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11.1 General  

1 ? * 1 . 1  T:I~ t e s t s  s p e c i f i e d  bel.ow s h a l l  ncrmalJ.y 5s 
c e r r i e d  o u t  a t  t h e  n a n u f a c t r b ~ e r t s  works, Tes t s  a r e  
c l a s s i f i e d  as type  an5 rou t i .ns  t e s t s ,  

11.1 ,2  The t e s t s  on t h e  motor s l~z .? l .be  g e n e r a l l y  
c a r r i e d  o u t  i n  ;accord.ance w i t h  t!12 recom~enda'ckcns or' 
IEC 319-l.C.71 - " I i ~ ~ l e s  f o r  r o t a t i n g  e l e c t r i c a l  ms.cbines . . , f o r  r a i l  ?ad road v e h i c l e s  ." The tempnrst&rz rjs? .LI  its 
s t? , ted i n  Te.13l.e 2 of t h e  s a i d  pui3llcat ions s h a l l  be ' 
reduced by 25°C t o  accou.nt fcr  h ighe r  ai;~E!snt !;",n?eratiwa 
i n  I n d i a ,  Any Nev:~aticns from tho  tesi ;  progrxrnme g iven  
h e r e  shz.11 'us muJcually agreed t o  between the  purchaser  
and t h e  manufactusez . 
11.1 "3 >..I1 the type  t e s t s  s11aI.J be  cacduated on one 
of t h e  pro to- type  motors; Test  corresponding t o  c l s s s e  
42 of IEC-349 r ; ; la l l  be  ccm6uctsil cn firs'; Lei? mstors :;i 
b u l k  product ion,  T e s t s  correspond2.ng t o  e l a s a s  25 0.2 . 
IEC-349 s h a l l  b e  done cn the f i r s t  Lvo proto-5ype Dotors,  
f i r s t  f o u r  r~iotors from bu lk  pi.3duc.Lion trio ii~ot:;s'=i 
s e l e c t e d  a t  random from b u l k  product ion.  

1 1 For t h e s e  rnacl~ines c e r t a i n  t y p e  tssts (tem;je;'a- 
t u r e  r i s e ,  commutation and c h a i . a c t e r i s t i c  curve t e s * ; ~ )  
s h a l l  be  mede w i t h  p u l s a t i n g  c u r r e n t  a t  ac tue l  p n l s z t l o n  
f requency aiid . r i p p l e  f a s t c r o  Tie  eqc..iapment used Znr 
t h e s e  t e s t s  s h a l l  l ~ a v e  c i l a r z c t e r i s t i c s  7.ar.iiLch w i 2 . l  y:=o3uce 
a r i g p l e  f a c t o r  a s  c l o s e  a s  possi.';le t o  that; ?;î ;Il.e:l w i l l  
occur  i n  s e r v i c e  over t h e  ~ p e r a t i n g  rnngs.  , 

1101-5 Tae r o u t i n e  t e s t s  on t h e s e  mctors s h a l l  be  done 
w i t h  CS-rsct c a r r e n t ,  provided t h a t  t h e  ~eLa t ions l .~ . i p s  
betrgeen t a ~ p ~ r a t u r e  r i ses ,  corcc.utr^tioc, and spa75 

, c!-~aracteri,--tics c.n bo th  d i r e c t  c r r r e~z ' ;  2.nd ,+rit,??. p.~l.z;l';ing . ci;i?cnt z r e  de t e r a ined  i n  t:is type  t e s t s .  

. 1 . 6  %=;is t ype  t e s t s  s h a l l  be performed i n  c i r c n c l o g i -  
c a l  o rde r  a s  arranged i n  this programwe, 

, 1 1 1 I n s t r u u e n t s  used f o r  t e s t s  - Eie izdicztin::  
i n s t rumen t s  used i n  e l e c t r i c a l  me2surcme?its s;?.i.ll ccnf o?::i 
t o  IS  tY248-1966 ( S p o c i r i c s t i c n  f o r  e l e c t r i c 2 1  i c d i c a t i r g  
j.nst?um.s:lts). Ins t ruments  wit. the  f  ollowirig accu rac i e s  
s h a l l  b e  used: 

(2) For  type  t e s t s  - I n s t r u n e n t s  of 
c l a s s  0,s acccrzcy.  

(b)  For r o u t i n e  t e s t s  - I n s t r i m e n t s  - cf' 
c l a s s  1 .3  accurzcy.  



t h e  t e n d e r ,  L n d i c a t i n ~  t n e  c o s t ,  

100 DRAXiNGS , 

O u k l i n e  d i l m n s i o n e d  drnivings of t h e  rnotol:, CrcWency 
r e g u l s t o r ?  smooth ing  r e a c t o r  and i t s  a c c e s s o r i e s ,  corn?leto 
and d e t a i l e d  d imens ioned  d r a w i n g s  for mcunt ing  a:rrzngements,  
sha l .1  be f u r n i s h e d  a l o n g  w i t h  t h e  tender." 



5-1 L imi t s  o f  t empera ture  r i s e r  'The tempcratuce r i s e  
o f  tile motor zifker co'ntinuous and s t ; az t ing  C r l , t i c ~  r , ' la l .L 
not exceed t n o  f ~ l l o w i n ~ ~ v ~ ~ e s ~ ~  These s r e  based cn 
IYPC-349, reduced by 25OC f o r  h igher  arnbient teinperature. 

1 

I n s u l a t i n g  Method o f  Temperature r i s e  
I ae t e r i a l  -.- Par$ 

-A- 

a~easurerrenf. F2 O C  ------ *-.- 

C l a s s  d' Arm?ture. windings . Res i s t ance  135 

F i e l d  windings i t e s i s t ance  155 

Commutator 
. i 

Thermoim t e r  85 

5.2 rhe maximum . bear ing  . t e i l~pe ra tu re  r i s e  s h i l l  no t  exooed 
3 O 0 C *  

5 - 3  The tempera ture  r i s e  of t h e  coo l ing  a i r  o f  t h e  machine 
whi lz  del - iver ing f u l l  l oad  outpl.'.t a t  the  lowest  ar tL-e h ignes t  
o p e r a t i n g  v o l t q e  s n a l l  not  exceed 25OC? 

5.4 T3e tem?erature  r i s e  of t h e  a u x i l i a r y  s.noothin< r eac$o r  
s h a l l .  not  exceed t ; le  v a l u e s  s p e c i f i e d  by IEC-3: C) reduced by 2z0 

< " . . . 
The schedule  o f  p a r t i c u l a r s  of t he  motor, f requency 

I r e g u l a t o r  and smoothing r e a c t o r  s h a l l  be fa-nishad a l o n z  w i th  
th*  t ende r  es per ~ n n e x u r e  and  

7. TSP.AWC& D~CUIVI~TS 

Technical  l i t e r a t u r e  on t h e  m3tor, f reqcency  r a g u l s t o r /  
r.- speed  c o n t r o l  syste:n, s~noothing r e a c t o r  and i t s  . accessor ies ,  
1. silch as,  type t e s t  rcgoi-?in, d e s c r i p t i v e  wr i te -u?s ,  aa in tenance  
* *  

% 

macuals,  spare  p a r t s  ca t a logues l  e t c p ,  s h a l l  be su?p l idd  a s  
d e s i r e d  by tile purchaser .  

a 

0 8. TOOLS ' : ,  i :  ' :I 

The s u p p l i e r  sna$ l  supply  a  complete s e t  of t o o l s /  
t e s t i n g  k i t  f s r  t h e  mainteninc? ,pf  t h e  equ ipnents  w i th  each 
equipineilt s e t .  Tho l i s t  of  t h e  recoln~nended t o o l s  and t h e i r  
c o s t  s h s l l  133 fu rn i shed  a long  wits the  tendar .  

p~.&s 9 .  
. 

' ,  ' 
. . . - 

Tne t e n d e r e r  s n s l l  f u r n j s h  ilis rucomincnd? t i o n  r egz rd ing  
requireiilents 3f' s p a r e s  f o r  e a c h  e q u i p m n t  s u p o l i e d  a long  wi th  

.-,: 



4.4 - A u x i l i a r y  ~ o l o c k 5 i n ~  Z e a c t s  ' -. 1 '  

4.4.1 The r e a c t o r  i s  k choke c o i l  wound on an i r o n  core  
o f  approved q u a l i t y .  It +ha1 1 be depigned f o r  n a t u r a l  ail. 

. , . - cool in^.. , .;. I .  . , , . A  

, ' 1  A . 1 ,  . 
;, 

4.4.2 Z n t i r e  'curret l t  of p u l s a t i n g  na tu re  :reqxired.by .amtor 
o f  tila p o t o r - a l t e r n a t  o r  s e t  undex v a r i o u s  -c~>ndit io; ls- 'of  opera- 

. t i o n  w i l l  f low though t h e  smopthing r e a c t o r :  The priinary 
winding of  t he  h a i n  transforiner i s  c o n n e c i a , i  t i  t$& 25 kV a c ,  . 

50 tiz s i n g l e  phase. o v e r h e d  c a t e n a r y .  system and the  t e r t i a r y  
windins th rough  a br idge  n e c t i f i e r  w i t h ' s i l i c o n  c e l l s  and 

smoothini:  r e a c t o r '  to1 t h e  motor of  t!ie ino ' tor-a l tzrnator  set.. . 

4.4.3 Zha cqui~j:fl&nt s'ilbll be1-X6sizned t.6 !lirLit tao r i > p l e  
c o n t e n t  o f  t he  motor supply  vo l t age  o v e r  t he  e n t i &  v o l t a g e  
range. 

! 1 . . ; \ 

1: 4.4.4 TAe a c x i l i a r y s n o o t h i n g  r e a c t o r  s h s b l l  be dcs is%ed tc 
have ~ e l a t i v e l y ' u n i f o r m  induc tance  w i th  varyin): l ~ a d s .  

4.4.5 The approx i&te  s i z e ' 6 f  t h e  r e a c t o r  a n d  a s s b c i a t e  
equipaent  s c a l l  be 670x550 m' and 430 heiskit and s h a l l  be 
s u i t a b l e  to '  mount on t h c  f l o o r  of the  locornotive. 

, ,  . 81 . I  

4.4.6 The smoothiag r z a c t o r  s h a l l  be s u p ~ ? l i e d  i n  ' f u l l y  
a s senb led  condit ibn, i- '$ogether w i th  *tie a c c & s s o r i e s  reqpire.; 
f o r  mounting and connec t ing  them wi th  t h e : r e a c t o r  c o i l  

I:, 
, . 

4.4.7 I<sr-k3.ng: . . I 
. ? . - 

a )  >~anufactur 'wzls 'name, type 
and model @¶ 

? > 
.. . h 

., . 1 

b f  C ~ n t i n u a u s  r a t i n g  

c )  C la s s  of i n s u l a t i o n  

' d )  5.ipple f requency  i n  . 
c y c l e s / ~ e c o n d  ., . .. 

- ,  : 

A . . i ,  . ' . :  J ,  . 
e )  a p p l e  f a c t o r  !, 

. . Ir c .  

f )  Nature of c o o l i n g  
<. - + . . ', . I . . a  

> '  . ,- . . . .. . ... 1 .  . .  
#. 

g)  ~ y p e  of connection. 



4 .3 .9  The equipment s h a i l  be s u p p l i e d  i n  f u l l y  
assembled condi t ion.  Hardware i t ems  r equ i r ed  f o r  
mark in^ t h e  e x t e r n a l  connect ions  shaJ1 be provided. 
on tile t e rmina ls  and t h e  d e t a i z s  o f  t a e  t a rwina l s  
s h a l l  be shown i n  t h e  drawing fu rn i shed  a long wi th  
t h e  tender.  

