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0- . Forewo'rd: . . .  

0.1 !!!his spec i f i ca t ion  covers the  fequirement of the  
transformer r e c t i f i e r  u n i t  fo r  regenerat ive braking to be 

, . - f i t t e d  on KG2 locomotive as a p a r t  of the  braking system. 

. , 0 ; 2  ' .~he,complete, ,detailed , - .  $esign of  iransformer 
recti~ie?.'and.~eontr6~-8~~t6~~ ski211 have anprofral of RDSO 
before. t h e i r  manufacture/gr.ota@~e development i s  
undertaken. P ' 

,. 
. . d .  

0.3 Any. deviat ion from t h i s  Spec i f i ca t ion  calculate'd tb 
. improve the performance, u t i l i t y  and e f f i c i ency  of equipment . ' 

proposed ,by ' the  manufacturer w i l l  be given due considerat ion,  
provided , f u l l  pa r t i cu l a r s  ' with j u s t i f i c a t i o n  thereof a r e  
furnished i n  t h e  tender. .:The deviation from this specif ica-  
tion- s h a l l  be brought out  i n  the tender documents inrl icat ing . j u s t i f i c a t i o n  thereof. ,. . 

1.0 Scope: 
. . 

Thi s - spec i f i ca t i on  covers %he following d e t a i l s  of t rans-  ' 

' fomner r e c t i f i e r  .(TFEX) s e t  t o  be co'nnected across  +phase 
, 4 0 0 ~  output of Plk s e t  for  regen braking purpose on '~lS00 v o l t  
DC lbcomot ive 'c lass  . . , 'GG2 : . . '  . . , . 

. . 

General requirement. 
Capacity and ra t ings .  

: . service  conditions. - iii 
L \* 

, . i v  & n e r d  design feature.  % . .  * .  1% 
v) . ' ' L i m i t s  of temperature r i s e .  

v i )  - Enc;osure and niountings. ,. 
G 

vii)  Terminal 3oard  and wiring. ' . 

v i i . i )  ' Mnish. 
* i x )  . . Schedule o f - p a r t i c u l a r s ,  -drawings and calculat ions.  . 
X) . , TeahnicaI documents. . . ' . . 

Tests. . . x i i )  "" Gugrante;. ' . . ' . . 

2.0 General reqy,!>-. - ;: . n t :  
% , . 

2.1 Mhile h&ling the t r a i n s  on the down gradients ,  it 1s 
economickdl t o  ' control  them 'by regenerat ive braking on t h e  
lOcomotive. During .regeneration the  t r ac t i on  motors f i e l d s  
a r e  separa te1  exckted, by giving them var iab le  dc low vol tage  . (high nurrent y supply f r , m  Transformer R e c t i f i e r  S e t  and 
t r a c t i o n  motors work as generators and feed the  generated 
voltage.  back t o  overldad catenary system. 

. . . /2. 
,. 



3.0 -CapaciW and Rating: 

3.1 Input  s u ~ p ~ ~ ;  : The poier t o  the t rans forner - rec t i f i e r  
s e t  shal l  be supp i e r l  ,from $89 K'VA aJ.ternator at a vol tage  
of 400 - + 10% ~ o l t  and f requencg 50 Bz,,3$. . . 

0 
3.2 - m u u  t : A t  maximum ambient temperature of 55 C, the 

. transf~rne~-~?~~tj.,Cier ewipment a t  f u l l  load voltage of 
33;5 v o l t s  s ' .k. . i  de l ive r  a continuous dc output of 920 Amps + 

. i n  each of tkic two p a r a l l e l  pa ths  of .reaener.ative c i r c u i t s  
comprising three t rac t ion '  motor f i e l t i s  i n  se r ies  each of 

, 6.66 m i l l i  o h  and stabilAzihg rgs is tance  of 0.01 ohm : : 
L connected i n  s e r i . e s . ~ ~ ~ ~ & t  .& &.tf.dkO( 

Q 3 . 3  Prar in ion s h a l l  be made Eying the output de 
v o l ~ g e & r o m  12.5V t o  33.51: i n  1$ equal s t eps  through 

q'lL.S!w contae- of the.master con t ro l l e r  on the  locomotive. l a t h  ' ~ ' 

. tfie v a r i a t i o n  of vol tage  current  w t l l  va ry  frori 500 Amps t o  
. . 920 Pmps i n  each of the  two Paral lel .  gaths. . 

3 .  . Sui table  nagnetic. m p l i f l e r  or e lec t ronfc  'control. 
. wlth thyris.tor to meet t h e  requirement of c lause  3.3 i s  

*a l so  to be supplied with t he  uni t .  
. . 

? 

3'. 5 . The equipment shal l  have an'.overload capaci t?  of 
25% f o r  1-hour s t a r t i n g  fr0rn.cd.d. 

3.6 The equipment s h a l l  be designed with low percentage 
irnpedence of tho order of 5- 6 per cent.  

i 4.1 The equipment s h a l l  be sui tableofor  service  i n  the 
ambient temperature varying from 5- 55 C with r e l a t i v e  
humid1 ty r ang ing  upto lOO$ and a t  an  a l t i t u d e  of 1000m above 
tkie mean sea l e v e l  and i n  dusty and corrosive atmospheric 
cohdiitions. 

4.2' The equipment and i-ts mounting arrangement ' s h a l l  be , 

of r o b u s t  design for  tri:ction duty and s h a l l  withstand 
s a t i s f a c t o r i l y  the v ibra t ions  and shocks normally 
encountered i n  t r ac t i on  s e r v i c e ,  as indicated  b l o w :  . 

a) Maxirn~xn v e r t i c a l  acce ' l aa t ion  - 7.0 g.. . 

.' b) Maxinun longi tudinal  accelerat ion - 3.0 g. 
c)' M a x i m $  t ransverse  accelsra  t ion . - 2.0 g. 

,. ( g being'accelerat ion due t o  -gravity ) . , 

V 

* 
'.. 



. 
4.3, . ,  The H&ations ' are  of h e  -tr.d-?e at?d 'the' frequency of , 

t h e  w b r a t i o n s  - i s  between 1 :iz arid .5'j 1i7,; - The amplitude 'a1  
expressed i n  rm -is e v e n  as a f~ lnc t i on  of I f f  by the , - 
equation : . . . . . . ~. 

1 fo r  values of 1 f 1 from 1 R z  to '  10:Iiz. 
. . 

z ' .  ? . f o r v a l u e s  a f  ~ f i exceed j . ng  10' Hz and upto 50 Rz. 
. . 

* 

- . 4.4 In the  d i r ec t i on  "corresponding t o  lb ig i tudi r ia l  , 
' movement of the  vehj.c l e  - the  'equipmerit is-subjected f o r  

I .  two minutes t o  50 X z  v ib ra t ions  of such' a  value t h a t  the . * m a b u m  accelera t ion i s  equal t o  3 g (q ip l i tude  a= 0.3 nnn) . 
5 .O. General Ijesign Features : 

5.. 1 ' . A s  low v o l e g e .  dc supply i s  required .for f i e l d  
e x c i t a t i o n  of t r a c t i o n  motors, the regeherative. braking 
equipment design rnqy incorporate t ransduct . -or .  coh t ro l  o r  
t h y r i s t o r ,  cor . t : -s i  o r  any e t h e r m  su i tab le  .gr inciple  of 

- operation. ' 

"I 

5.2 The equipment sha l l  be su i t ab l e  for feeding inductlve 
na ture  o f  load of t r ac t i on  motor f i e l d  winding 'without any 
adverse ef fec ts .  

i 

5,3  The s t  ep-down transf  omer-  and. the r e t  t i f i e r  u n i t  s h a l l  
be su i t ab l&  f o r  the duty speci f ied  and -rippl 'e- i n  the  output 
voltage Shal l  be kept t o  ,the minimm. Preferably,, 3-phase 
4 
90 s ix  phase trarisformation may be used on t h e  tI.Ecmsformer el 
and i t  shaU be s t a r  connectccl. I n  case  e lec t ron ic .  c o n t r w  
with t hy r i s to r  i s  used, t h e  r lpple  contents  i n  the :output 
BhaU not  (exceed thecr ipple  contents obtained with 6 -phasa  

r e c t i f i c z t i o n  system with 50 9 z  (maximum 4% f o r -  inductive< 
l ~ a d ) .  . .  . . 
5 .  The r e c t i f i e r  and other  semi-conciuctor equipment 
shall: be su i tab ly  derated for s a t i s f ac to ry  o erat ion.  under 

' ' t he  se rv ice :co td i  t i ons  s t  p u l a t e d i n  clause with the & t .  mbien t  temperature of '  55 C and for  excessive 'temperature ' . 

. r i se  ;within t'le c~!bicle aue t o  l o s se s  i n  the u n i t  and for .  
s t ipu la ted  -go.' L :;e and load var ia t ion .  The ca,lculations 
fo r  determining complete r a t i n g  o f  the  ma in  r e c t i f i e r  and 
other e l ec t ron i c .  con t ro l  equipment, i f  any, shall 6 e  . ' furnished along w i t l ?  the tender. 

, 

5 . 5  The supply for  the  control  c i r c u i t  of . the equipment 
s h a l l  be avai labie frm the lot@ battery.  The Gmal loco 
ba t t e ry  voltage i s  liovolt dc i t s  range i s  from 77 v o l t  
to 121 ~ 0 l t i . B ~ .  . ,. 

. . 

. 
. . . . . - 

. . 
.; 



5.6 . )On. i npu t  s i de  o f ,  the  .equipner t, adec!uate p ro tec t ion  
s h a l l  be provided agains t  over-c!lrrcnt iirld ove~-vol tage  due 
t o  any reason beyond the s t i i lulated valuas. , 

5.7- Adequate protec t ion o f .  the equipment s h a l l  be p r w i d e d  
aga ins t  surges caused by hole  storaze 'phenomenon i n  the  
r e c t i f i e r s  and ,  switching surges i n  the  c i r c u i t .  The calcu-. 
l a t i o n s  for  the  protec t ion system s h a l l  a lso  be furnished. . 

