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. . . . .  I".: SCOPE , ~ , . . , :  . ' . .  . . .  
. ' .  . ,I . . . .  . . . . ,  , , , . 

!Phis.: sp&cifi.cation co.vers the design,..manufacture and 
;suppljr: of . ' - s ta t ic  :ba t tery  :charger Y o r u s e o n  25 kV, 50 . . .  Hz ac ,  . 

' . Broad . ..... Gauge%le,ctric. z . . .  -locomotives' of .Indian Railways. 
- : '  . . I .  . . . . .  . . ' i ' >. '~ . . ., 

. . , 2 . . . S ~ R V I C B  :CONDITIONS :. . . . .  , .  . , 

... , . .  .I . . .  . . I . .  ,. :. ,2,. . - ~ h e ' e ~ ~ ~ ~ m k i i t :  coir@rka'in th i&"spec i f i ca t ion  s h a l l  be 
; @ i t a b l e  &or service  i n  ambient temperatures varying from 
r ,' 0 C. to 55 C w i t h  maximum r e l a t i v e  humidity-.of 100% i n  
:- <.. . a l t i t u d e  upto' 1000 qe t rea  above mean sea  l e v e l  and in dusty 
- a t m b s p h e r i c  . . conditions. . . . .  , . 

' i., . . . ~ ~ 

!.. 2 . 2 .  The equipment .and- i t s  mounting arrangement s h a l l  be of 
; . robust 'design f o r  t r a c t i o n  -du ty  and s h a l l  w i th s t andsa t i s -  

Yactori ly the v ibra t ions  and shocks normal ly  encountered i n  ' . .  
' se rv i ce  a s  indicated:  below: 

, . 

. a )  ~ ~ a x i m u m  v e r t i c a l  accelera t ion * - 1.0"g 

' b.) I4aximum l a t e r a l  accelera t ion - 0.5 :g 

c ) Maximum longi tudinal  
accelera t ion - 3.0 g 

~ 3 G O V ~ I N G  SP&IFICATION 
. . .  

3 7 The equipment s h a l l  -comp'ly w i t h  the l a t e s t  r ev i s ion  
of  the In te rna t iona l  Electro-Technical Commission (I.E.C.) 
publ ica t ion No.  146 f o r  ba t t e ry  charger (Thyristor  equipment). 

?. 
3.2 Any deviat ion from .the standard l a i d  dawn w i t h  a view,  
to improving the performance may be given due consideratio* 
provided f u l l  p a r t i c u l a r s  w i t h  t h e i r  j u s t i f i c a t i o n s  are  2 furnished, No deviat ion i n  the speci f ied  ove ra l l  and i 
mounting dimensions shall be allowed. 

e: . . I 
4 

4 G ~ ~ , R A L  D~,SC~BIPTION - 
4.1 The bat tery charger s h a l l  be. of t h y r i s t o r  o r  magnetic 
ampl i f i e r  ,type and w i l l  be used f o r  charging the ba t t e ry ,  
simultaneously supplying power t o  the control  c i r c u i t  i n  
the  locomotive, , 
4.2 The ba t t s ry  s h a l l  comprise of 50 lead-acid c e l l s  
connected i n - s e r i e s  i n  10 mono-block u n i t s ,  each u n i t  consis- 
t i n g  o f  5 c e l l s  and s h a l l  normally remain f l o a t i n g  across  t h e  
ba t te ry  charger. The bat tery  s h a l l  have 75 Ah capaci ty  at  
5 hour discharge ra te .  The i n t e r n a l  res i s tance  of each 
c e l l  i s  about 8 to 10 milli-ohms. The control  c i r c u i t  which' 
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e~Iy~&at t e ry  ". &,haigii.sr.ci~@,r~i~6s. ...... ' . 
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. . . . . . . . . .  ., .> '. . i ,  . . ., ,; 'r 
,.;<,,5. 1.;. , The input to: t 'h .e b a t t i r y c h a r g e r  shali b e a t  380 V + .. 

i.,s, k . 1 2 2 ~ ; ~  .,. s=?gle p h a s e , '  50 Hi: The frequency o f  a . c  supply sy.5Tem 
.':!;:may; v a r y '  . . .  . * .  by - +.,5$.,,,.': ' . . .  .: . . . .  . . .  . . 

, . 
. . 5 . '  7 '..' , J:'.: . . 
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. . . .  5.2 ,,'.?heii~charger . . . . . . .  s h a l l  have t h e  fol lowing ou tpu t : (  . . . . . .  ;. . 6 . . *. . . .  . . .  
. , ,  : ~ a t e d ; v o l t & g e :  ' . .  

- . 
110 V + 1% nominal -vo l t s ' - dc  

:.: .; .... 
-, 

. . . . . .  .... . . 
ae. j u s  t z b l e  t o  + .5$ manually 

7.. . ,. . ~ , . ,  ,: . by tappings  unxer v a r i a t i o n  
:I, .:  .. - o f  load  cur ren t  f r a m  zero t o  
e:,: . . . . " . . . . .  . . - '  ' f u l l  load and i n p u t ~ v o l t a g e  
;%dl. ........... 
I:' . . .  ~. ._. , 

from ,290. t o  460 V. ' Tappings 
by., :, .?. 

E.*. " '.' A , ,  s h a l l  be 'provided to a d j u s t  
X$& . .  . , -:; 

?.%* I . .w~. % , : : t h e  v o l t a g e  i n  s t e p s .  of 294 
,; < . . t o  + 570 manually. 
..;<!. ' '. . . - 
:R 

? ,z 1 ,  

, . :  I,.: 'Rated ...... cur ren t  20 A'  . . 
. . . . 

Lri ,, 

... : Ripples & . n o i s e  .. Ripple  not  to e x c e e d l $  
, . . : 

*'k . . . C h ' m a c t e r i s t i c s  Constant v o l t a g e  c h a r a c t e r i s t i c s  
. . upto l Z 5 $  of r a t e d  c u r r e n t  . . I , .  . +, . . . .:' . .r 

*A', ., 
i : 

followed by c o n s t a n t  c u r r e n t  . ' 
i . ..: . . .  c h a r a c t e r i s t i c s  w i t h  s t e e p  f a l l  . . .  . ' . . 

. . i n  vo l t age  
. . '=? 

- 6 EQUIPMBIT!T AND DdSIGIi ASPSCTS k:ii, .. . . . .  
. . .  . 6.1: : 'T;hyrl.stor o r  lJiagnetic a m p l i f i e r  type equipment 
. .  ~ 

,: f i  " .;..:6.. 1.. I ,Thyr i s to r  o r  Magnetic Amplifi .er type equipment s h a l l  
$,;':be used , . ' fo r :  
,,,rO. ' . , . . . .  .... r. ,. ..... . . . . . . 

