
BELL SYSTEM PRACTICES 
Plant Series

SYNCHRONOUS MOTORS 

REQUIREMENTS AND ADJUSTING PROCEDURES

SECTION 159-410-701 
Issue 2-D, May, 1962 

AT&TCo Standard

1 . GENERAL

1 .0 1  T h is  s e c t io n  c o v e rs  a p p a ra tu s  r e q u i r e ­
m en ts  and a d ju s t in g  p ro c e d u re s  f o r  s y n ­

c h ro n o u s  m o to rs  w i t h  d i r e c t - c o n n e c te d  ex­
c i t e r s .

1 .0 2  T h is  s e c t io n  i s  r e is s u e d  to  in c o r p o r a te  
m a t e r ia l  fro m  th e  addendum in  i t s  p ro p e r

lo c a t io n .  I n  t h i s  p ro c e s s  m a rg in a l a rro w s  have 
been o m it te d .

1 .0 3  R e fe re n c e  s h a l l  be made to  S e c t io n  
0 2 0 -0 1 0 -7 1 1  c o v e r in g  G e n e ra l R e q u ire ­

m en ts  and D e f i n i t i o n s  f o r  a d d i t i o n a l  i n f o r ­
m a t io n  n e c e s s a ry  f o r  th e  p ro p e r  a p p l ic a t io n  
o f  th e  re q u ire m e n ts  l i s t e d  h e r e in .

1 .0 4  R e q u ire m e n ts  a re  m arked w i t h  an a s t e r ­
i s k  ( * )  when to  che ck  f o r  them  w o u ld

n e c e s s i ta te  th e  d is m a n t l in g  o r  d is m o u n t in g  o f  
a p p a ra tu s  o r  w o u ld  a f f e c t  th e  a d ju s tm e n t i n ­
v o lv e d  o r  o th e r  a d ju s tm e n ts .  No ch e ck  need 
be made f o r  th e s e  re q u ire m e n ts  u n le s s  th e  ap ­
p a ra tu s  o r  p a r t  i s  made a c c e s s ib le  f o r  o th e r  
re a s o n s  o r  i t s  p e r fo rm a n c e  in d ic a t e s  t h a t  such  
a c h e ck  i s  a d v is a b le .

o f  u n s u c c e s s fu l c o m m u ta tio n .

2 . REQUIREMENTS

2 .0 1  L u b r ic a t io n

(a ) The b e a rin g s  s h a l l  be a d e q u a te ly  l u ­
b r ic a te d  w ith  one o f th e  lu b r ic a t in g

o i l s  l i s t e d  u n d e r M a te r ia ls .

(b) O i l  in the bearings shall be Kept 
at such a level that the gauges shell

in d ic a te  
Maximum 3 /4  f u l l  
Minimum 1 /2  f u l l  

Gauge b y  s ig h t .  The amount o f  lu b r ic a n t  
used a t  any tim e  s h a l l  n o t  be such es to  
cause i t  t o  ru n  o r  c ree p  o u t o f  th e  
b e a r in g  h o u s in g .

(c )  O i l  gauges s h a l l  be f r e e  from  le a k s  
and g la s s  gauges, where p ro v id e d ,

s h a l l  be fre e  fro m  c ra c k s .

(d ) B e a rin g s  s h a l l  have th e  lu b r ic a t in g  
o i l  re p la c e d  w ith  f re s h  o i l  a t  le a s t

e v e ry  two y e a rs .

1 .0 5  S u c c e s s fu l C o m m uta tion  f o r  th e  p u rp o s e  
o f  t h i s  s e c t io n  may be s a id  to  have  been 

o b ta in e d  i f  n e i t h e r  th e  b ru s h e s  n o r  th e  com­
m u ta to r  a re  in ju r e d  i n  an a c c e p ta n c e  t e s t  o r  
i n  n o rm a l s e r v ic e  t o  th e  e x te n t  t h a t  ab n o rm a l 
m a in te n a n c e  i s  r e q u i r e d .  The p re s e n c e  o f  some 
v i s i b l e  s p a r k in g  i s  n o t  n e c e s s a r i ly  e v id e n c e

2 .02  Speed

(a ) The speed o f  th e  m o to r u nd e r th e  
v o lta g e  l i m i t s  o u t l in e d  be low  and 

u nde r a l l  c o n d it io n s  o f  te m p e ra tu re  and 
lo a d  (no  lo a d  to  n o t e xceed ing  f u l l  loed) 
s h a l l  be th e  synchronous speed c o r re s -

F ig .  1 -  M o to r -  G e n e ra to r S et -  50HP Synchronous M o to r -  65 V o lt  500 Amp. Gen.
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BELL SYSTEM PRACTICES 
Plant Series 

SYNCHRONOUS MOTORS 

REQUIREMENTS AND ADJUSTING PROCEDURES 

SECTION 159-410-701 
Issue 2-D, May, 1962 

AT&TCo Standard 

1. GENERAL 

1.01 This section covers apparatus require­
ments and adjusting procedures for syn­

chronous motors with direct-connected ex-
• citers. 

1.02 This section is reissued to incorporate 
material from the addendum in its proper 

location. In this process marginal arrows have 
been omitted. 

1.03 Reference shall be made to Section 
020-010-711 covering General Require­

ments and Definitions for additional infor­
mation necessary for the proper application 
of the requirements listed herein. 

1.04 Requirements are marked with an aster-
isk ( ~') when to check for them would 

necessitate the dismantling or dismounting of 
apparatus or would affect the adjustment in­
volved or other adjustments. No check need 
be made for these requirements unless the ap­
paratus or part is made accessible for other 
reasons or its performance indicates that such 
a check is advisable. 

1.05 Successful Commutation for the purpose 
of this section may be said to have been 

obtained if neither the brushes nor the com­
mutator are 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 evidence 

of unsuccessful commutation. 

2 • REQ,UIRmmN'l'S 

2.01 Lubrication 

( a_) The bearings shell be adeg_uatel.y lu­
bricated with one ot the lubricating 

oils listed under Materials. 

(b) 011 in the bearings shall be ~ept 
at such a level that the gauges shall 

indicate 
Maximum 3/4 tull 
Minimum 1/2 tull 

Gauge by sight. '!'he aJllount ot lubricant­
used at any time shall not be such as to 
cause it to run or creep out ot the 
bearing housing. 

( c) o 11 gauges shall be tree trom leaks 
and glass gauges, where provided, 

shall be tree trom cracks. 

(d) Bearings shall have the lubricating 
oil replaced w1 th tresb 011 at leas\ 

every two years. 

2.02 Speed 

(a) The speed ot the motor under the 
voltage limits outlined below and 

under all conditions ot temperature and 
load (no toad to not exceeding full loacl) 
ahall be the synchronoua apee4 corre•-

Exciter 

Fig. l - Motor - Generator Set - 50BP Synchronous Motor - 65 Volt 500 Amp. Gen. 
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SECTION 159-410-701

F ig .  2 -  B e a rin g  Assem bly -  
S o lid  End S h ie ld

p ond ing  w ith  the  a c tu a l fre q u e n c y  off th e  
power s u p p ly . F o r example a s i x  p o le  
m o to r on 60 c y c le  power s u p p ly  shou ld  
Tun a t  1200 rpm. I f  th e  fre q u e n c y  is  1$ 
h ig h  o r  low  th e  speed w i l l  a ls o  be 1# 
h ig h  o r  lo w . Use speed in d ic a to r .

(b ) R equirem ent (a ) s h a l l  be met p ro v id ­
ed the  s e rv ic e  v o lta g e  rem ains w i th ­

in  ± 10$ o f  the  n om in a l r a t in g  stamped 
on th e  m o to r nam eplate and th e  fre q u e n c y  
rem a ins  w i th in  ±  2$ o f  n o m in a l. Use 
v o lt e e te r  and a fre q u e n c y  meter c r e q u iv -  
a3 e n t .

*2 .0 3  B e a rin g s  The b e a rin g  l in in g s  s h a l l
f r e e  from  e xce ss ive  w ear. I f  th e  mo­

t o r  o p e ra te s  s a t i s f a c t o r i l y  u nd e r a l l  con­
d i t io n s  o f  lo a d  and th e  o th e r  re q u ire m e n ts  
o f  t h i s  s e c t io n  a re  m e t, th e  b e a r in g s  may 
be c o n s id e re d  to  be in  a s a t is fa c t o r y  con­
d i t io n .

2 .0 4  A i r  Gap The a i r  gap a t  a l l  p o in ts  
between th e  m o to r r o t o r  and s ta to r  o r

between the  e x c i t e r  a rm a tu re  and p o le  fa ce s  
s h a l l  be

Minimum 0 .010  in c h  
Use fe e le r  gauge.

2 .05  E x c i te r  End S h ie ld  The end s h ie ld  o f  
th e  e x c i t e r  w h ich  su p p o rts  th e  b rush

s tu d s  s h a l l  be s e t so th a t  th e  m arks on the  
end s h ie ld  and fram e a re  in  l i n e .