' 

5.8 Protect ion s h a l l  a l s o  be provided for  individual  
r e c t i f i e r  elements' agatns t  Short c i r c u i t  of one ekmetlt. 
Visual  ind ica t ion  s h a l l  be provided on the  equipment fo r  
r e c t i f i e r  element f a i l u r e .  The mting w i l l  be s u f f i c i e n t  
i n  each c i r c u i t .  Indicat ion may a l s o  be provided fo r  
normal heaLthy operation of the r e c t i f i e r  elements. One 
Se t  of these indicat ion s h a l l  a l s o  be provided f o r  remote 
display.  

5.9 . It i s  si::gcsted tha t  s t r i n g  fuse s h a l l  be provided . . 

s o  t h a t  the  f a i l e d  device i s  i s o l a t e d  under. device f a i l u r e  
condition. The normal operation should be possible with.  
( n  - 1) s t r i ngs  0peratio.n without any adverse ef fec t .  

5.10 Sui table  f i l t e r s  s h a l l  be provlded i n  the  case of 
t h y r i s t o r  c i r c u i t s  , i f .  used, t o  avoid rad io  and telecommuni- 
ca t ion  in ter ference .  

5.11 The p a r t s  which are  l i ke ly  to be replaced i n  service/  
maintenance Such a s  fuses 'pr inted c i r c u i t s  cards etc:  s h a l l  
be of plug i n  ty-pe su i tab ie  fo r  t r a c t i o n  duty as per re levant  
IEC/IS and Sha l l  be access ib le  from the  front .  

5.12 The equipment s h a l l  be natura l  air-cooled and the 
dimension limits have to be secured with the m a x i m ~ u n  
temperature r i s e  l i m i t s  and without s ac r i f i c ing  any 

. desi rable  feature. 

5.13 ' The converted u n i t  s h a l l  be s u i t a b l  designe,d t o  meet 5 general  requirement as  i d e n t i f i e d  i n  3DSO . .E~.E-16/12 - 
su i t ab ly  mo?i.f<:-d for  +phase application. 

5.,,14 A l l  the electronic camponents/equipments, vlz .  diode, 
r e s i s t a n c e ,  etc .  s h a l l  be derated t o  50% or whatever pres- 
c r i bed  in ,  re levant  standards. Thus the r a t i n g  Of the' 
e l ec t ron i c  compone~its/equipments . s h a l l  be twice or more 

. of  t h e  requirement. , 
6.0 L i d t s  of ~ m p e r a t u r e  Rise:  

6.1 The maximum temperature Gjse p e r r i s s i b l e  for  the I* 

winding of, na tu ra l  air-cooled transformer and transductors/  
t h y r i s t o r s  s h a l l -  not  be,more than the  va lues  speci f ied  below: 

. . 
11 c las: 
I t  clasr  
11 ; class  



6 .2  In su l a t i on  of' Class' E ,  R or P w i t h  H c l a s s  b r n x s h  
s ~ a l l  be.  preferred  for transfor%cr-  winding. so % a t  the 
given dimension l i m i t s  nag be , zliicrcid -& th  the s a t i s f a c t o r y  - 
performance under. prevai!.:.ng 1ndian 8a i l vay  conditions. 

,6.3.' The diode junction temperature shall be below lo0? 
of  -spe6if ied  maximum junction temperature under worst 
condit ions.  

. .  7.1 ' The cabinet  s h a l l  be f l o o r  mounted. . The approximate- . ' 

space avai lable  fo r  mountingthe complete u n i t  on the  b c o -  
mot ive- is  l ens th -  7000 m, width 850..m and height 1575 mm. 

7.2 The."&qlJipment s h a l l  b i  provided i n  robust  dust  proof 
sheet s t ee  1 enclosure. . .  .. 

- 
7;3 The enclosure s h a l l  be so arranged t h a t  when i t  t9 
opened, the termi.mls are  r e a d i l y  accessible.  ' mrthennore, 
Suf f ic ien t  space s h a l l  be l e f t  $n the  i n t e r i o r  01. the , 
enc Losure f o r  accommodation of ex te rna l  eonncctions f r o m ,  
t h e  point  of entry i n t o  the enclosure upto the  terminals. 

7.4 It. s h a l l  >e des i rab le  t 6  kh6p the weigh"  bf t h e  u n i t  ' . 

within 1200 kg \J'_thout s a c r i f i c i n g  any of the  desired. 
fea tures .  , . 

P /-5. - s u i t a b l e  . z r a n g m e n t  f o r  ' l i f t i n g  t h e  &ole 'cubicle 
s h a l l  be provided. . , m 

\ .  
'."I 8.0 Terminal Board and Wiring:' , \ k ,  

. . , . . 4.c 

I The u n i t  s h a l l  be completely wired and t h e  terminals  
brought o u t  t o  a terminal board ' loca ted  . inside the cubicle 
On t h e  f r o ~ t  , :+ .. T-he cables used f o r  i n t e rna l  wiring 4 . shal; be tir .  : stranged copper. Spec ia l  care s h a l l  be 
:&ken i n  the &sign t o  provide adequate creepage distanoe * 
'Letween the  terminals. The terminals Sha l l  be c l ea r ly  marked ' 

f o r  i npu t  and output and the i r  arrangement s h a l l  be such as 
L bo ensure agains t  a.ccidenta1 shor t  c i : ~ c u i t i n g  of %nput and 

- output terminals.' A separate ,termins1 s h a l l  be provided f o r  
. making on ea r th  connectiolq. . .  - 

6.2 Sui table  SDring washc,rs and nuts  ( z inc  plated)  f o r  
, terminal connection sha l l  be provided on d.1 the terminals . 

including ea r th  terminals.  

8.3 A l l c o n p o n e n t s i n c l u d i n g b o l t s ,  nu t sandwashers -  
screws et6. of the u n i t  s h a l l  be sui tnbly  protected aga ins t '  
corrosion and r u s t  by zinc plating. 



9.0 Finish: ' .  

9.1 The equipment :;hall bc! f i n a l l y  fitiished and painted 
l i g h t  grejr i n  colour *with IS:  1650-1960 - Colours f o r  
bu i ld ing  and. d e c o r a m e  f i n i S ~ e S .  

. . . . 
9.2 The pos i t i ye  terminals' provided on the  Transformer 
R e c t i f i e r  S e t  s h a l l  be dimensionally bigger than the n e e t i v e  
terminals  so  ' t h a t  the cdnncctions coming o n  them ca t rna t  be 

inCerchanged.  I n  addit ion,  the terrnlnals should bear e l e a r  
marking of t h e i r  po t en t i a l  and innu t  and-output. 

. . . . 
1'0.0 ~ c h e d u l e  of Pa r t i cu l a r s .  Drawinis ' and ~ a l c ~ l a t i o n s ' :  

. 10.1 ' Full  1.1 ?titulars of the  ~rnhsfbrmer  ~ e c t i f i e r  . , . 
s h a l l  be . f u ~ n i s h e d  by the  tenderer along with general outl$n'e 
dime'nsioned drawings of the  ~ o n v e r t e r  and' i t s  mounting arran- 
gement. De ta 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 the various 

. . components s i a l l  a l so  be included along with a b r i e f  wr i te  up 
on the  prfnciple of operatfon. De ta i l  design ca lcula t ions  
S h a l l  a l i o  be submitted. 

i0.2 The de ta i l ed  c I r c u i t 6 y ,  element values/rat ings,  
converter  output obtrt.inable with the offered system a r e  
t o  be .given i n  . de t a i l ,  

I 
',, 11 .O ' ~ e c h n i c a l  Documents: . : 

. .  . 11.1 Technical,. documents regarding make, ra t ings ,  
resi~'tance/ind~ctance/ca~acitance;values and ,br ief  specif i-  
ca t ion of the various components s h a l l  be furnished by the  

v tenderer .  . 

11.2 ill necp ssary t hchnidal documents and l i t e r a t u r e  - ' 

*. . irhich would ke useful  oper maintenance and r epa i r s  - Of  t h e  eq~ui-,-':~-t s h a l l  
. . 

. 12.G . me Test an& iiouttne f e s t  : . . 
12.1 . -,Typs and m u t i n e  t e s t  s h a l l  be c a r r i e d  out as per.  
t e s t  programme (Annexure-L) . 
12.2 'Ce r t a in  specla1 t e s b  t o  ensure r e l i a b i l i t y  of t h e  

'equipment may be f i nb l i s ed  mutually, ,vi z. the  supplier  
and RDSOh~iilways a t  the time of placement of order. 

i 

12.3 The ty-pe t e s t  w i l l  be 'conducted i n  the pres$nce of , ' 

RE&~IELYS/%DSO ( S  reprcsenta t ive.  , Any modification i n  the  
t es t ' cond i t ions  required by the  suppl iers  s h a l l  be subjected. 
t o  t h e  p r i o r  a::provSl of t h e  ~ d l w Z i ~ h D S 0 .  ' 

.. . . ./7. 



' 13.0 Guarantee: - . 
13.1 The  whole^ equipment s h a l l  be guaranteed fo r  a 
period of 24 months frolil t h e  date  of: sLipoly o r  18 months 
from. the ,  date of coinmissioning 'on. the  1ocomot;ive whichever 
i s  ear l ier : ,  !;,. :i:c.tive component s/equiprnents. shad1 be 
replaced .vi t. .. t u t '  any ex t ra  charge and without loss  of time. 
The diodes i n  the rectifier s h a l l  be guaranteed for  
60 . months . from the  date  o f  commissioning. 

13.2 Suppl iers '  representa t ive  s h a l l  be ava i lab le  a l l  
the  time during the commissioning and Jill a s s i s t  i n  the  
comml.Ssioning of equipments. . 