' . i )  . s t a b i l i s a t i o n  o f  ou tpu t  v o l t a g e ,  and 
. . . . 

. . .' , 
. . .  

. . . . . i i )  ' c o n t r o l  and  regulations. o f  load c u r r e n t  - ,, d - 6.1.2 .Fo.orall.  t h y r i s t o r  and semi-conductor c o n t r o l .  
. - 2 . :  ... ' ;equipment, t h e  s u p p l i e r  s h a l l  f u r n i s h  t h e  f u l l  t e c h n i c a l  

. d a t a  'and des ign .  c a l c u l a t i o n s  f o r  a r r i v i n g  a t  the  o v e r a l l  
c i r c u i t  performance; S p e c i a l  a t t e n t i o n  s h a l l  be p a i d  

. to; the? .ov ' e r loaC/shor t -c i rcu i t  p r o t e c t i o n  and c o o l i n g  
5 .  

' ': arrangement, 
. . 

? .  : ,. 16.. 1.3' The' equip=ekt s h a l l  be s u i t a b l y  p r o t e c t e d  a g a i n s t  
: .  over-loads.  and e a c h  arm of semi-conductor b r idge  s h a l l  
:- b e i : ~ r o t e c t e d .  by H2C f u s e  a g a i n s t  s h o r t  c i r c u i t .  . . ,  



. . .  . .  ,. . . 

j, 6,.!';>4f",, . Resis tance-capaci tance network s h a l l ' b e  p rov ided  as 
p r o f  e c t i o n s ,  f o r  ' t h y r i s t o r s / d i o d e s  a g a i n s t  -surges ( i nduced ,  
or':,swi$ching , .- . s u r g e s )  o r i g i n a t i n g  froin t h e  i npu t  and o u t p u t  

'6:1.5 ,. . .  Compl.et6 d a t a  and c h a r a c t e r i S t i c s  o f  p r o t e c t i v e  
: equipment , ' s h a l l  be furn i shed .  . , 

; 7 .: GhiTJBRAL. DESIGN ASPE'CTS 
. . .. -- 

, . 
7.1 A g e n e r a l  c i r c u i t  arrangement o f  a c  power supply  
.and dc ou tpu t  i s  given i n  RDSO drawlng No: SKEC 1540 a t  
Annexure I. In o'rder to  p revent  o p e r a t i o n  o fea r& fault 
r e l a y  QOA, i t  may be necessary  to  p rov ide  an i s o l a t i n g  
t ransformer  on the  i npu t  s ide .  

7.2 A blockifig diode s h a l l  he p r 0 v i d . d  before  t h e  o u t p u t  
' t e r m i n a l  to  avoid draLnsge o f  t h e  b a t t e r y  i n t o  :he equipment, 
when t h e  ac '  i n p u t  . supply is. o f f .  

7.3 S u i t a b l e  f i l t e r s  s h a l l  be p r o v ~ d e d  i n  t he  c i r c u i t  t o  
avoid r a d i o  and ~e lecommunica t ion  i n t e r f e r e n c e  a s  w e l l  as 
t o  pr eirent ove rhea t ing  of t h e  b a t t e r y  c e l l s  by c a p a c i t i v e  
cu r r en t s .  

7.4 P r o v i s i o n  s h a l l  be made f o r  g i v i n g  v i s u a l  i n d i c a t i o n  
(lamp glowing9 on t h e  d r i v e r ' s  desk when t h e  b a t t e r y  cha rge r  
is n o t  func t ion ing .  This may be achieved wi th  o r  w i thou t  
the  use  o f  a r e l a y ,  on t h e  dc  ou tpu t  s lde .  The r e l a y ,  if 
r e q u i r e d ,  w i l l  no t  form a  p a r t  o f  t h e  b a t t e r y  charger.  
However, s u i t a b l e  t e rmina l s  w i  th i n t e r n a l  connections s h a l l  
be provided a t  a convenient  l o c a t i o n  f o r  connecting t h i s  
re lay .  

7.5 A s u i t a b l y  c a l i b r a t e d  alilneter o f  moving c o i l  type 
%o i n d i c a t e  the ou tpu t  c u r r e n t  s h a l l  be provided. 

7.6 The b a t t e r y  cha rge r  sha l l  be housed as a compact w 
u n i t  i n  a s t e e l  c u b i c l e  of  r o b u s t  c o r ~ s t r ~ c t i o n  r l t h  suitab* 
f l o o r  mounting. ~ ~ ~ 1 1  d i - w d  
+hp 1 i m i  l a . . . . i ~ ~ ~ - o t - S a ~ ~ k i e  2 
'e-a i.=, t- 

-6, 
t ' 
4 

7.7 A l l  r e p l a c e a b l e  p a r t s  such as f u s e s ,  p r i n t e d  c a r d s  
e tc .  s h a l l  be of plug-in t ype  and s h a l l  be e a s i l y  a c c e s s i b l e  
from the  f ron t .  

7.8 - S u i t a b l e  arrangement f o r  l i f t i n g  s h a l l  be made on  
the  b a t t e r y  " q e r  un i t .  

8 CLASS 0k INSUUTION 
. . 

. - 
h' o r  13 c l a s s  



9 , .  : - COOLING ARTUNGENENT 

' . !the u n i t  shal l  be. n a t u r a l l y  cooied. 

10 . ThNTXM'FSSE RISE LIMITS - -.-------..-- 
The maxj .iulim f er;l;~r9.?vrr: :.r-:.s.: pe rmis s ib l e  c?. t h e  

windings of t!le mzgneti.c.-8zp:Li:fiie_" ( L f  used; : : h a l l  not; 
be  more than. t ; ? ~  -rsiues .e ; :cs i f ie i  l?e!.oy~f: 

. ..- . . ., 11.1 The 'ir.j.t z f l a . ~ . ~  J C ~  c3,21;leteL;~: ;:.i.i:?d an& ' l h ~  '--,.'- L : L L I I . L H ~ L E  

brought  ou t  t o  a te r r i ina l  board locclted i n s i d e  t k ~ :  c ~ l b i c l e  
on  t h e  f r o n t  s ide .  The c a b l e s  used f o r  i n t e r n a l  wizing 
s h a l l  be o f  t inned  s t randed  copper. ' S p e c i a l  c a r e  s h a l l  be 
t a k e n  i n  t h e  des ign  to  p r o v i d e a d e q u a t e  c reepage  d i s t a n c e  
between te rmina ls .  The t e rmina l s  s h a l l  be c l t i a r l y  mark ed 
f o r  i n p u t ,  o u t p u t '  and f o r  r e l a y  connect ions  and t h e i r  
arrangement s u o  h a s  to  ensure  a g a i n s t  a c c i d e n t a l  sho r t -  
c i r c u i t i n g  of input  and ou tpu t  terminals .  . A  s e p a r a t e  
t e r m i n a l  s k a l l  be  provided f o r  making e a r t h  connections,.  

