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0. Foreword -- . . 

0.1 T h i s  s p e c i f i c a t i o n  c o v e r s  the  requirement of 
t he  t rans former  r e c t i f i e r  u n i t  f o r  regener 'a t ive  

. . . bralcin t o  be f i t t e d 0 . n  .V.W2A locomotive a s  a p a r t  of % t he  b r a  ing system. . . 
0..2 The complete de t k i l e  h des ign  o f  t r a p s f  ormer 
r e c t i f i e s  a n d  c o n t r o l  system sha J.l have ap? rova l  of 
mSO. before  - the i r  ~ a n u f a c t u r e / g r o t o t y p e  developinent 
is undertake XI. . ., 

' 0.3 . Any d e v i a t l o n  from t:iis s p e c i f i d t i o n  
c a l c u l a t e  c? t o  . iq?rove  the  p e r f a r ~ . a n c e ,  k t  i l i . ty and 
e f f i c i e n c y  of equipment proposed by t he  manufac twer  
w i l l  be g$ve n due consideration. ,  provided f u l l  
p a r t i c u l a : , : ~  wYe:i j u s t i f i c a t i o n  there  o f  a r e  fu rn i shed  
i n  t h e  t e i ~ d e r .  Tile. d e v i s t i o n  from this s p e c i f i c a t i o n  

, . 
. s h a l l  be 'brought o u t  i n  t h e  t e b d e r  documents 

i n d i c a t i n g  j u a t i i  i c a t i o  n t h e r e o f .  .. . . I 

1.0 . $cope \* co 
' . This speci.fica.i;i@n covers  t h e  fo l lowing  d e t a i l s  of&* 

~ r a d s f  o r n e r  i?ect;i?ier(!PP~X) SG t t o  be connected C 
ac'ross 3 phase 4 < 5 f  o u t p u t  o f  ?.!A s e t  f o r  regeneratding 
braking purpose on 1500 V o l t  E locomotive c l a s s - . 4 ,  
;!CG2A. , 
i) ~e m r a l  ~ e ' ~ u i r e m e . n t .  

i i )  ' ' ' Capac i ty  a : ~ d  Xat'ings. 

* iiT:.) . Se rv i c e  Co nd,it i o  ns .4 

Ge 11e:cal Design Feature . 
V )  . L L ~ i t s  of  t empqra tu re  r i s e  . 

v i )  Ehclo sure and N o w t i n g s .  
v i i )  . Terniinal .?hard and w i r i n g  

' v i i i )  F in i sh .  . . . 

ix) Scked~~.le o f F a r t i c u l a r s ,  ~ r a \ ' r i n g s  anti ' 

c a l c u l a t i o n s .  " 

X) ' - Techn ica l  documents. 
xi),. Tes t s .  

x i i ) '  G u r a n t ~ e .  
. \ 

2.9 
. . C.eneral Re~:!u.iremcit: ._-~+. - _- 

'. 2.; 'T:%ile jraull. rb P t!le t r a i . n s  on the  down g r a d i e n t s ,  
it is eco i:oni.csl t o  c o n t r o l  them 3y r egene ra t ive  
bralcing on th. locomotive . During c regene ra t  inn 
the  trac-Lj.on mo+ors f i e l d s  a r e  s e p a r a t e l y  e x c i t e d  by 

' g i v i n g  ther:: ~ a r i a b l e  c?c low volta.ge(high c m r e n t )  
'supyly Sroa!?ransfo.xmer n e c t i f i e r  s e t  and t r a c t i o n  
motors wcrlz 2s g e n e r a t o r s  and feed t h e  genera ted  . 
v o l t a g e  back t o  overhead ca tenary  system. 



Capaci ty  and -- -.-.-- Eat  -* i~g . . 
5.1 . '  I n p u t  S U I ~ ~ J :  The power ko the t ransformer  
r e  c t i f  ier s e z  sfi21T be euppplie d from 250. KVA a l t e r n a t o r  
at  a v o l t a g e  of 4 1 5 - 2  7% an6 f requency 50 Hz + T$. 

~. 

, 3.2 O u t ~ p 3 . :  - k t  maximum ambient t empera t ' ue  of 55% ' ' 

t rans former  r e c t i f i e r  equipment at f u l l  l oad  v o l t a g e  o f  
50 v o l t s  s h a i l  d e l i v e r  a c o n t i n w u s ' d . c . o u t p ~ t  of 
1000 Amps i n  each -of  the two paral lel  'paths  of f i e l d s  
, exc i t a t i on .  Each 0.f t h e  two p a r a l l e l  p a t h s  co 'ns is ts  o.f 
?, f i e E d s ( i n  s e r i e s ) a n d  one  s t a b l i s i n g  r e s i s t a n c e  i n  
s e r i e s .  The r e s i s t a n c e  va lue  o'f e a c h  f i e l d 3 2  1'1.84 m ' i l i  
ohm and r e s i s t a n c e *  va lue  ,of s t a b i l i a  r e  si s ta ixe  . i s  ~. 

0.01 obm. C i r c u i t  diagram f o r  r e g e n e r a t i o n  b rak ing  is. 
a3tached. 
5.3 ' Provis ion  shall be made f a r  va ry ing  t h e  output  dc  
v o l t a g e U r o m  22,V t o  50 V i n  14 equa l  s t e p s  through c o n t a c t e  
Of t h e  master c o n t r o l l e r  on the  looomotive. With the  
v a r i a t i o n  .of vo l t age  , c u r r e n t  . w i l l  v a r y  i n  e q u a l  s t e p s  
fr'om 500 Amps t o  1000'Amps. i n  each of  t he  two p a r a l l e l  
paths .  

3.4 Su i t ab l e  ' m ~ ~ n e  t i c  a m p l i f i e r  o r  e . l ec t ron ic  as n t m  1 
w i t h  t h y r i s t o r s ,  t o  meet t h e  requi rements  of  c lause  7 3 
is also t o  be sunpl ie  d w i t h  t h e  unit ' ,  

. , : .  

3 . 5  The. equipment s h a l l  have an  over load  capac i ty  of 
2 5 % , f o r  1 hour, s t a r t i n g  from cold.  

3.6  T?*e equipment s h a l l  b designed mi^ l&v 
percentage inpedence o f  the o rde r  o f  5-6 p r  cent .  

Service Cond i t i ons  . . 
I__-- -- ..I . . . 
I The equipne nt s h a l l  ?x s u i t a b l e  f o r  se rv ice  in the 
ambient t empera twe  v&ying from F 5 5 ° C  wi th  r e l a t i v e  
humidity ranging upto 10% a d  at  a n  a l t i t u d e  o f  1000 m, 
above t h e  mean sea l e v e l  and i n  dusty 'and cor ros ive  
a tmospher ic  co?ldit ions.  
4.2 The equipment and i ts  mount i n g  arrarg'ima nt s h a l l  
.b of robust  des ign  f o r  t r a c t i o n  du ty  and shall w i t h s t a n d  
s a t  isf a c t o r ' i l y  t h e  v i b r a t i o n s  and s .hock normally 
encountered i n  t r a c t i o n  aervice,  as ind ica t ed  below: 

a) Uax iruum v e r t - i c a l  acce. lerat icn - 1.0 g . 
b) Maximw~~ l o n g i t u d i n a l  a c c e l e r a t i o n  - 3.0 g 
c )  Uaximwn t r a n s v e r s e  a c c e l e r a t i o  n - 2.0 g 

(g being accekra t ion  hue to gravity  ) 



4.3 The v i b r a t i o n  a r e  $f t h e  s ine  wave and the  frequency 
o? t h e  v i b r a t i o n s  i s  between 1 Hz a d  50 Hz. The amplitude 
'a' e x p z e s s d  i n  nnn is g iven  as a f u n c t i o n  of I f  by t h e  
equa t ion  : 

2 5 a = --- f o r  v a l u e s  o f  I f '  from 1 H& 
f ', t o  I 0  Hz: 

' .  250, f o r v a l u e s . o f  I f '  e x c e e d i n g  a = ---- 
f 2 '  1 0  Hz and.upto. 50 Hz. . . 

4 . 4  I n  the  ' d i l e c t i o n  c o r r e s p n d i n g  t o .  l o n g i t u d i n a l  m o v e l ~ n t  
o f  t h e  v e h i c l e  t h e  equipment i s  sub jec t ed  f o r  two minutes  
t o  50 Hz v i b r a t i o n s  of such a vall le  t h a t  the  max. a c c e l e r a t i -  
on i s  e q u a l  t o  3 g 
(ampli tude a = 0.3 rnm) 

General  Design Fea tu re s  

. A s  low v dl tage dc . supply i s  r e q u i r e d  fpr f i e l d s  e x c i t a t i o n  
O f  t r a c t i o n  motors,  the  r e g e n e r a t i v e  b a k i n g  equipment d e s i g n  
may inco rpo ra t e  t r a  s d u d m r  contso 1 o r .  t h y r i s t o r  c o n k o l  
o r  a q  o t h e r  s u i t a b l e  p r i n c i p l e  o f  opera t ion .  

. . 
The equipment s k l l  te s u i t a b l e  -for f eed ing  induct ive  na ture  
of load  bf  t r a c t i o n  motor f i e l d  winding wi thout  any adverse 
e f f e c t s .  The inducbance a t  r a t e d  c u r r e n t  of each f i e l d  i s  
5.2 m i l l i  henry ard  r e s i s t a n o e ( h o t )  o f  e a c h  f i e l d  is 
0.01184 ohm at q 1 5 ' . O C .  

The step-down'transformer A d .  the  r e c t i f  jer u n i t  'shall l~ 
s u i t a b l e  b r  t h e  du ty  s p e c i f i e d  and r i p p l e  i n  t he  outpfi t  ,$ 
vo l t age  s h a l l  be .kep t  t o  the  minimum. .Pre fe rab ly ,  3 phase,, 
'GO six phase t r ans fo rma t ion  majr be used on the  transform- - .  
and it s h a l l  k s t a r  connected. I n  case ,elec-trt-ro.nic cont r64  
With' t h y r i s t o r  is  used t h e  r i p p l e  conte  nts i n  t he  output ;  
c i r c u i t  'shall n o t  exceed the  r i p p l e  content  as o b t a i ~ d  ' 
w i t h  6 phase connec t ion  r e c t i f i e r  system w i t h  50 Hz 

-fh~aximum 4% f o r  i nduc t ive  load) .  
. < 

2h.e r e c t i f i e r  and o t h e r  semi-conductor equipment s h a l l  b , . 
s u i t a b l y  d e r a t e d  f o r  s a t i s f a c t o r y  ope ra t  ion under t h e  s e rv i ce  
c o n d i t i o n s  s t i p u l a t e d  i n  c lause  4 surrounding air t empera tuE  
o f  55 "C ard exces s ive ,  t e m p r a t u r e  r i s e  w i t h i n  the cubic le  
due t o  l o s s e s  i n  the u n i t ,  and f o r  s t i p u l a t e d  vo l t age  a ~ d  

, b a d  v a r i a t i o n .  The c a l c u l a t i o n s  f o r  determining complete 
r a t i n g  o f  t h e - m a i n  r e c t i f i e r .  and o t h e r . . & c t m n i c  h n t r o l  

'equipment, i f  a w ,  shall  .be . f u rn i shed  slow 3,h the  tender .  

Th3 supp ly .  f o  r t h e  c o n t r o l  ' c i r c u i t  o'f the equipment s h a U  be 
a a i l a b b  from t h e  loco ba t t e ry .  The mama1 loco b a t t e r  1 Voltage is 110 V dc bu t  range i s  from 77 volt t o  121 V O ~  t 

' dc, 
- 3  . . . . . .4/- 



0n i n p u t  h ide  o f ' the  e q u i h e n t  adequat4 ' s h a l l  be a 
p m v i & d  a g a i n s t  over  c u r r e n t  and .ove r  Vol tage-due  t o  any 
r e a s o n  beyond t h e  s t i p u l a t e d  va lues .  ,., . 