...., t'-fie; *. 'Tes t  ~ r o ~ m & f  or Exci ta t ion  Trarisf or-;ey4";" 
./- 

l ~ e e n e e r a l l ~  the  transfbrmer shah1  ~ ~ ? ~ p l y  i t ! ~  t n a  ~ Z C  7.9. but 
temperature l imi ted  t o  IEC-20 C. . I 

( a l'rm sf o r m g  -, . - C T~:.T Routine t e s t s .  

1, Measurement of reSis  tan=- 
The resistance of each winding AS fo r  type t e s t .  
sha l l  be measured by D C  vo l t -  
=meter. nethod a t  mb ien t  
t~mpera tu re  : I and recorcied ,. a t  . . 75%; 

2. Measurenent of transformation. 
*: .- 

Thb no load transformer r a t i q s  
shell be rneas,:~ed .by voltmeter 
me +hod between .."?&. ndings. 

3. No !oad.test - .. . 
' The !,prirnar y no-load current  

. ' and no-load losses  s h a l l  b e  
' meaared at  primary supply 

volfsge, a t  r a t ed  frequency, , 

other windin,gs ;being open. 
Thed c h a r a c t e r i s t i c  curves 
of tic,-load losses  fo r  the 
prinary supply s h a l l  be drawn. 

4. shor t  c i r c u i t  t e a  

The oo?per l o s s i s  a t  shor t  
c i rck i t  vol tage  shall be 
measured with the  secondary 
$ho?t c l r cu i t ed  and t h e  ' . 

magnetic m p l i f i b r  at the  
Zated freqiiea2y, ~liailich gives 
Zhe ra ted  c!>.-r?rt on the  
grinairy s h s l i  '::.? ;?pplied. %om 
f t e . , ?esu l t s  ti:,: rds is tanco and -* 

. r6ac:ance sh&.l.l be c d c u l a t e d  
. and refer red  t o  the  secondary 

. Keasured rec tance  s h a l l  mt 
deviate _+ 15% from deaign 
v&e. 

5 -  Tem:eratui-e r i s e  t e s t ,  

b e  tenperi i t r~re r i s e  t e s t  shall . 
be 2arried out foi: t h e  flrst  
transformer by t h o  loading b c k  
method or shor t -c i rcu i t  method. 
Tn the former method, two 
transformers shall' be connected 
t.ack t o  back between p r lqa ry  and 
secbndzry till a steady tegp. .is 
at ta ined with t h e  rated c o n t m s u s  

' ccrrent ,  t h e  ~ i i L u e  o f .  temp.rise 
p f  each winding s h a l l  be measured 
cy r e s i s t x c ?  mthod and s h a l l  

, exceed 1 3 ~  l;-:':s'. - 20 t. 

- i s  f o r  type t e s t .  

The- prima2y no-load 
cur ren t s  and no-load losses  
s h a l -  be measured at  
~ r i n a r y  supply vol tage  of 
&15 V, a t  r a t ed  feequency 
other  windings .being' opened 

I.s f o r  type t e s t . .  
Ifeasured reactance s h a l l  
not  devia te  10% from - 
t h a t  of type t es ted  one. 



Type t e s t s  

The &-elec t r ic  t e s t  s h a l l  be 
conducted with the following 
volt'ages a f t e r  the  hea t  run 
t e s t .  
Between windings and ea r th  - ' 

,2500 Volts 50 c;/s f o r  one' 
minute.' 
Between pr inary  an3 hecondary - 
2500 V, 50 c/s f o r  one minute. 

7. - znducted vol tage  t e s t  

.. 

( b )  ~ i 1 i c o n ' ~ e c t i f i e r  Rssemblv . ' 

- The t e s t s  for. ~ i l i c o n  diodes 
would be con,luc";ed as  pe r  
LSDSO Spec. ~0 .~ , -16 /13  

( copy attached).  
. ( c )  ~ e c t i f i e r  assenblv . . 

1. Temperature r i s e  t e s t .  . 

, ' with thenatuI;al/forced . . 
v e n t i l a t i o n  as applicable 
a continous- DC. cur ren t  of 
2000'A f o r  a . p e r i d  of one 

1 
- hour or  u n t i l  the steady 

s t a t e  temperqture i s  ~ e a s ~ l r e d ,  ' 

' . a t  the  base of  a l l  c a l l s  wi th  
-3 a thermofil  i lnit .  The' tempera: 

t u r e  r i s e  curve i s  p lo t t ed  for  
, the h o t t e s t  c e l l  with .tile a i d  of 

thenno elements. The temperat- 
u r e  a t  the  base m u s t  be the  . 
spec i f i ed  junction temneraturei 
'The s t i pu l a t ed  temperature r i s e  
above an ambient of 5 5 %  s h a l l  
be x i t h ih  the r?k:-,t;'i.,ed value. 
The t e s t  i s  exfj,& out  at 
row voltage. 

. . 

R ~ U  t ine  tes ts '  - . - 
. . . 

Same as. type tes.t.. ' 

:The t e s t  i s  carr ied  o u t i n  
accordance with .para.708 
under sec t ion  m1 of I E C  
Publicat ion 76. 

As per R B O  Spec. E-16/13. 
* 

Same a s  type t e s t .  

contd.. . . 



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

2. Current . d i s t r i bu t ion  

.  he cur ren t  :d is~t r ibut ion i t  Sarie a s  type test. 
2000 A continuous load i'n. 
par.aJ.le1 connected diodes 1 , . .  

s t r i n g s  i s  t o  be recorded . 
and t h e  i nba l ance  shal.1. not . . 
exceed 10%. 

3. Short c i r c u i t  tes.t 

With normal v e n t i l a t i o n ,  
the  value of pea!< short- . 
c i r c u i t  cnr ren t  a s  obtained 
by shor t ing across t h e  b!lS 
bar with the  offered t rans-  ' 
former t h a t  p ro t  ,c ti. ~n 
system may c lea r  t.:e f a u l t  
within c lear ing t ine.  

4. Insu la t ion  t e s t  

The t e s t  vol tage according S & e , a s  type test ' .  ' 
t o  IEC 146 c lause  252.6 . . 

= 1.5 kV AC 50 c/s  applied . 
Tor 1 minutei . . 

, 5. Vibration t e s t  Ca 
.. \* . 

As per IS: 7288/ IEC 1'46. . . --- \n 

2' 
( d )  z e s t  o n  complete se t :  a t' 

. . I .  ~ o a d  t e s t  
4 

hs  far' as poss ib le ,  the  ' e i ac t  .. ---- loaC condit ions w a i l a b l e  on 
t h e  loco shall. 'be ereated 
' an4 load current  'on. the DC side 

L. '! 5 51,);:. o {  41,. " , ! . , A ' . :  ,:,I (I- . . , \  ,' . sha l l  be measured at .each .n$ 
, the1 recorded. The ' ~ n t  

values Shal l  be corresponding . 
t o  the  voltage. For the  

. . t h p i s  to r .  version current  
. k i l l  very srnootl~ly with . . 701t3.ge. ,. , . . 

( e )  Tes ts  'for con t ro l  c i r c u i t s  

The t e s t s  f o r  c o i t r o i  c i r c u i t  s h a l l  
be decided a t  t h e  t i n e  of placing . ' 

order. and w i l l  be according ts ' . 

the  IEC/IS re levan t  t o  the  con%rol 
.. equi-ent offered. . . 

. . . . . . . . 
. . 



Ia - GENERATED CURRENT 
:f - FIELD CURRENT SUPPL)E'_ BY TFFX 

E - ExIC~TATION V3LrAGE - TFEX O U T  Pu* "3,  P a r  
RS - S ' A b l i ~ i r Q G  RkS15.5 A&: t 

3Rf - F ~ E L D  % L C  STANCE OF TrlREE PG70K.5  

'C!;ICUIT D:AGBAME -?=fir  ;k.E%JiOh SkAK 
ON WCG2 3 LOCO 

1 





T > i s  'e l i$bil ; ty k s s u r ~ ) l c e  S~ecTf$.cetio-;j ~ I s o  l ayo  
Corm -b>s code 3-7 ;:rc:c.;;ice fo:r . ? . s : ; ~ ? B ~ y , P s y o a t , : 7 i r i i l ~ ,  

.7 - .- * C e : c .  r d  :;,IL a x;-z::I t g  2 i ; g : ; ~ ~  $;;e ;?i;k.cs$ : . 2 ~ 2 1  0.: i-e:ia>iI-L,>y 
izrr>i?.i::r z..?.lc;-' ?,Tie severe  se?vJ.ce,  c m S i t i g n s  gf 

.C - :  9 .  3 ' i 2 7 : .  -_ . 

. -. 1,f I:.l .. - 3- ' J a & ~ r c  o;:~.. 3 3  0; $ : _ 2 c t ~ o l y t  LC co?l;?r GE: -. Ld.,- *.- IS :G l3 .  

. - 1 . 2  V'-e - 5-~~-5ar3  s.ra~1 be t ia-;,..c.$nl!, ?::o t in-pl'l';ii:z 
ol:a:l : 3 ~  ,zzne G;$~i- b e ; ? ~ i ~ ~ ;  $i-il:~n;2.:?.o?-es, e t c .  an5 3-Q 
CO..,.:Or ,..- "--" ,..,, - li ' n a $  Se ;loo:: 3il+:j;>ye. :'!:e ,;arb t i n - c l 3 ' k i ~ e  . - .  
n". n: 7 33 2 3  ? e l  1.;:1359 2135 ';:.hfc-3>e.g 3' <'lo pla!;ini; s'la;: 
nor; .5e i e s z  -t:>z,: ~iici-o-c:eters. 