11.2 A l l  t h e  t e rmina l s  o f  t h e  urLt- s h a l l  be brought 
o u t  on a s u i t a b l e t e r m i n a l  board. The i n p u t  and ou tpu t  
t e r m i n a l s  s h a l l  be l e g i b l y  m d  i n d e l i b l y  marked on  t h e  
p l a t e .  The t e rmina l  arrangement s h a l l  be sub j  f c t  t o  
approva l  o f  t h e  i nden t ing  o f f i c e = ,  p r i o r  t o  manufacture. 

11.3 S u i t a b l e  s p r i n g  washers and n u t s  f o r  e x t e r n z i  
connec t i cns  s h a l l  be :.provided on  a l l  t h e  t e m i n a l s  
i n c l u d i n g  e a r t h  t ~ r m i n a l .  

11.4 A l l  components i nc lud ing  b o l t s ,  n u t s ,  washers ,  screws 
e t c .  o f  t h e  u n i t  s h a l l  be s u i t a b l y  p r o t e c t e d  a g a i n s t  corro- 
s i o n  and rust. 

12 FINISH 

The equipment s h a l l  be f i n a l l y  f i n i s h e d  and p a i n t e d  
l i g h t  g rey  i n  colour  i n  accordance w i t h  IS :  1650-1960 
(Colours  f o r  bu i ld ing  and t z c o r a t i v e  f i n i s h e s ) .  

13.1 Mounting arrangement sha l l  be s u b j e c t  t o  t h e  approvdl  
of t h e  i n d e n t i n g  o f f i c e r  p r i o r  t o  manufacture. 

- 



' 14 . RATING' PLATE - 
1 4 . 1  A r a t i n g  p l a t e  i n  anodised a lumin~um s h a l l  -be  prov ided  
i n  t h e  u n i t  . t o  show the  r a t i n g ,  i n s u l a t i o n ,  method o f  connec- 
t i o n  wi th  neces sa ry  c i r c u i t  d iagrams,etc .  The fo l lowing  
p a r t i c u l a r s  s h a l l  be c l e a r l y  and i n d e l i b l y  marked on  t h e  
r a t i n g  p l a t e :  

a )  Kame o r  t r a d e  mark o f  t he  manufacturer  
. . 

b) lulanufacturer 1 s> s e r i a l  number 

c )  Year of  manufacture 

d )  Rated i n p u t  vo l t age /vo l t age  range 

e )  Rated o u t p :  vo l tage /vo l tage  range 

f )  Tappings 

g) Rated c u r r e n t  . 
h) Xated frequency (wi th  pe rmis s ib l e  v a r i a t i o n )  

i) Bipple and n o i s e  
4 

j )  Input  power f a c + o r  (maximum and minimum) - 
k )  Class  o f  i n s u l a t i o n  

B W i  NGS '5 - - -  
1 8  

15.1 ~ ~ r a w i n g N o . ~  . -  imnexwr- g i v i n g  
o v e r a l l  l i m i t i n g  dimensions is a t t a c h e d  wi.th t h i s  s p e c i f i c a t i -  
on. 

16.1 The manufacturer s h a l l  supply t h e  f o l l o w i r g  .** 
technical documents a long  wi th  supply ,of first ba tch  v 

, &  

of  equipment s : 4 h  
rz, 

CLW 
. i - RDSO - 
8 

i) Type t e s t  r e p o r t s  18 cop ie s  2 c o p i e s  

.. . ii) Routin; t e s t  r e p o r t s  
a long wi th  each u n i t  4 cop ie s  - 

i i i )  Maintenance i n a t r u c  t i o n s  
i nc lud ing  overhaul ing  

. . procedlare, t r o u b l e  shoot ing ,  
s p a r e  p a r t s  ca t a logue ,  
t o o l s  r e q u i r e d  f a r  1 copy wi th  6 ' cop i e s  
maint fnance. each machine 

supp l i ed  



CLW - 
:.:. iv) Deta i l ed  'as made1 o r -  \ 

. . ,  6 cop ies  2  copies  . . completion1 drawings 
/ - .  

w i t h  two s e t s  o f  
reprbduceable  t r a c i n g s /  
p r i n t s  

16.2 The t e c h n i c a l  documents i n d i c a t e d  above s h a l l  be s e n t  
s imul taneous ly  t o  D l r e c t n r  General  (Electrical)/E1DSO, 
Alambagh, Lucknow-5 and General ilianager (D) , C h i t t a r a n j a n  
Locomotive Works, C h i t t a r a n j a n  wi th  t h e  first ba tch  of 
equipments suppl ied.  

17.1 The s u p p l i e r  s h a l l  supply a complete wt, o f  t o o l s  
' f o r  maintenance w i t h  each batch o f  20 s e t s  o f  equipments 
suppl ied,  The l i s t  of t o o l s  t o  b e  suppl ied  s h a l l  be 
f u r n i s h e d  a long wi th  t h e  tender.  

18 SCHEDULE OF PAii'L'ICUMS - 
.18.1 The schedule  of p a r t i c u l a r s  of t he  b a t t e r y  cha rge r  
t o  be  f u r n i s h e d  wi th  the t ende r  a r e  included i.n Annexure 3. 

19.1 T e s t s  a r c  c l a s s i f i e d  as t y p e  t e s t s  and i:outine t e s t s .  
T-ype t e s t s  s h a l l  be c a r r i e d  o u t  on one equipment f o r  a 
ba tch  o f  20 s e t s  of  equipment suppl ied ,  

19.2 Type t e s t s  

19.2.1 Xlreliminary checking 

Pre l iminary  checking s h a l l  be done to  check connec- 
t i o n s  and wi r ing  diagram before  t h e  fo l lowing  t e s t s  a r e  
c a r r i e d  o u t  on the  equipment: 

19.2.2 Measurement of r e s i s t a n c e  and 50 IIz iml~edance of 
t h e  following windings of magnetic amp:Lifier ( i f  used) 
measured by ;ioltmsl!zr. -9. . & ammeter method 

,and va lues  recorded: 

a) 380 .V wicding 
d 

b: 110 V winding 

c )  Cont ro l  winding 

19.2.3 G a d  c h a r a c t e r i s t i n s  i nc lud ing  t u i r e n t  l i m i h a t i o n  
t e s t s  a t  go r~na l  supply v o l t a g e  and frequency. 
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CLW - RDSO - 

' .,:: - 
, . , i v )  Deta i led  ' a s  made1 o r -  

. ,  . . .  + ' 6  copies  2  copies  
, . . - 'completiont .drawings .. I . . !  

