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SPEIFICATION FOR THYRISTOR U I P ~ T  FO , . - ?7EmTm+ - 
6000 RP WAG-7 CLASS - E L B C T ~  

I n d i a n  Railways have e l e c t r i f i e d  a'round 9000 r o u t e  
k i l o n e t e r s  of t rack .  F u r t h e r  e l e c t r i f i c a t i o n  i s  
i n  progress .  The power supply  system adopted i s  

- o f  25.0 KV,, 50 Hz., s i n g l e  phase  except f o r  a 
s.zal1 s e c t i o n  of around 430 r o u t e  ki lometers  ~ i i t h  
150W DC supply system. The equipment t o  be 
suppl ied  w i l l  be provided on 25.0 KV., 50 Hz., 
s i n g l e  phase AC e l e c t r i c  locomotives.  

C u r r e n t l y  t h e  e l e c t r i c  l o c o n o t i v e s  manufactured a t  
C h i t t a r b n j a n  Loconotive Yiorks, C h i t t a r z n j a n  a r e  
r a t e d  f o r  3?53 HP using conven t iona l  t a p  chcnger 
c o n t r o l ,  s i l i c o n  diode r e c t i f i e r ,  M: s e r i e s  t r a c -  
t i o n  motors. Speed p o t e n t i e l  o f  f r e i g h t  locomotive 
i s  upto 75  h / h . ,  msximum s t z r t i n g  t r a c t i v e  e f f o r t  
of 33.5t and continuous running t r a ' c t i ve  e f f o r t  of 
20.6t a t  r: speed of 50.5 km/h. Speed p o t e n t i a l  of 
passavv , ! ~ & I ~ ~ + ; v ~ ( w A P - ~ )  is 140kw/h. 
Taking i n t o  c c . ~ s i d e r z t i o n  t h e  p r e s e n t  Increased 
t r d i l i n g  load of 4790t of BOX-N viagon under des ign  
t h e  performmce parameters o f  t h e  required loco-  
motive i s  44t s t & r t i n g  t r a c t i v e  e f f o r t  end 5CH)OHP 
cont inuous .  I n  view of t h e  above,  an upgraded 
v e r s i o n  of e l e c t r i c  l ocono t ive ,  des ignated a s  KAG-7 
i s  under c 'onsideration.  . 

Also f o r  ilncreasing t h e  t r a i l i n g  load t o  26 c o ~ c h e s  L, 

and t h e  speed upto 120 km/h AC TJAP-4 c l a s s  loco- Y 
motive w i t h  a s t a r t i n g  t r a c t i v e  e f f o r t  of 26.3t h 
i s  a l s o  under cons ide ra t ion .  c*, cc 

L 
The use  of t h y r i s t o r  c o n t r o l l e d  equipment has been : 
considered on t h e s e  WAG-7 and RAP-4 l o c o m o t i v ~ s  due : 
t o  s t e p l e s s  con t ro l ,  use of f i x e d  r a t i o  t r a s f o r m e r  
el imineti 'on of t a p  changer,  f i e l d  viealiening ~ i t h o u t  . 
t h e  use  o'f r e s i s t o r s  and c o n t a c t o r s ,  e t c .  The 
e x i s t i n g  lX s e r i e s  t r h c t i o n  motor tyge HS 15250 w i l l  
be  s u i t a b l y  modified a s  a conpoune t r a c t i o n  motor 
HS 15253CBit0 s u i t  t h y r i s t o r  conve r to r s ,  t h e  d e t a i l s  
of which ake given under equipment d a t a  i n  Chapter-V. 
TtE t rac t i jon  motor t ype  HS 15250C3 w i l l  be  6 f u l l y  . 
suspended .:type. 

T h i s  s p e c i f i c a t i o n  i s  f o r  dec ign ,  manufacture, test-  
i n g ,  i n s t a l l a t i o n ,  conmissioning and f i e l d  t r i a l s  of  ' 

t h y r i s t o r  conver tors  w i t h  a s s o c i a t e d  equipment a s  
d e t a i l e d  below f o r  us6 i n  t h e  proposed 5903 HP, 25  KV, 
50 Hz, AC s i n g l e  phase e l e c t r i c  locomotive. 



-- . ' The convertor 1s t o  be complete :with t h e  f o l l o  
essoclated equlpnent t -  . i 

.1 Surge absorbers t o  p ro tec t  t h e  t h y r i s t o r  I 

convertors. 

.2 Pomer f a c t o r  cor rec t ion  uni ts .  

.a Assymetrical half-control led bridges operat ing 
in two step sequence c o n t r o l  comylete mith 
micro-processor -based con t ro l  and protec t ion 
system. 

.4 hlicroprocessor based con t ro l  system f o r  tbyr is to ,  
control led bridges of t r a c t i o n  c i rc tQt  end pO\FeY 
f a c t o r  correc t ion u n i t s ,  micro?rocesjmr based 
~ o n t i n u o u s  system heal th  monitoring, f a u l t  2ia- 
gnostic system and ind lca t lons /a la rns  e t c  
de ta i l ed  i n  Chapter-IV. 

.5 Continuous wheel s l i p / s l i d e  detec t ion system 
and s l i p / s l l de  control .  

.6 Master controller-cum-weak f i e l d  con t ro l l e r  
de ta i l ed  i n  Chepter-IV. 

.7 Sensors f o r  control  funct ion.  

.S In te r face  u n i t s  f o r  f a u l t  r e t r i e v a l  system, 
display, display control ,  key board, p r i n t e r ,  
e tc .  

.9 S o l i d  s t a t e  sv;itches, r e lays ,  cor,tactors, power 
su>ply, e t c i ,  required f o r  t h y r i s t o r  con t ro l  
convertors and controls .  