2 .06  B rush H o ld e rs

C la m p in g  
S c re w -----

P i g t a i l  S e t 
S crew

K n u r le d  A d ju s t in g  N u t

B ru s h  F in g e r  and 
T e n s io n  S p r in g

and  P i g t a i l  
A s s e m b ly

(a) E x c i te r  b rush  h o ld e rs  s h a ll have th e  
edge n e a re s t th e  comm utator

Maximum 1 /8  in c h  
Minimum 1 /3 2  in c h  

from  th e  com m utator. Use s c a le .

(b ) C o l le c to r  r in g  b rush  h o ld e rs  s h a l l  
have th e  edge n e a re s t the c o l le c t o r

r in g
Maximum 3 /16  in c h  
M inimum 1 /8  in c h  

fro m  th e  c o l le c t o r  r in g .  Use s c a le .

2 .07  B rush  L en g th

( a) A l l  b rushes s h a l l  have a le n g th  such 
th a t  th e re  w i l l  be

Minimum 1 /16  in c h  
between th e  com m utating  s u r fa c e  and th e  
r i v e t  and washer w h ich  h o ld s  th e  p ig ­
t a i l .

(b) A t th e  tim e  o f  tu rn o v e r , th e  w ea rin g  
le n g th  c f a b rush  s h a l l  be a minimum

o f  1 /2  in c h .

F ig .  3 -  B ru sh  H o ld e r  A sse m b ly  -  
M o to r

2 .0 8  Brush F i t

(a) B rushes s h a l l  n o t b in d  in  th e ir  h o ld ­
e rs ,  n e i th e r  s h a l l  th e y  be lo o s e

enough to  g iv e  poo r com m uta tion .

(b ) B rushes s h a l l  be f i t t e d  so as to In ­
s u re  s u c c e s s fu l com m uta tion .

%
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r-----------Cap Screw 

Shaf't Assembly 

.-----011 Well Cover 

Bearing Lining Set 
Screw 

Oil Ring Guard 

,-----Key 

Bearing Lining 
'----Oil Ring 

.__-----Drain Plug 

Fig. 2 - Bearing Assembly -
Solid End Shield 

Clamping 
Screw----. 

Pigtail set 
Screw 

Knurled Adjusting Nut 

Brush Finger and 
Tension Sp:~ing 

F1S• 3 - Brush Holder Assembly -
Motor 
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ponding with the actual trequency ar..,the 
power supply. For example e. six pole 
motor on 60 cycle power supply should 
run at 1200 rpm. It the trequencyis 1% 
high .or low the speed will also be 1i 
high or low. Use speed indicator • 

(b) Requirement (a) shall be met provid-
ed the service voltage remains with­

in± 10% of the nominal re.ting stamped 
on the motor nameplate 8Ild the frequency 
remains within± 21, ot nominal. Use 
voltmeter e.nd e. frequency meter or equiv­
alent. 

*2.03 Bearings The bee.ringlinings shall 
free from excessive wear. It the mo­

tor operates satisfactorily under e.11 con­
ditions ot load and the other requirements 
or this section are met, the bee.rings ~ay 
be considered to be in e. satisfactory con-
dition. · 

2.04 Air Gap The air gap at all points 
between the motor rotor and stator or 

between the exciter armature and pole faces 
shall be 

Minimum 0.010 inch 
Use reeler gauge. 

2.05 Exciter End Shield The end shield ot 
the exciter which supports the brush 

studs shall be set so that the marks on the 
end shield and trame are in line. 

2.06 Brush Holders 

( e) Exciter brush holders shall have the 
edge nearest the commute.tor 

Maximum 1/8 inch 
Minimum 1/32 inch 

from the connnutator. Us~ see.le. 

(b) Collector ring brush holders shall 
have the edge nee.rest 1he collector 

ring 
Maximum 3/16 inch 
Minimum 1/8 inch 

from the collector ring. Use see.le. 

2.07 Brush Length 

( a) All brushes shell have a length such 
that there will be 

Minimum 1/16 inch 
between the commute.ting surface and the 
rivet and washer which holds the pig­
tail. 

(b) At the time of turnover,the wearing 
length or e. brush shall be a minimum 

ot 1/2 inch. 

2.oe Brush Fit 

( a) Brushes shall not bind in their hold• 
ers, neither shall they be loose 

enough to give poor commutation. 

(b) Brushes shall be titted so as to in­
sure successtul oammuta\ion. 
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( e l  Replacem ent b rushes s h a l l  be f i t t e d  
o v e r th e  e n t i r e  a re  o f  th e  b rush  and 

so th a t  a t  le a s t  3 /4  o f  th e  e n t i r e  con­
t a c t  s u r fa c e  o f  th e  b ru s h  b e a rs  on th e  
com m utator o r  c o l le c to r  r in g .  Gauge by- 
s ig h t .

2 .09  B rush  A lig n m e n t

(a )  E x c i te r  b rushes s h a l l  be so lo c a te d  
i n  t h e i r  h o ld e rs  t h a t  th e y  w i l l  n o t

o v e r r id e  th e  end o f  th e  com m utator o r  
r id e  upon th a t  p a r t  o f  th e  commutator 
used f o r  c o n n e c tio n  t o  the  a rm a tu re  con­
d u c to rs  u nd e r any c o n d it io n  o f  norm a l 
o p e ra t io n .

(b ) C o l le c to r  r in g  b rushes s h a l l  n o t 
o v e r r id e  th e  edges o f  th e  c o l le c t o r

r in g s  u nd e r any no rm a l o p e ra tin g , c o n d i­
t i o n .

2 .10  B rush  S p a c in g : The v a r ia t io n  i n  th e
sp a c in g  o f  tn e  e x c i t e r  b rushes around

th e  c irc u m fe re n c e  o f  th e  com m utator s h a l l  
n o t exceed 1 /16  in c h .  I f  th e  e x c i t e r  com­
m u ta te s  s u c c e s s fu l ly ,  i t  w i l l  n o t be neces­
s a ry  to  check t h is  re q u ire m e n t.

2 .1 1  B rush  P re ssu re

(a )  B rush  p re s s u re  on th e  e x c i t e r  com­
m u ta to r  s h a l l  be

Ma-rtnmm 2 -1 /2  pounds -  1134 grams 
Minimum 1 -1 /2  pounds -  680 grams

p e r  squa re  in c h  o f  b ru sh  c ro ss  s e c t io n .  
Use s p r in g  balance o r  gram te ns io n  gauge.

(b ) Brush p re s s u re  on th e  c o l le c t o r  rings 
o f  th e  m o to r s h a l l  be

Maximum 3 pounds -  1361 grams 
Minimum 2 pounds -  907 grams 

p e r  square  in c h  o f  b ru sh  c ro s s  s e c t io n .  
Use s p r in g  b a lan ce  o r gram te n s io n  gauge.

(c )  B rush p re s s u re  o f  a l l  b rushes  on a 
g iv e n  com m utator o r  c o l le c t o r  r in g

s h a l l  be as n e a r ly  u n ifo rm  as p o s s ib le .

2 .1 2  Commutator and C o lle c to r  B in g  S u rfa ce s

(a ) The s u rfa c e s  o f  th e  com m utator and 
c o l le c t o r  r in g s  s h a l l  be d e a n  and

f r e e  fro m  s c o r in g ,  p i t t i n g  o r  o th e r  de­
fo rm a t io n  o f  th e  s u rfa c e  o r  s t r u c t u r e ,  
save th a t  caused by norm a l w e a r.

(b )  The com m utator s h a l l  have no h ig h ,  
lo w  o r  lo o s e  segm ents,or f l a t  s p o ts .

(c )  The m ica  o f  th e  e x c i t e r  commutator 
s h a l l  n o t be u n d e rc u t to  exceed

Maximum 1 /3 2  in c h  
Gauge b y  eye .

(d )  E c c e n t r ic i t y  s h a l l  n o t be such as 
t o  cause c h a t te r in g  o f  th e  b rushes

o r  e xc e s s iv e  s p a rk in g .

2 .1 3  Com m utation: V ith o u t  a l t e r in g  th e  p o - 
s i t i o n  o f  th e  b ru sh e s , th e  e x c i t e r

s h a l l  commutate s u c c e s s fu l ly  a t  any v a lu e

o f  c u r re n t  and v o lta g e  o u tp u t re q u ire d  f o r  
e x c i t a t io n  o f  th e  a s s o c ia te d  m o to r under 
n om in a l power s e rv ic e  (±  Id #  v o lta g e ,  ±  2# 
f re q u e n c y ) , under any c o n d it io n  o f  tem pera­
tu r e  (h o t to  c o ld )  and a t  any e x c i t e r  f i e l d  
rh e o s ta t  s e t t in g  w i t h in  th e  l im i t s  o u t l in e d  
be low .