4.3.10 I f  t h e  f requency regula tor / speed  c o n t r o l  system 
nas  a l r e a d y  been type  t e s t e d ,  th'en t.le type t e s t  
r e s u l t s  s h U l  a l s o  be furn i sned  a long  w i t h  t he  tender .  
The t e n d e r e r  s h a l l  a l s o  f u r n i s h  t h e  d e t a i l s  o f  s e r v i c e  
exper ience  on t h e  frequency r e g u l a t o r ,  if any* 

4.3.11 The t e n d e r e r  s h a l l  furnj .sh f u l l  p a r t i c u l a r s  
of t!le f r e q m n c y  re ( ;u la tor  and i t s  conponents a long  
w i t h  t h e  te..c;er. . . 
4.3.12 Marking: , , .. . . 

a) ManufactuPsr18 name and 
inodel 

b )  Yar i a t i on  of speed i n  
percentage 

c )  *Joltage-range i n  v o l t s  

U) irzted f 'requency and v z r i a t i o r .  
i n  percentage 

e )  Type 3f connection.  



4.3 Frequency a e g u l a t o r  
I 4.3.1 The frequency r e g u l a t o r  o r  a l t e r n a t o r  speed 

c o n t r o l  system s h a l l  be' matched w i t h  t n e  motor of t h e  
mo to r - a l t e rna to r  set and s h a l l  be s u i t a b l e  f o r  main ta in ing  
t,le s p a i d  o f  tile dc motor w i t h i n  1500 + 3$ rprn over t h e  
e n t i r e  vo l t age  rarike. . , . . 

'I . . .  . - 
4.3 .2  Adequa-te surge  p r o t e c t o r  d e v i c e s  ,@,hall be pro- 
v ided  a t  t h e  i n ? u t  and ou tpu t  of  t h e  freq.uency r e g u l a t o r  
t o  avo id  f a i l u r e  of .semi-conductor components due t o  
su rges  &nera ted  on t h e  a l t e r n a t o r ,  a i d  tl1.e motor c o n t r o l  
winding. 

4.3.3 The frequency regula tor / speed  c o o t r o l  s y s t &  
s ; l a l l  have a p r o t a c t i v e  dev ice  t o  t r i p  tk.e t i I 3 t O r -  

a l t e r n a t o r  s e t  i n  t n e  even t  of  overspeed due t o  f a i . l ~ r ~  
o f  tile r egu la to r .  The dev ice  s n a l l  be i r .  a d d i t i o n  t o  
t a e  mecnanical oversgeed t r i p .  -, I 

11 * 
4.3.4 The compon'ents o f  frequency regul .a to r  s h a l l  be 
l i b e r a l l y  r a t e d  wi th  adequate  s a f e t y  nlar$;'ins t o  meet 
tile s e r v i c e  condit iorB and. dusyy. envirYJncq?n$: and; to proviae  
rotlL%biliSy i n  se tvice .  . . 

. 

4.3.5 The t e rmina t ion  o f  r e g u l a t o r  com$>onents s h a l l  
be o f  adaquate  s t r e n g t h  t o  wi ths tand  v i b r - a t i o n - i n  
s e rv i ce .  F l e x i b l e  m u l t i s t r a n d  wi re s  shal.1 be used f o r  4 
connection.  3 
4.3.6 The components o f  the  f requency i*egulator/  

2 
C 
L 

speed c o n t r o l  system s h a l l  be t rop ica l i sc td  f o r  work ing '  * 
under t b e  s e r v i c e  c o n d i t i o n  s t i p u l a t e d  i t 1  c l a u s e  3. < 

4.3 .7  The t e rmina l  connect ions  on t h e  frequency 
regula tor / speed  c o a t r o l  system s n a l l  be s u i t a b l y  
provided f o r  connect ing 10 nun2 c a b l e  wi th  crimped 
lugs .  Proper l ock ing  arrangenent. o f  tile cab le  l u g s  
s n a l l  ba provided p r e f e r a b l y  wi th  s p r i n g  washars 
and nu ts .  

4.3.8 The frequency regulator /speed co:l t , rol  system 
s h a l l  be s u i t a b l e  f o r  mounting vertical1:ir on t h e  
s ide-wal l  of t he  locomotive near  t h e  motor -a l te rna tor  
s e t ,  

\ 



p r o v i d e a  on t h e  n n t o r  s h a f t  f o r  c o u ~ l i n g  i t  53  t h e  alter- 
n a t o r .  The c o u 2 l i n g  s h a l l  bo d e s i g c a d  f o r  tae s t s r t i , n g  
d u t y  of t!le s a t  a n d  t b e  c o n t i n u o u s  t r a n s m i s s i o n  o f  t3e  
r a t e d  horse-power a t  s p a e d s  of  1500 + 3% rpn ,  T i e  coup1 j .n~  - 
s h a l l ,  however be c a p a b l e  t o  wit:lsta:ld f r e q u e n t  o v s r s 2 e a d  
o f  tim s e t  w i t h o u t  a n y  d e t e r i o r a t i o n ,  The d a s i g n  o f  t h a  
c o u p l i n g  s h a l l  be s u b j a c t  t o  t h e  a 2 2 r o v a l  of  t h e  p n r c h a s e r .  
The p a r t i z u l a r s  of a c o u p l i n g  u s e d  oh s ix i lar .  a p p l i c a t i o n  
a r e  f u r n i s h e d  a t  knoexuro  6 f o r  gu idance .  

4.2.20 Tne motor  s h a l l  be s c r e e n  p r o t e c t a d ,  O r i p  p r o o f  
a n d  s e l f - v e n t i l a t e d .  

4.2,21 Tae mounting arrange,:lent of t h e  n o t o r ,  %long   wit!^ 
i t s  a l t c r n a t c r ,  saa l l  be r o b u s t  f o r  t r a c t i o n  du ty  at16 
s u b j e c t  t o  p r i o r  a>,x-oval o f  -t!m p u r c n a s e r ,  S u j . t a b l e  
l i f t i n g  arr.%zgeiaent s h a l i  be p r o v i d e d  o n  t n e  .n3 t3 r  t o  l i f t  
i t  i n d i v i d u a l l y  and o n  t h e  bed p l a t e  t o  l i f t  t n e  co;l i>letn 
se t .  

4.2.22 The .i:ach'ine' a ~ i d  t h e  co~mof i ,bod  2 l e - b j  s.",'.ll be 
s u i . t a S l y  t r e a t o d  t o  remove d u s t  1a-1 S:?ICII+:? So s s - t e d  xik?: 
a n  a n t i - r u s t  p r i x e r  a n d  f i n i s h e d  w i t n  two cs3;s of 
b a t t l e - . s h i p  <;rc:r p a i n t ,  

.,1 ~.:i a n o d i s e d  alurniai.7.m ;..atj.:lg 7favt.r;. s:lall b.2 
provic1.ed. o;, -t.or!i~lnal s i d e  on enc:? eq.uip.a?r,t t z  sL?.ord t hc 
t i  insr;'L?tJ.~,n, :aethod sf coniloct;.3~--, wi.t!-. r i e o z s s l r y  
c i r c a i t  ?i?.;7i.ll:.; e t c .  The f o l l o w i n g  >El i - t icu l l r s  silal.1 h e  
c l e a r l y  z;id i n r i e l i b l y  .;Firiced on t h e  rn -;late:- 

L j Ptdruf a c  t u r s r  ? s na,>a, a n d  . m d ~ j  
o n  pu?.e?.ting ccrr.zz.n 

b) C i r c c t  C u r r s n t  (dcLz i l c i  \ -dca thez  sllyznt, 
s%?r?,;s 9.. cc2pound 

c) aateed c u t p h t  i n  kW ( n p )  zt t n e  r a t e d  :7i.tdge 

cl) Rated  v o l t a g e  and r a n g e  o f  v o l t a g o  

e )  C u r r s n t - i n  a n p e r s 2 ,  clc a n d  pv. lsat in;s  b ~ t h ,  
and  i t s  r a n g e  a t  r a t e d  o u t p u t  

J?) Ratad  s p e e d  i n  rpm 

tg)  E x c i t a t i o n  v o l t a q c  and  c lc - ren t  o f  t h e  c o n t r o l  
o r  s h n n t  winding  a'; r a t a d  o u t p u t  

h) C i E s s  of i n s d z t i c n  

j) Type of d u t y  
n 

+'+ An  z r r o w  i a d i c a t i n g  t h e  c o r r e c t  d i r e c t i o n  o f  rote- 
Oion w i t h  t l l e  s u p p l y  conneceed  t o  t h e  c o z r c s p o n d i n g  te,-inal, 
:mrked o n  t i l e  t e - m i n a l  box s h a l i  be per.xancc1tj.y f i x e d  on t h c  h o t o r  bod:., 



schedu le ,  i n c l u d i n g  a l i s t  o f  recommended l u t ~ r i c a n t s  which 
a r e  i nd i senous ly  a v a i t a b l e ,  q u a n t i t y  o'f t n e  Cxease t o   be^ 

. packed i n i t i a l l y  and t o  be re-charged per iodi .ca l ly ,  
1: 

8. 4.2,15 BaLancinga The iilotor a rmamre  a.ld t:!e f a n  s:lall 
be dynaiiljcslly bslanceh bo th  i n d i v i d u a l l y  and, t g f f e t h ~ r  and ! 

s h a l l  have i d e n t i f i c a t i o n  zarlcs? T ~ B .  baJancin& wsignts  
s hall be su i tab ly :  secured and welded, The f a n  ' s a d i  ' b3" 
keyed t o  t ne  r o t 3 r  s h a f t .  

4.2.16 n r n a t u r c  c o n s t r u c t i o n  , Y '  

TIls armature  windi-ig s h a l l  be . s u i t a b l )  4cGuzed znd 
imprezaated . with i h s u l a t i ; r g  vclrnish t o  r e s i s t  t i13 a c t i g r i  
of l u b r i c a t i r g  o i l  and d u s t  p r e sen t  i n  t h e  c ~ o l i n g  a i r .  The 
qL2ding s h a l l  be spatially s t rengtheaod !xechanically t o  
r e s i s t  v i b r a t i o n .  . . 

N o r i ~ a l l y ,  non-magnetic s t  a31 bandi.lg s 4 a l l  be used 
b u t  r e s i g l a s s  banding !nay be permi t ted  provided i t  i s  
c ~ a f  i r a c d  t h a t  tlle g l a s s  band w i l l  wit:lstand 1 X-4 humidity and 
s a l i n a  a tw&sp ;~s re .  a t  e l eva t ed  t en?e ra tu re .  The bdnding . 
s n a l l  bc of  aclequnta s t r e n g t h  a , ~ d  s:lall ba a u l e  t o  wi tks tand  
t a e  s t r e s s e s  c:urin;; ov?rs?eed t e s t s  ona i;l s e r v i c o  witfl3ut 
any d i s t r s s s  t~ ar.3ature. 

42.1'7 ,rerixx..ai P o x  .The a r i :~~:~ : .~  v.11d fie15 z"..in.:ct:~~. - of  t ha  . m t c r  s h a l l  be brought ou t  t o  i n d u s t r i a l  typo 
ter in i i la ls  of adequate s i z e  i i l  a  termi.?al  b3x : i u i t ab l e  f c r  
connec t ing  t h e  s u p p l y  l oads  wi th  crirni3ed lugs , :  The no'ccr 
l e a d s  aa3lL be iwoper ly  p ro t ec t ed  a g a i n s t  3sxage t o  
i n s 3 ~ l n t i 3 r ,  i r :  s-:vicec The t e r a i n a l  bcx of  tile motor shal.:. 
be on tila sir?e . f a c i n g  t l e  s a t  1rit;l t h e  n . ~ t o r  :)i. t h e  izf t ->and 
s i d e .  The tc~n:;nal ,  arrangements srlall hcwsv(irt bc suS.iect h 
t o  appro->rai of t h e  purch.?ser. A l l  c c a ~ s a e n t s  i.i?cl-u:!ing 
b o l t s  and c u t s  aild washers,  screws,  ;+tc, s :mil  be s ' j i t a k l y  

cCV 
p - o t s c t e d  agaLnst  co r ros fgn  and r u s t ,  2 

C 
. . 