1 .3  -i ,.,, 111 ,y.ts->.&s sl:sll be. zvoi2c-3 9s f z  b J o i-'. - ' - 
'3333i>?.3 xi: ~ ~ " 3 6  j3ii;.:s' ii;-e t o  j e  ?rovidad, t h e  j9iiitM 
, .  - - .  . a.~;:.i 31, 3,72.:1 ::~r,.:. t i z  b e n t  r o r t i g n .  2 
1.4 sllar-, :12i;s~ C. 

-,.. . - -- . . 
I . n .  1 ' + .* . .  J.izy;, :;.eyJzn in. ",.. e  ~ : ; s ~ > ~ ~ .  1 s t  be av;. ide3 

,-,-., .L ~;:;;,nc~ . ;-,.:::.:::s 3.:; 93id .jei?[;. s : lo. . : l  be as L%i'ge as 
. . 10~s i :~ ; s . ;  :>-:::: .-,L\: 7.,,:;3 tl:sj Ji:;ila f ~ - : 1 ~ ; 7 t n g . :  

- ( ifi refihfi 1;') 

/71"10: I liC.4-u 05 -:. * 2 .:- c Y p ~ 9 - J u l C  J -A T 
co::;,er 
-. 

a ~ X L <  ~ L ~ ~ k p ~ l ~ t i ~ '  - 3 x - F  
Co::?Gr 

. . 
'TI .- '..':;ic X O z 5  or <iy :~e te r  9: 

>. .- 
L.  ..b 2lqG or r33 . ' 



. . .,,C dc 233iti.ve -..&= 
;-. - - i.!qst ive .> i . 2 , ~ ~ :  

. . . . .  
9 

. . 2.5 ', "3-:.,. , . 5 : :  : .  - 'A . A  tlzs boZ t s  c2a13. l a  clone t o  tile 
... ' ,< -..,..a2: >:.x.: ex -; e::> -; " . .  i -..,s, 

, :. . . 3 u" icL-,. f a i l ~ r s s .  
. . 



4.1.2 iir, r?.cvie+;in T r m  the r a t i a g ,  ty?e  and :3a:se 
9:. *uLe &;;:i;;rove3 S o - ~ i c n  list s l ia l i  be ni:l13ut, p r i o r  - ",?. " .-,-;/ :" . 
O??i'3Vc"..l .;a&lneys. Po? a n y  Seviat,l91: i n  t,3o rating 
. 5 a .  .:. m.:: cz:;ponent ;full .details ,  a lonpy i th  
L'CG23133 f02 2d.iriat ioa ,  3i:dl 132 fUyn i,s>& t o  j ? ~ S ~ / ~ ~ i l r n a y  
f o r  ~y,:roval. : 

4 . 3  h l l  boug:lt-out co7:q3nents s > n l l  he  szb jec t ed  t a  
L9t a c c e 2 t m c e  t e s t s  r s  ipstxkk?? ye: $112 3aiC 2 0 9  specif loation.  
T:w ::zi?:lJ'act~rers r ~ i l l  e s t ~ ~ b l i s 3  strict q u a l i t y  c o a t r o l  
G O  23 t o  ac;iieve ?:!,e 3 ig3es t  ro i . i ab i l i . ty  of t a e  co::lpononto. 

. , 

4 , i . 4  . A l l  t he  e l e c t r i c s l  and o le ' c t ron ic  cx!ponenta 
~Imall 58 sz5;,ectecl t o  I,?2$ screen in.!: . t e s t s  bof o r e  mine ' 
*-. b~e: - f o r  aa3a3bly. i n  aCCi+,ion do l o t  a c c e ~ t a n c e  tests.  

4.L.S rJ~::l;leto reco-rdoc of tfio 2 9 t  accep tzncs  t e s t s ,  . . 
6c:ecnini t ~ s t s  md r o u t i n e  ' t e a t s  silall  be ::ept saparataly. 
r ..-..ese I-. reoo~-ils  shell 56 : ~ ~ c ? l ?  a v a i l a b l e , f o r  t 2 e  scrutiny of 

O C"., 
. . 

t>e-: .aj?asentat ive 91 : , . : ~ & / ~ ~ f i ' i ~ r ~ y .  

4 3eLis5i3i'ty czi?cof 5% testes,  .bl;t :>as t o  be ! 

4;liLt i? i:t;-::nt i ~ n  to '  .denir r1l j izn~%c t u r i n g  ?rocesS. 
s' * 

a~z ny>z,-e il. %. 4. . ~ 3 1 2 ,  : z t  ~ ~ , $ ~ I ~ ~ c ~ D T ~ , ~ ~ c G c z z ~ Y  $fiat \Z1 
0 

"'", ~ ~ 0 : " -  P2.b -2; 
4-* V: 

(b ...... ;.L ' iajr.7 d9m d e t a i l e d  ass;ira;lca ; . , . -,"n--.-! * ,-oGi--..-.e r o;. t l~s  .zen.:Zoctwe~ of c v i c e s  and :*:la asge3blY .. -c  2 :  .Z:s ' Jo2ies 9: :quali"; aassurmca nr3grz:3eS, ,. 
'datz.!.l$ 31' f >3 .~C?S.LS at va r ious  s t a g e s  of insyection,:he ck 
l i o k s ,  a.;;n,., ~ 1 ; ~ 1 1  56 furr:io::=d at t;qe t i r ? ~  o f  .cvaluatlon! 

. * 
3: 2 s ' c c i l e ~  2zc;ign. jinV ~ S a n ~ e s  in these  prograzmes 
s-z..: 'so a5~r;r:-;cd f 3 

4.2.2: 'Zaii*;: eso;zr.?lJc& ' ;&ting, en: Of. l n e  ~ c r e c n i n g  
sk. o f  .bko ?3ir?.ues s;-.a:i is g o v m e 5  by 'Qual i ty  kssurance  

T e s t  5x2 o r ,  S i l i c ~ n  2 i?.:es,( P ~ ~ . ~ ~ e c / ~ - 1 6 / 1 3  is~ced by EDSO 



5.2.4 I n  cabe of Slat base C ~ M . V ~ C C ~ , '  -3 zi:itt~i>;:iJ'.e COT?.? 
o f  ether si:icnn ruE:>or 2: :;>:?!q s.+c!,?.l >i? -..-?\v<aq:> ... -. L A  >-g-.-.- ,,A 

tile dev ice  to e.it3iZ occsrc,:,co 3;: ~ + : : r t ~ r ; ; 7 ; i ' ~ ~ , ~ ~ ~ ; ~  r;v-r-, , .  

dy SOL-eiin q .~3 t tars .  . . 

4 .2 .5  S U T ~ ~ C ~  f i n i c h  a n d .  f !at,;?osl: of t3e  su r f cce  of. 
t h e  &v ice  in coiiti';ct i . i th  ksai s i n k  :'.e.;.l b o a s  'mder : 

Surf ace F i n k s 3  S e ~ c  tltaijl t i52.4 i l i c r o ~ ' ~ C ~ ~  
i S!z"iace FZatriess Ts.t& ;l~ndic&+,or '.czdil?z (TE) 

ts b e  :<old fmn .  0.3Xt -to 
,09i  ST: 

. . . . 
d.a.6 T;]c a,fzo of fE12 bcae  ;(?%a;, &g 3 f  '233 5i:all i)e 
n o t  1 . 3 ~ ~  t!?m i1-6. 

. . . . 
4 ; 3  r; , i; " ':.;. ,-. . . .  ;. -.-.-. . . 

. - 
4.3.1 ' I c a t  sb1:;s shall  3e of extrud2.' cr,natri:c'iiaii. . . .Sand x s t  h e a t  c lnz rb . a r e  not acca?ta';lC.. Fur  any otizer 
t;rpe, o ~ 3 c i f i d  appr~val of i i :33 /Xai i~:&i . '  3 h ~ ' l l  'be t%!:e-n. 

%.3.2 The 3.f 6,evlce sen t  on t3.e :':eat sii?;' s?tal: 
h - ~ c  pacer sar:r&co f i n i s h  an& f i.atness t> a i n  i a i s e  a.aunting'  
resislanca 5x0 t o  s u r f a c e  i w ~ b l e - ~ s ;  Flnti lesS m d  
s ~ i - r a c e  f in is11  aka11 be as. ander . :  . , 

S ' ~ ~ f S c i ?  F ~ . G ~ C . B S R ,  r,tal ind'ica",r ?:C&~EZ<  TI^) 
t!) 50 h e l d  :r!m 0.3305 30 
.F31 3'1: 

S-irf ase Fin i s b  ;.,c.ss t'.a!l 1.524 ~ 5 . c r o : ~ e t e r .  

4 . 3 . 3  rl ,>~rrer , t  c.~'.. l e c t i o n  thr~ig:? . ,  the ;lest s i n &  is to  
bo dv>frleci. Ir; c s s e  i t  is n o t  ~3$ia ib? .e ,  t'nen t he  53e.t 
s i n k  Sev lcc  - - a ~ i ~ t i r : g  nurf.?.ce and c n r ~ e n t  . c o l l e c t i o n  
enTIC,act a_rz:i s:1:..1I I:@. ;:ui^,asly .;reate$ t o  prevent elehtYL"ica1 
c-rmsj.?\?. i?ul l ,  ;;stcils b l  *!.I,? ryopssed 1;yeatn~nt s'k3il be 
f,amls:l& t z 2  - .  . .-:<:U;b7a;r , at til; . t i 2 2  . ~ f  dctaiied evcl ; l s t ion.  
o ? & ~ s + g i ~  fc:: <!. . ,::c;rsl. 

, . 
4.3.4 73 aie r,?r;?-ati~;, haat t r a n s ~ e m  an< ,zive corl"OSi3n , ";:;a i;est s u r z a c . ~  sb~a'_2 3 s  s u i t a b l y  t ~ e a t a e  
d - 9 '  . L:; 0.~.3ci: (3010~~. e i t h ~ ~ .  by +zi:,t.iag ?r al1xli.3itlg or my s.t;ior 
Fr,ccSs. .?ull i"&a:i2s., a l m g  5 1 t h  e3e t e s t  ..rce'-l:.tz, 32~ll 
So', ~::l'Ilis~lc:? 2.t t;>e d , ? ~ i g n  eva',.)~n",+311 stage f o r  a ? - r r I ~ d .  