2 .1 4  E x c i te r  R heosta t S e t t in g : The e x c i te r  
rh e o s ta t  s h a l l  be capab le  o f  a d ju s t in g

th e  m o to r power fa c to r  t o  any  p o in t  between 
th e  l i m i t s  o f  0 .8  le a d in g  a t  f u l l  lo a d  w ith  
ra te d  v o lta g e  and fre q u e n c y  as g iv e n  on th e  
m o to r n am ep la te , and u n i t y  power f a c t o r  a,t 
25# f u l l  lo a d  w ith  any v o lta g e  and fre q u e n c y  
w i t h in  th e  nom ina l o p e ra t in g  ra n g e .

2 .1 5  Freedom o f R o ta t in g  P a r ts
(a )  The m o to r r o t o r  s h a l l  t u r n  f r e e ly  

i n  i t s  b e a r in g s . Gauge by f e e l .

(b )  T he re  s h a l l  be end p la y  i n  each d i ­
r e c t io n  fro m  th e  ru n n in g  p o s i t io n

o f  th e  m o to r r o t o r .  The end p la y  s h a l l  
n o t be s u f f i c ie n t  to  in t e r f e r e  w i th  th e  
p ro p e r  o p e ra t io n  o f  th e  m o to r .

2 .1 6  N o ise  and V ib r a t io n : The no ise  and v i ­
b r a t io n  o f  a m o to r u nd e r any norm a l

o p e ra t in g  c o n d it io n  s h a l l  n o t be e x c e s s iv e
a t  a n y  lo a d  fro m  no load  to  f u l l  lo a d .  Gauge 
by sound and by f e e l .
2 .17  T em p era tu re : W ith  a m o to r o p e ra t in g

c o n t in u o u s ly  w ith in  the  l im i ts  o f  power
f a c t o r  and pow er s e rv ic e  o u t l in e d  h e re in ,  
th e  te m p e ra tu re  r is e  o f  th e  v a r io u s  p a r ts  
above th e  a d ja c e n t room te m p e ra tu re  (am bient 
te m p e ra tu re ) w i t h in  th e  l i m i t s  o f  10° and 
40*C . s h a l l  n o t exceed th e  fo l lo w in g  
Com m utator, S l ip  R ings and Brushes 65° C.
B e a rin g s  40* C.
Frame and W ind ings 00* C.
Use Therm om eter.

3 .  ADJUSTING PROCBPPRES

3 .0 0 1  L i s t  o f  T o o ls .  Gauges. M a te r ia ls ,  
and T e s t A ppa ra tus

T o o ls

S c re w -d r iv e r ,  5 "  ( r e g u la r )  A . T . & T . Co.
S td . Dwg. 4 6 -X -34  

W renches, d o u b le  end o r  s in g le  end , f l a t  
w i th  th e  f o l lo w in g  o p e n in g s , 5 /1 6 " ,  3 /8 " ,  
1 /2 " ,  1 9 /3 2 " , 1 1 /1 6 " ,  7 /8 " ,  1 -1 /1 6 " ,  
1 - 1 /4 " ,  1 -7 /1 6 " ,  and 1 -5 /8 "

W rench, C re s c e n t a d ju s ta b le ,  dou b le  end, 
f l a t  8 " ,  maximum open ing  1 5 /1 6 " .

Gauges

Gauge, F e e le r ,  S t a r r e t t  N o. 66 o r  e qu iva ­
le n t

S c a le , 6 in c h ,  s te e l

M a te r ia ls

C lo th ,  KS-2423 o r  e q u iv a le n t 
F e l t  o r  e q u iv a le n t

Page 3
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(c\ Replacement brushes 13hall be titted 
over the entire arc elf the brush and 

so that at least 3/4 of 1~he entire con­
tact surface of the brusl11 bears on the 
commutator or collector ring. Gauge by 
sight. 

2.09 Brush Alignment 

(a) Exciter brushes shal1 be so located 
in their holders tha11i they will not 

override the end ot the commutator or 
ride · upon that part of ii.he compiutator 
used tor connection to the armature con­
ductors under any condition ot normal 
operation. 

(b) Collector ring brushes shall not 
override the edges o~ the collector 

rings under any nol"lllal OJperating condi­
tion. 

2.10 Brush SJ>aCinf The variation in the 
spaoliig or t e exciter brushes around 

the circum:rerence ot the cm111mutator shall 
not exceed 1/16 inch. It tlb.e exciter com­
mutates successfully, it will not be neces­
sary to check ·this re quirement. 

2.u Brush Pressure 

(a) Brush pressure on the exciter cam­
mutator shall be 

llaxilllwll 2-1/2 pounds - ll34 gnuu 
Minimum 1-1/2 pounds - 680 grama 

per square inch ot brush cross section. 
Use spring balance or gram tension gauge. 

(b) Brush pressure on the collector r1DfP 
ot the motor shall be 

Jlax1mtlm. 3 pounds - 1361 grams 
Mini.mtJm 2 pounds - 907 grams 

per square inch ot brush cross section. 
Use spring balance or gra:m. tension gauge. 

(c) Brush pressure ot all brushes on a 
given commutator or collector ring 

shall be as nearly unitom. as possible. 

2.12 Commutator and Collector Bing surtaces 

(a) The surfaces ot the commutator and 
collector ri.Dgs shall be clean and 

tree :trom scoring, pitting or other de­
to:mation ot the surtaoe or structure, 
save that caused by normal wear. 

(b) The commutator shall. have no high, 
low or loose segment ,s,or flat spots. 

( c) The mica ot the exciter commutator 
shall not be underou lt to exceed 

Maximum l/32 inch 
Ge.uge by eye. 

(d) Eccentricity shall t1L0t be such as 
to cause chattering ot the brushes 

or excessive sparking. 

2.13 Commutation: Without a.ltering the po­
sfiion of the brushea 1, the exciter 

shall commutate successtuilJ' at any value 
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ot current and voltage output required tor 
excitation of the associated motor under 
nominal power service (± 1()% voltage, ± ~ 
frequency), under any condition of tempera­
ture (hot to cold) and at any exciter field 
rheostat setting within the limits outlined 
below • 

2.14 Exciter Rheostat SettiM: The exciter 
rheostat shall be capab e ot adjusting 

the motor power factor to any point between 
the limits ot o.a leading at full load with 
rated voltage and frequency as given on the 
motor nameplate, and unity power factor at 
25% tull load w11h any voltage and trequency 
within the nominal operati.Dg range. 

2.15 Freedom ot Rotati.Dg Parts 

(a) The motor rotor shall turn freely 
in its bearings. Gauge by feel. 

(b) There shall be eDd play in each di-
rection from the runn1:cg position 

ot the motor rotor. The end play shall 
not be s~ficient to interfere with the 
proper operation ot the motor. 

2.16 Noise and Vibration: 'Jhe noise and vi-
bration or a motor under any nomal. 

operating condition shall not be excessive 
at any load tram no load to full load. Ge.uge 
by soum and b;r feel. 

2.17 T:ferature: With a motor operating 
con inuoueiy within tbe l:1mits ot power 

factor an4 p01Jer serTice outlined herein, 
the t•perature rise ot the -ni.rious parts 
aboTit the adjacent room. t•pe:re.ture '9,mbient 
teap9nture} •Uhin the l.1m1ts ot 10° an4 
-&O•c., llhall not exoeed the tollo11'1Dg 
c~u.tor, Slip Rings and BruhH 
BeariJlga 
:rr.. and 11'1n41nga 

Use !'hemcaeter. 

3. J.DJUS'l'ING PROCEDURBS 

3.001 List or 'tools I Gauges I llateriala 1 
and Teat Imratua 

~ 
Screw-driTer, 5" (regular) A. T. & T. co. 

std. Dwg. 46-X-34 
ftencbes, double end or single end, tlat 

nth tbe following open1ngs, 5/u,•, 3/8", 
1/2", 19/32~, ll/16", 7/8•, 1-1/16•, 
1-1/ 4• • 1-7 /1&", and l-5/8• 

l'rmcb, Crescent adjustable, double end, 
tlat a•·, maximum openi.Dg 15/16•. 