4,2.18 Cvezspaed T r i p  Gn@ce;r A ~xochanicaj. rr;?@?r;peeC 11 4 - 

trip clo'rice of r o b u s t  des ign  f o r  t r a c t i o n  d c t y .  8hS-l be 
i:~corpcr?.tecl on thc motor t o  t r i p  t 3 a  n o t $ r  s ~ . p p l y  i n  case 
t h e  opocd er,cLed:, 1800 rpmJ Tho p+'ovision s*1L,  however, 
be a s d e  i n  tb.2 d e s i g n  $9 1-a-y i t s  s e t k i n g  between 1500 t o  
2003 rprn an9 i k  02e ra t i qn -  s h a l l  be ' s t a b l e  o v ~ ?  t h e  e n t i r e  
r3-:l<e 3f s p e d . ,  The t+ippLng d e v i c e ,  when ope ra t ed ,  s k 3 l l  
l a t c h ' i t s e l f  ,n,?chanica:ly s n ~  s n a l l  be caQabls of cswaai  
re-aet t i .zg ,  T;?e t,-ig,>j.,ng dev ice  s ' . l a l L  be = m a t e d  a t  tfi0 
end 3f t.lz ;;lator sllaft and s u i t n b l e  d r i v e  arr.?.nZenent s h a l l  
bc i3r3-~idsd f o r  .;:lo' gurpose, i t  s : i a l l ,  hov:sver, bo 
c o ~ a b l o  of boiilc uncoupled o a s i l y  f a r  l i t e n t i a n  w i thou t  
affact i . i : :  t : ~ a  i;lctor. 

4 ,2,19 Ccupl.'.;lgi A f l c x i b l e  coypiint i  des igned t o .  t a k e  
ais-ali;:!k:~an$ b e t w ~ e n  r?i3tor and t h e  a1 tcr i la torp  s h a l l  be 



.2 Tne c o m u t a t o r  s h a l l  be Well seasoned so  t k a t  
the  mximun 9 M l i t y  shall ilot exceed 0.02 nm a t  o v ~ r s p z e d  
t e s t .  The ,zica s n a l l  be undercu t  and t h e  segmants p ropar ly  
cilazf ered. t 

.3  he c 6 m u t a t o r  d i k e t e r ,  w!len new and f u l l y  
wora-out,  : anci i t s  exgected l i f e  si~all. be i a i l i ca tzd .  

.4 The comuta tor  cone 'V' r i n g  s h a l l  have a 
l a y e r  of  'Tef lon '  o r  s i m i l a r  m a t e r i a l  t o  g i v e  a f i . 7 9  and 
smootn f i n i s ! l  and a r c  r e s i s t a n c e  s u r f a c e "  

". , , ., . 

4.2.13 Brushbs and Brush Gear . . 

.1  Brush gea r  and brushes  s h a l l  be of s u i t a b l o  
G < : S ~ = Q  5 ~ ~ : .  t r .&~.; ; l32 a~tjr a:;d sri ; ; ;  gri-~e sat-:sf.,.ct,=y 
c o m u t s t i o n  over t : ~ e  e n t i r e  supply  Yo;tage range, Sglit 
brusnes  w i t h  wel l  s e c u r e d '  p i g - t a i l s  s a a l l  be u3e3, . The 
b rush  Gear s h a l l  be s e l e c t e d ' t o  g ive  a,?' adequate l i f o .  

- .  . . .. 0 . .  

,2 T S ~  brush m a d e  n s x i n r ~ s  and a iniauw ,;+r.xissibl a 
he igh t  3f b rush  and e x p c t c d  r a c e  of w&s ~f b r a s h  i n  ma 
per 1330 i ~ o ~ r s  .of run s h a l l  be indicated; '  

.3 9 r u s h  > re s szwe  s h a 2 l  be m i n t a i a e d  c j n s f a n t  
over  t h e  f u l l  o 2 a r a t i n g  tleignt o f  t h e  b,-usr. It s h a l l  bc: 
p o s s i b l c  t o  a d j u s t  t h e  brush p r e s s u r e  a s  and wilcn  squired 
i n  s z r v i c s .  

T5u ,motor b,enrings shall be of s u i t a b l e  desigi? 
f o r  t rast j .2~ h k y  ac4 s h a l l  be s e l e c t e d  from th* si;aadara 
r a a c e  o f  aar-zfac t u r e r s  . beep  g=croTre b a l l  bear ings  ss'll-11 be 
us..d .prof&rabiy  i n  view if t he  vibratj.o.ns expsrienseci on t h e  
l o c o n o t i v e s .  P a r t i c u l s r s  o f  t h e  bea r ings  and c a l c u l z t i ~ ~ s  of 
e s t i .w l t ed  l i f e  s n a l l  be fu rn i shed .  The guaranteed l i f e  of  
t:le b e a r i a 8  s.lal1, however, be n o t  l e s s  t m n  h0,000 workink 
hours. .. . . .::... . -  . . . . 

. 

.2 Grease .nipple,s provided f o r  l u b r i c a t i n g  t h e  
b e o r i n . 2 ~  s h a l l  be s u i t a b i y  cxtan3ed t o  f a c i l i t a t e  easy  
l u b r i c a t i s n  wit l iout .  d i s izan t l ing  any p a r t  3f t h e  aachine.  
Unnecessary bends ill the  g r e a s e  p ipe  s h a l l .  be avoided t o  

. !lave f r o ?  f l ow  of  ZrcAse. A vent fsr. tho  flow sf g rease  
s h z l l  a l s o  be proviaecl i n  t h e  bear ing  5ou5ing. 

.3 The q u a l i t y  of g rease  t o  be. used 32 t h e  n o t 3 r  
s % a l l  bo d c t o r a i n e d  i n  r e l a t i o n .  t 3  t o a  aclbient t c a p e r a t u r e  
aild s e r v i c e  c o n d i t i o a s  spec i f i ed .  The t -nnufact '~rer  s hall 
s ~ p l y ,  a l o n j  wi tn  tile ~naintenancc i n s t r u c t i o n s ' ,  a l u b r i c a t i n g  



,' , . 
.! 

4.2.4 The mechanical de s ign  of t h e  inoior st'i~l.2. ro rzes -  
pond t o  i t s  nlaximum sTeed reachecl'unrler m o s t ! l u n f a 9 ~ o ~ a b i e  
c o n d i t i o n s  of  vo l t age  and f i e l d  c u r r e n t s ,  The mot5r 
s h a l l  pa s s  t h e  IEC t e s t s  corresponding so  th:Ls speed. 
The g e n e r a l  de s ign  ancl manufacture' of t h e  2 m t 6 ~  s h a l l  
be o f  t h e  h ighes t  s t a n d a r d  i n  accordance witlnmodern 
t r a c t i o n  p r a c t i c e  and r o b u s t  i n  c o n s t r u c t i 3 n .  + . . 
4.2.5 The motor s h a l l  be des igned su15h that. .it s h a l l  
be p o s s i b l e  t o  r e - s t a r t  t h e  motor any time air tor  i t s  
c o n t a c t o r  has t r i p p e d  by t h e . c o n t r o 1  r e l a y s  :in t h o  , 

locomotive  c i r c u i t .  
* 

4.2 -6  The motor s h a l l  be p ro t ec t ed  a ~ a i n s t  s h o r t  
c i r c u i t  by i R C  .fuse. .!The c a p a c i t y  and t h e : a ; ? e c i f i c a t i q n  

o f  t n e  f u s e  si1;ll be advised.  The tenderep'imsy 
i n c l u d e  t h i s  i n  h i s  o f f e r .  I n  a d d i t i ~ n  t o  t.ho f u s e ,  ar. 
over- load r e l a y ,  3s sl'lown i n  SK.EL. 2296-, ha;; been 2ro-  
v ided  i n  t n e  e x i s t i n g s c h e m e .  The same rela:$ may be 
r e t a i n e d  i n  t he  new scheme, i f  d e s i r e d  by th'i! tenderer. .  
The r e l a y  s e t t i n s s  a r 6  200, 270 and 340 amps. 

4 , 2 . 7 .  Tb.: :not".- s h a l l  k ~ v e  c13s+ fI ?azrr:at.-:o:i f r r  <;.ye 
srma.cQ.e &:,A t he  f ie;d c o i l  .. ,rris ~;,+:2pei'&$xz~'e 1-s5 ~$!>z.I.; 
be l i s i t e d  t;3 t 2e  v a l u e  l a i d  d o w n ' i n ~ c l a u s e  'jo 

4-2 -8  ,Tho z ~ t o r  s h s l l  be s e l f - . v e n t i l a t e d  :ype k i t h  a 
f a n  ~ r ~ o v i d c u  i r , ,  t he  r o t o r  s h a f t .  I! 

> 
4.2.9 The clotor and t h e  a l ' t e r n s t o r  shal:: be moun.*ed ,Dn 
a com.oa bed p l a t e  anii t h e  complete ,bad p l g t e  shrill fo-m 
t h e  pabt of t h e  supp ly ,  , . I! c0 

e.3 r.. 
4.2fi70 Cornri,u.ka.tor i 

4 ,  

2 
L 

. 1  The cormnutator s h a l l  be manufa.ztl;re.? f r o m  i 
8 e i t h e r  h igh c o n d u c t i v i t y  hzrd drawn cop2er. oh extruded r 

t ape red  s e c t i s n  s i l v e r e d  copper bars ,  
The- i n s u l a t i n g  rnaeerial  used i n  

t h t s  c o n s t r u c t i o n  s h a l l  be s u i t a b l y  cu red  s o ' t t a t  t h e  
working s t r e s s e s  i n  t h e  copger a n d - s t e e l  a r e  w i th in  t h e  
ac: ,eptable  l i n i - t s  f o r  ~ 0 3 3  mechanLcal sta';ile*;y 3 . 3  
s e r v i c e ,  

. , 
I . , 



. . vayiat,;.o-:4 ip -.?cltage &je .:o 2-i?:,:.-ng o i  ihc- -i;lac$<..2n 
:;.otc.:#a .-r, $?ie ?.csomo-Live c7r i;.ri$?l.lr; of o t ' i e~ .  ~ O C O ~ G ~ ; > V O >  

3:l the L5-os. Since fne  speed of t he  motor and power i.2 

p.?actLca;Zv no nstaof:  : $he cci?~ren.t taken Sy t h a  mo?;cr 2-'k 
lo?l vo: ,..,uc;e; .,.- .;. ; ? l .L i  i;.sr&-se, 

4.1.3 When wo-kicg on hc o~..erhec?. l j n e ,  t he  vxp2ly f r ~ m  
t h e  t e r t i a r y  winding of t h e  iocoriiotj.ve t z a n s f o r m ~ r  shall .  
be r e c t i f i e d  by a  b r idge  connect&d s i l i c o n  . . r e c t i f i e r  and 
sppgtbeced by a u x S l i a r y -  smosthin'g ~ e a e t o r .  - - The 4 e t a S l s  
, of t a r t i a r y  winding. au i jpuba re  ik. l~kn:iai  ~ h d e k k s ' ' 2 ;  

' 

4.1.4 The d e t a i l s  of t h e  s t a r t i n g  a,id o p a r a t i n z  scneme 
of t he  motor have bean f u r n i s h e d  f o r  , ~ u i d a n c e ,  The 
manufacturer  iiowever, m a y  evolve n i s  own v ~ o k i n r ,  s c  he1.m 
f o r  t h e  mQtor ,  t o  s u i t  i t s  des ign  aad t o  :nee?; t h e  o p e r a t i n g  
requireincnts.  The f u i l  d e t a i l s  o f  any a l t e r n a t i v e  scheme 
s h a l l  he fu.-n.i..=ke? ~l-nn.., vLfb +.he f?,?.C1-.-- +--?---n- 

. . &nr,,! . r:? j9.i.. ?\. r . . a . . . o i : +  fu- r .1.ci, . : ' 9 i . ; ~ ~  j 71.3:,5 ?; 9% . . .. 
scheme 1; ,J?JCL;> a i d  v f  a l l  tne  eq:-pxoni:s i n ~ i u s i e c i  .:.:.. 
it. 