Bdequate p r o t e c t i o n  o f  t he  equipment s h a l l  ) e  provided 
a g a i n s t  s u r g e s  caused by ho le  s to r age  phenomenon i n  t h e  
r e c t i f i e r s  'and w i t c h i n g  su rges  i n  .he. c i rcui t . .  The . 
ca lcu la t ions  f o r  the  p r o t e c t i o n  system s h a l l  a l s o  be 
fu rn i shed .  

~ r o t e c t i d h  s h a l l  a l s o  be .povic 'ed  f o r  i n d i v i d u a l  r e c t i f i e r  ' 

. e l emen t s  aga ins t '  s h o r t  c i r c u i t  o f  one 'E.l.e%ent, V i s u a l  
i n d i c a t i o n  s h a l l  be pmvided  on the  e q u i p e n t  f o r  
r e c t i f  kr element  f a i l & .  The r a t i n g  w i l l  be s u f f i . c i e n t  
.in each  c i r c u i t i  I n d i c a t i o n  may a& be provided f o r  
normal/healthy o p e r a t i o n  o f  t h e ,  m c t i f  k r  elements.  ore 

. s e t  o f  t he se  i n d i c a t i o n  shall a l s o  be provided f o r  remote 
d i sp lay .  

The r e c t i f i e r  f o r  each  o f  t h e  six phases  s h a l l .  l ~ ~ s i s t  
of r equ i r ed '  number of  diode s i n  p a r a l l e  1. , 

It is s m e s t e d .  that string f u s e  s h a l l  b provided so .. . 1 

t h a t  t h e  f a i l e d  diode i s i so . l a ted  under diode f a i l u r e  ' . - 

-obdition-. The normal opera t ion  $hall k poss ib l e  w i t h  
hr s t r i n g s  o p e r a t i o n  ~ i t h o u t  any r e s t r i c t i o n .  

- 
S u i t a b l e  f i l t e r s  s h a l l  provided i n  t h e  c a s ?  o f  t h y r i s t o r  
c i r c u i t s ,  if used,  t o  avoid radio- and t e l e c o m u n i c a t i o n  

, . i n t e r f e r e n c e  . . .  . 

?he parts &ich a r e  likely t o  be  r e p l a c e 3  i n  s e n  ice/ 
maintenance suh  as f u s e s ,  p r i n t e d  c i r c u i t s  c a rds  e t c .  

shall be of  plug i n  type, s u i t a b l e  . f o r  t r a c t i o n  duty a s  
Pr  levant IECs/IS ard s h a l l  be  acoe&sible  from t h e  f r ~ n t  

1 

The e q u i p u e n t  s h a l l  k e i t h e r  n a t u r a l  a i r n o l e d  o r  fo rced  
a n  cooled t y p e s b u t  t h e  dimension l i m i t s  i n d i c a t e d  i n  
c lause  7 have t o  adhered wi th  t he  maximum t e m p r a t w e  
limits a d  wi thou t  s a c r i f i c i n g  Bny 'desirable f e a t u r e .  ' 

The r e c t i f i e r  u n i t  shall be s u i t a b l y  designed t o  meet 
g e n e r a l  requ i rements  as ind i ca t ed  i n  RDSO Spcn .  

. No.f2EN-~-16/12, s u i t a b l y  modified f o r  t h r e e  pham 
a p p l i c a t i o n s .  

hi1 t h e  e l e - c t ron i c  c o m p o ~ n t s / e q u i p e n t s  v i z  d iode ,  
r e s i s t a n c e  e t c  s h a l l  be a e r a t e d  t o  5% . Thus the rat% 
o r t h e  e l e c t r o n i c  cornponents/equipnents s h d l  he twice 
of t115 requireme &. 

. , ~. . . 
. ., 

. . .. . . . . . .5 
4 



6.0 - Limi ts  -. -- of Temperature ---"-.. Rise 

6.1 The max imum temp. r i s e  permiss ib le  f o r  t h e  wind kg o f  
n a t u r a l  a i r  cooled/forced a i r  cooled t ransformer  and 
t r a n s d u c t o r s / t h y r i s t o r  h a l l  not %be more t h a n  the  v a l u e s  
spec if i e  d be low: 

For i n s u l a t i o n  Class B = 5 5 0 ~  
Class F = 75 O C  . ,  . . 

. . Class H = 105 O C -  

C l a s s  C = .  150 O C  

6.2 I n s u l a t i o n  o f  C l a s s  C or 'H w i t h  H Clms  v a r n i s h  s h a l l  
be p r e f e r r e d  f o r  tra Sormer  wi fd ing  so. t h a t  the  given . 
dimension limits may be adhered w i t h  t h e  s a t i s f z c t o r y  
performance under plev ailing Indian Railway condit ions.  

6.5 The diode j u n c t i o n  temp. s h a l l  be below 10°C of s p c i f i e d  
, max, junct ion temp, under worst  condi t ions .  

7.0 Ziiclosuke and hlount ijn 
I---.--. -__. _.-. 

7.1 . The c a b i n e t ' s h a l l  IE f l o o r  mounted. The space ' a v a i l a b l e .  
f o r  mount ing t h e  complete u n i t  on the  locomotive i s  
l e  l ~ t h  1200 mm, width 850 mm and he igh t  f575 mm. 

. . 
7.2 The equipment s h a l l  be provided l n  r o b u s t  d u s t  pz'oof shee t  

' ' s t e e l  enclosure .  , . 
v. 

7.7 The e n d o s u i e  s h a l l .  te so a r r a w e d  t h a t  when . i t  i s  opened, $ 
t h e  termirrals  a r e  r e a d i l y  acce&ekblie. F u r t h e r  mo E, 
. suff ic ient  space s h a l l  be . l e f t  5n the  i n t e r i o r .  of t h e  . 2 
e ncb , su re  far accommodation of e x t e r n a l  connections from 'c 
the  Polnt  of e n t r y  i n t o  t h e  enc losure  upto t h e ' t e r m i m l s .  j 

7.4 ' It s h a l l  be  d e s i r a b l e  t o  keep t h e '  weight of t h e  u n i t  w i t h i n  
1500 kg. wi thout  s a c r i f  i c  kg any of t h e .  de s i r ed  fea tures , .  

7.5 Suitab.b'43 arrangement f o r  l i f t i ng  t h e  whole cubicle s h a l l  
be prorided.  

6.1 Thk u n i t  shall b e  complete ly  w i ~ d  and t h e  terminals 
k o ~ g h t  o u t  t o .  a t e r m i n a l  board Located in s ide  t he  
cubicle  on  the  f r o n t  s ide .  The -cab le s  u g d  f o r  i n b r n a l  

' 
".liring s h a l l  IE . t i nned  s t randed  copper. S p e c i a l  care 
$Fa l l  be t aken  i n  t h e  des ign  t o  prov ida adequate crse'epi ge 
q i s t a n c e  between the  te rmina ls .  The t a r m i n a l s  s h a l l  be 
c l e a r l y  niarked f o r  i npu t  and ou tpu t  9 rd t h e  jr arrangement 
a h d l  te such G t o  ensure .  a g a i n s t  a c c i d e n t a l  short 

. C h c u i t i a g  of i n p u t  anJ, output  t e r n i n a l s . .  A separa te  r.ne c t  i o  n* 
t e r n i n a l  s h a l l  & provided f o r .  making 



\ . - -8- 
8.2 S u i t a b l e  s p r i r ~  r-iashers and n u t s ( z i n c : p l a t e d )  f o r  t e r m i n a l  

connect ion s h a l l  be provided on a l l  t he  t e rmina l s '  i nc lud ing  
. . earCh t e r m i n a l s ,  

8.5 A l l  componf!lts i nc lud ing  bo l t s , :nu t s  a n d n a s h e r s  screws e t c .  
o f  t he  uni- t . . shal l  be s u i t a b l y  p ro t ec t ed  a g a i n s t  c o r r o s i o n  ,and 
r u s t  by z i n c  p l a t i n g .  . . 

9:O F i n i s h  ' 

9.1 The equipment s h a l l  be f i n a l l y  f i rd shed ' and  pa in t ed  l i g h t  g rey  
i n  cq lou r  w i t h  SS:1650:1960-Colo,urs f o r  b u i l d i n g  and deco ra t i ve  
f i n i s h e s .  

- 9.2 The. p o s i t i v e  ter f i i inals  prov ided on  the  Transformer R e c t i f i e r  
. . s e t  s h a l l  dime n s i o n a l l y  b igger  t h a n  the  Degative t e  m i n a l s  

so t h a t  t he  connect ions  coming on them. can  no t  be in te rchangfd .  
I n  a d d i t i o n ,  t h e  t e r m i  a l s  should  b e a r  c l e a r  marking of t h e i r  ' d pote  n t  i a l  and i q u t  output.. 

10.Q schedule  o f  P a r J L ~ u l a r s ~ D r a w i n g s a n d  ~ a l c u l a t i o n s :  

10.1 P u l l  p a r t i c ~ ! l a r s  of t he  Transformer ~ e c t i f i e r  s h a l l  be'  f u r l l i s k d  , . 
by t h e  t e rd le re r  alongwith g e n e r a l  o u t l i m  aimensioned drawings 
of the  corwer te r  and its mountlng arrangement. D e t a i l s  of . the  
e l e c t r i c a l  c i r c u i t r y  and t he  v a r i o u s  components s h a l l  a l s o  k 
included a longwith  a b r i e f w r i k - i i p  on  the  p r inc ip l e .  of, 0peratio.n. 
D e t a i l e d  des ign ,  c a l c u l a t i o n s  s h a l l  a l s o  .b submitted. 

10.2 The d e t a i l s  oQ c&cuitgy, r a t i n g  of each e lement  anl d e t a i l s  
' 

o f  s u t p u t  ob t a inab l e  w i t h  t he  o f f e r e d  system s h a l l  be g iven  
. . . , by the  .suppliers. . 

. . 
17.0 Techn ica l  ---.-.- Documents - - - - 

t 
11 .:I Technical. doc unents r e g a r d i n g  make, r a t i n g s  r e s i s t ance / induc t -  

ance/capacitance v a l u e s ,  a n d ' b r i e f  s p e c i f i c a t i o n  o f  the  v a r i o u s  
. cumpone nts s h a l l  k fu rn i shed  by ihe t ende re r .  . 

11 -2  al l  necessary  t e  c h h i c a l  doc unen t s  a n d  l i t e r a t u r e  which would 
IZ u s e f u l  for proper  maintenance and r e p a i r s  o f t h e  equipment 

'. s h a l l  be fu rn i shed .  . 

12.0 Dpe t e s t  a &  ~ o u t i q e  Tes t  , . 
.--- --- 

12.1 Type .and i o u t i n e  t e s t  s h a l l  be c a r r i e d  ol i t  as per  t e s t  
programme (P. nnexure-I) .- 

12.2 C e r t a i n  SF c i f  i c a l  t e s t s  t o  ensure  r e l i a b i l i t y  of t h e  
4qui  e n t  may b; f i n a l i s e d  mutua l ly  v i z .  t h e  s u p p l i e r  ad, 7 BU)SO Railways at t h e  t h e  of placeme n t  of o rder .  

12.3 The t e s t s  w i l l  be m nductbd ' i n  t h e .  presence of Xi i l v ~ a y s / ~ l ) ~  !s 
r e p k s e n b t i v e .  Any modif icat ion i n  t he  -:;,;st condi.tions 
r equ i r ed  by t h e  suppliers s h a l l  b3 sub jec ted  to tne p i o r  
a P m x l  o f  t h e  P.ailway/RDs~. 

. . ... . . .p. 
- .  . . . _  



I The whole equipme nt s h a l l  be guranteed f o r  ,a 
per  b d .  of 24 months from the  date  of supply o r  
18 months from the  date  'on comiss ion ing  on t h e  
locomotive; v~hichever i s  e a r l i e r .  Defective 
equipment/ components s h a l l  be replaced w i thout 
any e x t r a  charge and without l o s s  of  time. 
The diodes in the  r e c t i f i e r  s h a l l  be guranteed f o r  
60 months from the da te  of commissioning~ 

I Supp l i e r ' s  r ep resen ta t ive  s h a l l  be avai lable  a l l  
the  time d u r i n g  the  commissioning and w i l l  assist 
in %o commissioning of equipments. 