, .. . . .- 

~ h e - o f f e r  s h a l l  be f o r  s e t s  of equipnent f o r  
I mounting on %A~-7/iiAP-2 1ocomotfv.es 2nd -_cpmplete 1 
! loco _se t s  a s  spgre, , L i s t  of components r e q i i r e B  

-;-for maintenawe f o r  2 period of 3 years i s  t o  be 
furnishee p i t h  cos t  by, the  t e n d z e r .  

1.2.1 'Tendereri / 'Supplier1 means the  firm/company sub- 
mit t ing  t h e  o f f e r  f o r  su2ply of e l e c t r i c a l  equip- 
ment conforming t o  t h i s , spec i f i ca t i on .  To qua l i fy  
a s  a  tenderer/sugplier., !the f i rn/com~any . s h a l l  

p rov ide  s a t i s f a c t o r j  evidences acceptable t o  the  
Purchaser i n  . .. t ha t  . they 7 , .  - - .- . - -. . . 

. . . . . .. . 
: t i  rare the r e q i i A l t e ~ & p a c ~ t y  t o  dn.1; .hb-  . .  

design on t h e  basis of manufacturing 1 bprfator - 
c o n t r o l f o r  t r a c t i o n  or i n d a s t r i e l  applica- 
tion which i s  performing well. 



6 - .  
''~2 <. . (11) have manufactured pro rarmnabie 1 ~ ~ 1 0  f c o n t r o l l e r a  o r  the U e ...- - 1 7' 

, . .. .' 
. . . --- i__ _ i _ _. . . 

1 'V.2.2 ' Purchaser1  means t h e  P r e s i d e n t  o f  the RepubUc 
of I n d i a .  

i?-..1.2.3 
- i .  . RDSO means, .Research Designs & Standards  Organi- 
=:: .-.. s a t i o n ,  Min i s t ry  of Ra'ilways, Manak Nagar,. 

Lucknow, I n d i a  - 226 011. 

' I n snec t ing  O f f i c e r 1  means person,  f i rm  o r  d e p a r t -  
ment nominated by t h e  purchaser  t o  i n s p e c t  the 
equipment on h i s  beha l f  o r  t h e  r e p r e s e n t a t i v e  of 
t h e  I n s l e c t i n g  O f f i c e r  s o  nominated. 

CLW mesns C h i t t a r a n j a n  Locomntive Works, C h i t t a -  
r a n j a n ,  West Senga l ,  Ineia-713 331 o r  t h e i r  
s ~ ~ ~ e s s o r ~ .  

Con t r ac to r  means any firm o r  company a i t h  whom t h e  
o r d e r  f o r  sup'ly of e l e c t r i c  eqgipment has  been 
placed o r  in tended t o  be  placed.  

1 S u b - s u 9 ? l i e r l / ~ e n d o r  means any person,  firm o r  
com9zny from whom t h e  cont,*ractor may o b t z i n  any 6 
m a t e r i a l ,  sub-assembliles o r  assemblies  used f o r  
t h e  manufacturs of the e l e c t r ' l c a l  equipments so mentiocel 

IE means I n t e r n a t i o n z l  Elect ro-Technical  
Commission. I 

' I R ,  means Ind ian  Rallways. 

IBG1  means 1676mm gauge, r e f e r r e d  t o  a s  Broad Gauge. 

,'IRS' means I n d i a n  Railffays Standards.  , 

Cp 
N 
I-- 

'IS1 means I n d i a n  ~ t s n d a r d s .  m 
Q3 
i. 

IBSt means B r i t i s h  s t a n d a r d s .  
. . 

4 

' I F 5 E t  necns t h e  1 n s t i t u . t e  of E l e c t r i c a l  and 
E l e c t r o n i c s  Engineers ,  I n c , ,  U.S.h. 



2 
* POWER SUPPLY SYSTEll AND OTSR4TING CONDITIONS. 

2.1 
\ 

Traction Power Supply System. 

The  basic f e a t u r e s  of 25.0 KV, AC, s ing le  phase, 
50 Hz system a r e  a s  follows :- 

- General : 25.0 KV I s  the  nominal vol tage  
of t h e  system. The design, 
chlcula t ions  LR? guaranteed 
p e r f ~ r r ~ a n c e  s h a l l  be bas'ed on 
a l i n e  voltage of 22.5 KV, AC. 

- Su?ply vo l t -  : 19.0 Kt t o  27.5 KV 
age var ia-  
t ion  Occasional maximum . : 3r3 KV 

Instantaneous ndnimun : 17.5 KV 

- Vzrietion i n  : - + 3 $ (48.5 t o  51.5 Hz). 
frequency * . 

The voltzge i s  subjected t o  ~ i d e  f l uc tu s t i ons  
which Ere inherent  i n  any t rac t ion  system. T h e  ' 
t r zc t i on  substa t ions  a r e  provided ~ i t h  12.5 IJVA/{- 
20 : 3 A ,  132 KV/25 KV s ing le  phase t r ~ n s f o m e r s .  
As per  sugply condit ions,  average paver f a c t o r  
is not t o  bn l e s s  than 9@%, f a i l i n? ;  which heavy 
p e a i l t i e s  a r e  ixposed. Indian 2aailI5eys a r e  also . 
considering t h e  2 x 25 KV AT 'system f o r  t r a c t i o n  
power sag3ly. * 

2.2 Climatic an2 Environmental Conditions. 

The environnentzl znd se rv ice  conditions a r e  
given below :- 

- Eaxirnum : Under Sun . . ~ D O C  
t e x y r a t u r e  
(atxospheric) iinder Shade . . 50°C 

In s ide  Locd . . SSOC 

- Humidity : 95 t o  10% 'during rainy 
season. 
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r.4- ,. Humidity .I . . ,-upto 96. '$ - , 

f..- 5 A 

A l t i t u d e  .. - 160m above 
-' -" mean sea  ' -:,-level. 

, , -  . . .  

R a i n f a l l  : Very heavy i n  c e r t a i ~ i '  a r ea s .  
The locomotive equipment s h a l l  
be  designed s u i t a b l y .  