Gauges 

Gauge, Peel.er, sta:rrett No. 66 or equ1:va­
lent 

Scale, 6 inoh, steel 

llaterials 

Cloth, KS-2"23 or equivalent 
Felt or equiftl.ent 

Page 3 



SECTION 159-410-701

l u b r i c a t i n g  O i l  (one  o f  th e  f o l lo w in g )
W e s te rn  E le c t r i c  KS-2245 
Texas R e g a l O i l  "B "
S ta n d a rd  Renown E n g in e  O i l  
G u lf  S e c u r i t y  G rade "A "
S in c l a i r ' s  Speed E n g in e  and Dynamo O i l  
S q u ir e 's  R o y a l Dynamo O i l  
Vacuum O i l  "DTE" l i g h t  

M ea su re , 1 q t ,  ( f u n n e l a t ta c h e d )  o r  e q u iv a le n t  
P a i l  o r  e q u iv a le n t  r e c e p ta c le  f o r  o i l  
P e tro le u m  s p i r i t s  
S e a l in g  compound K S -6824
S andpaper No. 1 - 1 /2  o r  No. 2 and No. 00 o r  

No. 0000

T e s t Apparatus

In d ic a to r ,  speed, F oxboro , H a s le r  o r  
e q u iv a le n t

S p r in g  ba lance  0 -6  lb s ;  Gauge, gram te n s io n  
0 -1000, 79B gauge, o r  e q u iv a le n t 

T herm om ete r, R 1032, D e t a i l  1 
V o ltm e te r , Weston a -c .  m odel 528 , 150-300 

v o l t  s c a le s  
Frequency m e te r, Frahm 20-80 c y c le s  o r  

e q u iv a le n t

5.01 L u b r ic a t io n  (R q .2 .0 1 )

(1 ) To add o i l  to  an o i l  r in g  b e a rin g  
pour th e  o i l  s lo w ly  in t o  the b e a r in g

chamber u n t i l  the  p ro p e r le v e l  i s  i n d i ­
ca ted  in  th e  o i l  gauge. The o i l  shou ld  
be added w ith  th e  m o to r s to pp ed . The 
o i l  shou ld  be added s lo w ly  to  pena lt th e  
le v e l  to  r i s e  in  th e  gauge a t  th e  same 
r a te  as in  th e  b e a r in g  chamber. I f  th e  
o i l  does n o t r is e  in  the  gauge, i t  i s  
an in d ic a t io n  th a t  th e  passage to  th e  
gauge is  b lo cke d  and shou ld  be c leaned. 
A sm a ll ba re  copper w ire  w i l l  be found  
advantageous in  c le a n in g  th e  passage. 
Any o f  the o i l s  l i s t e d  tin d e r M a te r ia ls  
a re  s a t is fa c t o r y  f o r  th e  lu b r ic a t io n  o f  
th e  m o to r. A q u a r t  measure w ith  a fu n ­
n e l a tta che d  may be found v e ry  conven i­
e n t f o r  add ing  th e  o i l .
(2 ) To r e p la c e  th e  o i l  i n  a b e a r in g  rem ove 

th e  d r a in  p lu g  i n  th e  b o tto m  o f  th e
b e a r in g  cham ber and d r a in  th e  o ld  o i l  i n t o  
a p a i l  o r  o th e r  r e c e p ta c le .  S crape  o f f  o ld  
com pound, c le a n  th e  d r a in  p lu g  and a s s o ­
c ia te d  th re a d s  i n  th e  c a s t in g  w i t h  p e ­
tro le u m  s p i r i t s ,  c o a t  w i t h  K S -6824 s e a l­
in g  compound and r e p la c e .
(3 ) I f  th e  o i l  r i n g  i s  b e n t o r  damaged 

i t  s h o u ld  be r e p la c e d .  I f  d i r t  o r
f o r e ig n  m a t te r  s h o u ld  a d h e re  to  an o i l  
r i n g  i t  s h o u ld  be s c ra p e d  c le a n  and w ip e d  
w i t h  a  c lo t h  m o is te n e d  w i t h  p e tro le u m  
s p i r i t s .  I f  a g la s s  o i l  gauge i s  b ro k e n  
o r  c ra c k e d  i t  s h o u ld  be re p la c e d .
{4 ) I f  an o i l  gauge le a k s ,  the  o i l  shou ld  

be d ra in e d  fro m  th e  b e a rin g  chamber 
in to  a p a i l  o r  o th e r  re c e p ta c le  as o u t­
l in e d  above. I f  th e  le a k  occu rs  a t  th e  
p o in t  where th e  gauge i s  screwed in t o

th e  m ach ine  c a s t in g  th e  gauge s h o u ld  be 
rem oved , th e  sc re w  th re a d s  on th e  gauge 
and i n  th e  c a s t in g  s c ra p e d  to  rem ove o ld  
com pound, c le a n e d  w i t h  p e t ro le u m  s p i r i t s ,  
c o a te d  w i t h  K S -6824 s e a l in g  compound and 
th e  gauge r e p la c e d .  A f t e r  th e  gauge has 
been re p la c e d  c le a n  th e  d r a in  p lu g  and 
th e  a s s o c ia te d  th re a d s  i n  a s im i l a r  man­
n e r ,  c o a t th e  p lu g  w i t h  K S -6824 s e a l in g  
compound and r e p la c e .

3 .0 2  Speed (R q .2 .02 )

(1 ) I f  th e  m o to r speed i s  n o t substan­
t i a l l y  th e  seme as c a lle d  f o r  on the 

nam eplate examine th e  e x c i t e r  s w itc h  to  
make su re  i t  has c lose d  and check th e  
v o lta g e  o f  th e  e x c i t e r  -to make su re  i t  
has b u i l t  u p . A lso  check th e  v o lta g e  
and fre q u e n cy  o f  th e  power s e rv ic e .  On 
a la rg e  fre q u e n c y  c o n t r o l le d  system  th e  
p r o b a b i l i t y  o f  th e  fre q u e n cy  varying more 
th a n  the  l i m i t  i s  n e g l ig ib le .  On a 
s m a ll o r  u n c o n tro lle d  system , i f  a f r e ­
quency m ete r i s  n o t a v a i la b le ,  c o r re c t  
o p e ra t io n  o f  a synchronous c lo c k  o v e r a 
p e r io d  o f  s e v e ra l m in u te s  is  an in d ic a ­
t io n  th a t  th e  fre q u e n c y  is  s a t is fa c t o r y .  
The synchronous c lo c k  o p e ra t io n  may be 
checked w ith  an o rd in a ry  watch o r  c lo c k  
equ ipped w ith  a second hand. I f  the  
power s e rv ic e  i s  n o t c o r re c t  rep lace  any 
b low n fuses  o r  communicate w ith  the Pow­
e r  Company to  a s c e r ta in  th e  cause o f th e  
t r o u b le .  See th a t  th e  m o to r meets th e  
re q u ire m e n ts  o f  freedom  o f  r o t a t io n  and 
te m p e ra tu re  and make c e r ta in  th a t  th e  
d r iv e n  m achine i s  in  a s a t is fa c t o r y  op­
e ra t in g  c o n d it io n  and i s  not o ve rlo a d e d . 
I f  these  c o n d it io n s  a re  found  to  be s a t ­
i s f a c t o r y  and th e  m o to r speed i s  s t i l l  
o u ts id e  th e  s p e c if ie d  l im i t s , t h e  m a tte r  
shou ld  be r e fe r re d  to  th e  superv iso r who 
may w ish  to  re p la c e  th e  m o to r.

3 .0 3  B e a ring s  (R q .2 .03 )

(1 ) R eplace any worn b e a r in g s .

3 .04  A lr-G a n  (R q .2 .04 )

(1 ) W ith  th e  m o to r r o t o r  o r  e x c i t e r  a r ­
m atu re  in  any p o s i t io n  measure th e  

a ir -g a p  between the  r o t o r  and a ta to r  and 
between th e  e x c i t e r  a rm a tu re  and p o le  
p ie c e s  w ith  a fe e le r  gauge. P a r t ic u la r  
ca re  s h o u ld  be taken  in  m easuring  th e  
a ir - g a p  i n  th e  lo w e r h a l f  o f  th e  fram e 
as t h i s  i s  where th e  maximum b e a r in g  
wear w i l l  be m ost n o t ic e a b le .  Turn  th e  
r o t o r  and a rm a tu re  a p p ro x im a te ly  a 1 /4  
o f  a r e v o lu t io n  and re p e a t .