'Test promame for ~ x e i t a t i o n  Transfor'::lt;~-~ l;(i~tJ?fAgr set. 
/- 1 .  
I- 
Generally the t r a n s f n r ~ e r  s h a l l  co:ytl;f .dt9 the 1x6 70 b u t  
temperature l i m l  ted t o  IEc-~o'C. 
! a) 'rransform~ l-r~:.T ~ o u t i n e  tests. 

t :,+ < 
1. ~easurement  of r es .1~  tan@ 

. . The resistafice of ~ a c h  winding . A s  for type test. 
s h a l l  be measured by DC volt- 
&meter nethad a t  ambient . ' 
t ~ r n p e r a t u r e  and recorded a t  75%; 

'2 Bbsuremen t of transformation 
raglo: .- 
Thk no load transforner ratiqs AS for  type t e s t .  
sh;rll' be meastwred by voltdeter 
mefhod betweel:' . . ~5 d i n g 8  ,. 

3.. No load t e s  
The :primary no-load current , . The primary no-load 
and ~ ~ - 1 0 a d  losses shall be.' . . currents and, no-load losses 

.' meayred a t  pr inary supply shall  be measured at 
voltage, a t  rated frequency, r l n a s y  supply ircltage of 
othgr. winaings being open.. I , a ra t e ,  ~ e q u k n c y  
The* characteristic curves . . .  other windings being opened 
of &-load losses for the. 
Prinary S U P D ~ Y  shall be drawn. 

. . 
4 .  s h o r t  c i r cuf t  tpG 

 he goilper losses a t  qhor t  
circbit voltage shall  be 

L meawred w i t h ' t h o  secondary 
. ~ 1 i s ~ ? . c i r c u i t g + . a v d . . t ~ e  

, rr:agob*i6 :'&%13;f-1i3r- ;:at;. th6> . . . . ' - --. . ~ 

Tated f?-i&qii.~li~y,.! , , .  , .  . ..,, .. , . . .  :which. . ;  . . .  '@$;ds. ;. :.:a . . - , <  : 
: '&e:.:,ated, c!rp1li<n& ~n::t~~;..;,..::. :: . ' - ~  ' ,  

. y : ? ! . p . ;  : 
; .tt6: '14alx.t%', ti?:;: .:!:.e&f;g@nce;'&a: , <  

- ~~sac:ancb stmy+i bb.. calciilaIted , .  ' . 
. - ana ref erred t o  tlre .secondary. . . .  
.. .Keasured:.rectance s h a l l  .m*.- . . 

devLate &:15$ f rom .design.. : I . , -  

v&e. , : : - % .  . ,  .. . .. . . 
. ,  , 

. . . 5  5.  ~em:era&re rzse ' test;. . -. . -  
. . . .  . ., 

: .  The. tempsrii tur'a G s e  test sha l l .  
be. c s r i e d  out for the first 

' ' 

' transformer by tho l o a a n g  birck 
. mthCd or shor t -c i rcu i t  method. 

I n  :he former method, two 
. . 'ransfoniers shall be connected 

tack to  back between primary.and 
seconday tin a shady teq. i s  
attained with t h e  rated cont-lnueus 
c ~ r r e n t ,  the  value of temp.r.ise 

. , cf each h%l?ding shall .be measured 
cY reshstancs ~ e t h ~ d  and shall 
exceed TBC 'iin<?,'_ts - 20 t. 

I . s  for type test. . 
I.foasured re= tance shall 
not deviate 2 10% fram 
tha t  of type tested one. 

. . 
.' . ~ . . . . ., . , i. , . . . .  

. .  . . ~ 

.>. V1 
.. , ' P . . .  . . .  co , 

c.. 



Type ttests ,- ' . 

The di-e lect r ic  test s h a l l  be 
conducted with the following 
voltages after the heat rum 
t e s t .  
Between windings and ear th  - 
2500 Volts 50 c/s for  one 
minu.te. 
Between .primary and secondary - 
2500 V, 50 c/s f o r  .one minute. 

7. Xnducted voltage t e s t  

, ---- 
. . 

. . .  
( b )  S i l icon .  Rec t i f i  cr Assembly 

. , - The t e s t s  for  S l l icon  cti0de.s 
. .  . would be conrluc.i;ed as  per. . ' RDSO .Spec. ~0.2,-16/13 

( copy attached). . ' 

. . 
( c) ' R e c t i f i e r  assemble ' , .. 
1. ~empera ture  r i s e  t e s t  - . 

, 
With the natural/forced . ' 

ven t i l a t ion  as applicable 
a continous IX: current-  of 
2000 A for  a period of one 

,hour or u n t i l  the steady 
, . s t a t e  temperqture i s  3easured 

, * 
a t  the  base of a1.l csSls with 
a t b e m o f i l  un i t .  The tempera- 

. t u r e  r i s e  cuive i s  p lot ted for  
$he ho t tes t  c e l l  with the a id  of ' thermo 'elel-~ents. The temperat- 
ure  a t  the base mus t  be ' t h e  
Spec i f i ed  junction teniperqture. 
The s t ipu la ted  t enpe rah re  risi? 
.abwe an mbicr;t  :? 55 % sha l l .  
be x i th in  the 2: i . :. i'ied value. 
The t e s t  i s  ca - r i ed  out a t  a 
low voltage. 

noutfne t e s t s  -. 

. . 

Same as t h e  t e s t .  . , 

:'he t e s t  i s  carried out  i n  
accoraance with Dara 708 
under sect ion VT~: of IEC 
Publication 76. . .  . 

AS per RBI Spec. E-46/13, 

Same a s  t w e  t e s t .  

. . 
. . . , 

contd.. . .. 
. , 

. . . . . , . . . 



Type t e s t s  Routine f e s t s  

2. . Current d i s t r i b u t i o n  , . . . 

The cur ren t  d i s t r i b u t i o n  a t  Sane a s  type t e s t .  
2000 A continilo~js load. i n  

.. 

p a r a l l e l  connsct, ,! ;:'.odc?s/ 
s t r i n g s  i s  t o  5.3 r ~ ~ c o r d e d  : 
and t h e  imbalance s'nsl.1 not . . 
exceed 10%. 

3 .  Short c i r c u i t  t e s t  . ' 

With normal. ven t i l a t i on ,  , ---- 
the  w l u e  of pea !~  short- 
c i r c u i t  ctirrent a s  obtained 
by shor t ing across t h e  bus 
bar with the  .offered trans--  
former t h a t  p r o t e c t i ~ n  
system may .clear  the f a u l t  
within c lear ing t ine.  

. . 4. . I n su l a t i on  t e s t  
. 

The t e s t  vol tage according 
t o  IEC  146 clause 252.6 
= -1.5 kV AC 50 c/s  applied . 
f o r  1 minute, 

5.  .Vibration t e s t  - 
A s  per .IS : '.7288/ B C  ' 1$5. 

. . 
(d l  Tes t  on. complete s e t :  

1. L o a d t e s t  
t ' ---- . . 

, . 

( e ) '  T.ests f o r .  con t ro l  c i r c u i t s  . 

Same a s  type.. test .  

AS far a s  poss ib le ,  the  exact  
load condit ions ava i lab le  on 
the  loco s h a l l  be created 
and load current  on the DC si&c 
sha l l  be medsur'ed at each-of 
the1 recorded. The cttrrent 
vdues  s h a l l  be mrespbnd ing  
t o  the  voltage. Far the  
thyr i s to r  version current  
k i l l  very smootldy with 
:roltage. 

. 
~ h k  te .s ts  f ~ r , , c , ~ t ~ ~ l , . . ~ t ~ _ ~ : , ~ j ; $ f ; ~ ~ ~ ~ ~  . :,: ~ . 
be *de'ii+h h t .  .*@. .. i;zfia *QV p3.@6J:?g. .-2. ...... .; .. 

. .. . . . 
,+!~.,f;cc.*&.ig .%$, . ., ;< order '  rind: wi'wi';!?.c>,i . z ,  

the  ; X E C % ~ S  la's;?%; , :,g$~.~t$e'c.3Jnt~,~i ._ .. . . . . 

c@i$*-en$... cjff e y e g ,  ..:::. - : .. , -..,'. ._  . . . . .-s . . 







. 
,+1".'.-.-<7 Ths  y3?sz- c 2 i ~ T ~ ~ ~ ~ ~ ~ ~  22 cj$, 2~33~i3r.7 ';dL.- C + b  5 .L.. - ,.:. 'I > . 

.,-.L..I.~, oe as I,S:77PO Lzt~s ' t  !3 . : !?c i : icaJ: i . i ;~  fo: s i ~ g : i o  
+$. ; ; : z ~ e  ~ r & ~ . ; . i ~ ~  T9'7e> .$2pV2;: i:27.sf . ~~2 . zh 2,3:=. .-: . , ., ? I  .!.?.I. . . . - - &I... i ~ Z L  37 tL?e kanse? s?sci:.?ic:?';f-p. LE a::: .,; ,1q,. i;, ~,::a;i. al~,=, ~ ~ : ? l ; l y  - .7,i:>=.t .. , 0 : . i - e  .. ~. . . . .". . . 

. . * .. 4 
. .. - .  r;s~?.a?,il ity i: s~-jre:zc,e. S>?ei$ i c  c.; I:)I; s:.a-orj';as cartahl 

=?ac i a l  r&:r;;iiya-.;.:n+- u v  fvj.-.$::.e .. -loil?<i .,,icr? oz sctsilZ: 

, . 
m... - . , .  
~..,1s k&&zl?cc S T ~ c t g i c p . t i 2 : l  63 5 ~ 1 3  

lorm t23 co2c 3 2  s?zc';lce f o r  ,?q:,e-x3.j'ry, 'layov.C,,;~iri?g, 
(,," I ..,: ,,.. L 2.-. -..' Q -irf.a:! 5 9  .17~3::13 t3.e 12: - . P e s t  >3@;:j:',T. i-e :ie>ilt';y 

A"-- 

&?: '"""? " : '.?, .,: ,.in.- t:- " 
U .  I . . ,  . . A.,e zsve2@ s e r v i c c  ' c j n s i t i s i ? ~  aS 

.C .. . . * - . i -:,:>a. 
, . 

2 ,  3i;8-3e-rs -- -- - 

. ,, . .. f . '  . . . 'T' - .:-iic 9533 ~r ~1333ter 0: 
2. ... + .  , L..O P?.at op: r o d  



3. A.3 :Ecre 'it - i z  n ~ t  : > ~ s s i % i c  -5:; acco;.:~35~ite tao 
rs<ius 3?c?~?.:.icc! ~ ' u g v e ,  s:~~c~.~ic.'~::;r~vz2 for Savieti2n 
o..- 7 - 3e obt.akaa.5 ~ T D L ~  :?iSO.. . . '. 

. , 
1.5 k i l  ?a:.er o o n o e c t i g i ~ s  tr, f>o 5ils%ira busbar. . - .  j o i a . ; ~  2;g;l r;rr; .ctly z&a  r~i;:?~ut any insuln$ inZ s 3 ? . ? 3 ~ $ .  

3 r r  
A . --.----? )3ulduo. ., - . 5 -  , 7 1 - t ~  .;@n)l b& basc .,:{it2 iz~.;'iatars 
j30t 2 ;  ... - ..",> .... -.--- . . A  insulat ing 3e$>ei-s 3f 'liI:e &938351y. : 

3 ,* 4. . -. A .I-.'b~'lta-\;. ~ 3 p s , ~ t i & s  igail' be ,rg?icled , ,  . . ,?it:? 
=pin=; nes!lp~ s . . , . . . . . .  . . .  . . .. F 

. . . . * . .  . . . ! 
. . 

... , 
a .  0 

, . " I  - .  I:. ' . I _  , . I  . 7 i.-:~ ,. 3 .S ,... ocn I I I ~  ' . a $  't?ie b0<t3 o : ~ a l l  3e $.one ' t o  the ' 
--% Z V U . ,  "-'" ... -2 -L,eXi;. ::o nvo'i3 fs.%Zgug failx+o@.. . .- 

9 .. 