. . .  ~ w i t h  two ' s e t s  of  

. . 
reproduceable t r ac ings /  

, p r i n t s .  
, , 

.. 
161 2 The t e c h n i c a l  documents . indicated above sha l l '  be s en t  
;imultaneously t o  Direc t a r  General ( E l e c t r i c a l ) / R D S ~ ,  
ll'ambagh, Lucknow-5 and General Manager ( D) , Chi t t a r an j an  
Locomotive Works, Ch i t t a r an j an  w i t h  t he  f i rs t  batch of 
equipments supplied. 

1'7: . 
1.. . 

. . 
17;l. The s u p p l i e r  s h a l l  supply a  complete set o f  t o o l s  
ror maintenance w i t h  each batch o f  20 s e t s  'of equipments - 

supplied. The l i s t  o f  t o o l s  to  b e  suppl ied.  shall  be 
Furnished along wi th  the  tender. 

18 SCHEDULE OF P M Y I C U ~ S  - 
18.1' The schedule  of p a r t i c u l a r s  of t he  ba t t e ry  charger  
to be  furn i shed  w i t h  the tender  a r e  included i n  Annexure 3. 

19.1 Tes t s  a r e  c l a s s i f i e d  a s  type  t e s t s  and rou t ine  t e s t s .  
Pype t e s t s  s h a l l  be c a r r i e d  ou t  on one equipment f o r  a 
batch of 20 s e t s  o f  equipment supplied.  

19.2 ?ypf t e s t s  

19.2.1 B r e l i m i n a q  check- 

Prel iminary checking shal l  be done to  check connec- 
t i o n s  and wir ing diagram before t he  following t e s t s  a r e  
c a r r i e d  o u t  on the equipment: 
. .  . 

19.2.2 Measur~menf of r e s i s t a n c e  and 50 Iiz impedance of 
. . .  t he  following windings of magnetic a m p l i f i e r  ( i f  used) 

measured by -rroltmci!.ar. .e. . o,& ammeter method 
,and values  recorded:. 

. . a) 380 .V winding 
ir' 

b> 110 V winding 

c )  Control  winding 

19.2.3 Load charact  e r i s  t i n s  i nc lud ing  c u r r e n t  l im iha t ion  
t e s t s  a t  normhl supply vo l tage  and frequency. 



. - . ,. . , 
" < . ,  -2: ! ,: . 
2' . , , . . . . : . 7 :: . ' 

- 1  19.2.4'. . m i d  c h & a c t e r i s t i c s  a t  S~@UXR+~@, 
a d  minimum vo l t age  and fr?qukRxq\ 

With t he  input  'at nominal 
md the  r a t e d  cur ren t  

~h~ abode t e s t s  s h a l l  be cal.tke\$ Q,+%, 
\ 

~ O ~ ~ Q W S :  
connect t h e  i npu t  

ac ,  ' s ingle  phasb t  50 He 
res is tance load of a m-mum 
110 v (continuous r a t e d )  o r  t\ 
rheos ta t  s h a l l  b€ cornectfd n G k \ ? W  $?hr, 
terminals.  Measuring instru;.,lt'l:t& * \\\\ $ t t t  
to enable var ious  measurem*lltn k\kqEtQ;  !*, "' he connec 

A' en. 
Adjust the  ' input vOl tu&u  $0 t~\b~;,~~~: 

and m a i n t a i n  i t  constant  a t  tt\i;? y, \ j , ,  1:ated 1-1~2 ' v e ~ ~ 3  t h e  load cu r r en t  from zero t o  t~ht: :\qt 
ba t t e ry  charger i n  s t e p s  of 4 A., 1 .  ;tv!y \"tine , of t h e  
va lue  the  cur ren t  s h a l l  be v:.lYi,:\\ \ ' \ht t h e  r a t e d  

'i' "Pt.\.\,, Cf , * unifJ the charger voltage dl'l)pt> $,,, 
that  f u r t h e r  i nc rease  i n  1@>1d ~:,:j,,,.,,%., $4 r::lue 

' ' "' '" :lot p o s s i b l e .  Kfcora t he  input  vol tage lo:i(\ \',\\y,,.:,t, 
i n  each s tep-  *'\Id o u t p u t  

Rq ,ea t '  t h e  above t e s t  \ 4 i t > t ~  ii\\,,,,, 
ined at  m a x i m ~ ~ ( 4 6 0  V t  aC 50 :i,~l! ' ' \"' t ~ ~ g e s  nsinta- 

:\"" \ \  \,muni( 290 ac 50 3z)of t h e  r a t ed  va lues  ~d ,I,,,,,, ,,,, t,k, 
c resu l t s .  

~ 1 1  the  above t e s t s  shCI.1 \\Q ,,,,,,,,,,! 
t h e  input t o  the b a t t e r y  C l l r r ~ r ,  , \ \  out with 

\ ) ' I ,  I,:,,! \ <,,. ( 47.5 HZ) and !aa?iimum ( 5 2 .  11 lin) ,, , IIL-LZU:~ 

frequency 'alsoe \'+\ 1 \:\I 

39.2.5 Heat run t e s t  

, hcat  

state t e n p ~ r a t u r e -  The temperatu1:r: ,,,, ,, ,, 1 1  s t e a d y  - - -  - -  ' "lll{:,,ctiC windings shall be measurcr i  
- 

""I' ' 1 1  \tl\\lce method. 



i v )  Vice-versa of t e s t  a t  ( i i i )  above. 

Repeat t h e  above vo l tage  a p p l i c a t i o n  and observe 
wi th  50'70 r a t e d  load on t h e  b a t t e r y  charger .  

Record the  t e s t  vo l tages  and f r e q u e n c i e s ,  t he  load 
c u r r e n t ,  the  t ime  taken f o r  s t a b i l i z a t i o n  o f  ou tpu t  volt'zge 
o sc i l l og raph ica l ly .  