. . . . . -  Atmosphere : E x t r e r e l y  dus ty  and d e s e r t  
. * . dur ing  ho t  t e r r a i n  i n  c e r t a i n  a r e a s .  The 
4 ;. s e a t h e r  d u s t  c o n c e n t r a t i o n  i n  sir may 
. . . . .  

., .. reach a  high ,val.ue 'of 1.6 mg/hf3. 

- C o a s t a l  : The equipnent  s h a l l  be designed 
a r e a  t o  v.ork i n  c o a s t a l  ~ r e a  i n  humidity 

ac? s a l t  l aden  and c o r r o s i v e  - atmosphere. The maxinun v a l u e s  
of :the c o n d i t i o n  w i l l  b e  as 
~ o l l o w s  :- 

.2 Sulphate . . 7 mg/Litre 

-3 Ha. con- . . 6 n g h i t r e  
c e n t  rci t ion 
of c h l o r i n e  

.4 uax. con- .. 133 micrd b 
d u c t i v i t y  S.iemens/~G y 

. h - ~ i b r a t i o n  e The equipment s u b - s y s t a  ana n 
\ t h e i r  mounting a r r a n g e i e n t  s h a l L ,  

be  des ignee  t o  vii thstsnd s ~ t i s -  
. ,. f a c t o r i l y  t h e  v i b r a t i o n s  an6 shdcks 

encountered i n  s e r v i c e  a s  s p e c i f i e d  
. , . . i n  I= -571  Publiccit ion for e l e c -  . . . .  

t r o n i c  equi?rnent an8 r e l e v a n t  I E s  
I. . .. 

L .  - a s  a 7 n l i c a b l e  t o  o t h e r  equiprnents. 

2.3 ;.:- S i g n a l  and Teleconmunication I n s t a l l a t i o n s .  i - 
2.3.-1. ... The t rack30ver  which t h e  l c c c a o t i v e  w i i l  r uh  i s  
- r  I ... , . equipped w i t h  d i f f e r e n t  t y p e s  of t r a c k  c i r c u i t s ,  

. . . . . . .  a x r e  coun te r s ,  ' b lock  in s t rumen t s ,  po in t  machine, 
......... . .  e t c .  ..On t h e  co?munication n e t c o r k ,  t r z i n  c o n t r o l  . . . . . . .  

+ - ,  ,. c i r c u i t  ~ n d  t e l e p r i n t e r  c i r c u i t s ,  and micro- . . . . . . .  . . , - : .. ,. : ;wave c i r c u i t s  a r e  enployed. Broad C e t a i l s  of such 
.:.: s i -gna l l i ng  and t e l e c o c s u n i c a t i o n  equipment used a r e  

. . .  I 
b 
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'"lr .. g i v a  end con t ro l  li'mexure-A. e lec t ron ics   he offered Uesiga f o r  o f  p ~ ; i e ' f . e l & t ~ o ~ d ~ 9  providing on ,the, ..:-. < 
" ' ~ " l o c ~ h o t i ~  a'l- . .  s h a l l  be such as not t o  cause.unaccepteble 

- "'IeveLs o f ' i n t e r f e r ence  on these  c i r c u i t s  a s  de ta i l ed  i . 
' i n  para 2.3.2. 

2.3.2, . , T h e  following are t h e  maximum ecceptabl.e level as 
" measured on the  current  drawn by t h e  locomotive :- " *z:: 

.1 Psophometric current  shall b e  as  low a s  possible.  . F +  . .. 

-. J.7:. : It s h a l l  not exceed t k e  l i m i t o f  1 D ' h p s - u n d e r  
7.. .: . any circumst;.nces. Offer. x i t h  lover values may 

be given preference. 

, , 2 In ter ference  current  d u e  t o  second harmonic 
, should be l e s s  than 2 Amps. / 

7 Tne in te r fe rence  4&&$;n t h e  audio frequency r ~ n g e  4 P', . 
( 7  Kdz t o  3 KZz) and i n  the  high frequency range . 
(ab3ve 3 ~ 2 . ~ 1  shall be mutually agreed between purchac 
and a-mufact urer . .el , 
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T ~ G *  locohotive jji proGided. with hp;limic bre&;ini-;y& 
with a s u i t a b l e  chang'eoyer. switch. ,Shunt f i e l d  ' 
should be  so  regulated t h a t  maximum braking effort i '  

' i s  obtainable,  w i t h  t h e  use of  shunt f i e l d  only. 
The maximumvalue of braking e f f o r t  s h a l l  not  

.. exceed 20t f o r  BTAGi7 and 16.3t f o r  WAP-4. 

Voltage control .  
, . 

.. . The i o l t i g . ~ : c , o n t r o l  f o r  t r a c t i o n  motors s h a l l  be ,/ . , 
12  *1990, obtained b$controlling the  f i r i n g  angle of thy-.;--: 

r i s t o r s  i n  half control  briciges and 'the two bridge?',' 
a r e  opercted i n  sequence. 

.The shunt f i e l d  wineings con t ro l  s h a l l  be obtained 
by f u l l y  control led f i e l d  exc i t a t i on  convertors.  

  here w i l l  be four modes. of operat ion a s  explained 
below :- ;h) 

(1) Star t ing ;  

(2)  Continuous running a t  any' selected 
positlon; 

-. . 
(4) Dynsmic braking. . - .  