4.1.2 iici ?:evirti?n <P!m ",~e ?at i r ;g , type and :!alse 
, a ?  CLe 8 2 ~ x g ~ a 5  2svice: l i -c t  s>a?i be :r;.&"irit'o3utprior. --- - a ~ p r w e l .  of . ;~.~t./Lailv2.ys. ,?."or any devtat  ir?n i n  t ke  rat ing 

- ,  - 9  t;l?o zaire 3 f .  &I:: c:.;;?oncfii, f ' r l i 3  2 e t ~ i ; s ' ,  &TLang.7tth 
roassns $0: 3.evFc;tioil, s k d l  be furn i sked  t o  !~3'330/~nilway 

. f o r  ap ' ; roval .  I . . 
4 .  A l l  'ssug;~t-aiit co!:i?onen ts 2:?,1..11 be sil";ecteC. t o  
_I ' 
L D ~  a ~ 2 e : ? : l r ; ~ c e t e s S s  23 *pa&&m p e r  @ e  cio:n~ s p e c i f i c a t i o n .  . T:za :~m~.?f  ;l-ctsrers m i l l '  e s t 3 b l f  cil strict qua1 i t y  co;l t r o l  
.33 a3 t3 ac:ilieve :he :?i,skest r e l - i a b i i i t y  of  th3 co:~ponentz'. 

4.1.4 . .I:! !::?o 2 l e c t r  i c s l a n c l  e l e c t r o n i c  coaponents 
s>a:l be s-;:,,.: ' 22 :lig :3S% s c r e o n i n ~  . t e s t s  be fo re  going ' . A?. 
b...C.l: f ~ i "  832 3 2 b i y  I i r ~  a e z i t i o n  t o  l o t  acce?+,ance t e s t s .  
n: L.a s c ~ o e ~ i n g ,  t c s t s  f o r  t h e  v,ai-i~us cc~::?onents mo 

. , 
'Co ", 51 e2i &'::~~~~:;~~;:-~ 
4 Cszp le tq  recgi-ddn of t:;& l o t  acce';tancs t e s t s ,  
rcr.eenin, t e s t s  , m ~  r o u t i n e  s2all b3 ~ e ~ t  . ~ ~ p a r & t ~ l y .  " 

":* e s c  recol-qs shell be .:ad? a v a i l a b l e  f o r  t:ie 8cr;~Siny of, . 
t-:.e- r~i : j rosei lLat ive  r ~ f  ~ S ~ / l l a i l v & y .  u . : h 
4 r-elia3iiit.y c6n.nno.i ~2 te;tes, bl;t has t o  be , * 

. h i l t  iii by a t t e n t i s r ;  tr ,  d s z i ~ 1 , ; s a n n f s c t u r i n g  process  . ! <* 
-"-- @ .  
,u,e i c sqec t ion .  i;t i s ,  t a e y c f o ~ - , n e c e s s c r y  t h a t  ;c 

L- *ax . ~ ~ : : : ~ P ~ c t : z e r  1 6 7 : :  d%%1 rletaiZ& q-dali ty assarance  , i'. ' 

<;-o6rc;:ic 2 p r  tl:c r;a;>-~f&ct:!~a of deKices -  and tLl3 a33e~ibxlf 
-a  .L ..... ;;;a ~5;7~, 'r!;gr3. ' , :~>ies I)? quality a,ss&rance ?Z-~grz::;~eS, 
(In,fe:-1s. 2:. tl-.r: Gests aS va r ious  stages ~f inspec t ion ,  CWCL . , 
li.:.;;s, 3:;~. S k l i  3e fzi-nis&d ,at . t h e  t i d e  of evCtl3atiDn! .. 
3;:' ?:'.3tci7e2 , Liesign. J;.ny c;:anges';-,rJa i n  t h e s e  progrx-ZeS , . 
*-_ ,.- - . , ~ - L ( L . - ~ .  56 3 ~ ~ ~ ? ~ . 2 ~ d  $ 3  Z;S2 / ; l ia~k7~~8. . . .~ 

. .. . l ~ i '  C,:;iicos a e  n o t  acoe?table.  2 i?des  i St.25 .;. 
rri->:l no:dqred >:.;icti:n enr: so2dercS oxteirnial sesl cms t ru - , .  

, ~~. c",?o~ clre ~ 1 ~ 3  r:;C accsr,taibke.~ . . . . 

. . 
4.2.2:. 2uaiiir;r esc.xmce tos t ing ;  en.: a f  lfie se2-ecning 
0 .A , f ... 7- G C y ~ C 3 ~  siza:i >a , p v c r n e 5  'Jp ' q u a l i t y  Assurance 
T e s t i ~ ; ~  02, S i l i c ~ n '  ;i3 ::esf 11o.S2ec/3-16,(13 iasced  by  RDSO. 



4.2.3 F?.G;::'I~:: of ';$3 ;&7?.0e,o s:;.;?. be su?.ly 
i n s u l a t e <  ei,;;; I. .. .i-t:-. .., o i l  i c m  r l r i~bcr  oi? PTFZ sleeving l . 

4 :2.4 I n -  case o f .  slat base daviccu", a s z i t sb i e  CD-JOY 
ger s i l  icw? r ,vbi~er  a r  :i!?-?Z :;hs.:.i be ; : ? ~ i d d  DVGI- of et' 

t i l e  dcvide t o  ah?il  . ~ c c v r s > c c  D: eztcxizal f l z s ; ~  ovr2rs 
.by f o r e i g n  ?.~lattorr; .. 

I 

4.2.5 Su r l ac?  Pi.i~ioh an5 QT..nt:?ess o f  %kc s ~ r f g c z  of . 
t h e  dev ice  Fi co?~tt?ct z i t h  29z t  sin!: 5:1al? bf as ur,2er :. ' 

Surf acs Fanfsh. LFS;;. %:!,zl 1.5% .1icro::3tilr 
- 7 . S:.rr'ace Flatness Tvta: r i?dicctor  .wading (TI:) 

?Q '3c he id  frGn. O.D?OS .tc 
. , .og 1 :;:; I 

. . . .  
. .  , 

6.2.6 The size of the  bnoe rintmtii:g 3t33s' sks l l  tic 
n o t  lcss thm i<-6 . . ? 

4.3 Eczt S i ~ k  . --....--. 
- .  

. .. .;o (: , .;> , , -*a 1.3.1 - ' , .;;~.ai:i 3e UP ext.rude.c! cnnstrcc'iioi:. 
Sand -9Bt  hest .:.i.n..:~ are no:. nccs? tab lc . 'Fcr  any o tbo r  
type, s ; l c i f  ir: n2pr9val o f  Z3SG/Btriis:~y strail be t ~ k , ' ~ i l .  

4.3 .2 The pxea of device s e a t  on t>a i l ea t  ? i n k  ~ h a l i  
Lave pro2sr s c r c a c e  f i n i s h  and f ;atx,ess, ts :zini;iliae '-i33nting 
r e z f c t w c o  dilo t o  surf a c e  ;~roble:.:s. i71ati1ess 'md 
silrface f inisii ~:1-3;1 'JO as undor .: " 

Surface .Pl.stae8c $ ~ t a ' :  ?r:dicator' . ?weac i i~~(  ~12). 
a tc, ha :::el$.- T r 3 3  0,0395 ta 

' , $91 x::. * 

. - s..-,.*-,.- .,>. ;. ,a.A ,- i7 5.n i s h  7.z ss 't3an 1.524 m.icr.met&r'. 

4 .3 .3  n. 4 ~ ~ - e ~ t  ..* .c:i>. i e c t i o n  thr~uii i i  tEe 3ezt  sin3 , i$  to 
50 av~idkcl,. I n  case i t  is  riot ,g3:;s i52e,  the:; tile :i@nt. 
s i n k  cev icc  ..-..,-. ..,,4,1 t i ng  . susf.%ce s~:il clrr i 'cnt  c o l l c c  t i on  
cnD tact nr?a sh311 be ; u i t aa fy  Lroztc?; t'g ?revent' e l e c t r i c a l  

f . 7 - c z r r ~ s - i . , : ~ .  ~ u l ;  iiotr;ilc o f  tllo rqoposecl t.,redt%oi~. U . l ~ ~ l  ae . . . 
~~ is:?& t 2  1',:;sC;/::G~lr.!ai7 at u2.4 t i.:;~ ~f detailed eveiazt ion , 

02 6.3sigi: f 0;: a:, ; : ~ ~ v . ~ ;  . 
4.3.4. , *  n,. 

. . 
1.4 2 ;  . . .  . . . r i a t i . ~ ; r  ,, .: heat- trariszemmz a112 ~ i v e  c o ~ r o s i o n  

PI-3 tec:tF.m,. i;:;.:: .:;?:,+";rink surfncs s3a:l 30 suitably t,reated 
ixi blac: co lou r  e i t h e r  >y 22i::ting o r  ano5.:.$ing or .my' .>t;ler 
P , ~ O C C S S .  -V-d:? ;!;:,;ails, n1y,3g +it:T the t es t '  resu?.tg, sI;2l? 

7 Turniskc:? .?k t h e  d e ~ i g n  evaluabinn s t a z e f o r  a;>;rovz.~. 
.- , 



, 4.4.1 ' J i t r e m s  cnz::eli er'l f i ~ ~ - i i ; < ~ c  t i v o  wire  nound 
f 'zziztoi .  as 2e r  12:3373 ?:st, iI(i;zt?ct) . chc l l  only  'be 
=.13~C?. 

444.2 - 
A , . . : - .~, ;~;:cas A ..-. cha37- Sc-of otad ;~oi~r:tod ty3e - 

2x5. ?rovide3 -<.; 1 ;:- l ug  tar:.ieals P s t f  e r n  2 9:: 12: 3373. 

3.4 .,3 my.,'+ Lid- c l e c i a e l  : ~ a t ' ; q o  rcl t ing a f  $59 r c s i a t o - 3  
. a t  tJle o$ecil'ioc? ci:.~%ieiit t ou l c ra t i l r e  r1il.L 'le zt l e c o t  

t w o  t i s e s  i;ka co:rulated r is : i - ix : -  yi-,,t ",:zc i ~ i  t::io c i r c u i t  
of a;?;>iication u i ~ d e r  ,-;:~e worst  : .3s5i~z c ? ~ C i t i ~ ~ l l s S  
case  of p~ton-Lip.1  3.s-jL.3ing resi..'.i;:rc :~cr;sf diodes, t he  
-,7n.ttczc re,-i_n,: $;all ' ~ s !  cor?esp?fisi i;~ t o  :-.&:i?,uri iei?i<a;e. . . .  

cc;.rronS lisit 319 t h e  5cv;co. 
. , 

4.4.4 T h e  reef s t ~ r s  s!1a3'1 b e  jrsf er-ably :?.~un tod in 
t h e  v e r t i c a l  ? o s i t i 3 n .  Ir snse  t.;ro r e s i s t z n c e s  a r e  - .  ;~i?n.ted c l o s e  t o  oath ~t;:rler, t : ~  r ; i o i ; a n c ~  betmeen t 3 e  

i - -  r e a i s t a ~ ? c e s ~ a z , : e  t g  ecige) s:lnl:  bo rit l e a s t  tuo tii~.1ee 
t3.c diasetcr"  02 '.,:ye 5 i g g e r . i c s i s t a n c e . .  

n 4.5.1 
r;c' uap~it :?r : l :  3 :  ii-ep~;cd ayi: 37i)roved .3e.2e ~>illl . yr 

~lill-;r 5 e  lis3d. ?'..c:. type  of c a p a c i t o r  seaect-d  o u t  o f  t L e  ** 
., ,s;t .~zdz*d ~ 2 2 . :  - : :  :-,.:..::tc$ ::.a~ufzc3:;ror;:, sLa7.l S a  su i t a57c  CP 
Z ~ P  : ~ r L i c u 3 . : ~  - ' - xii api>l ic&tix:  ., 

t 

. . I 

. . -  4 
.k -5.2 ,!.::.etai CG; capacitrrrs: nit:? s e l f  ~ : e c l i n g  fact-.?re:: 

. ,be only zse2.  Full. i e chn ica l  details ac3 c s i c c l a t i ~ n s  
f 3r s e l e c t  i n 2  a ~.sr  titular. capaci  t a r  c;l.aI:. be f urn i s i a e  
.at t ho  t i y e  9:; d e t a i l 6 6  e x ~ a l i i z t i ~ n  3f f,i-.o d ~ z i g n .  

