of Exciter Co11111Ut&tor 

4.08 

~ 

Excess ive brush 
tension 

Excessive sparking 

Short cii'culted or 
srounded winding 

Action 

Reduce tension 

See paragraph 4.oe 
Repair or replace 

armature 

~ If the c0111nutator appears exces­
sively heated the load shou1d be 
thrown off and the machine stopped 
at once, the temperature checked 
with a thermometer, and the con­
dition corrected, if necessary, 
before again operating the machin& 

Excessive Sparking of Exciter 

Cause 

:Brushes not seated 
properly 

Brushes too short 

Incorrect bl"llsh 
tension 

Oily or dirty com­
mutator 

Action 

Refit 

Replace 

.ldJust tension or 
replace brush 
and spring as 
required 

Clean 

Roue;b or pitted com- Smooth 
mutator 

ISS 1, SECTION 159-410-301 

High, low or loose 
commutator bars 

Defective armature 
winding auch as 
open or short 
circuit 

Repa 1r or replace 
armature 

Repair or replace 
armature 

4.09 Excessive Noise and Vibration 

4.10 

Action 

Set not level Level set 

Improper alicnment Realign set 

Loose bolts or nuts Tighten 

Loose commutator Replace armature 
segments in exciter 

Worn bearings Replace 

Ov&rheating of Motor Windings 

~ 

Overload 

llo voltage on on!! 
phase of power 
service 

Open phase, grounded 
or ehort-cirouited 
w1 ming in motor 

Low or high service 
voltaae or fre­
·quency or both 

Action 

Reduce load 

Shut down and no­
tify supervisor 

Repair or replace 
motor 

Report to ■uper­
visor 
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SECTION 1-59-410-301 

r------ -- ------ - --- ------- - ---- --------· ------, 
MOTOR FIELD 

Dl~CH RE~. 

MOTOR 
FIELD 

CONTACTOR~r,+,,J 

HOLD/IVG 
COIL 

FIELD 
CONTROL 
R~LAY 

AUX 
COIi-

L- - - - - - - - - - - - - .,_ - - .... - - - - - - - - - - - - - - - - - - - - - ~ 

EXCITER MOTOR 

EXCITER 
RH«J~TAT 

~ 

et,/1,f PeN~ TOR 0/f 
Mt/1..Tl-~TeP ~Ti4RTE4 

AC. POWER XR'IICt 

SCH~ATIC WIRING FOR FIELD CONTROL 
Of' SYNCHRONOUS MOTORS 

FIG.I 
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