4.2 ,- . .. ,&-, .,>.,.c c+,-ne.zai 2 e s i ~ n  acd -SOL, =~-.'~2".32~ - 
a s n ~ c . " ~  0: motor .+-1----- 

4.2-1 The II?C)~C: s h a l l  be e i t h e r  ?. s e r i e s  o r  compo?md 
w311nrl ~ i i ?  -u: l -&hlo se:>arztely er.ci.teL cs.?S;:cl f ie:.d 
winding r.: .~..-f..~cixngs f e d  from t h e  f r e c l e n c v  i .e#uiator  fc,r 

* speed co3t;rr:i. :;c keep t h e  speed of -,he fi~i;@;.-tIl~erfiE4tc*. 
R^t  .,,i.*.b.. - . ",?a .* . G A .  .>., 3$ r2in i n  ordei7 t c - ! . i t n i t  t h -  freituericy - - 
of  a c  outix;: of  tne-al t3rna ' ;ok wj.pGr.  55 it= 9 3$, . . :. 

. . - 
; > _  ... . . , , 

4.2.2 ,A ,..;i-l~L.la st;a.~~j.cg-curr.-pzo<;.t:stivG .~.c;sF;~+cy 
s h a i r  kc z-rr~as.teci  Ln s e r i e s  wit::  t h e  ziotc? to 3 . i m i S  
Qhe s tzz t in f :  a c r r e c t  t o  g i v e , a  ? s t i s f a c t c r y  ? t a r t i n g  o r  
'the mots,- st t n a  h ighes t  vo l t age ,  Th is  res4.a-Lance 3hc.lil 
form a p a r t  of t he  supply and sha1.l bc .con '~inucusly  
r a t e d  t o  matcli t h e  ope ra t lny  c u r r e n t s  of t h e - n o t o r  over  
t h e  e n t i r e  working range. The r e s i s t a n c e  s h a l l  be 
n a t u r a i l y  cooled. 

b e 2 . 3  The s d a r t i n g  t o r q u e  o f  t h e  motor sha?l.  be 
s u f f i c i e n t  t o  a c c e l e r a t e  t h e  mo to r - a l t e rna to r  s e t  t o  f u l l  
speed w i t h i n  5 seconds over t he  e n t i r -  supply  v o l t z g e  
renee ,  



3 . 2 The :e'qqipment and i t s  mounting arrangitnent  s h a l l  be 
o f  r o S u s t ' , d e s i g q f o r  t r a c t i o n  d u t y  a n d  s h a l l  wi ths tand  
s a t i s f a c t o r i l y  t i l e  v ibr? t ions  and : shoe%a :norm$lly encountered 
i n  c $.rvj.ce ,; 3 -  j.&dic.!*~.ri b e l o w ( -  ?! 

1; 
JI 
I! 

a) Nnxinum v e r t i c a l  a c c e l e r a t i o r ,  . ' ,O g 
i j. . 

b)  hfa.far.imwn l o n g i t u d i n a l  a c c e l s r a t ~ ~ o n  1 ? o @  g 
I . # 

c )  Maximum t r ansve r sk  accele&it ion \ 0.5 g  , 
,. 4 .  1 i I 

6 )  I%axingt;n f r e q & e ' n ~ , ~  1 0  Rz with !I 
I 

amp: j.-i;ud& of ; 2', 5 tnrn 
' I ' . !I 

( g  .being a c c & l e r a t i o n  d u e ' t o  ,-ra=-i.$;y) 
i t  
I, 

3;2,1 The v i .b ra t iona  a r e  of  s i n e  wave i ' o r m  a!ld the  froqvenby 
o f  vibra-kion i s  'Jetween,ll ,Hz and 50 Hzc. The aikpll tude 3, 
expressed i n  mril l imetres i s  g iven  a s  a functiorl  o f  f ,  gy .the 
equa t ions  :- . . .  I{ I ?  , 

I'  

2 5 I 
a G ---.--- f o r  ?slues o f  f frogn 1 iSz to 10 N.3 

i' I 

2 53 : ,, : . . !i a = -.x-- 
$ f o r  value-s c f  ? o x o e e d x n ~  Ti1 Fa and . zL uptoZ,go  $12, 11 

I[ 
I! 

3 , 2 . 2  I n  t h e  d?.rectio{ corres?onding t o  t h e  il@,ngit~ic'jLr,aL , 
mavenent; o f  *hee v e 3 i c l e y  t h e  egui5ment i s  s11bj~;cted f o r  5'  
2 min t o  50 iir, :r:riDrations o f  such a vz lue ' t ha t ' l j t he  fiBaFmum 3 
accelera t io!?  2.r' equal td' 3 i: ( a i~~ l j . t u3 . e  a , =  0,:j 

! 
I I - 2 

8 :  . ' . .  $ 
4 0 1  .I The g reusn t  arrangement of supply ,to. € l ~ e  n:otcr mc; 
i.ts s t a r t i g t .  schene a r e  ''given i n  cirawin,gs No. -CtKqBL...27,9Q . 
and SK.EL. 2300 

', 
enclosed,  The dimensions 8f t h e  a l ter . - .  

n a t o r  and common bed-plalte a r e  given '  i n  drawin4 No*. 
( t o  he stxppliec! b:r Chi t thcan  j j n  Locomotjve ?dori(is) The. 
,.,% .:. ; .. , .. . - . , L.~g.5 bf. ti?+ 5 ?Aarfi;ti?x* (~i.:r~.;.c:~l:ar ci&?;a r ,  uze .'~.:>?.hie!;nd 7 i: 
Annexure I .- The r o t o r  o v e r a l l  dimensions :shall!- nor; exceed 
t h o s e  given i n  drawing ( ~ h i t t a r a n j a n  ~ ~ c o m i t i v d : ~ ~ o r ; c s  t o  
f u r n i s h ) .  s: 'I I 

1: . , 

. r- - Ib 
7 2 When cpeza.tir,g 3n dc cvernead 3. ir .E.;  'r;!ls: ~ u p p i y  Ro 
t h e  motor i s  tzken d i r e c ' t l y  from tne  c:brhead ?'ii:e 
and .&ha wl$,agse!vaGi.es f r o m  1000 V t o  !800 7 ant: 
2.8 suhject t o  l i n e  su rges  and sudden ' I  



2.1 Motor -- 
iiP r a t i n g  , : 210 hp a t  55OC ambient; 

continuous 

Voltage : 1 4 0 0 " ~  d ~ / ~ u l s a t  i n g  c u r r e n t  
nomina l  y a n ~ d ~ g  ba?hW.eW l O C J Q V  ' 

to, 1.800 Y <wmklng.  sange.) and 
o - c a ~ s i o n a l l y  dropping t o  800 V 
f o r  s h o r t  p e r i o d s  o f .  few seconds,  

Speed , 8 1500 2 3% ipm mainta ined by 
frequency/speed r e z u l a t o r  

Ztipple f a c t o r  8 The n o t o r  s h a l l  be capab le  of  
o p e r a t i n g  s a t i s f a c t o r i l y  wi th  
t h e  r i p p l e  f a c t o r  ob t a ined  
from t h e  aux i l - i a ry  s m ~ l t h i o g  
r e a c t o r  over  the  e n t i r e  worKing 
range  o f  vo l t age  and  c u r r e n t s ,  

Capac i ty  a The, nb to r  6hai.l be capab le  o f  
d e l i v e r i n e  i t s  f u l l  r a t e d  ou tpu t  
con t inuous ly  w i tn in  t h e .  p r e sc r ibed  
l i m i t s  3f s2eed 'and over t h e  
e n t i r e  working range. ,. 

2.2 Frequency Regulator  . . 
.a 

2.2.1 The frq<uency r e g u l a t o r  s h a l l  be s u i t a b l e  f ~ r  
a a i n t a i n i n ~  t h e  speed o f  t he  dc  n s t o r  w i th in  - + 3% o f  i t s  
r a t e d  soeed over  t h e  e n t i r e  working rringe* 

'2.3 . i ux i l i a ry  Smoothing X e a c t ~ r  

2.3.1. The s m o o ~ a  p e a s t o r  s h a l l  'be' s u i t l b l e  f o r  t h o  
c u r r e n t s  drawn b y  no tb r  und-er v a r i o u s  c o n d i t i o n s  p f  

o p e r a t i o n  and f o r  reduciflg t.;l,?ripple, c o n t e n t  of r e c t i f i e r  ' 
gu tpu t  t o  .il&tcSh. th8 o p e r a t i h i  i-equ'irbi$en$s p f  t h o ' n 3 t o r  

% < over  the  an - t i r a  worldbe ranee:' - . ,  . r : , r k!. -:. ,' ' . . 

. . 
3.1 . The. a o t o r  c o v e r e d '  i n  t h i s  s p e c i f i c a t i o n  s i n 1 1  tie 
s u 5 t a b l e  f o r  s e r v i c e  'in. '  a ~ b i e n t  - te .a jebature  vary ing  from 
O°C t o  5ij°C, r e l a t i v e  huin!Ldity.ranging up to  lo*, a t  a n  
a l t i t u d e  9f 1000 n c t r e s  'above i e a n  s e a  l e v e l  and i n  d u s t y  
at tnospheric c3nd i t i ons .  

.. 



0.1 This  s i > e c i f i c s t i o n  covers  tfie s u p l y  o f  t h r - ee  i tems,  
L . E ~ ,  t he  no to r  o f  m o t o r - a l t e r n a t m  s e t ,  frequency reomlator  
and t h e  a u x i l i a r y  s'boothint: r e a c t o r  f o r  dua l  v o l t a g e  system 
25 kV a c ,  50 i ia /? j00 V dc e l e c t r i c  loccmotives. 

0.2 The no to r  i s  d i r e c t l y  s ~ ~ a ? L c d  *- +he al+e.?na+?r 
wnic~. ? u ~ p l ; z s  4 2  3 ;  ';;ni-e* p;lauc, 51, J Z ,  a,; ;13-,g,?:i. Y J  tr.5 
i n d u c t i o n  motors d r f v i n g  va r ious  a ~ i x i l i a r 9 a s  of 'he l ? coco t ive .  
Under dc zysfei., of 'sup?ly, t h e  :cotor i s  d i r e c t l y  f e d  f r o 5  t n e  
l i n e  wn i l e  under a c  sapply  s y s t c n ,  tile n o t o r  i s  f e d  a t  
p u l s a t i n g  c u r r e n t  through a  trnosf3rr,1er, a u x i l i a r y  r e c t i f i e r  
and rtUxi;inry szoothing r e a c t o r *  

. .  . 

0.3 I n  t*:& pre$&ation o f  . t n i s  s p e c c f i c a t i g n ,  assistance 
hss  been dz r ived  fro::] t he  fo l lowing  s p e s i f i c l t i 3 n : -  

IEC ~ k b l i c a t i o n  No. 349 - Hulas  'for 2u;c i l iary  
.- . . wachincs on no to r  vek ic l e s .  

0.4 Th i s  s p a c i f i c a t i o n  c o n t a i n s  c e r t n i n  c i a u s e s  r e q u i r i n g  
3drce;:lent be f r een  tpe  purchzser  nnd i;::e s u p ? l i e r  based on 
t e c h n i c a l  S.nT".r:'~&tfbr!. f u r n i s h e d  by Che ~1anufncture.r a?: khe ? i n  
of sub i l~ i t t  ing  ' t h e  '.t'endzr. 