19.2.9 I n s u l a t i o n  r e s i s t a n c e  t?st 
P. - 

The i n s u l a t i o n  r e s i s t a n c e  betwetn 

i )  Input terminals and e a r t h  ( c u b i c l e  frame) 

ii) output  terminal  and e a r t h ,  and. 

i i i )  input  and output  terminals  

s h a l l .  be measuredus ing  500 V megger. The r e s i s t a n c e  
measured s h a l l  no t  be l e s s  than 5  meghom, 

19.2.10 D i e l e c t r i c  t e s t  

A t ' e s t  vo l t age  o f  2 kV ( rms) ,  50 Hz s h 2 l l . b e  
appl ied f o r  a  du ra t ion  of on€ minute between (i) inpu t  
t e r m i n a l s a n d  frame ( i i )  output  t e rmina ls  and frame, when 
t h e  b a t t e r y  charger  is ho t. The equipment should wi th s t and  
the  vo l tage  f o r  the spec i f i ed  durat ion.  

Immediately a f t e r  t h e  d i e l e c t r i c  t e s t  check t h e  
i n s u l a t i o n  r e s i s t a n c e  of the S a t t e r y  charger  usinfga 590 V 
megger and record t h e  values  obtained.  

19.2. 11 Xivple content  i n  the ou tpu t  vo l t age  

Chtck the r i p p l e  content  i n  the  b a t t e r y  cha rce r  
output  vo l tage  by means of osc i l loscope  ( p r e f t r a b l y  double b bean) w i t h  the  i npu t  supply a t  nominnl vo l tage  and frequency.,, 
Thk r l p p l e  c o n t t n t  should not be more than  the s p e c i f i e d  
value of I?>. &* 

i 
19.2.12 Surge t e s t  

W i t h  the  i npu t  open c i r c u i t e d ,  an  ac vo l t age  o f  280V, 
50 Hz s h a l l  be appl ied  between the ou tpu t  t e rmina ls  of rhe 
c i ~ a r g e r .  ins tan taneous ly  and switch off. Three such swi tches  4 
s h a l l  be r e p e a t e d a s  quickly a s  poss ible .  Af t e r  t he  t e s t s ,  i 
var ious  diodes ,  t h y r i s t o r s ,  t r a n s i s t o r s  s h a l l  be ' t e s t e d  f o r  
normal duty. 

19.2.13 Inspec t ion  and weighing 

The u n i t  s h a l l  be s u b j t c t e d  to a thorough i n s p e c t i o n  
a f t e r  t h e  above t e s t s  f o r  any abnormal i t ies .  The complete 
assembly i n  working order  s h a l l  f i n a l l y  be  weighed. 



19.3.1 . Load c h a r a c t e r i s t i c s  i nc lud ing  cu r r en t  l i m i -  
t a t i o n  t e s t s  a t  normal supply vo l t age  and frequency, 

19.3.2 h a d  c h a r a c t e r i s t i c s  a t  s t i p u l a t e d  m a x i m u m  
and minimum vol tage  and frequency, 

W i t h  the  i npu t  a: ns3%inal r a t e d  v o l t a g e  
and frequency the  t e s t  s h a l l  be carri t-d out  a s  p e r  
c l ause  19.2,4. 

19.3.3 I n s u l a t i o n  r e s i s t a n c e  < ;es t  

T h i s  t e s t  s h a l l  be c a r r i e d  o u t  a s  p e r  
c l ause  19.2.9, 

19.3.4 D i e l e c t r i c  t e s t  

Same as type t e s t  19.2.10but immetliately a f t e r  
the  load c h a r a c t e r i s t i c s  t e s t .  





Schedule bf guaranteed performance, 
t e c h n i c a l  and o t h € r  p a r t i c u l a r s ,  - - -  

1 Name of t h e  manufacturer  

2 Type, make and model 

3 Standard s p e c i f i c a t i o ~  on which t h e  
perf 'omancc e ~ ? ; a  i s  b2s f3  

4 Cont in~ou  s ma:<.'mum r a t i a y  f c r  s? wif i  e?. co?l ing,  
tempera-kure ris- ard anibienf 1;~:;nperafarc 

5 . Number- o f  phases 

6 Volts:  Inpu t ,  Output ( r ange  of v a r i a t i o n )  

7 F u l l  load c u r r e n t ;  i n p u t ,  ou tpu t  

8 Continuous and overload r a t i n g s  a d  input  
power f a c t o r  

'3 Class of i n s u l a t i o n  and i t s  d e t a i l s  wi th  drawings 

10 Method o f  v e n t i l a t i o n  

11 M a x i m u m t e m p e r a t u r e r i s e i n w i n d i n g s  
( o f  magnetic m p l i f i e r , i f  used) 

1,2 lilaximum Seinptrature r i s e  a t  the N n c t i o n  
( of t h y r i s  t e r  , i f  used) . - 

11 and 12 should be uone by m e a s  o f  r e s i s t a n c e  
method specified i n  t e s t  of t h i s  spec ig i ca t ion ,  
0vt.r maxlmun ambient teniperzture o f  55 C 

13 fqaximum temperzture r isf  of t h e  core  
(of  magnetic a m - p l i f i ~ r ,  i f  us fa )  9 

14 Zff ic iency a t  f u l l  loed at  nominal GV 
supply vo l t age  o f  380V.. \ &* 

i 
15 Winding d a t e  ( of magnetic a m p l i f i e r  if used) . 

t - '. 4 

a )  Type o f  winding 

b )  Nunbfr o f  tu rns  of 
i) 380 V winding' 

ii) I 10 V .winding ' 

iii) Control  winding 

c )  'dinding conductor s i z e  of ( b )  

d )  I n s u l a t i o n  cover ing  on conauctors 



( I n d i c a t e  the  s p e c i f i c a t i o n  t o  which 
they comply) 

e) Type of j p i n h  i n  t he  winding, i f  a q r  

f )  Resis tance o f  t%!indings a t  20 '~  

i )  38011 wilding 

ii) 1107 - , ~ : i ? d i r ~ ,  

-. - 
and im~xcgns t . i . oq  p r a c ~ j u r e .  

h )  I n s u l a t i o n  r f s i s t z ~ c e  of winding3 

i )  380V winding 

i i )  'I 1 3 V  winding 

i i i )  Control  winding 

16 Core d a t a  

a )  ivia&uum f l u x  dens i ty  i n  core  
( f u r n i s h  magnt,. t i z a t i o n  curve) 

b) Thickness o f  i r o n  s t a r n ~ i n g s  

c )  I n s u l a t i o n  bktween co re  laminat ions  
- .  