Checks shou ld  be made w ith  the r o t o r  
and a rm atu re  in  a t  le a s t  fo u r  d i f f e r e n t  
p o s i t io n s .  See th a t  th e re  i s  no d i r t  o r  
fo re ig n  m a tte r  lodged  in  th e  a i r  gap. 
I f  th e  a ir -g a p  i s  le s s  than  th e  s p e c i­
f ie d  amount re p la c e  th e  b e a rin g  cr bea r­
in g  l i n in g s .
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Lubricating Oil (one of the following ) 
Western Electric KS-2245 
Texas Regal Oil "B" 
Standard Renown Engine Oil 
Gulf Security Grade "A" 
Sinclair's Speed Engine and Dynamo Oil 
Squire's Royal Dynamo Oil 
Vacuum Oil "DTE" light 

Measure, l qt. ( funnel attached ) or equivalent 
Pail or equivalent receptacle for oil 
Petroleum spirits 
Sealing compound KS-6824 
Sandpaper No. 1-1/2 or No. 2 and No. 00 or 

No. 0000 

Test Apparatus 

Indicator, speed, Foxboro, Hasler or 
equivalent 

Spring balance 0-6 lbs; Gauge I gram tension 
0-1000, 79B gauge, or equivalent 

Thermometer, Rl032 , Detail l 
Voltmeter, Weston a-c. model 528. 150-300 

volt ac-eles 
Frequency meter, Trabm 20-SO cycles or 

14u 1 ve.len t 

s.01 Lubrication (Rq.2.01) 

(1) To add oil to an oil ring bea.dng 
pour the oil slowly into tb8 bear ·ing 

chamber until the proper level is 1n.d1-
cated in the oil gauge. The oil should 
be added with the motor stopped. The 
oil should be added slowly to penlli t the 
level to rise in the gauge at the seae 
rate as 1n the bearing chamber. It the 
oil does not rise in the gauge, it is 
an indication that the passage to the 
gauge 1a blocked and should be cleaned. 
.l amall bare copper wire 11111 be tound 
advantageous in cleaning the passage. 
1,ny ot the oils listed under Materials 
u-e satisfactory tor the lubrication~ 
the motor. A quart measure 111th a tun­
nel attached may be tound very conveni­
ent ror adding the oil. 
(2 ) To replace the oil i n a bearing remove 

the drain plug i n the bottom of the 
bearing chamber and drain the old oil into 
a pa i l or other receptacle. Scrape off old 
compound, clean the dr a in plug and a sso­
ciated threads in the cast i ng with pe­
troleum spirits , coat with KS-6824 seal­
ing compound and replace. 
(3 ) If the oil ring is bent or damaged 

it should be replaced. If dirt or 
foreign matter should adhere to an ,oil 
ring it should be scraped clean and wiJped 
with a cloth moistened with petrol ,:ium 
spirits. If a glass oil gauge is broken 
or cracked it should be replaced. 
( -1) It an oil gauge leaks, the oil should 

be drained trcn the bearing chamber 
into a pail or other receptacle as o~t­
lined above. It the leak occurs at the 
point where the gauge is screwed 1uto 
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the machine casting the gauge should be 
removed, the screw threads on the · gauge 
and in the casting scraped to remove old 
compound, cleaned with petroleum spirits, 
coated with KS-6824 sealing compound and 
the gauge replaced. After the gauge has 
been replaced clean the drain plug and 
the associated threads in a similar man­
ner , coat the plug with KS-6824 sealing 
compound and replace. 

3.02 Speed (Rq.2.02) 

(1) It the motor speed is not substan-
tially the same as called tor Cll the 

nameplate examine the exciter switch to 
make sure .1 t has closed and check the 
voltage or the exciter ~o make sure it 
has built up. Also check the voltage 
and frequency of the power serTice. On 
a large trequency controlled system the 
probabili t7 ot the trequency -varying more 
than the limit is negligible. On a 
small or uncontrolled system, it a tre­
quency meter is not available. correct 
operation or a synchronous clock oTer a 
period of several minutes 1a an indica­
tion that the trequency 1a aat1stactory. 
The synchronous clock operation may be 
checked with an ordinary watch or clock 
e4uipped with a second hand. If the 
power service is not correct replace an7 
blo11D tuses or communicate with the Po­
er Company to ascertain the cause ot the 
trouble. Sea that the motor lllteta the 
requ11'811lents ot treed.om of rotation an4 
temperature and make ~•rtain that the 
driven machine is in a aatiatactory OP­
erating condition and is mt overloaded. 
Ir these conditions are tound to be aa t-
1 afactory and the motor speed is still 
outside the specified lilaits, the matter 
should be reterred to the aupem.aar who 
may wish to replace the motor. 

3.03 Bearings (Rq.2.03) 

(1) Replace any worn bearings. 

3.04 Air-Gap {Rq.2.04) 

(1) With the lllOtor rotor or exciter ar-
mature in a»7 position measure th• 

air-gap between the rotor and stator an4 
between the exciter armature and pole 
pieces •1th a teeler gauge. Particular 
care ahoulcl be u.Jten in measuring the 
air-gap in the lower half of the traae 
as this is where the aaximum bearing 
wear will be moat noticeable. Turn the 
rotor and armature approx1J11atel7 a 1/4 
ot a revolution and repeat. 

Checks should be made with 1he rotor 
and armature in at leaat tour 4itterent 
poai t1ona. See that there 1a no dirt or 
foreign matter lodged in the air gap. 
It the air-gap is leas than the apeci• 
tied amount replace the bearing er bear­
ing linings. 

• 
• 
• 

• 

• 
• 
• 
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3 .0 5  E x c i te r  End S h ie ld  (R q .2 .05 )

(1 ) To s h i f t  th e  e x c i t e r  end s h ie ld  
lo o se n  th e  cap screws h o ld in g  th e  

end s h ie ld  and s h i f t  th e  end s h ie ld  un­
t i l  th e  marks a re  in  l i n e ,  and th e n  
t ig h te n  th e  cap screw s.

3 .0 6  B rush  H o ld e rs  (R q .2 .06 )

(1 ) To a d ju s t  th e  c le a ra n c e  between a 
b ru sh  h o ld e r  and a com m utator o r  a 

c o l le c t o r  r in g ,  lo o s e n  the  b ru sh  h o ld e r  
c lam p ing  screw  and tu rn  the  b ru s h  h o ld e r  
on i t s  s tu d  as re q u ir e d .  A f t e r  a d ju s t ­
m ent be su re  the c lam p in g  screw is  f i r m ly  
t ig h te n e d  and r e f i t  th e  b ru s h e s . I f  th e  
d e s ire d  c le a ra n c e  ca nn o t be o b ta in e d  on 
th e  e x c i t e r  in  t h i s  m anner, i t  w i l l  be 
n e ce ssa ry  to  lo o s e n  the  n u t h o ld in g  th e  
b ru sh  h o ld e r  s tu d  in  th e  end s h ie ld  and 
r a is e  o r  lo w e r th e  b rush  h o ld e r  s tu d . 
T ig h te n  the  b ru sh  h o ld e r  stud n u t f i r m ly .

3 .0 7  B rush  L en g th  (R q .2 .0 7 )

(1 ) R ep lace  any s h o r t  b ru sh e s , f i t  th e  
new b rushes and a d ju s t  th e  p re ssu re

as re q u ir e d .

3 .0 8  Brush F i t  (R q .2 .0 8 )

Cl) Remove th e  b ru s h e s  fro m  t h e i r  h o ld e r s  
and w ip e  them  w i t h  a c le a n  c lo t h .  I f  

t h e re  a re  a n y  ro u g h  p r o je c t io n s  th e  edges 
o f  th e  b ru s h  may be sm oothed w ;ith  f i n e  
sa n d p a p e r b e fo r e  w ip in g .  I n  r e p la c in g  th e  
b ru s h e s  see t h a t  th e y  a re  p u t  b a ck  i n  th e  
same h o ld e r  and i n  th e  same p o s i t i o n  i n  
th e  h o ld e r  t h a t  th e y  w ere o r i g i n a l l y .

( 2 ) Where a b ru sh  re q u ire s  a c o n s id e ra ­
b le  amount o f  f i t t i n g  c u t a s t r i p

o f  sandpaper (No. 1 -1 /2  o r  No. 2) s l ig h t ­
l y  w id e r  th a n  th e  w id th  o f  th e  b rush  
and a p p ro x im a te ly  as lo n g  as th e  cam- 
m u ta to r  o r  c o l le c t o r  r in g  c ircum ference . 
Remove th e  b ru sh e s  on a d ja c e n t s tu d s . 
P la c e  th e  s t r i p  o f  sandpaper under th e  
b ru sh  w ith  th e  sanded s id e  n e x t to  th e  
b ru sh  and h o ld  th e  sandpaper so t h a t  i t  
w i l l  b ea r on a p p ro x im a te ly  180* o f  th e  
com m utator o r  c o l le c t o r  r in g  s u r fa c e . 
Draw th e  sandpaper back  and f o r t h  u nd e r 
th e  b ru sh  u n t i l  th e  b ru sh  has th e  same 
c u rv a tu re  as th e  com m utator cr c o l le c t o r  
r in g .  The f i n a l  f i t t i n g  o r  where o n ly  
a s m a ll amount o f  f i t t i n g  la  re q u ire d  
sh ou ld  be made in  a s im i la r  manner w ith  
a p ie c e  o f  f in e  sandpaper (No. 00 o r  
No. 0 0 0 0 ). The f i n a l  s tro k e s  s h o u ld  be 
made in  th e  d i r e c t io n  o f  r o ta t io n ,  r a i s ­
in g  th e  b ru s h  when d ra w in g  th e  paper 
b a c k . A f t e r  s a n d in g , b low  th e  d i r t  from  
th e  ecm m utatlng s u rfa c e  and w indings and 
w ipe  t i ie  s u rfa c e s  and b rushes w ith  a 
c le a n  d ry  c lo t h .  I n  f i t t i n g  a b ru sh  i t  
is  d e s ira b le  to  have th e  brush make con­
ta c t  o ve r th e  e n t i r e  a rc  o f  th e  b ru sh  
and have as much o f  th e  c o n ta c t s u rfa c e

as p o s s ib le  b ea r on th e  caam uta to r o r  
c o l le c t o r  r in g .  The amount o f  b rush  
s u rfa c e  b e a r in g  on th e  com m utator o r 
c o l le c t o r  r in g  can be e s tim a te d  a f t e r  a 
p e r io d  o f  o p e ra t io n  b y  n o t in g  the p o l is h  
o f  th e  b rush  s u r fa c e .