0.5. Any clevihti3ns f r o n  t h i s  s ? e c i f i c a t i o n ,  c a l c u l a t e d  t o  
i ; n p r ~ v e  tia ,?erf3r.nance, u t i l i t y  ..and e$Sicio.xcy o f  e'ju'ipr~.--nt: 

.*-"&. 
proposed by tila zianufactuner j %?il.1-.b6 '21-ren T d k  c3nsideraf. ior , ,  
provided f u l l  p a r t i c u l a r s  w i th  j u s k i f i c a t i o n  . t ; l e r&f  .are ,+, ' E fu rn i sned  i n .  tho  tander .  , . .  0.1 

h. 

SCOGZ 
\& . 

1 .  - cs 
.. , 

c.". 
1.1 This  spec i f  i c n t i o n  covers '  the  ~aanufac the, supply 'ppd 
t e s t s  on t h e  ii13t3r o f  t h e  n o t o r ~ a l t e r n a t o r  s e t ,  frequency 
r egu la top  and r i p p l e  cu+rent  a u x i l i a r y  ,smoo.tiiing roac to r .  
The scope o f  sup?ly! s.lal1 ,als '6 '&nclude the'! supply of a e s o c i a t e d  

- startiilg cont-zctor,l '  s t a r t i n g  r e s i s t o r ,  i f .  used, p r o t e c t i v e  
f u s e  and any a t h e r  Lquipsent' requiqed f o r  ,$tie sa t i s fa ' c , to ry  
working of t h e  no tor .  Thk. iencleral; s h a l l  a e c k '  t.ho s u i t a b i l i t y  
o f  the: e x i s t i n g  a l t e r n a t o r s  fqr t h c s y s t e m .  design.  If  ,..found 
u n s u i t a h l e ,  he s h a l l  quote: f o r  the: a l t e r n a t o r  a l s o ,  g i v i n g  
reasons  f o r  h i s  a l t e r n a t i v e  choice ,  and f u r n i s h  complete 
t e c h n i c a l  d e t a i l s  .a&d p ioposed ' t e s t  progrznme f o r  a l t e r n a t o r  
a long  w i t h r t h e  t k d j r .  The, t ende re r  , 'Shal l  f u r n i s h  . c o s t  of 
i n d i v i d u a l  i t&& in , ; ' th& q\iotat ion.  . .  .lr 

. . '  , 

;I ' .  
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71.1.8 The type  t e s t s  n i l 1  be  conducted i n  t h e  presence 
of ra i lway  r e p r e s e n t a t i v e .  Any n o d i f i c a t i o n  i u  t e s t  
cond i t i ons  r equ i r ed  by t h e  s u p p l i e r  s L a l l  be  sub jecf  t o  
t h e  p r i o r  approva l  of t h e  Railiday r . epresen ta t ive ,  

C;;ec.k ailc rar :  f y  tile prupe; 5aj.i.; k:. Ly~pk : , e ; ~ ! ~  
f errdn; l l  cc.n:?ection, bj.'l?sh 
lio!.de? Eet t ln .5  an3 f r e e  
mcvement o l  t h e  r o t o r  w i t h o u t .  
any n o i s 2  a t  t h e  bear ings , ,  
The owafi.ty of tha  camu.tztor 
af t h e  mot02 s h a l l  z l s o  be 
measured and recorded,  

-. 
11.2.2 @ ~ e c t i o i l  of r o t a t i o n  

Check and v e r i f y  'tli2t t h e  Same ?.s typ3  2- st;*, . - c  
d i r e c t i o n  of r o t a t i o n  of t h e  
motor i s  3s per  rnarkTng on 
t h e  motor. 

11.2.3 &g~-uremsnt of resi:tan(:e 

Tbe r e s i s t a n c e  of t k e  
v a r i o u s  wl.nd!.ngs s h a l l  b e  Ths messarea resia:;ance ~f 
measured by Kelvin Bridge t h e  va r ions  n?nd!rigs ( c o l d )  
method 02 by v o l t a g e  drop co r r ec t ed  TO 25% 3'nalL ngt 
method, Ths measured va lues  d.!.ffei- by = m e  than g 5% 
s h a l l  he  c o r r e c t e d  by average of t h z  v a l u e s  
c a l c u l a t i o n  f o r  temperatures  de r ived  f  r o a  tho  tgsts on of 252.7 'W 

I., &rid. 1 . 1 0 ~ ~ .  For t h i s  f i r s t  t e n  motors, 
pu.9 ose ,  thn  machine s h a l l  2 
be l e f t  5.2 s t s n d - s t i l l  
c o n d i t i c n  f o r  12  hours  

&* c; 
b e f o r e  the  measurement. The 
va lu3  of mcas~~rl.ng curyent9 r' 
i n  cass of vo l tme te r  anmete: 
method, s h s l l  n o t  exceed 5% 
of r a t e d  c u r r e n t '  

The rneasur$n?ml; of l.mpedance 
a t  SO Zz s l i a l l  be made on 
t h e  va r ious  n lnd ings  of t h e  
motor s e p a r ~ t e l y  and n s x t  
connect,ed t o g e t h e r  i n  s e l i e s ,  
Voltage , f requsncy and 
c n r r e n t  slis.ll  be  recorded.  



-: 16 :- . 
11,2,5 &a m r e g A p $ ~ n d  s e2j~r_-ta?--0$ no- I bzd &-xss~-g 

TZlis t e s t  s h a l l  be conducted . . - . 
w i t h  d i r o c t  curren* 222 
pGlsa t ing  cur-1-enk or, ti12 
no!;@? t o  210% t11.e s a t u r a t i o n  
cr.yi,s ti;- +n A' .. ,.. . bne mur?.iatzm 

- e x c i t a t i o n  c u r r e n t  a n t i c i p a t e d ,  
No-,load l o s s e s  up to  1800 v  
l i n e  vo l t age  and maximurr. 
exci t a t i o n  c u r r e n t  shal!.. be 
conputed. 

The c h ? . r a c t e r i s t i c s  s h a l l  be  
deducea f r o a  t h e  abcv3 
no-load t e s t .  

l l 0 Z O 7  -- Tezperatilre '  Rise T ' 3 a  

z Cc:;tin:~ou..z b9at pun ?~st, 
<~-~l;~~,;-~y~"!i>-~.~~~-~: - 

'Tile motor shzll b e  arranged 
f o r  normal ope ra t ion  a t  r a t e d  
v o l t a g e  arid continuous r a t e d  
c u r r e n t  x i t h  designed ri .pgle 
f a c t o r  as  obta ined w i t h  t h e  
z~xxilia-;.y smcothSr& .; 
r e a c t c r ,  n1.e teemperatui'i? 
r i s a  t e s t  s h a l l  be  conducked 
i n  ti?. f ollot.rlag seqilei lces : .. 

a! Test f o r  1 hoar a t  
1403 'V 12ns voi.tage: 

'J) ( -.nt?.nus t e s t  (:.) Po?: 
:-:: Q.;. ;.m.2.: . : .>-. nLng t l i ~ ?  
vi L.,h..,.lau% .,-r. teemperz'cure 
::I. 5 ? 

c )  ?%t f o r  1 hcu.? a t  
i.300 V !<in* .::o'i$age: 

d )  Tr3 t  f o r  1 h o w  a t  
!.i:CO. V lice. -;.olt-agm 

A t  t h e  end of each sf the 
above t e s t s ,  Kze ternserature  
r i s e  of each of t h e  ~ J i n d l n g s  
cornnutmator? bea r ings  ? m:,xi- 
mum te~pe?zti1.re of t k e  b d y  
C O ? ~ .  cosiirig a i r  j.n!.c? and 
o u t l e t  s i l z l l  5 e  n e a s a r ~ f i  
and rscfirded. The t i ,ns  
i n t e r v a l  between t h e  
succs s s ive  t e s t s  sh,zLl t.e 
I.:.n:.ted t o  5 c ~ i n u t e s ~  The 
t e m p e ~ a t u r e  r j .se s h a l l  110'6 
excced t h e  l i ~ l i t s  speci!:ied. 



(b )  One hour r a t i n g  t e f t  on 
s < p u l s a t i n g  c u r r e : ~ t  
The t e s t  s h a l l  be  c a r r i e d  o u t  

L s y s t c n  a t  t h e  r a t e6 fvo l t age  and one , 
hour r a t e d  c u r r e n t  of t h e  ' 
motor i n  t h e  same manner a s  
i n  ( a ) .  

( c )  Cnntiniious h e a t  run t e s t  
or: dc  .------ 

'The ti;:>';. s h a l l  be  c a r r i e d  o u t  
as 5.2 (a) bat on dc  supply 
0My. 

( d )  One hour  r a t i n g .  t e s t  on '. 

QL -. - 
flie t e s t  s h a l l  be  c a r r i e d  Same as i n  type t e s t  ( d ) .  
o u t  a s  i n  (b) a t  d c  Ti l l  t e n p e r a t u r e  rLss s h a l i  
supply on2.y. not, exzer:.? t h e  lj. i i i i . t q ~ ~ d  

a;l.so s 5 d l  n c t  v?.ry laer,? 
thar? 1: 83  l z o n  t b e  dezls..r~?. 
val.ue dur ing  type t e s t :  

11.2.8 Load Test_ 

Immediately a f t e r  tlie 
temperature  r i s e  t e s t ,  
load  t e s t  a t  i n p u t  system 
v o l t a g e s  of 1800 V, 1400 V 
and 1000 V shaLl  be 
conducted t o  determine t h e  
c h a r a c t e r i s t i c s  of t h e  motor 
under oa r ious  load condi-  
t i o n s  2.L cons t an t  speed of 
1500Lrpn. The load cur re l i t  
s h a l l  be  v a r i e d  from no,-lozd 

7 t o  1.o tiess t h e  f u l l  load  
c u r r e n t  i n  s t e p s  of 25$ and - 
corresponSlng f i e l d  e x c i t a -  
t i o n  retarded. Current  i n  
t h e  c o n i r o l  f i e l d  winding 
s h a l l  a l s o  be  recorded i n  
each case.  The curcas  of 
to rquo ,  s h a i t  hol-ss pohrer 
and ef f  ic i -ency a s  a  f u n c t i o n  
of load  c u r r e n t  and f o r  
d i f f e r e n t  co:d i t i o n s  of 
e x c i t a t i o n  arid supply 
v o l t a g e s  s9eci.f i e d  abovs 
s h a l l  be p l o t t e d .  