. . 
. . 



4.4.2 !ti& resisti . .nces shall bc of s t ad  rioizllt-cd type . 
..-,A provided a i t t  lug  'tcr::sia?s 2a.2 t $XI: i l  ,; -.? :,i :<:, 3 3 1 3 .  

4.4:3 Tka d o c ~ ~ e ~  t7al!;a~c! rai ; in& 3f t:?t? r e s i s t o r s  
at  t 3 e  lep(?cifie$ . i i ~ ~ b ' i e i ' ~ t  tem;>erotilre ai-:.E. So at i eco t  

- - tno t i 3 e s  2ke' c ~ l c u ~ r z t e d  ~:im:irjiw ;r&% d9-ze i n . .  t 2 ~ e .  c  i r c u i t  
of ~?;>'.icati3n a l d e r  -bbs wor s t  ::.3a<il;g c o ~ 2 i t i ? n s , '  Zn 
case  ,of pgten-;;iL$Ll. ,?.;'viriinz r%si.i.t::r'cl :;cr>s:; dj.odes, tho 
n c t t ~ g e .  par inz  s;:.,??.iL 'je qorresp"n!.ng i;tb zz;in.~r; l@~! . ia~e  . . 
c.;.rrent 1-i'~it 3 P  the dev ice .  . 
4 . .The r e z i ~ t n z z .  sI1,a;1 ?3e :ref e rab ly  :1..~un,ted i l l  

tlia v e r t i c a l  p a s i t i ~ n .  I.F. sage t:m r e s i s t a n c e s  s e  - ,  

" Ioan teC ' c lq se  t o  eac!l ot i ler ,  t;as &lztancc beinxoen t > e  
r e s i i t a n ~ c s ( e 2 ~ ~  t~ edge): s h a l l  bc at least'trm ti-.ies 
2. 7- 
U L . ~  d i a o c t o r  crf tk.s b i g g e r  r e s i s t a n c e .  

. . . . 
,7 4.5 " : ' .. " . . -- . . . . .- 

, . 

4.5.1 S&pci:::rr; of  r o u t c e .  mi: s?proved sek6 s h a l l  
 illy be us:2d. y: ;~.  type. o fA,capac i - ta r  sc$ectei.l out  o f  t 'bc 

. .c-tandmlrd rzge sf rc7utpd  -'-rufSct::rorc I..YL . siia7L 3 e  s u i t a b l e .  
f o r  par t icul t*  c i r c u i t  applicatisi; .  . ~4 

b 
4.5.3 1,iett.X .?s: c a y a c i t o r s  nitIl ~ ~ l f  j leai inz fWtJn '0 i :  

V* 

.n 
. -J. 

.$&ail '50 01117 2 ~ ~ 2 .  . y u l l  t echnica l  d e t a i l s  scd caicula*iollb3 
f a r  s e l e c t i n g  9 ;3nrticula cap!,ecitor n;~al'I be fu rn i c3ed  
at tho  t i n e  32, d e t a i l e d  evalaat i3.n ,nDf tI?e d e s i g n .  . . 

A 
' 4  . 

4.5.3 c ~ ; ; E c ~  ;;3":. ';~i.til z a in  ter!:~inala :;omtea on 
?tjrce$aj.n i n s q 1 ~ t , a _ ? 3 .  .;;~a>.l be jnlg :~zsc3.- TIE creepage 
,2ib",a;r?co,'ai; &learace ?;ctI-j;ieGn t h e :  t e r ~ f i a l o  s h a l l  C ~ ~ ? V Y  
~ f t h  Table 5 if 5:$730. 

. 8.5.4 !L'hr?  can?:^ c t  isi? t o  the capact>?o s h a l l  be 
::23irifLeG 57 i r izula ted ty:?e ' s l i p .  on' c ~ n n e c t 3 r s .  . 
4 . 5 . 5 .  ?::e .:s.:i,:;il'13 y;-,;>ijls v~ i t ;> ,ge  across  anjr c a p a c i t o r  

: d - .,- , 3 i t  . . . ,., ,,. tl:+? r a t e d  r e z e 6 i l l v e  v o i t g e . ,  I n  
c;-::c 31' ;, ..- ,:.:,2 -, . ~ ~ $ ~ c . i t ; ~ r s ,  t:le v o l t g c  rai?ing of GI(? 
cj i j~c; t37q c. I_)L_ - ,_ : - 9.2 tl2.0 s z ~ e  as t h e  ?T,I r a t i n g  of t he  a s v i c e *  

. . 



4.6.2 L ~ s s e s  1.7ieh ~ ~ u t ~ t  ic ~ f ; ~ ; ; ~ ~ .  ~ 2 ~ : ;  ~ ; ~ ~ ~ ~ ~ , ? ~ ; ~ 2 i ~ ~ ; ~  ., 
are 11:';. t a  be i:&&.,rje~a,rzis sisnt:'-l;r, ;I::.s-,ec a::>;..:!. >g . 
u30d. . . . . 

S. . k ~ o . ~ r ; ! ? l ~  c: ; t i c  b e s t  ---.--..--...- sib:? zi:< l e ; ~ i c e  

5.1 In  case 9: d i s c .  -2p:~e r~;: &6-.~Lc23, .:::& S G C . ; ~ ~ ;  .,..,.. , 0 9  $ze ci2;: : izii; 37s tg:: s:lsll 52 c;,;.?;, "'â, f ; " ~  rac-;.f,-d , . 
.. . - .  cl~: i>ing :grcc .-- ,.,,.I., -.' ,, - a a:;!;:. 1~ 2 '-a::-:?.<!< ;.c?!l&- ;;Q ;:::G 

- .  . .. 
. z i zc  =~;-$ace. '-;", cin:::7 sri&j.l 33 : ; ; ' ~ i r i ~ e ; l . : r ~ ~ ~ ;  a 

.. . 
: : ; c , - : ~ a i c s i  fo:cc g.555~ to ic;-,:sa 2.. :.:ilc.?. !;a;.cc .'13 
,a~;li& as ~7ei;  as. t g  in.?. icatc t:ra; t!:;.~ s e t  f o r c e  . . 
Zar.2 ?=2Lcli-.a:.- z e 7 i c o  :lzs ';?-z;: a:j-.lid. ii-,.?i,irid;:2i 
c l X q  x . i - z , x ~ ;  s>;-.all %e .:;r2:,i.fes f b y  cqc:? c 2 L ; s ~ : : ~ ~ ~ ; r  
3x3 n~'; 3 c r . : ~  ,..,YO ~ 7 ~ 2 %  f3x '&E .c~?LD:.:. 

5 . 2  -. . 
,;; cass gf ;la$ 5?,,c? ?cvi=eg7, ?3res~::r5 ,ia-:c 

- 7  . g r  :::Q:i~;r,~r~g s -ri,;;z y:i';z3 ssa;:,2ty brcc;ret s;;al; -2 i , ro -~ :d~s .  
. ~ .  ...- bol;::$cn .il.e '.. .i: : : 2: $ ? a ~  39mt i n ~  s$>~&!,  no t:?at ,,;*e 

q3:.ir;c ;7r-.~.:..-ir? :;Lz;:c. - :;;c,yilen. fiFd$ ..;t;,::~ 3~33e1. ~;.-~)~;:-;:yiij 13 
.. !,~~.,.,~lro b q n  ,.- .5s ' a p ;> i i~~ i ,  . . 

5.3 i ',D.Gy: J. . . ,,u?;; a ~ i - ~ , ? ; y c : ~ 2 n t ,  u 3f ,512~ & ~ i ~ d  sLal' Z ' ~ c  5. 

s-j& .:List i;:lc :iress?>;;e j.; ~ ~ ~ f c ~ r , ~ : ~ ; ?  L ; ; < $ . ; ' y , ; b ~ t ~ d  C c ~ e l '  
tilo 3ta3 -~r.<--.;c: L.Y-. .. c ? n g .  Tr.2~ pl-ecz:ire :::;~':1 a ~ r j l - i o <  . . 12 r ,  s.t,s&&::,-o fas:?. icn silah 8s ;':; ~ ~ ; ~ t $ n  :I:Z 32 o c > p s r . ~ a  - - 
,,, ' ""1" , e ,d --" t o  .?j::! r:ai_f 2.f ti'. : ' e c u , ~ ; : e ~ q : ~ ~  ".9yque 8~:s .a':-. .: .di? 

f i n a l l y  a[2:71y .i::c r ~ c < . s s ~ - y  -r,!.-:,-,inins S ~ r q u e  i n  :LC 
snae s$ckzgerec: :'nchion. 

. . .  
5 . 4  :.eco ... :-nc;.zc; ap% isi-:.; :..r~rzl: :i.ng :?T~~~, -LLYS 2 Dr :he 
o - 3 2 r e 5  Ce-jicc t j p  ;&a$l- j e  &t.:r.;<;?e& by nuit~ble . .  . tacc,b ~ 2 5  full :;zect.ls c 4  57:;i~;-: s!:Ell 56 f ~ r ~ l i ~ : ~ e ; ;  t 3  

3329 /.:nilnay. 

5.5 12 52-3e.r I - t; Y ? ~ ~ Y ; ~ s c  t::3 c a z t a c t s  b e t ~ c e z  
actir.;. : x r f c c w  01 t " . ~  ;:..evice a1d .';le>?.t s i n k ,  s u i t a b l e  ' , ,  

. . $;~CI>..:~L ,c,:up~cgC! s! ic lz  2 e .  use2 t o  :i" il.i 22 the  vgLd5 
:;o tr:~ecn t:c :i.z.:iag a u r f ~ c e  3 k:-,i.~ acse-;b ly. .??:e 
+-, .,. ... - -  . 
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u . . . . L . . ~  u ~ . c . .  ,,. ::I?, czainst ;;lois.?dPe. 
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6 a5 zlaseo-:cric c&ies  a3 -X~C?'.::  si)e.;-i?ic~?; 1311 * 
/ IJo. E-23/33( as ailenSed frroli  ti:^ 50 ti::.e, ~ ~ X b - 1  be 

used f o r  a l l  o . Z ~ c r  I a c a t i n c s .  