17.. -L,5',4 il,c co i i : - : ec&i i~ .  t o  t h e  czi:aei3rs n imi l  b e ,  
I ::??ait;ec; 'Jjr fncu lz tod  ty,:e s I Q  bi3' connact2rs .  

4.5.5 , . 'i'::~ .rari;iun 7~;lcigg &l t s z a  a c r o s s  'any C E Q a C i t o P  
s:lali n 3 t  e;.<cees 5 $ 02 ti:,? r a t e d  re?c{;itivG v o i t x a .  IE 

, - cz2e 32 ,;l:ia c t o i - z ~ c  ca2ac'it.ors; tie vo'it&z rnting cf 
c a ~ a c i t r t r s  3bzi1:. 33 t:ie S Z I ~  as tho ?T r a t i n g  of t b c  davioe.  



-6 - 
, . . . 

4.5.6 T;& c a - a c i t 3 ~ ~  2.o sj:::z>l.z f 3: cc;ce 
tem?&ai;-ae jra;j -23°C ta + 3 5 3 ;  ,$:ic cdr, ;; <c~:.:::-::;\~r.i 
r i s e  6hEi l ln  3 t exceed 1CIQC 1?::5:??:* -':;:?.la 322 i ~ i l  cul-rcil-: 6,12& 

v o l t a g e  r a t i n g  3f fhe canvertc?. 
. . 

4 .S Fxses -..- , 

7. 4 . G  .I L;oes sli;:9-ble yr,:,- -o ' -  u,.;ic3~;i::~;ct~r n~plic.:.$?.>n 
c g : ~ p i y i ~ l ~  nit!; 12: ZGsi.;t s l c i j .  38 -j-c. ., ., 3. 

y 

. . 
4.6.2 - pLlses.~:jit:i buiy-t i~ ~5,-r;,~~.;i1>; ~ > : y ~ j ~ < z - ; 2 i ? ~  

. . ..are a c t  t 3  be ;:sea. Se;mrcbl;o s:,-;n;;ilir.;: ,A F ~ s g s  6 : j ~ l l  j ; ~  

used,  

5 .  . P.ss-;bly c c  ' t > b  ;ieSt G i i 2 i r  sx i$  dc;rice 
------*- 

5.1 . ' In case 3: d i s s  iypm D!: ,5evicsz,  t:;d des?.E;i 
09 ti:e clc:.: $jrste-. 3.c: s-:~'.~ t y . ~ t  t::<re,-i::tzc& 
; , . 2 ; :  j e  a:,p:iec; -.<?r;ier1; ic! i lc  69 ';ho 

. .. , , "ice snr$acc.  : cio;:!n g&i.: be .,;rjiriL:ed ~ f & k  a 
:rcc?.zn i c a i  f 0-ce g m g e  to i n ~ i p c . L , ,  , ~ b ;  ..:.,-+ . ZOI'CC F3 
ay?;sli@S as g e i i  6:: t,i 'insicate ti:a'; tire s e t  force 
f a r  a pa;.';ics?.ar d e v i c ~  [~ln.s :>czl: &::;lid. I i : . l i v i d ; : e l ,  
cl&?l~ E - T M ~ ; 3 3 . 3 n $  r3I;ail be ~ ; r ~ : ~ i ; ~ e . ~ .  fsr ca& s.sce.:.51:~ 

. . 
an'3 n o t  a or;:--i9n c:a;1plp. for t4c s ~ L o : ~ . .  . . .  - 

,. s .. 2 i s i  c n z c  3T f l a t  '323s CCV~.C<S,. i 2 ~ 0 ~ 3 : ~ 2  1 3 1 9 . : ~  
, . o r  :133C:;i;.1g s ; r i n g  n:i:l safety Srs ->e t  s:;all bc :,]X-~;-;ilec! 

bet-vben -i.>e i s a e  a;:: +,he 2g:mt. in~ sks f i s ,  so ilx-it ';le 
si;~icg -,r2s;.2& piat,$ :j?.cc-;es f:.=f >r3ger ~ 3 u c t i i l g  
prC??u"'L!rD appl iis, 

, 
5 . 3  . . $ a r t  ill;; >i-r&g?:::.nt 3-f t'-o ;l..i.vtce, 8l;all be . .. . - .  
. S ' J C ~  :;hat .;;10 3res:;::y~ i.:: 2r.2:r,i-.;27 ~ : : ~ $ ~ i ' b u t e G  over 
t he  33tal c>nt3n,t  zc-cz. T5z ?-enc;.:?e j;aLl be appl io5  . . i n  a bfa~, : rc  faa;::icn such .;;1~1;::t t z c  i ~ g  ~f o p + o i t e  
c o r n e r s  t o  3321: k:.aLf 3 f  t ; ~  yeco,.;;!enr:c?i t9l'que a n 5  :ken 

il. f i n a l l y  a:sy,?_jr ~ z c z s s ; ? x y  i " c 3 ~ i n  inii; tprque in tllc ' 

gc.33 star ,, 701-'.i ,,*, :a2nLol?. . . 
- - .  

5.4 -..Gc> . :p>,ez ,oc.hiz::;~ ~ : : ~ ~ ~ ~ y ~ i ~ ~ g  p r e s s u z - 2  fir ;hff 
afycrez ss.~ic, : .e  ~ i l a n l  :,e f latzr:~ined by s u i t a b l e  .. t e o t c  235 fxY.1 i ~ x l s  sf ~;rliic21 s58.11 b e  Ewnis:leC t 3  
:?;>sc /;-* ai lTTay . . 

5. Y Ii; order t 3  3.32i3is2 tjlj coi;tncts, between ' . 

~ a t i c ; ;  s x r f ~ c e s  af th,- '::ev:i.ce ".ec;t; sinlc, su i t ab le  
$Zler.:sl csDpound be use;: t o  2i:i l  i>;> t h e  vaids . - 
:jct?jssc i;>c :r~: i i lg surfaces beL'or-,- cscc,::bl;y, ';l% 
,.- bi:er:>a?. cg::?pciirid.&ail ?.lave i3:j. t:i?r~cl resistance and 
s i . ~ l l  s e a l  &le j,3i2! against 30 i~ ' ;UTe.  



, . 

,,' -7- 

P 
5 .  --- C a b 1 ~ s  

-+! . . 

. - 
- 6  .,I siazle s t r ~ 3 d  s91ic .:,! . .-n*.. -5 . ?  . . . . . : , . . . . ..I: ? .  GCZ . - .  foe ~or -c~i3 ; lc?c t iDi l  > ~ t : ~ z ~ i :  ~ : j  , - - , a n  i . ~ / : ; ~ . j - z ~ a ~ ~ .  .::..,ii)~. 

. ks1 int2r;c~;.ii;cct!.;~;s ~: ;~3 l ,  i)? ,&h dii;lt ~ - s ~ ~ , r & i ~ ~ c d  . 
' f l e x i b i e  iy:su;bafed c&?oc, 

. , . , 

6.2 ~ u e  cr~:.j;:~~- ..:ulti.-3:fs;n.31:;2 cc?'J:~s t n s u f ~ t e c  
g i t h  f i b r e  g:ssc/"x:3>cr glc:?irii]g stc. (j::a:l n ~ e  : ]ozse<  L*  

6.3 - 'T~iiniy~::.; s i z e  of t::e ~3351~. 3'ls.i: 33 2.6 Gq.22. 

5.8  - 7"- 4 ,  7 ; ) i ? . s ~ l o t 2 c  
. . _ , .- * . . ca'Jlos as .?er s:,ecificat i sn  at L . .  .irS; 1;;--I1 sl:;lii be 

uzcS Pol- a;: i n t e r - con r sc t ions  to  ;hi?snxbber c i rcu i ' ; s  
n igns i l i~1 :g ,<-ses ,  . 

6.5 '' . ~ l a s t o : ~ c y i c  c e b i z s  pw X723's  s e c i f  icc+:3c 
I , .. ,?- i io .  9-:3/2,3; nr: z:jt?j15e< f ro21  t h e  6 3   ti;::^, 5 d 2 ~ 1  36 . . 

usad f o r  a l i  :, : ' ,  i 13ca';inns. 
. . 

6 a 6  n r  i;le V'J!.~::S? g rade  si~al-l be 3kV igc) ,Tor &::?ing. 
2nd sna'sber c : rc :~f ts  md 750 IJ f~:: .-/en i L ~ t l o n  I)+STier 

2nd o t h e r  a u x i l i a r y  c i r c u i t s .  

7 .  Ter:r,inal - i3oards 

7.1 Tllc dcsiell  of ' tho  t>er:;inal Z ~ o ~ c i  s h a l l  ::aVe 
the  a 3 ; i r o v a l  o f  33:>0/3ailncy,, Tile des ign  s h a l l  eel' 
g e f ~ e r g l  coiqXjj .with t h e  Bo1lo;:;in;: h 

' . ' VI .* 
i) ~ [ r ?  , ~ i z c  2.Z th.2 C~i:~:e"icil gtucis s k a l l  ~ 2 ~ 0 '  CQ : 

ads;i.:ntc, cui . rmt  r d i n g s  3212 ' t he  -;?ininus L 

s i z c  shr?.il n ~ t  Be les:: tkai iC .5 .  . 1 a 

i i )  . 7 ; : ~  24; ld~ 3hail.. ~~2:;f.x:~ ?&;ad s t a c l  
o s  y z r ,  92: 3302,-6i(?ar 3-1) . 

ti:) q rs -~is i  jn 3 f  t l ? s ~ : . a t i ~ n  'sa;.rierc. bf2tl733il 
4. ;. ,::2 ter: l i j~als?.  . 

. . . "..--I :.,- iv) I ! L z ~ ~ L I . . .  .,c .... ,;, tho e i c c t r i c e ?  ~ o n n e c t f g n  
.. - : Z Z ~ J ~  tha t  t h e  con tac t  t i g h t e n i i ~ g '  . 

a,,. . 
_.,L . :: ;]?t aasscL th;roug:~ inq3Iat i i lg  

. . bo?;.ti* 

, . 7 . 2  1Tr;t .:r,re t:;aj~ '2 ter:d:natijns s ; ~ a l l  be ?i-~vic'rea 
. at -,:;a 3tud.  'la ccse  :i3re coni7ectS3ns are- re ja i rc? . ,  t;le 

t e r s i i l a l c  ;.:ay b;r ~::tta:.'.dej' by ~ r ~ ~ : . - i i . 2 l n g  sos;$er . C D I Y ~ @ C ~ ~ Q D  

strips. 
. . 

. . 



7 .6 ?e~->:.;~;~.: 133ss3 oilcl i  >e i;7ste,>ld:l iq t h e  
've r t j . ca l  p o ~ i f i ~ n  t o  avoi.3. .t::iat S G ~ G  col:ect.im a n d .  
act iC&ta l  s::w t c;rcuit::. 

" 3 .  Cable  Ter::!.xat i ~ n s  --- 
8.1 So idere2  j o i n t s  . 
e.1.1 ' Sg:.iicrei; cable  ter"r . i iu~tir \uz and connections - o?:ail 50 nor=a:ly,avsi5ed, in c z s ~  ~ ~ L ~ e ~ e d , b o i l n e c ~ i m s  
r;;.e unavoid&ble,  fu.1 i&ta;:s s::all 5e ?~r~?is:~ec! t o  . 
. . .." ..::J,L43/2,ail~ay :?ar y ~ y i a r  q ; r o ~ ~ l .  

0 . 2  S3l&re(! j o i n t s  skalX 5.2 :!ads 'by t r a i n 2 3  
otcl :? w i t h  100% ti]? s ~ l d e n .  ~?i.$;: s u i t z b l e  r;$:dering 
e:;l?iv.:eiit & - '  d 9  a>ici l  , : i a in ta i i l~  t h o  b i t  t o n ~ c j r ~ t a r a  conctm t. 