Immediately a f t e r  t h e  1 hour 
rz.;;ing temperature  r is7 t e s t ,  
load t e s t  s h a l l  be  o a r r i c d  
o u t  zs i n  t h e  C y p s  t e s t  a t  
r ? t e ~ ~ v o l t ; a g e .  This i i i 1 : t ~ y a t e m  
enable  t h e  c h ~ i . a c t s r i s ? i c  
va lues  ( e f f i c i e n c y  expected) 
cf each mzc1:iine t o  Ix 
compared, . a t  r a t e d  c u r r e n t ,  
w i t h  th. correspondi.ng 
v a l a e s  of t h e  type  t e s t s ,  <.> For t h i s  c u r r e c t ,  t.he i n d i r \  
v f d u a l  vaLues s h a l l  n!jt t~ 
d e p a r t  by more than.?, 5$ ,% 
of tit: t y p i  t e s t ,  v.2l~i 'S.  . L 

t 
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11.2.9 Over-speed Tast, 

This t e s t  s h a l l  be  done on Same a s  type  %st. 
the rnac3.ne f o r  2 m i n u t e s  
when t h e  machi.ne i s  h 3 t n  
m- ~ n s  moto? sh:=l.l. b e  capab.7-e 
of w i t i ~ s t s n d i n g  a r o t a t i o n a l  ' 

speed of 1.35 t imes i t s  
n a i m u a  spend. A f  tara  this 
t e s t  t h e  nach ice  s h z l l  not  
show pe?rw.7~n~u def orm;..tion. 
T i e  ov- . l i t :~  shall be ch?cked 
and recr.rd?d, It s h a l l  not. 
exceed more than  0.03 rum. 
NOTE* 
11,2.1e . Q g n u t a t i o n  Ts$ 

Wi.'t,11 d .? . rec t  current  

Zlese  commutation t e s t s  s h a l l  5 k e .  m3to$, e:~a:Li wi ths tand  Tar 
be conducteci a f t e r  t k e  c;rer- 1 nin, st sya-tein voi$age 0;. 

speed t k z i t s  i n  a d d i t i o n  t o  i 890 V, a cari2en.t equal tc 
t h e  record  of commutation 1.5 t imes t h o  c u r r e n t  corce.2- 
du r ing  t h e  de t e rmina t ion  or" p c n c i r : ~  t o  i%:j r a t i n g ,  
c h a r a c t e r i s t i c s  t e s t  Noa3 

The t e s t  s h a l l  b e  c a r r i e d  out 
w i t h  machj ne  when h o t  f o r  ' a 
per iod  of 30 seconds : .  

at; 1000, 1.400 
and 1800 v c l t a g e s ,  Die t e s t  
s h a l l  be  c e r r i e d  c u t  a t  s e v e r a l  
va lues  o f  c i l r ren ts  an.3 e x c i t e -  
t i o i l s  c w . - s i n ~  whole rznge of 

. f r a c t i ~ n  a p p l i c a t i o n  (10 h t o  
'1.5 t:I.nes > a t e 5  c u r r e n t  and 
z e r o  t o  ;cu,iv,ilia c u r r e n t  f o f c o n t r o l  
exci ta t ion! .  

The t es t  s h a l l  bc condil.cted 
a t  a c t a a l  p ~ . l s a t i . o n  
f requepSy ~1x3 r i p p l e  f a c t o r  
a t  . 1,: t i n z s  t h e  r a t e d  
v o l t a g e  of t h e  mot02 md f o r  
sevcr'l va lues  of c n r r e n t  
coverLng t h e  \?11~19 range of 
t r a c  t i c n  zpp l i ca t ion .  

Tlie rnachii:e s h a l l  wi ths tand  
t h e  commutation t e s t  w i thau t  \ 

nechan ica l  d e t e r i . o r a t i  on, 
f l a s h o v e r ' o r  permanent damage. 

(*) NOTE: Maximum speed of ~ m t o r  c c r r e s p o n d s  50 t h e  
s p e d  ob ta inec j  dur ing  s t a r t i n :  unde r  mosC 
u n i a v o u r a b l e  c o n d i t i o n s .  



11 .2.11 Bi.2ck Band Commutation ' I s ?  

The t e s t  s h a l l  tie c o n d u c t e d  
by a s t a n d a r d  method ts 
d e t e r m i n z  t h e  zone of "Black!' 
coiiimutZt;io~ f o r  fu,i . l  ope ra -  
t i n g  raa.:e cT vo!.tJ.gn a n d  
c u r r e c t  ~f t i i e  motor.  

11,2.12 ~ i e i e c t r i o  T e s t  - 
The t e s t  s h a l l  be  c a r r i e d  Same as t y p e  t o s t .  
~ u t  w i t h  t k e  machine hot  
a n d  a f t e r  t h e  tes- ts  s 2 e c i -  
f i e d  i:n t n e  p r e c e d i n g  
s e c t i o n ,  The t e s t  v o l t a c e  
s h a l l  be a l t e r n a t i n g  a n d ,  
a s  n e a r l y  as p o s s i b l e ,  o f  
s i n e  wave form,  f r e q u e n c y  
b e i n g  50 HA. 

The t e s t  v o l t a ~ e  o f  r m s  
v a l u e  2.25 u  + 2030 V (where 
u = 1800 V) s h a l l  be 
c o m p l i e d  f o r  a p e r i o d  of 
1  minu te  between w i n d i n g s  

- ~f e a c h  c i r c u i t  and t h e  frame 
w i t h  t h e  windin:ss o f  o t h e r  
c i r z u i t s  < ,onnes ted  t o  t h e  
frame. The t e s t  s h a i l  be  
csnduntc!d as p e r  c l a u s e  4< 
o f  ISZ- -?k9 ,  l h e  i n s u l a t i o n  
r e s i s t a n c e  of  t h e  machine  
s h a l i  bo meL1sured b e f o r e  a n d  
a f t e r  t h e  test and  t h e r e  
s h a l l  bc n: . a , q r e c i a b l e  
d i f f e r e n c e  be tween t h e  two 
v a l c e s ,  

11 -2.13 xggh:n 'ent  ( T Y ~  T e s t  o r l y )  

A f t e r  a l l  t h e  ' a h o r e  t y p e  
t e s t s ,  t h e  motor  s h a l l  be  
i t l s2ec te r i  f o r  a z y  d a w , i e  
oz a b n o r m a l i t y  an.3 t h e n  t h e  
moto r  weiched i n  working  
order.. 



11.3.10 I a p a c t  o r  silock t e s t  - - - .. . . 
This t e s t  s h a l l  be  c a r r i e d  o u t  
i n  accordance with IS:2106 
( P a r t  VII1)-1964. A t  t h e  end 
of t h e  tsst  t h e  r e g u l a t o r  
s h a l l  be  i n spec t ed  for my . . 
l o o s e  connect lons  znd t h s c  
sub jec t ed  t o  e l ec t r ! . ca l  
performancs t e s t .  T'iie 
r e g u l a t o r  s ; l a l l  funct3.on 
n o r n a l l y  . 

. . 

'.he insul.ati .on r e s i s t a n c e  Szms a s  t ype  
between a l l  t h e  terwj.na:!s and 
e a r t h  sl:al:l. he !neas~lred w i t h  a 
500 v meggar and i t  ~1:~aLl n o t  
be l e s s  <;~ls.l2 1 i.i 0 h w i  

Before condu.cting tb.is t es t ,  Sziile a s  type  
i n s u l a t i o n  r e s i s t a n c e  s h a l l  be  
measured i n - i t i a l l y .  A v o l t a g e  
o f .  2,s k~ r a p  s h a l l  ' be 
app l i ed  between a l l  t he  
t e r u i n z l s  and m e  frsme f c r  
1 m:.n~itz.~ 'I':.~ere s h a l l  b3 
no damage whatsoever du r ing  
t h e  t e s t .  
Af t e r  t he  Xgh vo1ta:;e t e s t ,  
insulat i .cl? r 2 s i s t a n c ~  s l ~ a l l  b 
rneas~ired aga in ,  There sl..alJ. 
be  r ~ o  -2pi .x ia61e di.f .Terence . 
b e t , ~ e e n  t:!.e i rr ;  u.lati.on 
r ~ . s i s t a n c e  -?slues ms'asured 
be fo re  am3 t ; f t e r  th.3 h igh  
vo l t age  t e s t s .  

t e s t  

t e s t  

Tile r ~ z k . a i ; o r  s h a l l  b e  Same as ty:)e t e s t  
connected t o  t h e  mol;or a l t e r -  
nato? s o t  f o r  normai working, 
Tile s,s.otewu.pply v c l t a g e  sha1:L 
be s z t  a t  1@3',. p.32 x?, e 
a l t e r n a t o r  ou tpu t  fzequancy 
s h a l l  be  s e t  t o  50 Iiz by means 
of tb r s g u l a t o r  adjustments  
a t  no load.  The a l . t e r n a t o r  1.s 
then loaded t o  i t s  f u l l  capa- 
c i t y  znd t h e  sup$ly v o l t z g e  of 
t h e s y s t ~ 3 : s h z l l  be  v a r i e d  from 
1000 V P c t o  ,1800 V PC , Yle 
a l t e r n a t o r  ou tpu t  frequency -d ~ s h a l l  'te w i t h i n  50 Hz 5/o 
during t h e  t e s t .  The t e s t  e h a l l  
be- repeated with dc vo l t ages .  



1 1.4 TCSTS ON AUXILIARY SMOOTBIXG REACTOR 

11.4.1 .The t e s t s  speci f ied  a r e  t o  be conducted z t  tile 
nu lu f sc tu re r l s  works and based on the l a t e s t  IEC-310 
Publicat ion f o r  "Traction t rans f  ormer znd reactor".  
Yr,e temperature r i s e  limits s t a t ed  i n  the above publica- 
t i o n  sY~=,ll be reduce6 Sy 2 5 O ~  t o  ca te r  f o r  lligher 
ambient temperature j.n India ,  Any deviation froln thg 
t e s t  prograc~me g i v e n  here  shall -be mutualiy agree6 t o  
between the  pu~cl iaser  end the  nsnlli"acturer. 

\ 

11  ,&,2. Tests a re  c lzss i f l .ed  as type t e s t s  and robt ine  
t e s t s .  Type t e s t s  shall be carri.32 out  on one reac tnr ,  
u h i l e   outi ins test.s s h a l l  be ca?rl..cd c ~ t  on.each reactor., . . , . . .  
~. - .: . .  ! ' .. , .22.' ...; . . 

. . . . , , .. . ' L . , ., i. . - 
.. 

2 1 ,+. 1 Pze:.imi.na?y ----- cherAi,ni. end neasur eqents  

Preliminary cl~ecl; 11.403 - -  
A check s h a l l  be made on the Sams as type t e s t  
termlnzl markings ..polarii;y 
and the  pa r t i cu l a r s  of the 
r.at;ing p l a t e  f o r  correctness.  

I 1 4 Measurement of winding resis- 

The res i s tance  of t:.~-. winding The measnred res i s tance  
i s  recordeu wit11 d i r e c t  current  s h a l l  not d i f f e r  by +_ 10% 

' at anbie'nt, .t;err.p~rztci"e~ usual  . from the  declared 
care b e i n g  tik.en t o  mxi.nimise res i s tance  value. 
~ e l f ~ - i r . ~ 3 . ~ c L i v a  ef fec ts .  The 
usasurcd vil.ues s h a l l  be 
co r~sc t s i5  Fy c;;lcul~.i:.on f o r  , 
tem2erature o f  1 1 ~ ~ ~  asd 25'~. 

1 1  ? 4 4  Xsasuremsnt of induc tznce .- ------ 
TAs  t e s t  spialL be carr',;d. out  The t e a t  sL12ll be carx?~eri 
with nulsatrrg cur;.ent a t  ouf ~ j f , ? ~  ac-  a t  ZC !Lz.. 
100 M;.. fr~;ue:lcy .:, pcr the.  
The s u x e n t  s h a l l  vz;::j from type C,est. 
0 amps t o  nur. amps la the  
s teps  cf 25 saps end the  
i.rlduc;I.anse s!122.1 k s  i-ocorded. 
A ccrT?e si12.11 be >loj;toC -.i;rith . 
icduztence : in  rni,Yliheni:~) vs. 
current ,  3s the  abscissa. 
Another curve sf ial i  be  d r w n  
with impedznce vs. current .  

.!JhLl-e doj-ng th i s  ??st the  
coixlenser shall te disqonnected.. 



I ~ R  l o s s  s h a l l  be recorded 
a t  ~ a t e d  current  and ra ted  
voltage and s h a l l  ';e correc2ed , 
f o r  r e s i ~ t a n c e  of the rezc tor  
a t  the  reference tcnpar2tuJ:e 
speci f ied  in IEC-31.0(Clacss 2 2 )  

Oscillogrzns of the  form of 
volt;;age and. current. at; t:ie 
terminals s h a l l  be r e c ~ r d e d  
on a time bas i s  while passing 
various values of currerlts a% 
various voltages.  

j 

1 1.423 s ~ . p , 2 J 2 t ~ ~ ~  Rise T3S t.3 
,' 

Rated cu.rrent a t  raked Tae t e s t  s h z l l  be c z r i ~ e ~  
voltage of pu3sating nature , ont a t  rated zurrent zna 
shall be passed through t h e  12ted voltage for  one 
r s zc to r  and. t*mpars,~are r i s e  hour r a t i ng  a:12 temperz- 
of the winding and the  t m e  s h a l l  be recorCed, 
d i f f e r e n t  par ts  of- t3e core 
s h a l l  be measu9ed. 