. - . 1 S t a r t i n g  mode. 
a c e  

I n  ' s t a r t i n g  ' mode, t h e  voltage c o n t r o l  i s  achieved by 
one h a l f  con t ro l l ed  bridge of e z c t  bogie t r a c t i o n  m t o r  
group"convgrtors. The voltage across  t r a c t i o n  notors  i s  
Increased by increas ing the canduction angle of t h y r i a r s .  
The f i r i n g  of t h e  3ridge So. 1 s h a l l  be advanced f i r s *  
and subsequently bridge No. 2 of t h e  sane group i s  f 2 a -  
keeping,-the 2C voltage l i c e a r  with res?sct  t o  master c3n t ro l l e r  
a n & u l a r . ~ o s i t i b n .  There w i l l  l.e nominated nmber  of s t eps  
f,sr t h e  ~ s t e r  con t ro l l e r  c o r r e s ~ o n d i n g t . ~  l i m i t i n g  t h e  
t r e c t i o n  a o t o r  v o l t d e s  i n  equal s t eps ,  ' at l e s t  t h r m e e  
steps-.  f o r  each .half control  bridge and one at ha l f  t h e  
vo l t  iige, i. e., , - - fu l l  conauction of one bridge f o r  each - . . . 
bogie. The conduction angle of t h y r i s t o t s  should. gradually ' 

chahge a~;tonaticaJ.ly fo r  smootn va r i a t i oh  i n  voltage/  -. ;<- ,; - .  

current  t o  obta in  s tep less  control.  Thel acce le ra t ion  .. 8 .  

.. .. s h a l l  be under current control  mode within s e t  vol tage.  ' ., - - .  
7. - r  : &ful ly :  . .. - . I* 303.2 Continuous running. 
. : ,* ..., . . , .  . . . . .,T ', J .. , . . 

It  should 'be- p o & ~ b l e  t o  run t h e  1ocomo:ive c 3 n t i n u o w  '" 
a t  any pre"s'e't condition according t o  t h e  ~ o s i t i o n  of:- 
Easter  con t ro l l e r .  



,. . "  
Whe'el s l i p / s l l d e  shotlld-be detested and automatic-‘ 

2 
a l l y  reduced the  coneuction angle by mlcroprocessed 
control  t o  a r r e s t  the s l ip / s l ide .  

T h e  control  log ic  should be such the t  changeovef 
t o  reak f ie16 operat ion mode is effected only 
a f t e r  the  s tar t -  mode and f u l l  t r s c t l on  motor 
rated v o l t ~ g e  i s  zchieved. The weak f i e l d  opera- 
t i o n  s h a l l  be ~ c h i e v e d  by control l ing  the  shunt 
f i e l d  current .  The beck f i e l e  mode s h s l l  have 6 . 
control  posi t ions,  s e t t i n g  the  $ viea'k f i e l d  betvieen 
the  maximum &nd minimum, The maximum vieak f i e l d  i s  
4C$. The change fro-  m max. t o  min. sha l l  be s tep less ,  

The t r ac t i on  motor iso1;tlon Is ach i ev~d  by opening 
t h e  respect ive t r a c t i o n  motor i so la t ing  contactor  
(Ll-6). The feed t o  the  shunt f i e l d  or" i so l a t ed  
t rac t ion  motor will reaain Ln c i r c u i t .  Boi$ever, 
i f  one grou:, of t h r ee  motors a r e  a l l  i so la ted ,  the  
separetely exci te6  f i e l d s  slso should be ibolatell. 

The nas tcr  con t ro l l e r  x f l l  be noved fron t r a c t i o n  
posi t ion  t o  braking aide zn? t h e  s h u n t  f i e l d  s c i -  
ta t ion  t i l l 1  be controlled by ccntrol l ing  t he  f i r i n g  
angle or' fully control led  f l e l e  exci ta t ion  briege. 
The master con t ro l l e r  may be provtded o i t n  seven 
steps,  one of chich w i l l  be f o r  chzriging connections 
from t r a c t i o n  t o  br ik ing  ine t h e  balznce six f o r  
f i e l d  control.  

In  case of excessive breking e f f o r t  lekding t o  s l i c e -  
conditions, the  f i r i n g  i ng l e  should sutomatical ly 
be refuced i n  order  t o  reCuce the  exci ts t ion  ai-d c7 
thereby overcome t h e  s i t u s t i on .  b - 

3.4 Control scheme. .. 
I 
1 

7 

The control  sill be of f l e x i b l e  nsture,  main con t ro l  
* being s e t  by the  d r ive r  a d  within the d r i v e r ' s  

control  comand 'sutomatic con t ro l f  being echieved 
by the micro~rocessor .  The control  function should 
be based on 2 constant  hrns ture  current  till con- 
duction angle a s  s e t  by t h e  notch posi t ion of . .  

con t ro l l e r  is: achieved and.. kb&erf-until 
. 

c h a n ~ q i s  ~ r a e r e e d  by t h e  ..driver. --  . . 

A l l  t h ?  control led br idges  should be control led 
through the  mas te r ' con t ro l l e r  through a  spchronous  
Control comnand by t h e  micro~rocessor .  

1 ..... 10 



, . . . . -,, -. , - . . ;.:f&$, .ps.r . - - i  , < "&$;;:?{ 
The c o n t r o l  s y s t e n  should be  s o  deslgded as..$g,,..F;.&bi:i, 
o p e r a t e  t h e  l o c o ~ o t l v e  wi th  one bogie ,  1.8.: thfes,. 

4>3.  .., - .. . , . ..., . . -. t r a c t i o n  motors I s o l a t e d  condition.-'.: ..-..-.-..;,~.,,.2.,,;I I- .. . - 

There  should b e  a bu i l t - i n  wbeel r l l p / s l i d s  
p r o t e c t i o n  In plicroprocessor c o n t r a 1  scheme 

- under which c o r r e c t i o n  rill b e  app l i ed  o n 4  
t o  t h e  a f f e c t e d  bogie  motor8 which l a  under 
s l i p / 8 l i d e  till normal o p e r e t i o n  1s res tored .  
neces sa ry  i n d i c a t i o n  should be a v a f l a b l e  on . - 
driver(s desk. F a c i l i t y  s h a l l  also exist fo r  ' .  
automat ic  sanding o p e r a t i o n  in case of wheel 
s l i p / s l i d e .  