:6.6 n ,Pe . v ~ ~ t i ~ , q  sha?i 50 3% i rd) f o r  f i ~ ~ o b g  
and sng'Jber c l r c u r t c  and 753 V for v-en ilatlsn bl.;??er .. 

and, ~ t h o r  mxili ,?,ry c i r c u i t s :  

7. ?er.:;:nal Boards ,. 
---.- 

. . 

7.1 m- i;ic dcs i en  a:? tho  teff3.ina: ? J ~ C Y &  s h a l l  >an2 

the. a:j;?rb-ml 3f ~ 3 . 7 0 / 1 i ~ i ; ~ ~ i ~ , .  The d e s  iga shall 
cen 'erc l  c029iy  w i t h  the fol1i)'iiintj;: 

1) cizc 02 t h e  coccec t lo i  c*,uds -,::a11 i l a ~ o  
.a3c~i.?aGc cu;.i.cn.; r&inis az.5 t hc  "lini5uJ . . size : : i i : r l  n9t be Zest tJ?eil IL.5. G 



0.1 -2, S3l&raC. . joicts  , g h , a l i  :JZ ~ a r i ~  5-j t ra ine f i  
sts.Z2' w i t h  200% ti;: s g l d e r   it:^ suitable r;oltiering 
er"17-'.' Lt.L:8.-cfi+' J 9 7::;: l:. .-:aintaing t h a  b i t  tea?cr?$uro' constemt,  

8.T.3 011ly p ~ . r a '  r e s i n  i s  t o b e  use5 as 2 flux. 
ilse . . 2: C C ~ ~ ~ C / C . J S ~ ~ S ~ V ~  f1.w~ 13 pr?::ibit,ecl. 

8 . .  , ''(risual .ii1ri>ect i 3 n  3? cach soleered Jsirr t 'silall. 
$3 c a r r i e d  5 3 t  by b r a i n o ~  ,ins:.'e!jtor :;~r cLlec>ing t i l a .  
sOUL3&deSC n+ -.. + : -  .>..e , j ~ j - n t  a n 5  tixe ?ro:,,cr -.?ettTig 3f the 

. . %.?i-?&ce~ ~0 3.22 J ?  F?)eC, . , . 
. . 

, . 3.2 Ga3:c 5oc::ats -- 
C.2.i , A i l  b a ; ~ l c  ~ ~ : i s  s>kl: j e  oocl:cted ~ i t h  ~ r i p p e d '  
J. , ., - c .  : 

0.2.2 :?ro-fi?--.- - , , , ~ z t e  s3ci:;~Cz 3::,211. only 5e u'sed. . '  
?k2 c::i:pjt?in~ is 'to 5 2  <one aa.2;~ a gay t 3z t  t h e  
-.- -_ - . i~:,,~ia;hmii 2f $ 3 ~  cabre ge t r ,  c r e j p e i  ~ , i t h  tile i n s u l a t e d  
s l e ~ a e  .29 p 3TeVei:t fgcLurea c o  ,f 1:xing ac t ion '  of tke  
.,:, -,. ,u?:~'ir ted 2e;; t::. - 

, . 

3.2.3 !z;.,~ ... ...... - L..i ,or: z:.c.'.rets s:ia?.!. he 3f ?rgper 
.- 1 .. . ;  . , 3;.te~:ls=2. s ize  9 2  the .  cable. 

. . 



c.2.5. 7-2li t~3t ; s  s.:lali 33 .:;s,a 32 ~f ciciz>p; . - - .  j o in t s  t?  cllcck q i i a l i t y  3 f  cri:?ii?z taols an:. c : r e s .  3"i'e 
n u l l  out 23kce slsll n ~ t  b-:: less .~:IEII 80% of the .3.?.S. 
gf  .';be .:ire.. . 

. . 





nr... . . - - nss,& -- 'fcsl:-;p::c zl?,-l ->G sl,?:>j:?c'>s< '>3 z; qV$;*- - .  . 
.;JT 7 J. - - .=  - .  %jjzci:. xi?.?. ~ccuJ:> i ~ ' i . 6  t.i:::cz ?2,>,:: - ;?-.b22*$z - >. ,. . 

f W  . 
5 s3~33.:-3,'>C ZGS<;;.;;;:~Z? 3:i0::- :;e .o:?,.,--i:~. ,?,f-ksy ce:e 
.." *" : ,*,. - b u - , - u  2:. ::z.a ~ ~ ~ ~ e ~ .  :,T.T,: . b ~  Z2?Zl  ,.~2.~~$>z:-~;>;i2-e, 

. .. ." 3730i<ica.:Fjn .-- 4?:'.3r3 3?el:. i13 E . : J L : ? T C ~  g A  
- .  rr- 2 ;;?, , b-L?h.i?sz 3L- C --, ;=--I'a. - .. 1.,, . .--. ,... ii.. r c ~ i s : a ? v o  ~ e l l r a  

h-.?,-, ,; .. ;I?:: e:rcs?;! T,.$ 2.t .2S0C. 

(>) > 5 Z e  [;!as:; 
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::.az?z.>3r T J ~  l ~ & e < i  ,;;rj,,b:i r a t e s  2,>7:i~r .ii; ,~:~~:~.:t 
,,; 7 - 0  , , , .? - 0 ~  g :?e:risl: 3:; 1::, horrc,-ilo ~jei: . l ; iLzL  i ? n  

. . L 3  .>n .be ;rovi --L.. 3+: 







, . 
High r e l i a b i l i t y  d.f the e k i p ~ e n t  i s  the  n re - r e iu i s i t e  

f o r  t r a c t i o n  a p p l i c ~ t i o n .  Tract ion ap :?ljca t ion  o&Lls f o r  
devices of the rec ti fie?? t o  vioorlt .under arduous se rv ice  

- . conditzons of t h e ~ m a l  cycles,  ' dus ty  and sa l t  laden atmosphere, 
h i g h  humidity, vol tage t r ans i en t s  and continuous v ib ra t ions  , 

' . and Shocks. Therefore, iev!.ces are re'quired t o  be of high 
r e l i a b i l i t y  f o r  . t r a c t i on .  . anplicat ion.  . .  

After  t!ie .i.-.iice has been properly se lec ted  t o  nee t 
with  the  duty requiremehts, r e l i a b i l f t y  of the device i s  

' t h e  r e spons i l k l i t y  of the qanufactyrer.  I t  i s  at  the  nanufact- 
u r i n g  s t a g e -  the  r e l i a b i l i t y  i s  b u l l t  i n t o  the  device-beginning 
t o  end. I t  i s ,  therefore,  incumbent upon the  manufacturer to 
.ensure t ha t  the  complete manufacturing process is designed and 
con t ro l l ed  as t o  maintain qua l i t y  of the ?ev;,ces i n  volume, 
production. 

 he panpose of t h i s  ~ u a  li t y  hssuranc e Tes t  '~:.o~ramme 
i s  t b  l a y  down de t a i l ed  procedwe f o r  l o t  inspect ion and. 
type approvd  for user Is. inspect ion as required vide:vlause'lO 
of IS-7788 u s  well as audit checks ensure periodical.rnoriitoring 
of  the q u a l i t y  of  . t he  production and use of - r e l i a b l e  devices . f o r  
a sseinbly of: the t r a c t i o n  rec  t t f i e r  se t s ,  * 

. . . > ., 

I .  T.me-~!?pra ;d l  of  the devices 
CD 

1.1 ,i&y new device proposed o r  '&rated by a mnufacturer  Ln 
s h a l l  be subjected t o  the type t e s t s  a s  per nPPE?DIX a,. w 

, . The devices sha l l  riot be used f o r  assembly of the, c o n k r t a r s  
t ill  type agpro?r. 1 : i ucc orded f o r  the. device by ~ ~ S ~ h ? , i l w a $ .  
A l l  f a c i l i t i e s  f ' i ~  f;-,..:.i-ying out  the - t f l e  and imres t lgat ion , t e s t s  shall b e  p r ~ v i d e d  by t h e  manufactnrer. The tests i 

- s h a l l  be conducted i n  t h e  presence of  ~ ~ ~ S ~ / k d l w a y s  nomiriated 
r e ~ Y  esentat ioes.  

! .  * 
EI 

1.2 The sampling plan f o r  .type tests s h a l l  be as under. 
Samples Sha91 be se lec ted  by R D S O ~ ~ ~  lways 1 representative. 

. . 
4 S o t  q u a n t t t y  S a ~ p l e  rat-c~ 

(Nos. ) of the  lot- 

205 Subject  t o  minimum of 
125 43dev ice s  
in6  , 

~r 'mve 1000 y. 5$ 

1 - 3  I n  case of bulk orders ,  the l o t  offered for type 
testing and inspect ion s i ~ a l l  be it l e a s t  50% of the t o t a l  
order  . 



1.4 - The prograrlme of the type t e s t s  on the  s d m l e s  
s e l ec t ed  s h a l l  be LLS per APPENDIX -A. 

2. Val i d i t y x t h e  T-me a,mr wit :  

2.1 . The t y p e .  a;3prov;il fo r  A p&ticu;lar device Sha l l  be 
normally fo r  a >?:?fi' - '. -,f two years. Conplete type t e s t s  
3s pe r  item I w i ; ?  ..-.:pea,ted. before the v a l i d i t y  of the 
approval i s  renmei\. !<o?.~ever, a t  the discrehion of the 
R~SO/Lucknow; conducting of complete type t e s t  progra~me 
may be waiired off  o r  modified prograrqed may be repeated. 