(3 ) I f  b rushes a re  to o  lo o se  in  t h e i r  
h o ld e rs  th e y  sh o u ld  be re p la c e d .

3 .0 9  Brush Alignment (R q .2 .0 9 )

(1) Loosen the  c lam p in g  screw  and s h i f t  
th e  p o s i t io n  o f  th e  e x c i t e r  b ru sh

h o ld e rs  on two a d ja c e n t s tuds  u n t i l  w i th  
th e  a rm atu re  in  th e  extrem e p o s i t io n  o f  
end p la y  tow ard  th e  commutator end, th e  
b rushes ju s t  c le a r  th a t  p a r t  o f the  com­
m u ta to r  used f o r  connections. S h i f t  th e  
b rush  h o ld e rs  on the n e x t two s tu ds  so as 
to  co ve r th e  re m a in in g  space on th e  ex­
c i t e r  com m utator and n o t  o v e r - r id e  th e  
edge o f  th e  com m utator when the a rm a tu re  
is  in  th e  extrem e p o s i t io n  o f  end p la y  
tow ard  th e  c o u p lin g  end. T ig h te n  th e  
c lam p ing  screw a f t e r  each a d ju s tm e n t.

(2 ) B rush h o ld e rs  on th e  studs above th e  
c o l le c t o r  r in g s  sh ou ld  be so mounted

th a t  th e  b rushes r id e  as n e a r ly  as pos­
s ib le  in  the  c e n te r  o f  th e  c o l le c t o r  
r in g s  w ith  the  m achine in  i t s  norm a l 
ru n n in g  p o s i t io n .  A f t e r  any a d ju s tm e n t 
i s  made, th e  b ru sh  h o ld e r  c le a ra n c e  
shou ld  be checked.

3 .1 0  Brush S pacing  (R q .2 .1 0 )

(1 ) To check th e  e x c i t e r  b ru sh  s p a c in g , 
p la c e  a p ie c e  o f  paper around th e

com m utator and u n d e r th e  brushes and 
m ark th e  p o in ts  where the  to e s  o f  th e  
b rushes make c o n ta c t w ith  th e  p a p e r. 
Remove th e  paper fro m  th e  comm utator 
and measure th e  d is ta n c e  between th e  
m arks .

(2 ) To a d ju s t  th e  b ru s h  sp ac ing  lo o s e n  
th e  b ru s h  h o ld e r  c lam p in g  screw  and

r o ta te  th e  b ru sh  h o ld e r  aims on t h e i r  
s tu d  o r  lo o se n  the  n u ts  h o ld in g  the b ru sh  
s tu d  t o  th s  end s h ie ld  and ra ise  o r  lower 
t h i s  s tu d  as re q u ire d  o r  use a combina­
t io n  o f  th ese  a d ju s tm e n ts . T ig h te n  th e  
s tu d  n u ts  and c lom p in g  n u ts  a f t e r  each 
a d ju s tm e n t.

(3 ) Any a d ju s tm e n t o f  th e  b ru sh  spao ing  
w i l l  n e c e s s ita te  a check o f  th e

b ru sh  h o ld e r  c le a ra n c e  and b ru sh  f i t .

3 .1 1  Brush P re ssu re  (R q .2 .1 1 )

(1 ) The e x o i te r  o r  c o l le c t o r  r in g  b ru sh  
p re ssu re  may be d e te rm ine d  by lo o p ­

in g  a p ie c e  o f  c o rd  u nde r the b ru sh  f i n ­
g e r  as n e a r th e  p o in t  where i t  touches 
th e  b ru s h  as p o s s ib le .  E x e r t  a r a d ia l  
p u l l  on t h i s  f in g e r  by means o f a s p r in g  
b a lan ce  c r gram te n s io n  gauge hooked in ­
to  th e  looped  c o rd . The re a d in g  o f  th e  
b a la n ce  ju s t  as th e  f in g e r  s ta r t s  to
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3.05 bciter End Shield (Bq.2.05) 

(l} To shift the exciter end shield 
loosen the cap screws holding the 

end shield and shift the end shield un­
til the marks are in line, and then 
tighten the cap screws. 

3.06 Brush Holders (Bq.2.06) 

(1) To adjust the clearance between a 
brush holder and a commutator or a 

collector ring, loosen the brush holder 
clamping screw and tum "the brush holder 
on its stud as required. After adjust­
ment be sure the clamping screw 1s firmly 
tightened end refit the brushes. It the 
desired clearance cannot be obtained on 
the exciter in this manner, it will be 
necessary to loosen the nut holding the 
brush holder stud in the end shield and 
raise or lower the brush holder stud. 
Tighten the brush holder stud nut firmly. 

3.07 Brush Length (Rq.2.07) 

(1) Replace any short brushes, fit the 
new brushes and adjust the pressure 

as required. 

3.08 Brush Fit (Rq.2.08) 

(1) Remove the brushes from their holders 
and wipe them with a clean cloth. If 

there are any rough projections the edges 
of the brush may be smoothed w,i th fine 
sandpaper before wiping. In replacing the 
brushes see that they are put back in the 
same holder and in the same position in 
the holder that they were origin a lly. 

(2) Where a brush requires a considera-
ble amount ot titting cut a strip 

ot sandpaper (No. 1-1/2 or No. 2) aligb~ 
17 Wider than the • .14th ot the brush 
and approxilllately as long as the oca­
mutator or calleotor ring circumterence. 
BemoYe the bruahea on adjacent studs. 
Place the strip of sandpaper under the 
brush •1th the sanded aide next to the 
brush and hold the sandpaper so that it 
will bear on app:rox1lllately 1eo• ot the 
commutator or collector ring wrtaoe. 
»raw the sandpaper back and tortb under 
the bruah unt 11 the brush baa the aae 
cur"nture as the commutator <r collector 
ring. The final fitting or where onl7 
a small mount of fitting is required 
should be made in a similar aanner w1 th 
a piece of fine sandpaper (Bo. 00 or 
No. 0000). Th• final atrokea should be 
Jla4e in the cUrection of rotation, rais­
ing th• brush llben 4rawing the paper 
back. After sending,bl.ow the dirt trca 
the ocmautating surface and Windings and 
Wipe the aurtacea and b1"1lahea with a 
Olean 41'7 cloth. In fitting a bruah it 
la deairable to ha•e the brush aaka oon• 
tao, OYel' the entire arc ot the brush 
8llll laa•• aa JllUOh of the contact a~ace 
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as possible bear on the camnutator or 
collector ring. The amount ot bruall 
surface bearing on the commutator or 
collector ring can be estimated atter a 
period of operation by noting the poliab 
ot the brush surface. 

(3) If brushes are too loose in their 
holders they should be replaced. 

3.09 Brush Alignment (Rq.2.09) 

(1) Loosen the clamping screw and shift 
the position ot the e~citer brush 

holders on two adjacent studs until with 
the armature in the extreme posrtion of 
end play toward the commutator end, the 
brushes just clear th& t part or the cca­
mu ta tor used tor connections. Shift the 
brush holders on the next two studs so aa 
to coYer the remaining space on the ex­
citer commutator and not over-ride the 
edge of the commutator when the armature 
is in the extreme position of end plq 
toward the coupling end. Tighten the 
clamping screw after each adjustment. 

(2) Brush holders on the studs above the 
collector rings should be so mounted 

that the brushes ride as nearl7 as pos­
sible in the center of the collector 
rings with the machine in its normal 
running position. Arter an7 adjuaaent 
is made, the brush holder clearanoe 
should be checked. 

3.10 Bl"ush Spacing (Rq.2.10) 

(l} To check the exciter brush spacing, 
place a piece ot paper around the 

commutator and under the brushes and 
mark the points where the toes ot the 
brushes make contact with the paper. 
R•ove the paper from the oClllllllutator 
and measure the distance between the 
marks. 

(2) To adjust the brush spacing loosen 
the brush holder clamping aorew an4 

rotate the brush bolder ams on their 
•t\ld or loosen the nuts holding 1he brush 
stud to the end shield and raise or lower 
this stud as required or use a canbina• 
tion ot these adjustments. Tighten the 
stud nuts and claping nuts after eaoh 
adJuataent. 