d )  Type o f  j o i n t s  b r t w ~ c n ' c o r e ,  limb . a . d  Yoke - ' 

e j  Number o f  stampings o f  each type 

17 Oata o f  t h y r i s t ~ r  to be fu rn i shed ,  ( i f  u s e d )  

1. Type and make 

2. Forward o f f - s t a t e  Crolta&e V 9 

3. Breakover v o l t a g e  V HI 

4. Holding current X R 

5. Gitching cu r r en t  1 ED 

6.  On-state cur ren t  iy, 1 FsV 

7. On-stete vo l tage  V F 

8. Nominal a?irage on-s ta te  cur ren t  I P1J 

9. Limiting average on-s ta t6  c u r f a t  I FAVL 

10. bleximum al lowable  rrns on-s ta te  c u r r e n t  I FitMSL 



11. Limiting r e p e t i t i v e  peak on - s t a t e  cu r r en t  I FBL 

12. Forward overload c u r r e n t ,  i n t e rmi t t en f  o p e r a t i o n  I FINT 

13. Forward over load cu r r en t  I F(ov) 

14. Limlting forward overload cur ren t  I F(ov) L  

15. Surge cu r r en t  I FSL 

16. P t  r a t i n g  

17. Limiting r e p e t i t i v e  peak forward o f f - s t a t e  v o l t a g e  
V DKL 

18. Maximum forward o f f - s t a t e  t rans ienf  vo l t age  V DSL 

19. &verse  c u r r e n t  i H  

20. fieverse vo l t age  V l i  

21. Limiting r e p e t i t i v e  peak r eve r se  v o l t a g e  VML 

22. ~akimum reve r se  t r a n s i e n t  vo l t age  VXL 

23. Gate t r i g g e r  cu r r en t  I GT 

24. ITaiaximum g a t e  t r i g g e r  cu r r en t  I GTHS 

24. Minimum ka te  t r i g g e r  pu lse  du ra t ion  

25. Trigger  p u l s e  genera tor  d a t a  

27. Gate t r i g g e r  v o l t a g e  V GT 

I+faximum g a t e  t r i g g e r  vo l t age  V GTHS 

Minimumgate t r i g g e r  vo l t age  V GDLS 

Exf ended g a t e  input  c h a r a c t e r i s t i c  curves and 
l i m i t i n g  peak g a t e  power d i s s i p a t i o n  

Gate c o n t r o l l e d .  turn-on t i m e  1 g t  

Gate con t ro l l ed  delay t i m e  1 pd 

Gate con t ro l l ed  r i s e  time 1 gr 

C i r c u i t  co~i~i~iutated turn-off  time I q 

Heverse re-carry  time 

plaximum al lowabl  e  r e t e  o f  r i s e  of  app l i ed  
forward vo l t age  (dvd/d t )  max 

iviaxirnum al lowable  r z t e  of r i s e  o f  forward 
cu r r en t  ( d i f / d t )  max 



4 

Off-s ta te  l o s s e s  P D ,  PR 

Gate l o s s e s  P G 

Switching l o s s e s  PT 

Forward on-s ta te  l o s s e s ,  PF 

Junc t ion  t ernperature T j 

Case temperature Tc 

Temperature o f  cool ing mlidium_ T ~i 

Current  r a t i n g  versus  t&mp&rature  

Operating temperature range 

Storage t ernperature range 

Thermal r e s i s t a n c e  Kin 

Thermal r e s i s t z n c e ,  junc t ion  to  case  2 i n  j c  

Thfrmal r e s i s t a n c e  case  i n  cob.1ing- medium 
F;in Ca 

Thermal r e s i s t a n c e ,  junc t ion  to  cooling- 
medium ilin JJ'L. 

52. Kounting torque i n  kg-rn 

53. Weight i n  kg of a )  C e l l  
b )  Case o r  hee t s ink  

18 C h a r a c t e r i s t i c s  o f  t h y r i s t e r  c e l l s  - 
1. Forward on-s ta te  c h a r a c t e r i s t i c :  Ins tan tenous  

forward o n - s t s t ~  vol tage.  

2. Forward on - s t a t e  l o s s e s  versus  j:omard on-s ta te  
cur ren t  

3. i~Iaximurn a l lowable  case temp Erature ve r sus  limit- 
aversge on-s ta te  cur ren t .  

4. Piaximum al lowable  cool ing  mediuia te!npcrature 
versus  l i m i t i n g  slverage on - s t a t e  c u r r e n t  w i t h  
n a t u r a l  cool ing and forced coolin&. 

5. Maximum al lowable  f o n - s r d  on-s ta te  cu r r en t  
dur ing  i n t e r m i t t e n t  ope ra t ion  v e r s u s  duty 
r a t i o  w i t h  n a t u r a l  coo l ing  and forced  cooling.  



6. Overload characteristics: F o r w ~ r d  over load 
cu r r en t  versus  t ime  w i t h  n a t u r a l  coo l ing  and fo rced  
cooling.  

. . 

7, ,T rans i en t  i n t e r v a l  thermal r esis-tance ve r sus  time. 

8.' . Tota l  thermal r e s i s t a n c e  ve r sus  time. 

9. Temperature dependent ga t e  c h a r a c t e r i s t i c s  2nd 
g a t e  i npu t  c h a r a c t e r i s t i c s .  

10. I~Iaximum reverse  rkcovery charge versus  r a t e  of  decay 
o f  the forward on-s ta te  cur ren t .  

19 P r o t e c t i v e  f u s e  c h a r a c t e r i s t i c s  

20 Data o f  t h y r i s t e r  asse-mbly 

1. Kumber o f  c e l l s  i n  s e r i e s  i n  each s t ~ z n g .  

2. Nurnber o f  s t r i n g s  i n  p a r a l l e l  pe r  arms. 

3 .  Number o f .  c e l l s  pe r  r e c t i f i e r  un i t .  

4. Total  number o f  c e l l s .  

5. Detai led c h a r a c t e r i s t i c s  of p r o t e c t i v e  dev ices  ' , 

aga ins t  overloads.  

6. Devices used f o r  p r o t e c t i o n  aga ins t  su rge  volfages .  

7. Device used f o r  checking defec t ive '  c e l l s  i n  the  
r e c t i f i e r .  

8. Diagrm showing connections between c e l l s  i n  each 
cubicle .  

9. Cooling system ( r a t i n g  and c h w a c t e r i s t i c s  o f  blower 
assembly) f o r  o p e r z t i ~ l g  inotor vo l t ages  - 296, 380 & 
465 V. 

r 4+ 
10. Charac te r i s  t i c s  a n d  type ,uof f h  e  p r o t e c t i v e  r e l z y  t o  

' i nd i ca t e  bloiter f a i l u r e .  