In  c a s e  t h e  i n t e r f e r e n c e  l e v e l  goes beyond t h e  l i m i t  
t h e  v-cuuin c i r c u i t  b r eeke r  s h a l l  t r i p  w i t h  an i n d i -  
c z t i o n  t o  d r i v e r  IvI icronr~cessor  bssed c o n t r o l  should 
c l s o  c o n t r o l  power f c c t o r  such t h a t  i t  i s  above 0.95 
bej.on6 t h e  s9eed of 25 km/h. 

The  c c n t r o l  s t a l l  be  s u i t ~ b l e  f o r  m u l t i p l e  u n i t  
ope ra t ion  upto  2 iocomotives. Squipnent f o r  such 
ope rb t ion  forms p a r t  of t h e  scoge of sup:ly, 

.- .A P r o t e c t i o n  scheme, 

The t o t ~ l  p r o t e c t i o n  schexe f o r  t h ; t r i s t o r  equi?ment, 
? m e r  f&c:or contfo1,  ctc., shoulc' b e . r  p k r t  of t , h e  
e e s i ~ n  tin6 i s  t o  bk e~vls ;ge i !  and provided. by t h e  
s u s l i e r .  The 3 ~ o t e c t l o n  sckege s h a l l  be ensured 
through n i c rop roces so r  c o n t r o l  system: 

Stznezrd r o t e c t i o n  l i k e  over vol tage, .  over c u r r e n t ,  
over t e z p ~ r z t u r e ,  non i to r ing  of proper  func t ion ing  
of t h e  coo l in2  s y s t e ~  6nd n a c l s s a r y  i l t e r l o c k  viith 
c i r c ~ i t b r e a l r e r  t o  t r i p  i n  c e s e  of inadequate  coo l ing ,  
:,;rtb f s u l t  p r o t e c t i o n  i n  pomer c i r c u i t ,  e a r t h  f a u l t  
p r o t e c t i o n  i n  t h e  a u x i l i e r y  c i r c u i t ,  harmonic c u r r e n t  
beyon? t h e  l i m i t  v c l u ~ s ,  po?er dev ice  f & i l u r e s ,  
excess ive  r a t e  of r i s e  of vo l t age  and c u r r e n t ,  i .e. ,  
d v d i  . , , 2nd 3 p r o t e c t i o n ,  g a t e  d r i v e  r o t e c t i o n  t o  

, .. 

. t h y r i s t o r ,  e tc . ,  s r e  expected t o  be covared i n  the 
' '  scherie. D e t ~ i l s  of proposed p r o t e c t i o n  t o  be pro-  

vided e r e  t o  be l i s t e d  ou t  i n  t h e  o f f e r .  .. The major 
? s a l t s ,  sh211 be d i sp lzyed  t o  t h e  d r i v e r i t h r o u n h  
m i c r o ~ r o c e s s o r  b&sed equi3nent 2nd s h a l l  i s o l a t e  
f a u l t y  equipment au to r r a t i c s l l y .  

I 

3.6 Koni tor ing c o n t r o l .  

The n i c ro? roces so r  b ~ s e d  sys t en  should cont inuous ly  
cJ monitor t h e  h e ~ l t h  of t h e  power c o n v e r t o r s  and pro- 

. . t e c t i o n  s y s t e s ,  f o r  t h e i r  proper  func t ion ing .  A t  
each f r e s h  s t a r t ,  i . e . ,  z t  t h e  t ime  of svii tching 



. 
. . 

on .the ba t t e ry  supply, t h e  laicroprocess'or should check t h e  
. . soun'dness of various cards and confii-m through ind i ca t i ons  fo r  

n  .ernal condit ion and f a u l t  i n  case.,any card i s  defectitre. 
S imi la r ly ,  f a u l t s  loca ted  during monitoring while on run should 
be ind ica ted  t o  t h e  d r i v e r  alongwith an advise f o r  f u r t h e r  
course of  ac t ion t o  be taken by him, i n  case no automatic 
co r r ec t i ve  ac t ion has been taken by t h e  cqntrol  i t s e l f .  

i - 
The harmonic 2isturSznce s h a l l  also, be. motV.tore3 by 
monitoring device fo r  detect ing 100 Ez component i n  t h e  

. t r a . c t ion  current  drawn by the  1oconotiv.e'. T h i s '  device 
should $ cut off  pager t o  t h e  t h y r l s t  or e c u i p ~ e n t  i n  t h e c  
event of values exceed a  predeternrlried level .  . . eJ 

b 
m 
(0 

3.6.1 . For prevention of mal-functioning of s ignal l ing  s y s t e r n a ~  
monitoring device should be i n s t a l l e d  i n  the  t h y r i s t o r  ., 
cont ro l  locomotive. The detec tor  should be capable of . 
de tec t ing  unbalance o f  control  angle i n  pos i t ive  and negative 

%hal f  cycle k,oth uni'er steady, s t a t e  and dg'!la3lc condit ions 
and D2 corpoci.nt/evcn harm~n;~c coctent i n  the  primary ccrrrent 

': of locozioti.,,e. The detec t tng dev:ceCshould cut oTf power t o  
t h e  t h y r i s t o r  i n  the,Went. of v d ~ e  exceeding a  ?re-determine6 ? l eve l .  

3.h; To detect  unc:ntsclled i n  rush of cnrronk in the event of 
t h y r i s t c r  f a t l u r e  hnd tr.itiats :c:omett.id e  masures, a t h y r i s t c r  
. f a l u r e  detec t ion device shoi i ldbe  i n s t a l l e d  i n  t h e  locenotive. 

Cve sqe.efi&trsl. . . 307 .~ .=, 

When t!le loco i s  mved l i g h t  a t  t e r a i n a l s ,  ot.ersree2ing due t o  
aeci6ent ~t .tover;,ent of nastel* con t ro l l e r  tr, f u l l  oos i t i cn  i s  
t o  be zv3ide&. Th? : - c ~ l e r a t i o n  sk~x l . d  be nsni tored and when- 
eTisr i t  exceec.:s O . 7 d  sec2 t h e  ccckrcl  logic i s  t o  ensure t h a t  
?owel; i s  shut o f f  t o  t r a c t i o n  motors  Seyonrj 20 k d h .  