(3) m7 adjustment of the brush spacing 
will necessitate a check of the 

brush holder clearance and brush tit. 

s.11 Bru•h Pressure (Rq.2.11) 

(1) 'l'he exciter or collector ring bruah 
pressure 11.117 be deterllined b)' lOOP­

ing a piece of cord under tbe brush fin­
ger as near the point where it touohea 
the brush aa poasible. Exert a radial 
pll on this finger b7 means r1 a aprtnc 
bale.nae er gra tenaion gauge hooked in­
to the loope4 cor4. '!'he reading ot tlle 
balance just •• the finger atarta to 
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move away from  the b ru sh  may be c o n s id ­
e red  to  be th e  t o t a l  b ru sh  p re s s u re . 
W ith  b rush  h o ld e rs  cn the lo w e r p a r t  o f  
th e  canm uta to r i t  may be n ece ssa ry  to  
h o ld  the  b ru sh  a g a in s t th e  com m utator,

(2 ) The t o t a l  p re ssu re  d iv id e d  by th e  
c ro s s  s e c tt o n a l a rea  o f  th e  brush

g iv e s  th e  p re ssu re  p e r  square  in c h ,

(3 ) The desired p re ssu re  may be o b ta in e d  
b y  in c re a s in g  or d e c re a s in g  the  te n ­

s io n  o f th e  b ru sh  sp ring  o r  brush f in g e r .  
I n  a d ju s t in g  th e  p re ssu re  i t  i s  h ig h ly  
d e s ira b le  to  make th e  p re s s u re  on a l l  
b rushes on th e  same com m utator a p p ro x i­
m a te ly  u n ifo rm .

3 .1 2  Commutator and C o l le c to r  R ing  
S u rfa c e s  (Rq;2.1~gl

3 .1 3  Com m utation (B q .2 ,1 3 )

(1 ) The commutator and c o l le c to r  r in g  
s u rfa c e s  shou ld  be c leaned  as re ­

q u ire d  by ru b b in g  w ith  a c le a n  d ry  
KS—2423 c lo th  o r  o th e r  h a rd  n o n - l in t in g  
c lo t h .  I f  the  s u rfa c e s  became sm utted  
and canno t be cleaned b y  w ip in g  w ith  a 
c lo t h , t h e y  shou ld  be smoothed w ith  f in e  
Sandpaper. I f  the  m achine is to  be l e f t  
i d le  f o r  a c o n s id e ra b le  le n g th  o f  tim e  
such as more th an  a week, the  c o l le c t o r ­
r in g  b rushes shou ld  be removed from  th e ir  
h o ld e rs  to  p re v e n t s p o t t in g  o r  ta rn is h ­
in g  th e  i r o n  c o l le c to r  r in g .

(2 ) N ever a llo w  a com m utator to  become 
more th an  s l i g h t l y  rou gh  b e fo re  en­

d e a v o r in g  to  c o r re c t  w i th  f in e  sand­
p a p e r.

N o te : A bronze c o lo re d  h ig h ly  p o l­
ish e d  commutator is  v e ry  d e s ira b le  
and shou ld  n o t  be m is ta ke n  f o r  a 
burned com m utator. I f  a commuta­
t o r  p re s e n ts  t h i s  c o n d it io n ,  is  
sm ooth, and com m utation  i s  s a t is ­
fa c to r y ,  i t  sh ou ld  be l e f t  a lo n e .

(3 ) I f  a commutator becomes e x c e s s iv e ly  
rough  o r  th e  com m utation  becomes

u n s a t is fa c to r y ,  the  s u rfa o e  sh ou ld  be 
sanded. A l l  b rushes sh ou ld  be removed 
b e fo re  sanding. F o ld  th e  sandpaper w ith  
sand s id e  o u t on a wooden b lo c k  shaped 
t o  f i t  the com m utator. W ith  the  m achine 
o p e ra t in g  h o ld  the sandpaper a g a in s t th e  
cam m utator,m ovlng  the p a p e r w ith  a la te r a l  
m o tio n  p a r a l le l  to  th e  com m utator b a rs . 
A f t e r  sand ing  c le a n  the  s u rfa c e s  and 
c o i ls  and w ipe w ith  a c le a n  d ry  c lo t h .  
U n d e rcu t th e  m ica  on th e  e x c i t e r  commu­
t a t o r  whenever th e  m ica  becomes f lu s h  
w i th  o r  ex tends beyond th e  comm utator 
s u r fa e e ,

(4 ) I f  lo o s e , h ig h  o r  lo w  comm utator 
segments appear on th e  e x c i t e r  com­

m u ta to r ,  i t  w i l l ,  be n ece ssa ry  to  remove

th e  e x c i t e r  a rm atu re  f o r  r e p a ir s  o r  re ­
p lacem ent, in  w h ich  case th e  m atte r should 
be r e fe r re d  to  the s u p e rv is o r ,
(5 ) I f  a  c o l l e c t o r  r i n g  i s  d i r t y  o r  th e  

b ru s h e s  s p a rk ,  c le a n  w i t h  a  c lo t h  
m o is te n e d  w i t h  p e tro le u m  s p i r i t s  w h i le  th e  
m ach ine  i s  n o t  r u n n in g .  I f  th e  r i n g  be ­
comes e x c e e d in g ly  ro u g h  o r  d e v e lo p s  enough 
e c c e n t r i c i t y  to  i n t e r f e r e  w i t h  p ro p e r  
o p e r a t io n  th e  r in g s  s h o u ld  be tu r n e d  down 
o r  r e p la c e d .

3 .1 4  E x c i te r  R he os ta t S e t t in g  (R q .2 .1 4 )
(1 ) The rh e o s ta t  i s  p ro v id e d  a t the fa c ­

t o r y  w ith  a s to p  a t  th e  p o in t  where 
0 .8  P . f .  le a d in g  a t f u l l  lo a d  w ith  ra te d  
v o lta g e  and fre q u e n c y  is  o b ta in e d , so 
th a t  i t  canno t be manipulated beyond th a t  
p o in t .  T h is  s to p  shou ld  n o t be a lte r e d  
s in c e  to  do so may p e rm it o v e r lo a d in g  
th e  f i e l d  w in d in g s  o f  the  m o to r. By ad­
ju s t in g  the  rh e o s ta t  to in c re a s e  th e  re ­
s is ta n c e  in  the  f i e l d  c i r c u i t  o f  th e  
e x c i t e r  th e  power f a c to r  may be reduced 
from  .8  le a d in g  to  as low  as u n i t y  w ith  
25$ lo a d  on th e  m o to r a t  any v o lta g e  
o r  fre q u e n c y  w i t h in  th e  nom ina l o p e ra t­
in g  ra n g e . i f  t h i s  cannot be done ex­
amine a l l  f i e l d  co n n e c tio n s  to  the m o to r 
in c lu d in g  th e  f i e l d  s w itc h  and check th e  
v o lta g e  and fre q u e n c y  o f  the  power sup­
p ly ,  I f  the  d e s ire d  power f a c to r  s t i l l  
cannot be o b ta in e d  r e f e r  the  m a tte r  to  
the  s u p e rv is o r .

3 .15  Freedom o f  R o ta t in g  P a r ts  (R q .2 .15 )
3 .16  N o ise  and V ib r a t io n  (Rq.2.161

(1) Where binding o r  e xcess ive  n o is e  and 
v ib r a t io n  are  p re s e n t see th a t  a l l

h o ld in g  down b o l t s  and c o u p lin g  b o l t s  
a re  drawn up f i r m ly  and th a t any keys a re  
n o t lo o s e  in  t h e i r  keyways on th e  s h a f t .  
V ib r a t io n  as r e fe r re d  to in  t i l ls  p a rag raph  
does n o t in c lu d e  th e  slow  o s c i l la t io n s  
o f  th e  e n t i r e  s e t w h ich  a re  more or le s s  
in h e re n t  in  th is  ty p e  o f  s e t  and w hich 
cannot a lw ays be overcam e. Cheek the  
a lig n m e n t o f  th e  m o to r w ith  i t s  a s s o c i­
a ted  d r iv e n  m achine and a d jus t as required. 
L e v e l th e  s e t as r e q u ire d .  I f  th e  m o to r 
i s  d i r e c t  connected  to  i t s  d r iv e n  ma­
ch in e  and mounted on a common sub—base 
w ith  c a r s p r in g  c u s h io n s , a d ju s t  each 
ca r s p r in g  by lo o s e n in g  th e  lo c k  n u t on 
th e  a d ju s t in g  screw  and tu rn in g  the screw 
in  o r  o u t as re q u ire d  u n t i l  a l l  s p r in g s  
e re  c a r r y in g  t h e i r  share  o f  th e  lo a d . 
A l l  lo c k  n u ts  sh ou ld  be t ig h te n e d  f irm ly  
a f t e r  c o m p le tio n  o f  th e  a d ju s tm e n t.
(2 ) I f  th e  noise and v ib r a t io n  c o n tin u e s  

to  be e xce ss ive  a f t e r  the  above ad­
ju s tm e n ts  have been made, th e  t ro u b le  

may be caused by worn b e a rin g s  w hich  
shou ld  be re p la c e d .