Windlng ternp.2rature s h i l l  be 
recorded 2. t  10 xinutes 5.nJ:,evvzi 
till '(he ti;ia~ers'iure has , 
ettal.ned :X ,=..teafi.y ~ i l ; l e  f r:? 
conz-.cut'.-~.i 2 zsadFn~s,  Yi7.e 
tenp-.ratirn Sha.:.l not  exceo?. 
the 1,3C; >;zl;i.?s :reduce:: by 2.5'~. 

- .  
130% spot tbmpera- 

t u r s  on the  w i n d i ~ g s  s.!,lall 
23.s.o be neac~.red. by tllb;rmo- 
ci.)upler;, TLQ tcut, sh;'ll ~ l s o  
br ccJaductzi  on i t s  1 I;?, 
rz t i rg  a3 a'>:~ve and the  
tecflpere.2.lle shall be r j c o ~ d e d  

.The tests sl18Li be ca::rl.ed. out  The t e s t  s h a l l  be conducted 
as per tyj3e. Sns-tr, :: . ,  . 

. . 
i n  zc-,o-itdance r ~ i t ! ~  c l ~ u . s e  3 3  . . 
of IZC-3i0 .  ., . 

The nsj ,-at of the smo~ttl inc 
r2scto.r. I n  uol..l.ring orlet-  s~i-,zI.i 
59 measured and recorcie?. a f t e r  , 
t l la t e s t s  a r e  completed, 



11.5 R.i:noi. :~~ --... T e s t  on comole te .  A r r ? n t , > . r - l e n t 0  -- . . ,3Eta.n 
. . 

T e s t  t o  c h i c k  t h a t .  tb.a sys t em These  t t ' ;Sk.s  i s h r \ l l  ii2:lude 11 ~ 5 . 1  -_-..-----,-..--..-,-" 
i- i n  w a d  ri innini:  o r d e r  , t h r e e  s t a r t j n g  t 9 n t s  Zl; CIh--..- 

2 minutes .  i n t e ; r v a l  a t  fuLL 
The t e s t s  t o  e n s u r e  tilat 

t h e  a s sembled  s y s t e m  i s  j.r: r:ln- 
n i n g  o r d c r  sSal: be c a r r i e d . . a u t  
e i t h e r  on tile t e s t  bed o r  on t h e  
r i ~ o t i v e  power v e n i c l e .  The 

.';ciot9r and t h e  a l . t e r n a t o r  sys t em 
s!lall be a r r a n ~ e d  f o r  normal 
work ing  w i t h  a l l  coinponants/ 
p a r t s  i n -  p o s i t i o n ,  i n c l u d i g g  
s t a r t i n 5  r e a i . s t o r :  c o n t n o t o r  
Tnd p r o t e c i P ~ e  d e v i c e s ,  i f  a n y  
i n  t h e  moto r$  I s  s h a l l .  a i s o  
be e n s u r e d  tnat th.2 s y s t e n  g i v e s  
i t s  norm?.?. o i i t pu t  under t h e  
c o n d i t i o n s  s p e c i f i e d .  

l o a d  arid n2xin;;zr s.ystem 
- ro l t age .  The J9s.t; s'tari; 
s h a l i  be i.nh$ied&tsly f ' o l ~ o ~ i e _ l  
b y  a 5-..miaui;r? p t n  iznder 
r a t e d  coniftj.otr.,  ?'ne n o t o r  
si-:aL:. s~ati,sC t h e  r @ ~ u i r a -  - A'?> 
mnnts of t h e  t y p e  t e s 5 s c  

A f t e r  10  s t a r t i n g  t e s t s  .. 
of ,2 m i n u t e s  i o t e r v a l  a t  f u l l  
l o a d  ( o f  vrhicl~ 5 s h a l l  'bs ~ n z d a  
a t  1800 V and  5 a t  1000 J r  
p u l s a t i n g  c u r r e n t ) ,  i t  s h a l l  
be  conf i rmed  t n a t  t h e  motor  
d o e s  ~ o t  a t t a i n  a t e r n p e r a t w e  
r i s e  h i e h e r  t h a n  s p e c i f i e d *  ' 

Tile c:x;;autntion s n a l l  reamin  
s a t i s i ' a c t s x ~ y  t i ~ r i n g  ' t h e  t e s t s  

' a n d  t h e  cc . imut i tor  sllall n o t  
show a z y  t r a c e s  of bu rn ing ,  

I 
1 1-5 .2 I n f e s r u o t j . 3 n  a n d  ; i e . s t o r a t i o n  

of v n l t a g e  t e s t  !mvoe Test; o n a i r  --- -.....--- 

Tile t e s t s  s h a l l  be carri.cd 
o u t  on t h e  riiv-tor w i t h  t h e  s e s i s z o r  
a n d  p ro tec t iv -e  g e a r  ( i f  pe rmanen t ly  
connec te : l )  i n  t n e  c i r c u i t  s i n u l a -  
t i n g  t h e  c g n d j . t i . ~ n s  i n  n ~ r . a l  
s e r v i c e ,  b o t h  on t h e  t e s t  bcd a n d  
on t h e  x o t i v e  p o w e r , v e n i c l e ?  I f ,  
f r j r  t h e  tsst bed ,  t h e  a l t e r n a t w  
i s  n o t  a v a i l a S l e ,  a n  equivalent 
i n e r t i a  i a d  sha l l  be coupLeci t;o 
t h e  motor  f9r. t h e  p u r p o s e s  of +he  
t e s t ,  

The s u p p l y  sl1all. . b t ~  
i n t e r r u p t e d  and  r a a t o r e d  E v e  
t i k e s  i n  s u c c e s s i o n ,  . a l l o w i n g  



t h e  normal : ~ a d  c o n d i t i o n s  t o  
r e - e s t a b l i s h  between- s u c c e s s i v e .  
i n t e r r u p t i o n s ,  t he  system 
o p e r a t i n g  a$ i ts  ,m: i imum v ~ l t a g e  
and r a t e d  'load. The t ime  inte?-  
v a l  betweer. t h e  i n s t a n t s  3f 

i n t e r r u p t i o n  and r e s t o r a t i o n  
of supply  s h a l l  be a p p r o x i s a t e l y  
1 second. The motor s h a l l  with- 
s t a n d  t h e  t e s t s  wi thout  mecha- 
n i c a l  d e t e r i 3 r a t i o n  o r  f l a s h o v e r  
o r  permanent damage t o  t h e  
commutator, The t e s t  r e s u l t s  
s h a l l  be recarded o s c i l l o g r a p h i c a l l y .  

11  ,3 T e s t  on s - ~ d d e n  v a r i a t i o n  is 
t h e  supply  v o l t a g e  t o  mctor 

This t e s t  s h a l l  be made by 
means of  an  a p p r o p r i a t e  r e s i s t a n c e  
connected i n  s e r i e s  w i t h  t h e  motor 
and provided w i t h  a s h o r t  c i r c u i t i n g  
switch.  Th i s  s w i t c h  s h a l l  be opened 
13 t imes sr"? n l - s s d  ? 9  ' 5 i ~ r r ;  ? i :.:e.- 
r a t i o n  every  5 seconds ,  s o  that tile 
v o l t a s e  a t  t i e  t e rmina l s  of t h e  
system v a r i z s  between the'maximum 
( 1800 v) an< r n i c i . m ~ m  (?  003 V )  . Ttie 
motor s h a x  wi thotand t h e , t e s t a  
withouZ ~css>eoi=si  d e t e r i o r a t i o n  o r  
f l a s h o v e r  0.-, y e r ~ s n e n t  damage t o  t h e  
connutsto.? :,I motor.. Tno t e s t  . 
2 e s u j . t ~  s.lai... :)e :aoorded 
o s c i l l o g r a p k ?  ua?.Ly. 

11.5.4 She-t Sir.&-:.iS Tes t  ??r. c c r n p ~ ~ ~ n 3 ~  - -. - . -- - - - 7---- -- ---- 
wcunrl mc toil "*=e  T e s t  cnlzL --,-L 

The s ystc:?. s h a l l  be f e d  a* . . - 7800 Y jr;lszti:c G-.wrect on no-,o%o.~ 
When ,?;hL stable c o n d i t i o n s  a r e  , 
obtainer:, the szoi>l.y c i r c ? i i t  ~ n a l l  
be 2ap l l i . y  o>s~?c!  snd t h e  motor, 
irnrnediateiy t i i e ~ e a f t e r ;  sh3rt 
c i r c u i t e d ,   he motor, however, being 
p rceec t ed  by t h e  squiprnen-2 ( r e l a y s  
i n  t h e  c i r c u i t  breaking d e - ~ i c h s ,  
permanent and s t a r t i - n g  r e s i s t o r s ) ,  
w i t h  which i t  i s  c o r n a l l y  2rovided. 
The t e s t  s n a l l  be ~ a r r i e d  ou t  twice '  
a't 5 minutes  in te i rza l .  '.€his . t e s k  
s h a l l  also be re,peated f o r  dc  ope ra t i on  



of t h e  rngtor- The motor  s h a l i  
w i i h s t a n d  a l l  t h c s e  t e s t s  w+.thout 
m e c h a n i c a l  d c t o r l o r a t i o n  o r  
perrzailent damage t o  t h e  c o m ~ u t a t o i ' .  
The t e s t  rosul.( ;s  s h a l l  be r e c c r d e d  
o s c i l l o g r s p h i c a l l y .  

m 
.L he mo t o l a - . z l t e r n a t o r  sys tem 9!1111 

be  a r r a n g z e  f o r  norms1 working. The 
moto r . - a l t . ; r aa to r  s y s  tern s h a l l  be 
s t a r t e d  at t h e  f o l l o w i n g  s11pp1y v c 1 t a g ~ s : -  

1800 V p u l . s a t i n g  c u r r e n t  

11;00 Y pu2.sating cui-rent  

1300 V p u l s a t i n g  c w r e n t  

The s t a r t i n g  t ime o f  t h e  u n i t  to c o c e  
up t o  f u l l  s p e e d  f rom z e r o  s p c ~ d  
s h a l l  be aeasur ,ed  o s c i l l o g r a p h i c n l l y .  
Record f i n a l  l o a d  c u r r e n t  atid 
v o l t a g e  r a t i n ~ s ,  , 

The m o t o r - a l t e r n a t o r  s y s t e m  
s h a l l  be arre.t~.::sd f o r  nor11121 worlcing 
o r d e r  and  t h a  s e ?  r u n n i n z  c o n t i -  
n u o ~ . l s l y . f s r  ii9 k o s r s  a t  t h e  r a t e d  
IoaA cond i t i ; \ : s , ,  Tnc sys t em s h a l l  ' 
perf or.3 s~t:.?. f 7 L ~ t ~ r F l y  ii<t!~oil.L - .  e x a e e a l n y  i n e  f empera t cye  c i s c  o f  
t h e  v a r i o u s  x i n 3 i n g s  and o the i r  
conpoaanks a c d  s h a l l  n s t  show a n y  
s i g n s  o f  d e t e r i c r a t i o n  i n  r e g a r d  
t o  s ~ e c l e i l y  t:i:,e comuta:;S.o5, o f  t h e  
motor .  