- . .  Z .I .4. i s .  ; : l e ~ t  i n r i  D E  c a c : ~  solciered j o i n t  s i~a i l  
. 5 3  c s r i e s  2 : .  '. - : - t r a i : ; e  inq:>ectnr :?or 'cl~cclring tho  

non..;:--3rc U L I U , - . , ~  3~ - -  ,.. L....:. j 3 i n t  anfi tiie 3 ropcr  vettii;: ~f the  
rJr?sc .es  befa: j ~ i ; i e < ,  

3 .2 '  Cablc 3~c::eds 
-.-,--- 

2 .  i A l l  c a . 5 1 ~  aa:is':;ixl: >e oocketed v i t h  cr izped,  
';y:>c snci:et. 

0.2.2 , ~ r e - i i ? s : : i ~ t e  ~ s c i . 2 : ~  .,-1i;lnll only be usdd. 
T?.s c;.-i.lipil~~ Is t b  j e  ~ O I I ~  ii;. ~crjl-, .a aay t h a t  t he  
i A , , u ~ ~ ~ ~ ~ t i ~ j j  .- -. 9; >.--,> ,.;- c a j ~ e  g e t s  cr.inp~;i- n i t i ~  the. i n s u l a t e d  
'Sleeve $3 p .pceci2:, f ~ i h n s  c u a  ';o f.l-;ring a c t i o n  of. t:ie 
,I%* I,..,u:~>orted c lej~t:>,. 

0 ".2.3 The. c&c:.:.:.)ea ~ 5 ~ 1 : e t ~  s?:aLi. be 3? ?rQper  
"'... .,- j .?-." 
i l i , , , , . . , l ,  isL a :.-~a;-tOcla s i z e  0 2  t he  cable.  



,2 -: -:I 2 I;. $a:.x? 3,'; it.;- 3.f 1x1, cdcin-3 I l i ; ; l  
: i d  l .;a2 ,? '7 s;>all : e s ;;.re 5 

. - 
0317 ':'rii-oo gf cc:;a ?o*,:i:';;2,3. .~il?.  'Je >::-::.3z! 
L d.-,,:c$:io>,. - ;:ki c;>l.: 0 2:;' 5';.233;*3;?t v ~ l  te, 3s - .- '5lail  0s se? .~z- - . ' ;~ iy  . ~ : , ; ? ~ : . ~ ~  Bn,: :-ggl;c:;. 

1 :  f ? , ,311 :rirac;~hich 
,. bbdv3r&r i ly  =:.._ o : ; ~ ? ~ : . ~ ~ ~ ,  s:ls:-. 5.2 bal]c:.:;sC 

. - .  se;gii(;c:y 21x2 i;n i:21- .3n33h'L;r ~ 3 r ;  i6.2:: 
w 
h 

,-:rira o':oald ba ; ] l ckda< :n ':::is 52;?&, Y r .  
w .  . 

::*.c :>;i.?iva " ~ 5  .czgat ivz .-rrL?es i z d c  b .' 
c f ~ c s i t '  s3ell - 5 c  s j g . 2 r a t a l y -  bx,?c5ed. L 

I' 

.4':7r:3 . ;jsi:z,~ C:~'L.? 5e tVJ3 5z0 5 ~3 $::e. n i k i n g  : 
~ e y o - j t ,  lz:>e s ~ 3 s & ~ i  ~ . ~ s ~ . ~ ~ ~ + t ~ ~  ::iniQ~z' c 3 z P ~ s  -. - of t:>- .son< n.!.~a..i :?c n'; ;@as'; 13 t i 2 e s  '2;?.3 
pd<;or ;;i.3;:letsr. -," ~.:~312.  

. . 

. : J : ~ o ~ - ~ ~ ~ ~ P  t;li Czy>laD/'7;2*2S s ; P ~ v ~ :  . b > ~ g ; i ~ i  - .  
2370s, ~ i - i f i - c a s ,  ,-at ;:;z,;rq, j t c . ,  p . r l ~ t e ~ ~ 3  
pj>>~; gr'5:.yLe.>s sy:::.:: >a ?i-'~vifisc. Tlie 
". ..,. . . - 7 . , . - 7  '' ,+. - .- ,,,, U,ir, i~. j O  $?3 '7 i2~5  Ct13:I $>.at t:l37 
,. .-,.I. A::; . ! ,  , ,&, , ,.,lo:gaS. S:i:_ii>z vi.Sra$iz;2s, 
, ..: . .-.. . .: 3:: , ~ s  .U~ix:ii?~:: e q s r i e n c o d  in  sarv'-co. 

*h* - ' t  ., '1.1: .t:-.o c ~ 5 l e  r u n s  Y...aii 2% r ~ i t ~ ~ ~ l y  
C I ~ L J ~ :  b;, in cul.s;:od i$f."-en&-s rJr 
Zai5-iii c&Le .&uc t i i ?~ .  



.., - . .. lj) T:le 2a. ,  2 ; , . < ? .......... / L' .,A% z.1 
-.,i.:;;: s: a'; asc;:ieL= i;?1,~rv.~16, I;] , 

5es3y .;,, :-i2G:yLes,z a5c- <- - mtJ. . . - ?  .....LllrU:_..i!~e, -:...'. -.->:-- 

?-?n ;?a;.r3?;. $"-iipas 'In czc$ >-~yc':\, $>.?,,l . .--- 
n i t  e::cesd t$a, , . 



- 
.- - 7 s  zi: !-cz.'; f3? -- T i e  ~ 2 : ;  a~ :.t?y , s>2!.1 ~ ~ ( ; l ? ~ i 3 i l ~  ?.30 

c..F.' ..<= - - -  - .  . - - , ,my v i s i b l e  -- -.. -..A,- ::-;..: z.2 :- .> T? ,e.~~-27E:-.5:52::2 . : ; i t ,? i97-+ 

C.,z:.:~a*- - . . 
;-+) ?>ifG ;: ,>s. LA ;3..9:" , - , . A < . & - -  ,/ .- : -a -.- - -sr->=" 1 

. . 
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QUALITY . A S S ~ I   STING GF DIODB 
. .  . . 

FOR 
. s 

SINGLE PHASE 'OtrCTInN  POI^ CONVZRTORS. 



High r e l i a b i l i t y  o f  the  equipment i s  t h e  pre-requisi te  
f o r  t r a c t i o n  ippl ica t ion.  Tract ion appl ica t ion c a l l s  f o r  

' devices  of the  r e c t i f i e r  t o  igorl< under arduous se rv ice  
cond i t i ons  of theriaal cycles,  dusty and s a l t -  laden atmosphere, 
h igh humidity, ;i,?ltage trLnsients  and continuous v ib ra t i ons  
and shock:j.. yi ; r .y  ..? -. , devices a re  required. t o  be of high 
r e l i a b i l i t y  fc? f :A: ti.an anplicat ion.  

, . 
k f t e r  %!I;. device  h a s  been properly se lec ted  t o  meet , . , 

wsth the duby requirer;ients, r e l i a b i l i t y  of  the device i s  
, ' t h e  r e spons ib i l i t y  o f '  tkie manufacturer-. I t  i s  a t  the manufact- 

u r ing  stage . the .  r e l i ~ b i l i t y  i s  b u i l t  i n t o  t h e  device-beginning. 
to.  end. I t  i s ,  kherefore, incumbent upon t h e  manufacturer t o  : 

.. ensure tha t  t'ne complete ~nanufacturing process i s  designed and 
con t ro l l ed  as t o  maintain q u a l i t y  of. . the devices i n  volume 
production. . , ,  . . . 

. . 
Tlie purpose of t h t s  ~ u a l i t y .  Assurance T e s t  Programme . ' 

i s  , t o  l ay  down de t a i l ed  procedure f o r  l o t  inspect ion an& 
type . qpmva l  fo r  u s e r ' s  inspect ion as required v i d e v l a u s e  1 0 ,  

. of XS-7788.a~ well as  audi t  checks ensure per iod ica l  monitoring , 

of the q u a l i t y  of the  production and use of r e l i a b l e  devices f o r  
assembly of  the t r ac t i on  r e c t i f i e r  se t s .  

h 
1. . . Tme Approval of the  devices' 

. . w4 ' ,  

1 .I \). m y  nev detrice proposed or  uprated by zi manufacturexa 
s h a l l  be s u b j i ~ c t L '  ..+. .the'typ.e t e s t s  a s  per -PPE?T)IX -A .  t 
The devices shal::. : I: be used f o r  assenbly of the  convertors, , . . . 
till type ' epp rova l ' i s  occorcted f o r  the. device by ~ ~ S ~ h . : l l w a y .  
nu f a c i l i t i e s  fo r  c;.r*rying out  the  type and inves t i ga t i on  .: 
t e s t s .  Sha l l  'be provided by the  mnufact~l rer . .  The tests 
s h a l l  be conducted i n  the presence of   hailwa way,^ nominated 

- representa t ives .  : . . 
; l 

. 1.2 The sampling, plan f o r  t y p e v t e s t s  . sha l ? ,be  as under. 
Saqples s h a l l  be se lec ted  by ~ ~ S ~ k a i l w a y s  representat ive.  

' . .  

Lot quan'tzty . .. Sample. r a t e  . . . 
(Nos. ) of the  l o t  

. . .. . 
20% . .Subject t o  minimum 'of 
12% 49 devices 
10% 

iibove 1000 7- 5% 
' . . 

. . 

1 .  :In case o f .  bulk orders ,  the l o t  of fered for: type 
t e s t i n g  and inspect ion s h a l l  be a t  l e a s t  50% of the t o t a l  
o r  d s r  . 



. . I .. 

. . 

-2- 

1.4 .The progr&me of the type tests oh the  samples 
s e l ec t ed  s h a l l  be as per @APPENDIX ,. -A+ 

. . 

V a l i d i t x x t h e  Type anoroval: .2. 

2.1 The type =pprov;il fo r  a p a r t i c u l a r  device s h a l l  be 
normaliy f o r  a period of t1.m yea r s .  Comalete type t e s t s  
as pe r  item I w i l l  repeated before t'ne validi.ijr of tine 
approval i s  renwwed. FIow~wer, at the discrehion of  the 
~~So/Lucknow,  ,conduc.ting of complete type ' t e s t  progr;:mme 
may be waived off o r  modifled progra-r~ed may' be repeated. 

3 ~ a n u f a d t u r e r  . . ' S 6uali.t; ' ~ s s u r a n c e  Prbn-mme:., ~ 

. . 
3.1 . It i s  a t  the  ?.anufactui'ing stage,  from beginning . :  

t o  end, t h a t  the rc!: lzbi l i . ty  i s  t o  be intsoduced i,nto the 
devices.  It starts with t h e  choice of suppliers f o r  ' t h e  . - . ' 

components and continues with inconin% inspect ion,  i n  . . 

l i n e  process controls ,  processing after cbnstruct'ion, end 
of  l i n e  screening and t e s t i n g  a d  qual i ty ,  assurance testing.. 
It i s ,  therefore  ,incumbent upon the m:tnufac tur'er' t o  l a y  

. down q u a l i t y  . c o n r o l  programme t o  monitor the  manufacture . . 
and' t e s t i n g  oZ the'  se.iicon$uctors. The' manufacturer s h a l l  . ' 

f i n i s h  the  qua l i ty  assurance programme proposed to  be 
followed a* the  itme bf the  placenent of the  order. Any 
changes made subqpquently -dl1 be advised. Audi't checks 
s h a l l  be  ca r r i ed  h u t  f ron time t o  ,time, by the represenWave  
o'f RDSohailways a sce r t a in  the  imple e n t a t i o n  o f .  the 
quality-as.surance'prograrime. . . . 