The r i c r o ~ r a c e s s o r  based f a u l t  dfegiiostic system shocld provlds 
a .  c::c:g;~t~ ? r s t ec t l en  sclie3e fo r  the  cffered systez.  It s'nosit 
nst  3111s detect  t h e  fau l t  b u t  a l s o  carry: out i s o l a t i o n  of t h e  
f au l ty  equi?~ienf s t o  the  extent possible wi th  i n ~ i c a t i o n  t o  the  
d r ive r  acczr.iing t o  a  se t  schene. The s g t  scherse b3iill be 
f i n a l l  see a f t  e r  mut u s 1  agreement between /.?,DSO and t h e  supr.iier. 

I 
i n  add i t ion  t o  t h e  above, t h e  f a u l t  diegnostic unlt  should 
i nd i ca t e  t h e  ciriver t h e  defec t s  occurring i n  the  locs-,ctive 0t-1 
o ther  c i rc~ : t ry  a s  2e t a i l ed  i n  Cha?ter-iV pa ra  4.11.7. The 
operat ion pe r t  l i k e  isslst:Bn of such ,defective equ i rzec t s ,  e t c  
w i l l  be d3ne by t h e  dr iver .  



The cont?ol scheme and c m t r o l  wlre should be so designed t o  , 

permit- t he operat ion,  f a u l t  d iagnost ic  fea tures  upto two *I locomotives i n  multiple operation. 

The th-%e phase auxi l iary  motors t o  be used fo r  cooling system 
f o r  t.b: e.,onvertors of rered s h a l l  have i t s  o m .  prot ee+.ion sys tez  
fo r  is&$&tion i n  cnse of f a u l t  and necessary in te r face  with 
main'equL:Foent s and grotect i .on,  s$$tem. The a ~ x i l i a r y  motors 
s h a l l  be'"suitab1e for  380'~ + 22- ,, : , 50 Hz + 3: , phase 
voltafel'(lnbalance of 55, in-thr2e phase nower suppl$. 



\ ' CHAPTER - I V  - .. 

4.0 OPTflkTION PARAMBTWS OF. EQUIPMENTS TO BE SUPPLIED. 
, . , " - "  

The performancs~specification and ope ra t ing  r e q u i r e -  
ments f o r  t h e  equipments t o  be sup7l ied  a r e  d e t a i l e d  as - 
under :- I .  

4.1 - Pomer f a c t o r  c o r r e c t i o n  u n i t .  
r /  ,- - I d i c r o ~ r o c e s s o r  c o k r o l l e d  t h y r i s t o r i s e d  power f a c t o r  -:.. .- Z- c o r r e c t i o n  u n i t  s u i t a b l e  f o r  l i g h t  l oad ,  t o  normal load 

/+ t r a i n s  should b e  provided. The power f a c t o r  s h a l l  be 
measured cont inuous ly  and c o r r e c t e d  s o  t h a t  it i s  c l o s e  t o  '. u n i t y  above t r a i n  speed of 20 km/b. 

4.2 Harmonic f i l t e r  - u n i t .  

. . The harmonic f i l t e r  u n i t  s h a l l  be s u l t s b l e  t o  l i m i t  
t h e .  d i s t u r b s n c e s  t o  t h e  loviest p o s s i b l e  am? belov t h e  
s p e c i f i e d  v z l u e s  i nd i ca t ed  i n  Clause  2.3.2. 

4.3 Helf c o n t r o l l e d  r e c t i f i e r  b r idges .  

The h a l f  c o n t r o l l e d  t h y r i s t o r i e s e d  r e c s i f i e r  b r i d g e s  
t o  ;be .supp$Ied shall be. com,lste rjith s u r g e  a r e s t e r  
xi8 . o t h e ~  protec ' t : ions  on .both 2 & bC side, f i : u l t  
d l e g n o ~ t i c  -bgSt&~, ,eoollng syst@n, etc . 
?here  s h ~ l l  be $50 ha l f - con t ro l l ed  b r i e g e s  operk t ing  i n  
sequencE t o  feed  t h r e e  t r i c t i o n  motors of  one bogie. 
S i n i l k r  z r rangenent  s h k l l b e  provided f o r  o t h e r  bogie  
provided z i t i -  t h r e e  t r k c t i o n  motors. Each boz ie  s h a  
have i t s  c o n t r o l  independent so  t h s t  ha l f  poher i s  W 
a v a i l a b l e  i n  c a s e  of one bogie i s o l a t i o n .  h 

m 
rd 

Each ha l f  c o n t r o l l e d  br idge  s h 2 l l  be  s u i t a b l e  f o r  2 L 
cont inuous r a t i n g  of 3 x 1351% DC a f t e r  6 e r c t i n g  f o r .  

I higher  ambi.?nt specif iec '  i n  t h e  s p e c i f i c a t i o n .  I n  r 
c a s e  of s e v e r a l  dev ices  i n p e r a l l e l  t o  g e t  requi red  
c u r r e n t  r e t i n g , t h e  cont inuous r z t i n g  of t h e  conver tor  
v i i t h  one s t r i n g  i s o l a t e d  s h a l l b e  fu rn i shed .  

I n  t h e  c i r c u i t  c o n f i ~ u r a t i o n ,  25% s a f e t y  mzrgin i n  t h e  
r b t i n g  of bo th  v o l t a g e  and c u r r e n t  under worst  condi-  
t i o n  i s  t o  be ensdred. Th i s  should b e  e s tbb l i shed  i n  
t h e  o f f e r  n i t h  c a l c u l a t i o n ,  

A minimum t h e r 2 a l ' m k r g i n  of 5 O C  f o r  j unc t ion  teclperature  
under vtorst 07e ra t ing  cond i t i on  f o r  t h e  power dev ices  
i s  requi red .  