I 

3 panufacturer ' s  Qodl i ty  Assurance Progr~mne: 

'3.1 It  i s  .at; the  1sanufacturi.n~ stage, from beginning' 
t o  end; t h a t  the r e l i a b i l i t y  i s  t o  be i n k o h c e d  il i to the  
devices.  It starts wi th  t h e  choice o f ' supp l ie r s  f o r  the  
components and continues v i  t h  inconing inspect ion,  i n  
l i n e  process controls ,  processing after construct ion,  end 
of  l i n e  screening and tese .ng a d  q u a l i t y  assurance testfng.  

'It is-, theref  ore incumbent upon the mt-ti:ufacturer. t o  l a y  ! down q u a l i t y  cori,rol programe to  monitor the  manufacture- 
and - t e s t i n g  oE the se : i i cond~~ctors .  Tile manufacturer s h a l l  
f i n i s h  the  qua.liL,y assurance p r o g a m e  proposed to-'be 
followed  at^ the  time of tine placenent of the  order, Any 
chgnges made sub4equently \Jill be advised, Audit checks- 
s h a l l  be ca r r i ed  b u t  fron time t o  time by the representatEve 
O f  RDS~/Railways Lo ascer ta in  the  imple ?entation of the 

.' q u a l i t y  arjsurance .Ggr*?me. 

1 Routine t e ~ t s  including .screen'ing a i d  burn-in tes ts ,  
s h a l l  be ca r r i ed  b u t  on a l l  'de:rices as per ,2c3PENDIX-A by . . 

manufacturer; The nanufact\ler -Ail  -keGt separate .records 
?or  the,se rout ine  t e s t s  c azr ied  out  on tfG devices, which 

+ will be made avzilable for inspect ion of the represen.$atives 
o f  RDSOhailway,~, . 
4.2 A ce r t i%ca te ,  as per  the  fo3lowi;ng proform' sshajl 
be 'furnished fcr each cubicle or  ' for the- l d t  of t h e  spare 
diodes sunplied i n  respect  o f  rou t ine  t e s t s . .  

Certified, tha t  +il the diodes 'type No. 
as per  the- cnclosed s e r i a l  nuy..bers used:fo r 
the  assenbly of the cubicle S.No. - 
against  cor&ract/order No. 7- 

dt .  have 'been 7 
l a i d  don .  root ine  t e s t s  3ntl comolv with the 
declared 1':-5's of the  various f i h a l i s e d  

~ ~~~ 

parameter:? -5 ': h c  device. 

~ u 5 l i t y  Control Engineer 

. ... . . :3/t 



.s .  A u d i t  check .of the  ~ o u t i n e ' . ~ ~ s t s :  
. . 

' 5.1 Ten perc'ent -of .the de&es f'ror? each 'cubic les  
' offered fo r  inspection; pick& up a t  random by the  

representa t ive  of  the Inspect ing,  Authority, s h a l l  be 
subjected t o  routine t i s t s ,  a s  'indi.cated i n  APPENDIX-A 

. . 

i n  presence of t h e  r t 'presentat iv? 'or" the ins7ect ing . . 
. . 

author i ty .  . '  
. . 

542 I n  case any dovice, .nut of 10% sa:q!&elot devices,  
does not  comply with. tli* declared p 2 m e t c r s ,  the fo l l&~i ing  
p focemre  shall. b e  fbl lo~ied! - 

. . (.a) I n  case :nore than one loco s e t  i s  .of f iered 
f o r  inspect ion,  then 20% of the devices wL11 
be taken as s~nple f rm each of the balance 
cubicle:: and sabjected to routine '  t e s t s .  In' ' 
ease any Jzv ice  from t h i s l o t  ~ ) u t  of these  
samples , a l s o  does not comply 'wi,th t h e  declared 
pararieters, then the  whole offered l o t  sha l l  , 
'de taken. as rejected., . , 

. . 

. , EX$ ~ h c  manu fac tu rc r  shal <resc reen .  the xkEkS whole 
. . batch and re-asse-ible the  cubicles  with the 

'Gevices. com~lying wlth t he .sp?cif icat ion.  
These cubicles  w i l l  again be subjected t o  the 
10% check as de t a i l ed  i n  5.1 above.' 

- 
(b) I n  case a l l  the  sample devices a s  per  5.2(a) , 

amve meet wi th  t h e  spec i f i ca t ion ,  then 'the rr, 
, . par t i cu la r  c u b i c l e - w i l l  only be taken as reject* 

4). Rescreening s h a l l .  be done by the firm before 
-, 

. Offering i t  fo r .  rcinspect ion.  t ,  . . 

5.3 i n c  tlse of  f a i l r ; ~  of the  deSices d u r i n g  10% aud i t  . : ' 
'checks occures for  nor? than t-m occasions i n  a year, the  w p ~ o d  
f o r  -the device nag be 'aken a s  withdrawn. 

. . 
6. Perio6icz: ...IT,- _- - .  

1.13~ life . t e s  %s 
. .  , 

6.1 . ~ o u t i n e  t e s t s ,  t o  b e  carriei3 o u t  on 10@ .devices 
a r e  mainly cons t i t u t e  e l ec t f i ca l  parameter screening fo r  
elimina'tion of  t h e  ends of- long  t a i l e d  d i s t r ibu t ion .  
These tests, 'however ,. do not ensure -tot'al e l e c t r i c a l  and 
mechanical ~ e l i a b i l i t y  of the dcvic.e. I t  i s ,  theref ore, 
necessary to ca r ry  a 1 . t  per iodical  sampling l i f e  t e s t s  So 
as t o  verify t h a t  the complete n~nufac tu r ing  process ensures 
quan t i t y  of thc  devices. Following sampling plan Sha l l  be 
follorr~ed fo r  th,is purpose. 



(a)  , TWO deyices fr& each, cubiole w i l l  be 
s.elected as sample by the representa t ive  
of t h e  'inspecting G t h o r i t y .  

(p) wfter-every s ix  mdnths, the 10 devices 
out  of the l o t  se lec ted  G i l l  be.subjetit  . ' 

' t o  t h e  following . t e s t s  i n  .addit ion t o  . 
a l l  the rout ine  t e s t s  in the presence . , 

. . 
. . 

' of representa t ive  of ~ ~ ~ / R a i ~ w a y s .  
.. . . 

i) ~ h e r n d  'cycling (Test . ~ n  -9'  1 . 
. . ii) Load t e s t  (Tost No.12) 

i i i )  B l o c k i n g l i f e  (TestNr,.15) 
. . 

6.2 I n  'case any device, out o f  chess 10 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  invest igated 
by the  firm and necessary improvements i n  the  manufacturing 

' process iliplementcd, The devices w i l l .  be subjected t o  
' type t e s t  agdinbef[?:.- c l e a r a n c e f o r  fu r ther . supp l ies  

i s  accorded by RDS0F;ailway. 



1 . - 
. . 

APPENDIX-I - 
. . 

E S T  iY;:,,i:, GRhlGIE. FOR SILfCOR DIODES - 
V. Generd, 

1 . 1 .  The type, routine and ingestigational t e s t s  on the 
. . s i l icon d i o d ~ ~  sha l l  be condicted as per l a t e s t  1S:77813 with 

c lar i f ica t ions  furnished hereunder.. S me additional tos ts , - 
not  included in 1S:7788r9 are also t o  be oonhcted as type 
er routine or specad  t e s t s ,  as .clarted below: 

1.. 2 ' Based on thts  general type and rou t ine  t e s t  programe, 
. the maufacturer shal l  submit particuLar t e s t  programme, 

applicabla for  the offered d e ~ c  e, indhz t ing  limf t mlues 
o f  various parWeters and t e s t  condj.tions such as voltage 
end current,..base temperature, duration gf t c s t ,  reference 
temperature, etc. The de ta i l s  of the. b p i r i c a l '  re lat ions 
prwosed t o  be used. for. W k i n g  out the final values of. 
. the parameters sha l l  be indicated i n  the t c s t  programme. 

C 

1.3 The detailed profmna for recbrdingr'eadifi&, t e s t  
. . resu l t s ,  observations, cdnclusions, etc. shall be su'$nitteb 

along with the particular t e s t  programme, 

2. Suanarr of the Tests . . 
. . 

Sl. Nature of t e s t .  
No. , . 8 

2. ~orkara voltage drop 

3. Reverse characteristic 

4. Reverse burrent 

7. ' Reverse voltage . , 

Reference c1:iuse of 
IS: 7788 - 1675 
me t e s t  Routine tes t  

9. Thermal' cycling 

lo'.' Surge f orw;rd l i m i t  current 1@.3,@.t 10.1.9.2 
. . 

1 I. Surge forward. curr'ent 10..1.(0 ' 



6 

, 
. . . . 

-2 - . . 
. , 

. .  . . . 

13. Deter iora t ion - ' .10.1.12 
. ~ 

14; Encapsulation 10.1.13' 19.1.13 - 
. . . . . 

. . 

15. Blocking l i f e  fis per calusi? As per c l ause -  
4 . 1  below . helow 

16. Znvironment t e s t s  - 3 

16.i D ~ P  hea t  -do- : . . . . . 
4.2 

16-2 Corrosion 6 -do- 
4.3 . . 

' . . 17. shock and v ibra t ion  -do- 
4'.4 . . 

i . 18. ~ o b u s t n e s s  of the . . /I 

. . -do- 
. - - termination..  4,.5 , 

19. : Operating l i f e  . .  . .  +. -60- . . .  

, . 5;1 . . ~. 
20. ' . X-ray examination' 'do- . .  

. . 
, . 5.2 

, . 

3. Additional cie ta i ls  the t e s t s  covered by IS: 7788 

~ o l l o w i n ~  abditiLnqal d e t a i l s  s h a l l  apply afer the  
t e s t s  .covered by :;: i;: .:3-1975 ' . . 