11. Weight of completf.  equipment w i t h  i t s  a u x i l i a r i  Es. 

. 2 1  Design c z l c u i a t i o n s  

I. D ~ t s i l f d  c a l c d l a t i o n s  w i t h  t h ;  number of c e l l s  
i n  s e r i e s  and i n  p s r a l i e i .  

2. Calculat ions  o f  t he  number of c e l l s  i n  s e r i e s  
based on 

r e p e t i t i v e  vo l t age  
switching su. rge .  

c )  l i g h t a i n g  su rge ,  



3. Calcu la t ions  of numb= of c e l l s  i n  pa?xLliel 
b s scd  on 

a] s t a r t i n g  c u c r t a t  
b c i r c u i t  c u r r t n t  

Type and. p a r t i c u l a r s  of t errninal box and 
c a b l e  en t ry  ( f u  m i  sh drawing). . . 

Type, mzke a n d  inode1 o f  c apac i to r s  

Type, q z k ~  and c h a r a c t e r i s t i c s  o f  t r a n s i s t o r s  
( i f  used) i n  t h e  r e g u l z t i n g  c i r c u i t  

Type and make of r e s i s t m c e s  

Mmufacturers~/supplicrs~ n a , t  f o r  23,24 & 25 

Rating o f  c a p a c i t o r s  and r e s i s t a n c e s  

Performance. % € s t  c e r t i f i c a t e  f o r  capzci  t;ors 

Dimensions o f  t h e  assembled unis  

i )  from base t o  Cop mos t  po in t  

ii) o v a a l l  breadth 

iii) o v e r e l l  l eng th  

Total  weight o f  the  un i t  i n  kg 

S e t a i l s  o f  proposed n o d ?  of p c k i n g  



1 . ~ e s t  f o r  wi ths tanding v ibra t ion 'and  shock 

The complete 'assembly s h a l l  be ab l e  t o  withstand w i t h o u t  
d e t e r i o r a t i n g  the  f ~ l l o w i n g  t e s t s :  

. . , . 

1.1.1 . In  €ach o f  t h e  3 d i r e c t i o n s ,  v i z  v e r t i c a l ,  longi -  . ?  t u d i n a l  and t r a n s v e r s & s u s t a i r e d  s i n u s o l d a l  v i b r a t i o n  i n  t h e  
frequency range from 1 to 50 Re  having ampl i tude  given by 
the  followin$ equations 

a  = -- 25 f o r  va lues  from 1-10 Hz f 

and a  = 25 f o r  va lues  from 10-50 Hz -"- 
f2 

1.1.2 In  ' t he  d i r e c t i o n  corresponding t o  t h e -  l o n g i t u d i n a l  
movement of the  v e h i c l e ,  shocks producing maximum a c c e l e r a t i c  
o f  3.0. g ( g  being the  value o f  hEce le ra t ion  due t o  g r a v i t y ) ,  

1.1.3 I n  a d d i t i o n ,  the  u n i t s  and a c c e s s o r i e s  o f  the  r e s i s t o r s  
s h a l l  not exh ib i t  harmful r eaamnce  f o r  t he  f r e q u ~ n c y  i n  t h e  
above range, 

1.2 - Method of test in^ 

The equipment is  secured i n  a convenient  p o s i t i o n   to^ 
a  machine praducing s i n u s ~ i d a l  v i b r a t i o n s  w i  th a d j u s t a b l e  
ampli tuae and frequency and i s  then sub jec ted  to  the  t e s t s  
described i n  ptiragrephs 1 .3  to  1.5. 

1.3 Determination of -- resonant  f r e q u e n x  !I! 
1.3.1 I n  o rde r  to determine the  poss ib l e  ex is tence  of 
c r i t i c a l  fr 'equencies producing resonance, t h e  frequency : s h a l l  
be v a r i e d  progress ive ly  over t he  whcle range o f  I t o  50 cycles 
wi th in  a time of no t  l e s s  t han  4 minutes, t h e  amplitude of 
the o s c i l l a t i o n s  being t h a t  ind ica ted  a s ' a  func t ion  of t he  ~ 

frequency. 

1.3.2 I f  resonance is  produced, t he  corresponding f requfncy  
s h a l l  be maintained f o r  a  few minutes . i n  each  case w i th  the'  
apparatus  a l i v e .  A check s h a l l  be made t b t  no ill e f f e c t s  *& 

r e s u l t  on t h e  ope ra t ion  of the  apparatus  ( t h e  dropping o u t  - ' 
of any p a r t  of the  equipment, sparking a t  the  con tac t s ,  
temperature r i s e  e t c . ) .  t 

1.4 Tes t s  w i t h  sus te lned  v i b r a t k n  I 

1.4. 1 The equipinent a t  no lbad i s  subjected t o  a t e s t  w i t h  
sus ta ined  v i b r a t i o n  f o r  a per iod of 20 minutes when c o l d  and 
af terwords  f o r  20 minutes when hot  ( 1 )  e i t k  a t ,  the  c r i t i c a l  
frequency i f  any such w e l l  d ~ f i n z d  frequency h a s  b ~ f n  



e s t a b l i s h e d - i n  course  o f  previous  t e s t  ( 2 )  otherwise  a t  
a frequency of 10 Hz. 

1.4.2 I n  both the  ca'ses t he  ampli t  :de of v i b r a t i n g  t a b l e  
is  ad jus t ed  to  t he  va lue  corresponding to frequency 
concerned. 

1.4.3 The t e s t  i s  considered t o  be s a t i s f a c t o r y  i f  t h e r e  
i s  r.1 r e s u l t i n g  damsge o r  o u t  of  course  operation.  

1.5 Tes t s  to s imula te  -. the  e f f e c t  -- of shunt ing shocks --.- 

I n  t h e  d i r e c t i o n  corresponding to the  l o n g i . k ~ d i n a l  
movenlent of the v e h i c l e  on which i t  is  to  5s ~i..o;:nted-, 
t h e  equipment wh i l e .  hot i a  subjec, ted f o r  2 minutes t o  
50 Hz v i b r a t i o n  of suzh a  na ture  t h a t  t h e  maximunl 
a c c e l e r a t i o n  i s  equal  to  3 g. 