The over-voltage PrOte~t iOfl  s h a l l  be p fwided  by 
blocking the  t r igger ing  pulses t o  t hy r i s to r s .  The 
over current  protec t ion shall be achieved by tripp-'.:;!, 
i n E  of t h e  main vacuum c i r c u i t  breaker. I n  case 
of  overloading of any t rac t ion  motor, t h e  respect ive  
t r a c t i o n  motor c o n t ~ c t o r  w i l l  i s o l a t e  t h e  f au l ty  
m ~ t o r .  The cEesign and s e t t i n g  of r e c t i f i e r  bridge 
over current  should be such t h a t  t h e  r e c t i f i e r  
should be capable ~f wi ths tsnding t r a c t i o n  motor 
f l a s h  over clirreni, e tc .  f o r  a  period of 107 m s  till 

.--.+ it i s  cleared by t h e  main . -::I-::. c i r c u i t  breakers. 
I n  case -?f in te rna l  f a u l t  sue.?. as  device fa ihre ,  t h e  
f au l ty  s t r i n g  should be lsolater i  automatically perni-  , , 
t t i n g  normal operetion of lof0.notive with the  remain- 
ing  s t r i n r s  i n  p a r a l l e l ,  i n  czse t h e  offered convertc?rs 
i s  fuse  f r eo . t he  de ta i l ed  protec t ion scheme, re1iabill:y 
i t s  i s o l a t i o n ,  safe ty  fac to rs ,  e tc . ,  should be suv~or ter l  
by ca lcula t ions  and service performance fo r  traction 
ay;nlication. I n  ca.se t h e  s t r i n g s  a re  provlded w i t h  fuse', 
i t  skou ld t e  s s  -%tched t h a t  t h e  rezaining devices w i t h -  
stand tlie surgi. cclrrezt k i t h  current  tir.b~lance t o  avoid 

' lLC?S.  any denage t o  healthy d e i '  

The conv;.rt3rs s h o ~ l 6  be conplete w i t h  vai-i?us pro- 
t e c t i o n s  r.equ:.red f ~ r  t h e  power deyices and d e t a i l s  
furnishe6 i n  the ofyer. I.;odclsr construction i s  t o  
be ~ d ~ p t e d  a i  f a r  as  n3ssible.  The sexiconductor 
eec ices  sh-ulcl c?r,fcrin t o  -iZC-?bF,., other  co3potients t c  

v.7- . 9.. -,. +.a ralei-a:: IS., s p e c 1 1 ~ ~ ~ - ~ 0 f i s  I-qL a-:.sez3led cons:srter 
t 0 i2,3-4*11-1. 

$. 4 Tully c ~ n t r ~ i l . e Z  r e c t i f i e r  bri 'dEes f o r  f i e l d  
e x c i t a t i m .  

Fu l ly  control led  r s c t i f i e r  bridges c h o ~ l d  be su i t ab l e .  
f c r  375 Xnps csn t inus l s  rstlr.5 f3 r  fe-zcllrig t h r ee  s e r i e s  
ccni iec t~ . :  shlint - t i ~ l d s  of t rz ,- t ion motors i n  one bogie 
?he f u l l y  c ~ n t  rclile5 t hy r i s to r i s ed  r z c t i f i e r  bridge 
s h x l d  t.e cociyo' '  ~ ~ e - 1  by n i c ro~roceszo r  a ~ d  c n e l e t e  k i th  
;111 ~rc',ect:c\r~s ilid coo1i:ig systez.  The v3 l tag i  to 
t h i s  co:i-i?r';,?rs i s  fed f r m  t!ie trzsnformer )Anding 
kavlng a r?ltz:e of 143 v? l t s '  c o r r e s ~ ~ n 5 ; g  t o  22.53.; 5n 
nrinary.  "eye dilll be ti:> such \v-i;iil<ifi<s e~.ck fee i lng  
flelcls c ?  t h r se  t x c t i n n  mntors. 

"hd A ?:r,'_n~m szfst;' f - c t m s  3 s  ~ ' v e n  f3r n?i-n half  . . contz?llerl c r l i i ~ e s  sh.13ui3. be enslred fo r  these  f i e l d  
c?:lvertcrs a l c Z .  I 

It i s  ?rs:erra3 t o  h ~ v e  c ~ ? l i r i &  systent 5f & l d  
e x c i t a t  lcn ccnvrrtor  cmzon t o  za in  c?nvertar feeCir;g 
t h e  sane g r3u3  s f  m t o r s  i n  one bogie. 
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Master c o n t r o l l e s .  . . 
\ . . 

The composite mater  c o n t r o l l e r b r  powering and 
braking s h a l l  heve minimum 17 p o s i t i o n s ,  0 t o  10 
p r e f e r a b l y  i n  t r ~ 2 t I o n  p o w r i n g  and 0 t o 7  p o s i t i o n s  
i n  o p p o s i t e  P i r e e t i o n  f o r  braking.  The t o t 6 1  
r o t a t i o n  of t h e  mas te r  c o n t r o l l e r  a n g l e  f o r  both  
t r z c t i o n  and brak ing  modes s h a l l  be  l i m i t e d  to 180° 
max. The -pocer ing  p o s i t i o n s  s h a l l  be f o r  0' t o  7 
f u l l  f f e l d  o p e r z t i o n  wi th  4th p o s i t i o n  f o r h a l f  
v o l t s g e  End 9 t o  .lo - for  ~ tee i r  f i e l d  ope rz t ion .  Brak- 
i n g  pos i t ion ' s  s h a l l  be 0 t o  7 * i t h  p o s i t i o n  1 f o r  
change .over connec t ion , s  t o  braking mode. The p o s i t i o n  
of master  c o n t r c l l e r  s'hall  dec ide  t h e  max. conduction 
zngle  v i t h  c o n s t e n t  armkture c u r r e n t , v o l t a g e  
na in ta ined  v:itbin t h e  s e t  limits snd. sequence opera- 
t i o n  of s e r i e s  connected htlf con t ro l l ed  r e c t i f i e r  
b r i g s  ant? shunt  fiele. e x c i t z t i o n  c u r r e n t .  The 
master  c o n t r o l l e r  s h a l l  be provided wi th  micro- * switch .cont:acts o f  5   bps r a t i n g  Ki th  LI'R o f  

mS a t  110V DC f o r  c o n t r o l  funct ions .  A min. 
o f  12 c o n t r a c t s - 6  normal and 6 reverse-  shall be 