3 .17  Tem perature  (R q .2 .17 )

(1 ) The te m p e ra tu re  o f  the  b e a rin g s  
sh o u ld  be ta k e n  in  one o f  the  two 

ways o u tlin e d  below  w ith  the machine r u n -
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aove away tran the brush lllllY' be cons id• 
ered to be the total brush pressure. 
With brush holders en the lower part ot 
the camnutator it may be necessary to 
hold the brush against the commutator. 

(2) The total pressure divided by the 
cross secti onal area ot the brush 

gives the pressure per square inch. 

( 3) The desired pressure m97 be obtained 
b7 increasing ar decreasing the ten­

sion ot the brush spring or mu.sh tinger. 
In adjusting the pressure it is highly 
desirable to make the pressure on ell 
brushes on the same commutator approxi­
mately unitom. 

s.12 Commutator and Collector Bipg 
surfaces (Rq.!.1!) 

S.13 Commutation (Rq.2.13) 

(1) The commutator and collector ring 
surtaces should be cleaned as re­

quired by rubbing with a clean dry 
KS-2~23 cloth or other hard non-linting 
cloth. It the surfaces became smutted 
and cannot be cleaned by wiping with a 
cloth,they should be smoothed with fine 
•andpaper. It the machine jato be lett 
idle tor a considerable length of time 
such as more the.n a week, the collector­
ring bruahes should be removed trom tll!ir 
holders to prevent spotting or tarnish• 
ing the iron collector ring. 

(2) Never allow a camnutator to become 
more than slightl7 rough betore en­

deavoring to correct with fine sand­
paper. 

Wote: ~ bronze colored highly pol­
ished CCIIDllutator 1a very desirable 
and should not be mistaken for a 
burned commutator. If a cOllllllUta­
tor presents this condition, is 
amooth. and c011111lutation is satis­
factory, it should be left alone. 

(3) If a commutator beccaes excessively 
rough or the commutation becomes 

unaatiafactory, the aurtace should be 
aanded. ill brushes should be removed 
betore aandillg. Pold the sandpaper with 
aand side out on a wooden block shaped 
to tit the COJlllllUtator. With the machine 
operating hold tbl!I sandpaper againat the 
COlllllUtator,moving .tbe paper Ill th a lateral 
motion parallel to the ccmmutator bara. 
Attar aanding clean the aurfaces and 
coil• and Wipe •1th a clean dry cloth. 
Undercut the mica on the exciier Oc:WIJIU• 
tator whenever the mica becomes fiuah 
•Uh or extend• a,ond the oaammtator 
aurtaoe. 

(4) It looae, high or low cmaautator 
••gaenta appear on the exciter COlll• 

1111tator. 11. wiU be nece••&rJ' to reaove 
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ihe exciter amature tor repair• or re• 
placement, in which case the matt.er llboul4 
be referred to the supervisor. 
(5 ) If a collector ring is dirty or the 

brushes spark, clean with a cloth 
moistened with petroleum spirits while the 
machine is not running. If the ring be­
comes exceedingly rough or develops enough 
eccentricity to interfere with proper 
operation the rings should be turned down 
or replaced. 

3.14 Exciter Rheostat Setting (Rq.2.14) 
(l) The rheostat is provided at the :rac-

tory with a atop at the point where 
o.a P.t. leading at f"ull load w1 th rated 
voltage and trequenc7 is obtained, so 
that it cannot be manipulated beyond that 
point. This atop should not be altered 
since t .o do .so JD87 permit overloading 
the field windings or the motor. By ad• 
justing the rheos~atto increase the re­
sis~ance in the field circuit or the 
exciter the power tactor may be reduced 
trom .a leading to as low as unity with 
25% load on the motor at any voltage 
or frequency within the nominal operat­
ing range. It this cannot be done ex­
amine all tield connections to the motor 
including the tield aw itch and check the 
voltage and frequency or the power sup­
ply. It the desired power tactor still 
cannot be obtained reter the matter to 
the supervisor. 

3.15 J!'reedom ot' Rota.tins Parts (Rq.2.15) 
3.16 Noise and Vibration (Rq.2.16) 

(1) Where bmdillg or excessive noise and 
vibration are present see that all 

holding down bolts and ccupling bolta 
are drawn up firmly and that any keys are 
not loose 1n their keyways on the shatt. 
Vi bra ti on u referred 1D in this paragraph 
does not include the slow oscillations 
of the entire set which are more er less 
inherent in th» type or set and which 
cannot a1wa7& be overcame. Check the 
ali81JJ11ent of the motor with its associ­
ated driven machine and ed.)lst as re(Jlired. 
Level the set as required. It the motor 
is direct connected to its driven ma­
chine and mounted on a common sub-base 
with car spring cushions, adjust each 
oar spring by loosenillg the lock nut on 
the adjusting screw and turning UJe screw 
in or out as required until all springs 
are carrying their. share of the load. 
.Ul look nuts should be tightened t1ml.7 
at'ter CCllllpletion or the adjustment. 
(2) Ir the noise and vibrauon continues 

to be excessive arter the above ad• 
justmenta have been made, the trouble 

may be caused by worn bearings which 
should be replaced. 

3.17 Temperature {~q.2.17) 

(1) The temperature of the bearing• 
should be taken 1n one ot the t110 

ways outlined below •1th the machine run• 

• 
• 
• 

• 

• 
• 
• 
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n in g .  One method fo r  'Dearings h a v in g  o i l  
r in g s  i s  to  p la c e  th e  b u lb  o f a thermom­
e te r  in  th e  lu b r ic a t in g  o i l  o f  th e  b e a r­
in g  f o r  a t  le a s t  f i v e  m in u tes  i f  th e  o i l  
v e i l  opening i s  la rg e  enough to  p e rm it 
t h i s  p ro c e d u re . Care shou ld  be taken  
th a t  th e  therm om eter does n o t s t r ik e  th e  
s h a f t  o r  in t e r f e r e  w ith  the p ro p e r o pe r­
a t io n  o f  the  o i l  r in g .  T h is  method i s  
to  be p re fe r r e d ,  however, where the  bear­
in g  c o n s tru c t io n  makes t h is  method im­
p r a c t ic a l  th e  second method may be used.

(2 ) The second method i s  to  h o ld  th e  
b u lb  o f  the therm om eter a g a in s t th e  

h o t te s t  s p o t on th e  o u ts id e  o f  th e  b ea r­

in g  hous ing  as n e a r as p o s s ib le  to  where 
th e  b e a rin g  i s  lo c a te d ,  c o v e r in g  th a t  
p a r t  o f  th e  b u lb  which is  n o t in  c o n ta c t 
w i th  th e  housing  w ith  a p ie c e  o f  f e l t  
o r  e q u iv a le n t m a te r ia l and observe  the  
h ig h e s t tem pera tu re  in d ic a te d .

(3 ) The w in d in g s  and machine fram e may 
be measured f o r  te m p e ra tu re  r is e  in  

a s im i la r  manner. I f  th e  te m p e ra tu re  ex­
ceeds th e  s p e c if ie d  l i m i t s  see th a t  th e  
o th e r  re q u ire m e n ts  o f  th is  s e c t io n  a re  
m e t. I f  the  te m p e ra tu re  s t i l l  rem ains 
o u ts id e  the  p re s c r ib e d  l im i t s ,  r e fe r  th e  
m a tte r  to  th e  s u p e rv is o r  as he may w ish  
to  re p la c e  th e  m o to r.
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ning. One method for beariDgs havi~ oil 
ri.Dgs is to place the bulb of a thermom­
eter 1n the lubricating oil or the bear­
ing for at least five minutes 1f the oil 
well opening is large enough to permit 
this procedure. care should be taken 
that the thermometer does not strike the 
shaft or interfere with the proper oper­
ation or the oil ring. This method is 
to be preferred, however, where the bear­
ing construction makes this method im­
practical the second method may be used. 

(2) The second ~thod is to hold the 
bulb of' the thermometer against the 

hottest spot on the outside of the bear-

ISS 2-D, SECTION 159-410-701 

ing housing as near as possible to where 
the bearing is located, · covering that 
:part of the bulb which is not in conte.ct 
with the housing with a piece of felt 
or equi val.ant ·material. and observe the 
highest temperature indicated. 

(3) The windings and machine frame may 
be measured for temperature rise in 

a similar manner. If the tem:perature &­
ceeds the specified limits see that the 
other requirements or this section are 
met. If the temperature still remains 
outside the :prescribed limits, refer the 
matter to the supervisor as he may wish 
to replace the motor • 
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