S p e c i a l  i n s t r u c t i o n  t o  T t n d e r e r s  t o  b e  
i n c l u d e d  s u i t a b l y  i n  t h e  Tender  P a p e r s  
to  b e  i s s u e d  t o  p r o s p e c t i v e  Tende re r s .  - - - 

1 The t e n d e r e r  should  be asked  to  submi t  h i s  t e n d e r  
i n  s i x  c o p i e s .  r a c h  copy o f  t h e  t e n d e r  s h o u l d  be comple t e  
i n  a l l  r e s p e c t s .  Thecopies  shou ld  he marked " O r i g i n a l " ,  
" D u p l i c a t e u  and so on. x l l  c o p i e s  o f  t h e  t e n d e r s  s h a l l  b e  
e x a c t  r e p l i c z  o f  t h e  o r i g i n a l  i n  a i l  r e s p e c t s ,  

. . 
2 Drawinqs r e c a F r f S .  +G >e s u b i n i t t e c  nv --"+ .lr~ Tenderer  

-d ..-- ~-.- 
w i t h  ~ L I E  Tenller -----.-- 

i )  Gene-,, LUi o ~ ' t l i : ~ c  tlrming cfChe p ~ ? c ; p ~ s e d  s t a t i c  
b a t t e r y  c h e r g e r  and i t s  n ~ o u n t i n g  arrangement .  

i i )  C i r c u i t  d iagram o f  t h e  b a t t e r y  c h a r g e r  w i t h  a l l  
i t s  a s s o c i a t e d  c o n t r o l  c i r c u i t  a n d  r e g u l a t i n g  
c i r c u i t  d iagrams.  

i i i )  Schemat ic  d iagram o f  t h e  s t a t i c  b a t t e r y  c h a r g e r .  

i v )  Drawing i n d i c a t i n g  comple te  i n s u l a t i o n  p a r t i c u l a r s  
on  t h e  s t a t i c  b a t t e r y  cha rge r .  

3. I The s u p p l i e r  s h a l l  make r e a d y  at  l e a s t  two p r o t o t y p e s  
of t h e  equipment f o r  i n s p e c t i o n  and t e s t s  a t  h i s  Works and  
when r e a d y ,  a d v i s e  D i r e c t o r  Gene ra l  (h l ec t r i ca l ) . / k3SO,  
nlambagh, mcknow-5. 

3.2 The s u p p l i  t~ s h a l l  p r o v i d e  a l l  f a c i l i t i e s  t o  t h e  
I n s p e c t i n g  O f f i c e r  o f  iDSO t o  i n s p e c t  and t e s t  t h e  equipmfnt  
a t  v a r i o u s  s f z g e s  o f  manufac tu re  and a l s o  t h e  comple te  
equipment a t  h i s  viorks. ~ Q e c e s s a r y  t e ' s t i n g  and m e s s u r i n g  
a p p a r a t u s  f o r  c a r r y i n g  o u t  t h e  t e s t s  a t  m a n u f a c t u r i n g  p l a c e  
s h a l l  be  p rov ided  by t h e  s u l , p l i e r .  

e ,  

3.3 If i t  i s  c o n s i d e r e d  n e c e s s a r y  by t h e  r e p r e s e n t a t i v e s  &v 
o f  D i r e c t o r  Gene ra l  (dlec)/YLllS~, Alambagh, Lucknow- t o  CarrK, 
o u t  any  f u r t h e r  t e s t s  o r  t r i a l  o n  t h e  p r o t o t y p e  at U S O ,  thefa 
s u p p l i  cr s h a l l  a r r a n g e  t o  send  t h e  equipment by t h e  q u i c k e s 6 -  

P' means. . r  
4 

3.4 Improvements sugges t ed  a f t e r  t h e  t e s t s  s h a l l  be 
i n c o r p o r a t e d  i n  t h e  bu lk  s u p p l y  w i t h o u t  a f f e c t i n g  t h e  
g u a r a n t e e d  d e l i v e r i e s .  



3.5 Notwithstanding the  f h c t  that the  des ign ,  wo'rking 
drzwings e t c .  prepared by the  s u p p l i e r  have been v e t t e d  
and t h e  t e s t i n g  and approval  of t h e  prototype has been 
done by the  purchasers '  nomince, t h i s  s h a l l i n  i n  no way 
r f l i e v e  the  supp l i e r  of  h i s  r e s p o n s i b i l i t y  under t h e  
terms of t he  contzact  f o r  f a u l t y  design,  d e f e c t i v e  
m a t e r i a l ,  workmanship, etc. ... 

3.c No equipncnt o f  s e r i e s  productio'n s h a l l  be o f f e r e d  
t o  t he  In spec to r  au thor i sed  under t h e  con t r ec t  u n t i l  
t he  prototype has bcen f i n a l l y  approved. 

3.7 The prototype s t a t i r j  b a t t e r y  charger should be ready 
bii thin months a f t e r  t h e  i s s u e  of the Lette:c o f  
~ c c e p t a n c e  of Tender. 

The manufacturer shauld be asked. t o  fu rn i sh  the 
list of maintenance spa re s  required f o r  two years, 
i n d i c a t i n g  c o s t  o f  each i tem,  a long with t h e  tender. 
The s u p p l i e r  should supply t h f  agreed maintenmice 
spa re s  wi th  each batch of 20 s e t s  of equipments supplied.  

5 COLWI TIONS OF CO!?T&CT - 
5. 1 Guarantee 

5.1.1 The s u p p l i e r  s h a l l  g ive  e guarantee o f  c lc lar  
12 months on a l l  components o f '  the  equipment f r o m  t h e  
da t e  t h e  equipment goes i n t o  se rv ice .  :"he d a t e  of 
commissioning ' t he  locomo t i - ~ e  s h a l l  be deemed as the  
d a t e  of  t h e  cquip~nent going i n t o  se rv ice .  Unydanage 
o r  de fec t  no t iced  during t h i s  period due to de fec t ive  
dcsign/material/workmanship s h a l l  be  replnced by t h  e  
s u p p l i c r  free-of-cost .  

5.1. 2 The supplker s h a l l  send a r e p r e s e n t z t i v e  f o r  t h e  
i n v e s t i g a t i o n  of t he  cuase of t h ~  f a i l u r e  of t he  
equipment t o  the p lace  (any where on the  Indian k i l w a y s )  
wflere the  equipment i s  i n  s s r v i c e ,  m y m o d i f i c a t i o n  o r  
improvement thrsught of  s h a l l  be incorporated i n  t he  design 
on ly  sf t e r  the  approval of D i r ec to r  henera1 (&lec ) /SSO,  
Lcicknow. A l l  modi f ica t ions / repa i r  work s h a l l  be a t tended 
to a t  g r e a t  speed. The supp l i e r  shall  ~ e e p  adequate 
spa re s  o f  both t h e  components znd t h e i r  complete u n i t  S O  
t h a t  while a t t end ing  to  the de fec t s ,  t h ~  lococuotives a r e  
no t  unduly deta ined,  