3.1 Tes t  No.2 Forw~rd voltage drop (m) 
. . . , 

j - ;.;.:c..:'; The FVD gr~t ip ing sha 1 be o l a s s i f i ed  based on 50 m ~ - ~ e ~ ~  
group corresponding t && r a t ed  devioe current  ra t ing .  

' It w i l l '  be ver i f i ed  t h a t 3 h e  c h a r a ~ t e r i s t i c  i s  within the 
' spec i f i ed  FVD grcup. 

' , 
.3.2 Tes t s  fl0.3 & 4 - Reverse Character is t icsa  

I n  case a f  zype t e s t  as  per ~ l & s e  10.1.3, f u l l  reverse  
cha rac t e r i s t i c  sh:,ll a lso  be exhibited cn the  oscilloscope. 

. I n  case of r w t i n c  t e s t  as per Clause 10.1.4, reverse , 
, . 

c h a r a c t e r i s t i c s  s h a l l  be ve r i f i ed  on the osci l loscope 
. . and s h a l l  be f r e e  ?om defects.. The leakage current  

corresponding t o  PIT r a t i n g  of the device s h a a  be  recorded. 
. . . .  
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~ h e ' t g s t  s h a l l  be'conducted a s  per C h s e  10.1.8 
i f  1S:7788-1975. The. t e s t  s h a l l  be conducted fo r  20,000 
cycles  and no p a a n e t c r s  s h a u  change. The t e s t  Sha l l  be 
f u r t h e r  cont'nued t i l l  any o f  the w r m e t e r s  exceed the  ,, ? . l i m i t  va lue  =bnormal vgr ia t ion  i s  noticed or  t h e  device 
f a i l s .  . ~ 

n l l  t h e  p a r x n ~ t c r s  t h a t  nafbe a f fec ted  by t h c  t e s t  ' 
i .e. forward vol tage  drop, reverse  leak.&e cur-ront, thermal. ' 

r e s i s t ance , .  e tc .  2 l - . ' l . i  ?I? neasured 2r.d rccorded at the  heginning' 
of  t h e  t e s t  and t:;;. . x f t e r  every 5000 cycles.  till no 
change i n  parambters i s  noticed. The moment any change isy,  . 
not iced,  the  parameters sha l l  be ,checked0af t e r  every 1000 

. cyc les  till the  change i n  any paranetcr i s  found beyond 
l i m i t  o r  device f a i l s .  The t e s t  w i l l  be  considered s a t i s f a c t o r y  
. i n  case  there i s  no change I n  the values recorded f o r  t h o .  , 

device  under t e s t  i n  the  beginning. 

3.4 - Tes t  No.10 - Surkc forward 'current  

The . t e s t  w i l l  be ca r r i ed .ou t  with 50% reverse  
vo l t zge  applied between current  pulses.  

3-5 --- Test No.12 - Load Tes t  

The forward c h a r a c t e r i s t i c ,  reverse characteristic . 
Zhermal res i s tance ,  etc. s h a l l  b e  lneasured a t  t h e  beginning 
and a t  t h e  end of thewtes t .The - t e s t  will be consideped, 
s a t i s f a c t o r y  i n  case therc i s  no change i n  the value of  the  
parameters recorded fo r  t h e  device under t e s t  a t  the  beginning. 

' 

3.6 Test  Wo, I)! .- ~ ~ ~ i c a ~ u l a t i o n  - Tes t  

The test shz.LI be ca r r i ed  out  wit11 Helium g-s detec tor  
method, f o r  the  type t e s t .  

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

4.1 Blocking l i f e  

Type Tes t  - This t e s t  sha l l  be cc r r i ed  cut by applying 
rat'ed peak reverse voltage (ei  ther f u l l  or ha l f  wave r e c t i -  
f i e d )  on t h e  devices i n  an mb ien t  temperature e q u d  to the  
maXi~num ra t ed  junction temperature for G period of  30 days. 

- . 
Leskagb c u r r e n t  Sha l l  be' measured a t  the  beginning of the t e s t  
and thenchecked a f t e r  evcry 7  days .  The test will be 
considered s a t i s f a c t y y  i n  case no change of leakage current ,  
t akes  .place. 

- .  . . . . . .4/- 
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 out-ine Test  This t e s t  s h a l l  he ca r r i ed  out - 
en every 'dcuice, i n  the .  same way gs type t e s t ,  but  f o r  . . . 

. . 
' a period 'of 24 hours. . . 

4.2 Environmental t e s t s  ' . ' 

4.2.3 Tes t  No;, - - 1 6 . 1  - Ddmp heat. . -.  . 
 his t e s c  wig b e  c i r ~ i e a  out as pe r  I S : ~ ~ O O ' ( P ~ . I V )  

1979. A t h  t h e  follo.&ng de t a i l s :  
. . 

conditcioning, , .  Tem7erature i f  55 + 2 %  and 
- r e l a t i v e  humidity -df 93% +2 

-3 - . . . . 
- .  * 

 he' device s h a l l  be placed 
, . with t h e  base fac.ing 'upwards. - 

S k e r i  t i e s  21 days.' . . . . . 

Fina l  nea&~re.>(?nts 

. , ' V i s u a l  inspcct lon - Condition o f  the p la t ing  of 
the  base, f l e x i b l e  l ead ,  etc. 

- E l e c t r i c a l  Insu la t ion  wsis  tance before 
and a f t e r  the t es t .  . . 

4.3 ' Corrosion : , . 
a: 
.This: t e s t  s h a h . .  be c q r i e d  ou% .as per, Clause 26 ; 

of LEC 571; The durat ion of  the t e s t  s h a l l  be.48 hours. b 

THe device s h a l l  be. subjected t o  v i sua l  examination fo r  , 
corros ion of tlie'plzt2ng,. e tc .  a t .  tlic end o f  the  t e s t .  

L . . ' 4.4 ' Vibration : t e s t  

Th is  ' t e s t  shaU he carr ied  orit genei-ally as  .per ' 
Clause 28' of .IEC 571 (Rules for  el-ectronic equipment p .. 
used on r a i i  vehic les) ,  with t h e  following swer i t i e , s :  

4.5 : ~ o b u  stness of the ~ termination , . . 

The. detai l ; .  '7' t h e  -tiist w i l l  be mu'hal ly f ina l ised .  
The nanufacturer slii :I declare t h e  t e n s i l e  s t rength  of 
terminal  and the proof load id11 be at l e a s t  2  times €he 
dec la red  terminal s trength.  . . 

., . . 5 .  . Irivestigation Tests:. . . 

5.1 .Operating l i f e  t s s t '  ' . . 
Z '  . * 

This  t e s t  w i l l  be ca r r i ed  out. on t h e  devic'es under the  
following operat ing condi.ti?ns: 

. . . . L . . . . 5 / - - '  : . . , . . 



i) Loaded t o  the maXinun yatef3. .forward cllrrentr 
i i )  Maximum' r e p e t i t i v e  peak 'voltage %>plied. 

i i i )  k t  r a t e d  case teriperaturc. 

The t e s t  w i l l  be ca r r i ed  out f o r  a  p e r ' d  of 30 days. 
A l l  t h e  parame'ters, v iz .  forward vo l tase  drop, reverse 

, . l e akage  current  and thermal r e s i s t ance  shaU be recorded 
a t  t h e  beginning of the  - t e s t  and then checlc.ed a f t e r  every 
7 days. The t e s t  will be considered s a t i s f a c t o r y  i n  case  
t he re  i s  no change i n  any-of t h e  par-meters fo r  dzvice 
under t e s t .  

. . 
' 5.2 X-ray examlx ... t i o n  

The purposeof  t h i s  t e s t  i s  t o  detec t  f a u l t y  
const ruct ion o r  t h e  presence of fore ign part3.cles a f t e r  

f encapsulation. This t e s t  w i l l  be carriedou t zi 'ter shock/ 
v i b r a t i o n s  t e s t .  The method of conductifig t e s t  s h d l  be  

. ' mutually decided. The devices under t e s t  s.*all be s e r i a l i s e d  
and then X-ray followed. 

., 



Type Tes t  P ?  
bnnexur e-I 

The samples se lec ted  Tor type testi-ng as per C1:use 1,.2 
s h a l l  be subjected t o  t h e  various t e s t s  3s per  the  folloi&ng plan: 

GROUP A 
B 
I 

'( On a l l  devices of thr; 3a1;'nl.k l o t  of 40) . . 

Visunl and rlechariical inspect ion 
. v e r i f i c a t i o n  of dinensions 

e lec t r ica l .  pi:rformnnce ' 

, ' ppest '.;,.,-; i . . - - l  .i,2,3,4,5,6,7,10 
. . 

.Er;capsu l a t i on  T e s t  No..14 

Group B ~ r o u p  C . . ~ r o u p  D Group 'E 
(10 devices) (25 dewiees) ( 5 a??.ices ) 

a 
( 5  devices)  

4)) 
Transient  h-P rr b a 1 4 

Vibrat ion 
thermal b p e -  C1 d ~ 2 '  Dl. D 2  & Shock( 17) 
dance( 18) 10 devi- 5 devi- 10 dev- Dnmp Corro- 
Surge forward P .  

ces  dete-  ces v ices  hext s lon Inves t i -  
C;r;ent( 1 I.) r i o t a t i o n  Inves t i -   lock- i 16.1) (16.2) get ion 

gation i n g  Test 
t e s t  - t e s t .  X-ray Exa- 

E l  B2 . Operating mination ' 
( 5  devices) (,5 devices) 

b 
l i f e ( l 9 ) .  

a ( 20) 

stren t h  
( 1 8 f  ; , , . 

NO@: 3 e  above f igures  show the  minimum number of 
'. Pevices rbo be subjected t o  various tes ts .  

The ac tua l  nunber of devices s h a l l  be..deter- 
mined by the sample l o t  i n  the same proportion. 