11.5.7 Oscl!.Lopyra?hic Test. - 

The z o t o r - a l t e . ? n a t o r ,  f r e q u e n c y  
r e g u l a t c r  aa3 smooth ing  r e 2 z t o r  
s h a l i  be a r r a n g e d  fzr normal wcrklng 
c o c d i t i o n s .  O o c i l . i o g r a ? h i c  t e s t s  
s h a l l  be c o n d u c t e d  so  as t o  r e c o ~ d  
t h e  b e h a v i o u s  of motor  a r m a t u r h  
current ,  s p e e d  of t i le  s e t ,  a i t e r n a t o r  
v o l t a g e ,  r i p g l o  c o r i l e a t  o f  smoothing 
rc:>.ct 3r u n d e r  -/ari.ous c o n d i  t i o n s  o f  
opo:ation of t ? ~ e  s y s t e m ,  i $ c o ,  
s t a r t i n g  snri r u n n i n g  a t  m i n i m u m ,  
r a t e d  and rnarimwn v o l t a g e .  



C:iriti.ni;cus oii%;ut - 2.20 ECVA.) 3 ~ i l a s s !  50 Iiz 3t 
0,,0 ?.I?* 3.a:~i.r : &-.~f;-i-.ed t~ 
180 KV9 f o r  an enb:i.en t 
tem$e~.ature  of 55% an2 a 
6 .epess ion  o:r' 25 mn water  
ga;:.ge f o r  coo:l.ing a i r ,  

Output vo l t age  a t  va r i cus  loads  var!.es 
wi th in  7% or' 400 V over tile sy?eC. racga ~f 1503 rpn  
* - 3$* 
Trans ien t  vo l tzge  r i s e  20% 
2 t  2lternc'Y.or output  
terminal.3 i::I?en fc12 l c s d  
i s  tkrovn off  

Di rec t ion  o f r r o t a t i o n  . - ?~? ; i c loc lz~ i se  when viewed 
f ron tne di-ivez EC? , 

Mounting dj.men.sicas 
L n l g  t!iziise 518.00 um 
WiCtFlwise 674.00 inm 

Shaft ssize 20 om 

Shaf t  extcnsion 3.70 mu 



P a r t i c u l a r s  of a i ~ i 1 i a i : y  vr ind i l l~  of 
loconot fve  t r n n s l o r s x r  on ~-c,.'dic 
locomotives.  ---- --- 

Rating : 

No lcsd vo l t age  a t  5 ' 1  = 1142 Vclts 

Overl9ad catenary'  19 k7: = 1240 It 

vo?.tz;.;? of : 22.5 l:Y , = l C 7 0  1 1  

25 . IrV = 1630 '! 
27,5 BV = l 800  '! 



Annexure - 3- 
Schedule of. p a r t i c u l a r s  f o r  dC Motor 
of t h e  Motor-Alternztor s e t  

5 p b ,  t4pdel and make 

Momir,?.l vo l t zge  

Rai;ed speed (rw,'min) 

Contj ni:ous r a t i n g  (1T?/X(J) 

Hated c u r r e n t  - 
2)  a t  r a t e d  v o l t a g e  (1400 V) 

b) a t  uinimum v o l t a g e  (1106 7) 

Class  of i n s u l a t i o n  - 
a )  Arrueture 

b) F i e l d  

Type of enc losu re  

lrlethod of v e n t i l a t i o n  

M a t e r i a l  s p e c i f i c e t i o n  of t h e  motor 
venti.:!.ating f a n  

Cooling a i r  temperature  assumed i n  t h e  
des ign  of t h e  motor 

An:jiltude of v i b r a t i o n  of t h e  motor 
( a s  per Ind ian  S tandards)  

Type 2nd p a r t i c u l a r s  of t h e  t e r m i n a l  box 
and cao le  e n t r y  used ( enc lose  ske t ch )  

Type and make of bear:lngs, t h e i r  est!. nated 
p 

l i f s  and maximum bear lng c- lezrznces  &* 
t 

Recommended g r a a s e  ( spec i fy  I O C  g rades ) ,  
f requency o'f r e g r e a s i ~  and q u a n t i t j  of g rease  * 

4 

Weight of the r o t o r  

Weight, of t h e  motor 



(Annexure: 3 ccntd .) - ii - 
Design P a r t i c u l a r s  

17 Main 3ino:1sions 
.. . 

' a )  D i a  of ar3m2ture 
" 

b )  Gross Cole l n n g t h  zm 

C) Dccts (ilunber znd width) 

d )  I ron  lengt l i  

e )  Air g ~ p  l e n g t h  

f j  Depth of c o r e  below s l o t s  

g )  Cciiimutator d i a  

a )  Typ3 of winding connecti.cn acd 
number of p a r a l l e l  pa ths  

b )  Nuaber 2nd s i z e  of s l o t s  

d )  c o i l  p i t c h  . . 
. . 

e )  Conductor s i z e ,  covering ~ n d  
c r o s s  s e c t i o n a l  a r en  

f )  S l o t  i n s u l a t ? . ~ n  d e t c i l s  . . 
A .* 

g \ C)verl~ar,g ins-u.lat!.on d e t z i l s  .. 

I:_ Ler l a y e r  i n s s l a t i o n  c%etr,i.ls 

%) B ~ ? a r e  t u x 5  p e r  p a i s  

19 F- 

a )  Wuiilber of main po le s  

b)  Dimensions of na in  po le  

c )  Dimensions cf i n t e r p o l e  



(~nnexu2e 3 contd.) - i 5.F. -. 
C, Size ,  covering, c r o s s  s e c t i o n a l  a r e a  of 

i) mzin po le  conauctor  

andi!.) i n t e r p o l e  conductor 

e )  Rss i s t ance  p e r  pole of 

i.) Na2.n f 5.91d \;inding a't 20'~ 

ii j I n t e r p o l e  winding a t  2a0!; 

f )  Per11;~nent f i e l d  shunt ,  i.f a!;y 

g) Fie ld  zmpere t u r n s  p e r  polc 

20 rcrmtr,!.~:a,tor 

a)  5:ia o f  comnute.tor 

b) Length of c o n u u t z t ~ r  

c)  FTuidlSer and s i z e  of commutatcr 32,-msnts 

d )  Conmutator s u r f a c e  p e r  p a i r  of p ~ l e s  

e )  Comrnu~Lator - p i t c h  

f )  1nsl;iztion t?~ic!mess 

) Go:-nutztor factor  

h )  Tine of conrnutatioii 

j) Voltage per  bar 

k) R e v - ~ s a l  .of c u r r e n t  p e r  m i l l i  sec::na 

2 1  EUrQ 

a )  C-::ade 

b )  Cirnefisions (Lzngth x Wie?h x T;iich$ss! 

c )  Cur ren t  density .%/en 2 

d )  S rush  p r e s s u r e  kg/crfi 2 

e )  N~r115er of sets of b lush  h o l d ~ r s  

f )  n'umbcr of b ~ u s h &  pe r  l ~ o l d e r  



a)  Mzit,?rial s p e c i f i c a t i o n  

b )  Niir~bs? o f  turns onconmu.tator erL 

c )  tIuniber of t u n s  cn e v c l u t e  erld 

d )  Diameter c.f ban6ing x i i t o  

e )  Tension of banc?J.ng wi'e !.n kg 

23 C e n i ~ a ~ r a n e t ~ s - s  --- * 

a) S p e c i f i c  magnetic lozciing (WO,/III';) 

b)  S p e c i f i c  e l e c t r i c  l cad ing  (ardp,. cc~xt?lctors/  
~ e t ~ r e )  

6) Rni io  . F1.d.d ---..* -- AT -- 
Armature AT 

, a t  f u l l  f i e l d  

3 ) S p e c i f i c  power. (watts/cm' ) 

f )  Frequency of flu reirexsal  

g )  ?..=t,l.o of f l u x  decs i2y  i n  a i r  gap 
t o  current ,  d e n s i t y  in arm ccn;iu::tor 



Schedule of p a r t i c u l a r s  f o r  
. Frequency -.- Hegaiatcr  

(P:~te: i3uimi.t d e t a i l e d '  drawings 
wherever necessary)  

Type, model and make 

IJrmlns..F vo l t age  and. frequ-ancy 

Speed r a g u l a t i o n  

C la s s  of i n s u l a t i o n  

Type of enc losure  

Par2icul .ars  of t e rmina l  connection 
ana c a b l e  e n t r y  used,  

Weight of t h e  equipment 

Range of t h e  v o l t a g e  and f requency 

C i r c u i t  diagram and d .6scr ipt ion 
and i t s  a p p l i c a t i o n  i n  the motar 
a l t e r n a t o r  system. 

Mouatllg arrangement d e t a i l s  with 
dr2.1G.A2g . 
D e t z l l s  or" cj.;.ciiit components used, 



S 3 d u l e  of p a r t i c u l a r s  f 05 s~cothin<-r_e~~ac~~ 

GEiEP.4L 

1, Q-p, uoZ.-?l and naka 
2. ?i~~~:.muin continuous 

Current  
. .. 

zaps. 
voltxge Vol t s  

3. C!.ass ,of insular* a ~ c !  i t s  d e t a i l s  
4,. S h o r t  t i n e  d.uty c y c l e  r a t i n g  
5, Salf  - inductance a t  - r a t e d  c u r - e l ~ t  - s a t n r a t i o n  

- s h c r t  c i r c u i t  c o n d i t i o c s  
6. Calculat i .o:~s f o r  a r r i v i n g  a t  t h e  .va:uo of 

i cduc tznce  f o r  t h e  des igcsd  r i p p l e  f a c t o r  
e g a i n s t  mean c u r r e n t .  

7. Overz?.l 02- t l lne  d i ~ a i i s l o n i  and m o ~ n t l n g  
d e t ~ i l s  : ~ i t h  d r a i n g  . 

8 .  As:: amb2.y dl?awing of tl-ie smnoihing r?ac%or  
9. Tc , i ; s l  weight  of each u:zit i n  tro~:j:Lrg c r d e r  

- 1. s i z e  o r  i n d i ~ i ~ u a l  ccnduc tdr '  
Tl~ic,kness mm 
IkLdtIl mir, 

2 .  No. of conduc-Lors i n  parzl:Le13 
3, Se~zLlonal  a r e a  P;D" ,? 
4. Cumant  d e n s i t y  2 rfip/arad 
'5. Tot s1  number of e f fec t . ive  t~~;rrlls 
6. I n s u l a t l p n  betxeen c o r s  and conductcrs  

-, 

1. . f 3 s  ~roatei:S.al 
n 
6 .  :ec t ional  a r a e  

Grcss 
lu'e t 

3, :"M.cknsss 
4. F l u  d e n s i t y  
5. Fower l o s s  

TEWEUTUR.:: HIS3 - - ---- - .- 
1. A t  r a t e d  c u r r a n t  

72;iXRng or, 
Core 0 c 

2. A t  one ilcur r z t i n g  C 
b J i d i n g  C 
Core O c 

CIT'SP.RkCTi2?.T&TU -- 
1.. Cusrdn t i n  zaps vs .: f ~ L Y  curve 
2. In6uct2nce vs. c u r r e n t  curve .up to  1.7 t imes 

t h e  motor c.j.rren+, 
3. 3 e a i s t a n c s  of winding a t  2 5 ' ~  



Schedule of p a r t i c u l a r s  of t;ie' cus:xLon c o u p l i n ~ s  
 used o n s i n i l a r  b lo to r -Al t e~na to r  s e t s  ,- 

(For Guidance on ly)  

1. Make 

Type 

Maimurn bo re  

l v i z x i m m  speed 

H?/r.sin 

M~mimi l r f l  s t a r t i n g  
torquu 

Xrnits of sngu la r  
misalignment 

Limits of p a r z l l e l  
misalignment 

LA.~sits of end P l o a t  

Reconmended s e r v i c e  
vz1u .e~  f o r  7,  8 & 9 
above 

2 s  J.d,Fecner C? Co, 
(Icdia) L-d . , 

56-0, Free School S t r eex ,  
Ca lca t t a .  
.-.. . . >y!-:~? c :;L.?i3..i< 

125 m 

2000 i ; ln 
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