. 
q. 1 Routine t'ests includi-ng. screening and burn-in t e s t s  
s h a l l  be ca r r i ed  o u t  on a l J  J e - ~ c e s  a s  per ,iPPE?S)IX-A by 

' the manufacturer. The nanufactuer ' w i l l  ke$t separate Yecords 
f o r  these rout ine  t e s t s  c x r i e d  out  on "the devices, yhich 
w i l l  be made at-:' l-?'o for inspect ion of the representa t ives  
of  - R D S O / R ~ ~ W ~ ~ ~ ,  . 
4.2 cert i f icate,  a s  pe r  the  f.oI!JtoGing proforma. S h a l l  
be furnished fcr each cubic le  or  for the' l e t  of the  spare 
d iodes  s u ~ p l i e d  i n  respect  o f  rout ine  t e s t s .  

c e r t i f i e d . t h ' a t z l 1  the diolqes type No: 
as per  tha cnclosed s e r i a l  nu-zbers used fo r 
t h e  assembly of the cilbicleW~.flo-. 
against  conkrac t /~rder  No. P . . 

d t  . 'nave been subjected t o  the . 
. l a i d  dowr. rout ine  t e s t s  &id c,omply w i t h  .the - . 

, declared l i m i t s  of .tll,e m r i o u s  , . f i na l i s ed  
parameters of the 'device. , 

<. . , 

Q u a l i t y  Control Engineer 



5.' .Audi.t Check of : t h e  Routine TeS.ts:, 

5;1 Ten percent  of the d ~ v i c e s  fro!? each ~ s u b i c l e s  
offered fo r  inspection, pick:& up a t  ra:ido~r by the 
r e p c e s e ~ t a t i v e  o f  the Inspecting Authori ty ,  s h a l l  be 
subjected t o  rou t ine  tests, as  indicated i n  APPE~JIX-A 
in'presen.c.e ol' therepi*esentat i_ve of the ins:?ecting 
author i ty .  , . - 
5 -2' . 3; dtise my d e ~ i c ~ ,  o u t  of 105 samille l o t  devic'es, 
does not  comply with the  declared parameters, the follaiqing 
grocedure shall be followed: - 

(a':~n base more than one loco s e t  is offier'ed 
fo r  inspect ion,  then 20% of the devices w i l l  
'ce taken & s n p l e  from each of the balence 

. ' ,subicl,es and silbj ected t o  rou t ine  tes ts .  I n  . . 

sasear iy  dev ice  f ro2  t h i s  l o t  qut of these  
eamples-.'so does not comply d t h  t h e  declared 
o'arar~ete;:, then. the whole. of fered l o t  shd l l  
? 
ce t3ken as rejected. 

I 

, . , The manu'facturer shal:! r e s c r e e n  the mkiiW' who'le . . 

batch and re-asse lble  t11e CUM c l e s  with t h e  
devices coninlying wi th  t h e  specif icat ion.  
These cubicles  w i l l  again be subjected t o  the 

, . . 10% check as .de ta i l ed  i n  5.1 above. 'a 
. (b) Jn case a l l  the  sample devices a s  per ~.2(a) w 

a w e  meet with t h e  spec i f i ca t ion ,  then the ( o " .  
par,tticular cub ic lc  ~Jill only .be taken as re jec ted .  
Rescreening s h a l l  be done by the firm before . t 
of fe r ing  i t  fo r  reinspect ion.  ~4 

5.3 I n c a s e  o f f a i k r c  of  the devices during 10% audit 
chec,ks occures fo r  mora than two occ;lsions i n  a;vear,  the  ~ p r o a l  
f o r  the  device .nay be *ken as withdrawn. 

- 6 . Periodical  s a r ; ~ l i n p  l i f e  t e s t s  
I 

6.1 Routine tc:;+ t o  be 2 a r r i e d  ,out. on 100$ devices 
a r e  mainiy consti.tu%* e l e c t ~ c a  pparuneter screening fo r  ' 

el iminat ion of  the  ends o f  long t z i l e d  d i s t r ibu t ion .  
'These, t e s t s ,  honcver, do not ensure t o t a l  e l e c t r i c a l  and 
mechunical r e l i a b i l i t y  of the ds i ice .  It i s ,  theref'ore, 
necessarjr to ca r ry  out per iodic 'd  sampling 1 i f e . t e s t s  30 
as t o  v e r i f y  t h a t  the  completc mdnufacturing process ensures 

' 

. . quan t i t y  of the devices. .FoUowing sampling plan sllall be  
f.ollowed f o r  th$s purpose. . 



. . 

(a)  'Two devices frm each c?tbicle w i l l  be 
se lec ted  as s m p l e  by the representa t ive  
of the  inspecti-ng authori'tyii . . '  

(b)  r l f t e r  every siX.::onti?s, ' t h e  30 devicss 
ou t  of the l o t  s e l c c t e d  b9'l.l be. Subject 
t o  the  foi.lol,rinf: t e s t s  i n  addit ion t o  
all the  soutine t e s t s  i n  the presence 
of representht ive .of ~ i X 3 0 h a i l h y s .  

1) ~ h e r n d  cycling Test ~ ( 2 . 9  ) 
ii) Load t e s t  Tes t  No.12) 

. ' i i i )  Blccking l i f e  , Tes t  ~ o . 1 5 ) '  
. . 

6.2. I n  case any device ,  o u t .  of these 19 'samples, does 
n o t  pass  the  above t e s t ,  then fur ther  acceptance. of any 
l o t  s h a l l ' n o t  be done, till the matter i s  inves t igated  
by t h e  f i rm and nec.e ssar,y .improv.ements i n  the manufacturing 
process implemented. The devices w i l l  be subjected t o  
type t e s t  again. before clearance for fu r ther  suppl ies  . 
i s  ,accorded by ~ ~ ~ o h a i l w a ~ .  . . 



APPETTDIX-I . . - - 
. . PEST PROGR/il.i:fX R3R -SILIGO:I. DTOIICS 

. -- -. - 
i. -- General 

. . 

i .l   he type, rout ine  An3 i n g e s t i g a t i o n a l  t e s t s  on the  . 
s i l i c o n  diodes s h a l l  be. conclucted as  per l a t e s t  IS: 778n with 
c l a r i f i c a t i o n s ~  furnished h~ reunde r  . S m e  add i t iona l  t e s t s ,  
n o t  included i n  I S :  7-'~''?37 ape also t o  be conducted a s  type . . o r  r o u t i n e ,  or spec;--. t tcsts,  a s  c l a r i e d  below: '. 

i 

i .2 ~ & e d  on t h i s  general  type and rou t ine  t e s t  1 

t h e  n ~ n u f a c  t u r e r  sh311 submit p a r t i c u l a r .  t e s t  programme, 
. P  appl icable  f o r  t h e  o f fe red  dev ice ,  ind ica t ing  l i m i t  values . 
, o f .  va r ious  parameters and t e s t  cond?.tions_ such as vol tage  
and G r r e n t ,  b a s e  temperature, durat ion -0.f t e s t ,  reference  
temperature, etc. The d e t a i l s  of the  Bnpi r ica l  r e l a t i o n s  . 

. -p roposed ' to  be used for working' 0u.t the f i n a l  values of 
t h e  parameters s h a l l  . . . .  be indicated  i n  the t0s.t programme. - 

, . 
1.3 . '  The de'tailed ,proforna for recording readines,  , . test .  
r e s u l t s ,  observation.5, conclusinns,. c tc .  shsl-1 b e ' r ~ k i b t a i t ~ d  
along with the  paf , t icular  . . .  t e s t  prograrmne, ... 

l, i . . . . .  . I . . .  . .. ... -*._ __-..- -- . 7 . .  . . . .  . . . . .  
,. 
2. Sumnary of t h e  Tests  

'1 . . . ..----* .- . 
S1. Nature . . of t e s t  2 .:, ~ .: i . . : Reference c ' l juse of 

......... . . . . . .  . . .  ~6,~: % _ . I '  . . "1s: 7788 - ,1875 . . 
, - .  . . . .  : I  ' . ?  , 

~ . .  , . %..'., :..:, , - ~. -- ... . Type. test':  Routine t e s t  
. . . . . . . . . .  ' L I  . . . i . I 

2 ., , ,., :. +io;,.2,.l:, , ' .  1 ,  Forward &:&act ?:: I ?tic " " 

........... . . . . . . .  . . ' : , . , ., . - . . .  ; ) . . .  . . C, 
h 

2. , Farwar& voltage clrop .... . . . .  . . . .  , . : ' . . . . . . . .  . . . .  A ~ . .  , . .  1Ot1.2.l* 
, . or  . )r . .. . . . . ; :  . .:.. . .  . . . .  , . . , , 7 -  ' . , ' 
. . . . . . . . .  ? : . . .  , , .  , . . . - 

, . , . . . < !.. , . . . ,  : qo.q.2.E. . 2 .  ; : R e v e + $ ~ e ~ h ~ a c t e r i s t f ~  . . '. . . . . . . .  . . , 5 . '  . q0.1.3. ... 
.. , > . . . . . . . . I .  . -. .: .. . . . . .  

..< . 
. , . . .  : . I _ .  . , . . . .  I . .  , , .  > 

. . . . . . . . . .  . . , .  .- i ~. 4. - .~&i -',rse'.curi;ent . . ,  ! . . , I <  
. -  . . . . .  , ; > '? ,: , , I" *. '. : r..',~.... L ,  . , _ I  . ?-d.,i .lC . i:.' ; ..~, . . . . .  . _ ,  . /  . .., . , " a * ,  ' . , . .  . . . . . ,  - . . 

5 ,  5,;: -.R,ve'rs e:. voltLg& . ' . 
. . .  , , . .  .!. . . . . . . . . . . .  1 %  : .  : . I  

10:1: . . 5 ' ' '10.1.5 . - 
. . . . . . , , , : .' -.. 
6, Rkverse r e c w e r y  charge . , ' 

. . . .  ::'10.1.6 : .. , . . . .  +, . . . .  
~. 

. - . . .) . . 'I 3. : 
. . . . . . . . . . . .  . . . . . . . .  7 ;  .: .Thermiil. i.esistinbE, . . . . .  ~ ,o ..,. j.,? :*. =lo;,,7:1 

. . . . .. , . ,  , . . . . .  . . . . . . . .  A , . . . . . : .  1 .  . . . . . . .  
8,. Transient  'therniir$ ;impedat?ce . . . . .  7.2 

I, 5. . .  - .. 
, . '4. . . . . . . . . . .  . . .  . . 

9.i.: 9 h e r m l .  . , cjrc l i n g  10.1.0 . . . . . . .  . . . . .  
A. ., . . . j 

2 .  : . -. 16;: !~u r i , e . -  f  oi-w;z'd l i h i  t current  :' . - '  1:o.i.g.q ;- .::30..1.9.2 .- rl. 

-... .. . . ,, . ' 'I., .. - . .~.-. * . - . 
11. surge ,  f'orwdrd cu r r en t , '  , . 10.l.i.0 . . 

i. , 
! 

. Z ' - !  . . . . 
12. . h a d  . . , .  ,. 10.1.11 . . . . . - , . . 

! 
. !. . ' I  

, , . . ! '  . . , . 
. . 

. . . . . .  . . . .  . . . . . . . . . .  contd. .... - 2  
.I . , . . \ . .  

<, . , .  , . .  . . . . . . . .  ... . "  ' . . .  



. - . * - - . -  
'.. , .. 

: I .  I& t er io ra t ion  ' s .. *-. 10.1. '$2 - . . . .  / >...-.q-:L! -:..,..-. 
. . .1. . , ~  , 

7 .  i :  n ' . T - -  
, .1b. ,': ~ n c a p ~ l a t i o n  job:l; . 1.3.: !,: iq,: 

. ii . ,.  -. , - .<..-: , - . . ' +.. , , ,,.:. - L- 

15.  locki in^ l i f e  fis, , . . .  pc;r ~-.* -. .cabse.'.':l . . . . . .  - -  

. ..,. .. - , :- 
16. Znvxronment . t e s t s  . . .  c ' . . , .  .,-A .. . c 7 ,  ". : . . . .  -. * ' s t  , 

c .  
- 

,., ; * . . . .  . ~ ~ ~ ~ ~ s i . ; ~  ' ' , 

. . .  - * .  

Shock i d  vibration 
I '  . . "k., ' . ' 

. . .  ....... - G  . ,.. ?><-- 

19.. Operating , . iif e . .. -do-. . . - T;:2:r ;:;: . . 
.. .* -. ,. . 

. . . .  .'<&$: ;, . . . * A  - . . . .  ' "  i r  ,: ~ , 
. .. .. , . - * .,,.... .- . , . < . '  : ., . . *,  ,;'-, .,r; !,* , . :. ,;, 5 

20';' X-rw ~arn in&t idn  , 7 ,. . 
"kqb- -y - . ; .-.,-- +-.- - - -; - . -  : - -  ,:. " : , - ". ,,;, . 

. . .  . , ,, " I 
*$,>>:!..# e * 3 * " >  ,. . . . .  ... .. I i ,  ,- .:? d y e  . <  +'s? 9 -": -?. r ..; ,.r . 

! A ! ., - ? A  . . - ?  ;t ,..:,! 

3 .  Additions d q t a i l i  if ttie?t°ly%s c&& dby.IS: f788 . . . .  . 1  b; . .  '-?., , , .. - . 
I : 

+.>,:. ,< 

~dl lowigg.  Additional ae + i i s  -, , .  s h a l l  i p p l y ~ f &  .the 
. . .  t e s t s  coveroc .bjr"1~:.7i88-\975, : ; ~  , ., . d d  I ,  ; ' 

a I A . j " . . .  I ... -- . 
. - ' .  1. ' i  , I .  . * 

' .'3;f .' ' T e s t  fib;$' $,+ .-- j ,olt;ap~::drop (m .. , ', . - -- -. . - 1 : : ' +  ~ '. 
, . , ,T'., ' ..- ' ., . . . # ... . ' 

- The 'FVD'..&O~;&I~ s h a l l  b; o l&ss i f i ed  bhsed, Gn 7 0  mV ieak  
", group correspolldihg t@ ra t ed  devine &?rent . r a ~ n g . . '  ,.: . It l w i  11' be ve?jfied that': the cha rac t e r i s t i c  i s  within the . . specL'fied m. group. . . .-, , . .,.. . .'i. , ; . - ,  . , . , , '  . . I . .  I . ,  

. . .  " ' :": '  % 

. 3 . 2 : + ~ c s t s  k . 3  4 - .rieverse cfiai.a~teristiii~ ,. . . ,. 
- . ,.: . . . 

I n  cas-elof type t ' e s t  as ' pe r  c,,iause 1$:1..3,. f u l l  reverse  
c h a r a c t e r i s t i c  s h a l l  also be exhibited-cn t h e  oscilloscofle. . 

. . 
.. , . . I n  c'ase'of, rput inc tcsl;. as per clause 10.1.4, i.mre+se 

. ,charadter.istics':snall be- v e r i f i e d  on, the ' o ~ c i l l o s c o p e  
arid s h a l l  l j &  fr& from-defects. The leakage c u r r e n t  
corresponding .,to PIV;rating o f  the;device s h a l l  be recorded. 



3-3'  Tes t  N o a  - Them-1 C y c l i s  

- .  The t e s t  s h d i  be conducted a s  per C l u s e  10.1.8 
,:st s!lall bc; conrlucteii for '20,000 of IS: 7788-1975. ,':'. t '  

cyc1e.s w.d no par;.. , , ', :rs s h a l l  change. The t e s t  s h a l l  be 
f u r t h e r  cont' nued ti l.1 any of the paraneters exceed the  
l i m i t  va lue  dbnormd vt lr iat ion i s  noticzd o r  the  device 
f a i l s .  

? 
A l l  t he  parameters t ha t .  nay be af fcc ted  by the t e s t  

i. e. forward v o l t a g e  drop, revcrsc  leak:& cur ren t ,  thermal ~ 

r e s i s t a n c e ,  e tc .  sha 11 be measured ;zr:d. recorded' a t  - the  .beginning 
of t h e  t e s t  and the reaf te r  every, 5000 cycles to1 no 
change i n  parameters i s  noticed. The moment any change i s  
not iced,  the  parameters sha l l  b e  checked a f t e r  every 1000 
cycles t i l l  t h e  change i n  any parameter is  found beyond 
l i m i t  o r  device fai ls . .  The t e s t ,  w i l l  be consirkred s a t i s f a c t o r y  
I n  case there  .is no change i n  the v a l u e s  recorded. f o r  the  
device under t e s t  i n  t h e  beginfling.. 

, , 

3 -4 Tes t  No L, 10 - Surge forward current., 

. The t e s t  will be carri-ed out with 50% reverse  
v o l t a g e  applied between, durrent  pulses. C * 
3-5 - Test 'NO.  12' - - h a d  Tes t  . ' , VI ..* . 

co The forward c h a r a c t e r i s t i c ,  reverse  c h a r a c t e r i s t i c  
Thermal r e s i s t ance ,  etc.  s h d l  be  measured a t  t h e  beginning . 
and a t  t h e  end of.  the  tes t iThe t e s t  w i l l  be considered, f 

i 

s a t i s f a c t o r y  in..case there i s  r.0 ,change"in the value of the  
parameters recorded f o r  t h e d e v i c e  under t e s t  a t  the  beginning. 

3.6 T e s t  No.14 - ~ n c a p u l a t i o n  Tes t  . : , . 
.   he' bes t  s h a l l  be ca r r i ed  out with Helium g..s detector  

method f o r  the  type t e s t .  

4. Additional t e s t s  not covered by IS: '7788 . . . 
, . , 

4.'1 ' ~ 1 0 c k i n ~  - l i f e  -- - 

~ y p e  Test - This t e s t  s h a l l  be c ~ r r i e d '  out  by applflng 
x a t e d p e a k  reverse voltage ( e i t h e r  f u l l  or ha l f  wave.recti- 
f i e d )  on the  devices i n  an mb ien t  temperature equal to the  
maximum ra t ed  junction tenperature for a pertod of  30 days. 

Lealrage cursent s. :jG measured a t  the  beginning of  the t e s t  
and then checked a;rb2 every 7 days. The test w i l l  be 
considered s a t i s f a c t o r y  i n  case no change of l e a b g e  current ,  
t akes  place. . . . . . ,4/'- 



. 

Rout'ine Tes t  - This t e s t  s h a l l  be ca r r i ed  out 
en every device i n  the  sar?? my as  typ* t o s t ,  but  f o r  
a period of 24, hours. 

4.2 ' ~n<ironment+i  t e s t s .  . .  . . 

4.2.1 -Tes t  No. 16.1 -D&p heat ,  
. . 

 h his' t e s t  ~ ; . : 1 . -  4s c a r r i e d  out as. per IS: 9000 (Pt;IV). 
1979 with t h e  'pol!.&+i i .2 do ta i l s :  .:? 

. , 

Conditioning. . 'Temperature of 55 + 2%. and 
. . 

r e l a t i v e  hurntciity 'Ef . . . 93% . +2 
-3 . - 

The device s h a l l  bb placed 
with the b a s e  fdcing. upwards. 

S e v e r i t i e s  21 days. 

F ina l  measurements 

Visual inspe-ction - ~ d n d i t i o n  of t h e  p l a t i n g  of 
the  bas., f l ex ib l e  l ead , .  etc.  3 

E l e c t r i c a l -  , . . . Insu la t ion  res i s tance  before 
and a f t e r  the t e s t .  

. I  4.3 ~ o i ~ o s i o n  
I 

, . . . 

This- t e s t  s: ... :.I.. 'be c d r i e d  out a s  p < ~   laus use 26 
of IEC 571. The duP-.tion of  the test s h a l l  3e 48 hours. 
The device s h a l l  be subjected t o  v i s u a l  exanination for '  ~ 

c o r r o s i o n o f  the p la t ing ,  ctc,. . a t  the end of . the . t e s t .  

' 4.4 Vibration t e s t , ' .  . . 
This  t e s t  Shal l  be carr ied  out genera1l.y as  per 

Clause 28 o f  IEC 571 ( ~ u l e s  for e l e c t r o n i  equi;jrnent em 
used on rai l  vehic ies)  , with the  *following sever i t ies :  . 
4.5 Robustness ~f  the  termination 

The d e t a i l s  of . the t e s t  w i ' ~  be miituaLly f ina l i sed .  . 
The manufacturer s h a l l  declare.  the t e n s i l e  s t reng th .o f  
terminal  and the proof load w i l l  be 'at l ea s t ' , 2  t i n e s .  t h e  

' dec la red  termin+L strength.  . . 

. . 
5.1 Operating l i f e  t s s t  

. . . . . . 
This  t e s t  i:i . l .  be carr ied .  out on ' the  devices under the  

following operat ing ,conditi?ns: . . . . . . . . .5/- .' 



i) 1,oadbd t o  the naXimun ra teil - fo rward  current .  
. i i )  Maximuin r e p e t i t i v e  $eak voltage applied. 
i i i )  k t  ratr3d case to?~!pc?rature. 

Tha t e s t  w i l l  be c a r r i e d  out f o r  a p e r i d  of 30 days. 
A LI t h e  parameters, v i  z. fo~ward  v o l t s g e  drop, rcvurse 
'leakage i x r r e n t  and tliermal resj.sta:-!ce shaU be recorded 
at the  beginning of t h c  t e s t  and then. checl:ed a f t e r  mrcry 
7 days. The t e s t  - w i l l  be considered sa t l . s fac tory  i n  case. 
t h e r e  i s  no change i n  m y  of the par-meters fo r  d m i c e  
under tes t .  

5 -2  X-r;iy examination 

The purpose. of t h i s  tsst 'is t o  de tec t  f a u l t y  
construction or the  -prcsencu of f o r e i g n  p a r t i c l s s  a f t e r  
encapsulation. This t e s t  w i l l  be c a r r i c d q t  a f t e r  shock/ 
v i b r a t i o n s  ' t e s t .  The mcthod of conducting t e s t  s h d l  be  
mutually decided. Th.e &vices ,under t e s t  s h a l l  be s e r i a l i s ed .  
and t h e n  X-ray f o l l o ~ ~ m i ,  



. . 
Type Test  Plan 

The, samples s e l ec t ed  f o r  type te:;ti.ng as  p e r  Cl:?use 1.2 
s h a l l b e  subjected t o  t h e  various t e s t s  3s. per  -the fc l l . iwing  plan:  

- GROUP A ' .  . . 
. . x . , 

* V 
. ( On a l l  devices of t h e  sa::c>.!.e l o t  of 40). 

V i s u n l  and' mechanical inspect ion 
v e r i f i c a t i o n  of dlnenSions 
e l e c t r i c a l  pcrfcrma.nce 
(Tes t  Ti,:::: ! ,2,3,4,5,6,7,10 ) 

Er~capsu b t i o n  Test ~0.14 -. 
. . 

G h p  B . ' 0 . -7 . . 

Group' B . Group. C Group D 
1 

Group E 
(10 devices) (25 devtees) ( 5 dzvices ) ( 5  devices) 

4)) . . ~ L 1I 
Transient  
t he rna l  impe- 

P I 
C1 C3 C 2  Dl D2 & Shock( 7 7) 

- 0 a j - j  v i b r a t i o n  ' .  

aance( 1 8)- 10:devi- 5 devi- ' 10 dev- Damp Corro- 
Surge f oi-ward ces  dete-  zcs v ices  

II 
hea t  s ion  Inves t i -  

Cur rent (  I I ) r i o t a t i o n  Invcs t i -   lock- (.1.5.1) ( q6.2) getion 

r-' t e s t  gation - -test; '  i n  g Test 
B1 

X-r;zy Exa-. 
.B2 ' . ; Operating . . rnination 

( 5  devices) ( 5  devices) . l i f  ~$19)  . .  ' , 

i. 
( 201 - 

4. 
Load Thermal 
test(:-12) . . cycling(9P 

. . .- , 
. &' 

. . 
. . . . . . , . . -w 

T ermin'd 
s t ren  t h  

2 
" . L  

;.18k . . . .., . . 4 . . 
. 4  

. . . , 

NOD: The aboveif igures show the minimum number of  
devices ho be subjected'  t o  'various tests. '  
The ac tua l  number of deyice;? s l ~ a l l  be deter -  . * 

. . mined. by the ' sample l o t  i n  tho  szme proportion. 