P 

8 . .  
provided. S u i t a b l e  i n t e r l o c k  between forward/  
r e v e r s e  movement & t h e  master  c o n t r o l l e r  shall  
b e  provided.  L.-.. 
Smo~thing- ~~ ~~ . ~ ~. I 

$LlitEibl& SinaotB?ng .eaeitbts isL.l-6) Z O T i d t  'the 
r1ppL.e Emren t  -to 25$ 60 '35s' ;oar, ittie kange  of 
0.25 ,t,b 1*2 r a t e d  c u r r e n t  for t r a c t i o r i  motor i s .  
pCittidei9 diong  with t h e  ttanSf3Yner. .Each ~ ~ 3 0 t h -  
ing r e a c t o r  i s  r a t e d  f o r  75377, '903 A continuous.  
-The du ty  cycle per c o j l  i s  

v 

290 - cont inuous  - fo l lo~ ;ec j  l;y 2 
l'. 
9 

1350 k 1 2 minutes  - fol lo . ; ;~d bjr Go L 

1200 A - 10 m i n i t e s  - follo\,;ed by d 4 

960A - 1 h r .  ' ,  

SIax. v o l t s g e  - 1290 V iX ( r e c t i f i e d )  
i 

Ripple  f requency ,:- 1CO Hz 
1 
I .  

4.7 Sen so.rs . - 
Sui tab le  senso r s ,  i ,e., c u r r e a t  t r a n s f o r n e r s ,  
p o t e n t i a l  t r a n s f  ormers, I)(: currXent  t r a n s f  ormcr 
(DCCT) , DC p o t e n t i a l  trGn:f o r n e r s  (LCPT) , tea:>er- 
e t u r e  s*>nsors, r e l a y s ,  c c n t a c t o r s  f o r  e l e c t r o n i c  



..- 16 -.-: . . . 
. c o n t r o l ,  e tc . ,  as r e q u i r e d  f o r  t h y r i s t o r  equipment, 

, - power f a c t o r  c o r r e c t i o n  u n i t ,  f i l t e r  c l r c u l t ,  e t c  ., 
'. i 

a r e  t o  be supp l i ed  wi th  t h e  equipment. - 
4 .8 Auxi l i a ry  motors. 

Three phase a u x i l i a r y  motor/blovier, pump set,  ' etb., 
a s  required f ~ r ~ o f f e r e d  coo l ing  system m i l l a l s o  
be suppl ied wi th  t h e  equipment. The c a l c u l a t i o n  
f o r  t h e i r  adequacy and r a t i n g ,  e t c . ,  are t o  be 
s u h i t t e d  x i t h  t e n d e r  o f f e r .  The t o t a l  load f o r  
t h e  o:fered a u x i l i a r y  mcchlnes s h a l l  be ~ i t h i n  
6 k7'1. The a l l x i l i a f y  motors s h a l l  be sui tE.ble  f o r  
330V + 22+ $ ~ r d  phase un 'x l snce  vo l tkge  of 5$. - 

4.9 Speed sensors .  

su- i table  s?ee3. -sens.?rs f o r  va r ious  coi-itrol f u ~ l z t i o n  
r i z  s l i p / s l i d e  e t c .  sh ,d1 a l s o  farm p a r t  of  t h e  .sup? 

4 *I0 S l i c  2nd s l i d e  c o n t r o l  u n i t .  

S l i p  ~ n d  s l i c e  c o n t r o l  u n i t  must be provided f o r  
f z s t  d e t e c t i o n  and c o r r e c t i v e  a c t i o n  of wheel s l i p  
snd s l i d e .  D e t a i l s  o r  t h e  s;ne should be i nc luded  
i n  the o f f e r .  Creep c o n t r o l  p rov is ion  is pre fez red .  

4 .I1 2i$iicro~rocessor based c o n t r o l ,  f z u l t  InCIcation, 
dionl t o r i n g  2nd d l s ~ l a y  system. 

t -  
A proven c o n t r o l  sc!.~e-?e i n  t h e  o f f e r  i s  p r e f e r r e d .  
The c o n t r o l  philosophy should be such t h a t  i t  should 
be  p o s s i b l e  t o  move t h e  master  c o n t r o l l e r  from one 
p o s i t i o n  t o  ano the r .  The corresponding conduct ion 
angle  achieved through a  b u i l t - i n c h a n g e  rste of 
60A pe r  second i n  t h e  t r a c t i o n  motor c u r r e n t  a s  long 
a s  t h e  c o n t r o l  b r i e g e  i s  cont inuing t h e  c o n t r o l  
dur ing s t a r t i n g  node. During wesk i i e l d  o p e r z t i o n  
on t h e  r a t e  of c u r r e n t  change should no t  be  more . t h ~ n  30A/sec. 

The e l e c t r o n i c  com?onents should p r e f e r a b l y  of 
i I L ,  Grade 'B1 snd assenbled  equipment should be  
t e s t e d  a s  2 e r  I=-571 f o r  s t t i s f a c t o r y  operh t ion .  
The d r y  hea t  t e s t  n i t h  equi3nent energised and 
loadec' s h a l l  be conducted a t  8.5'~ i n s t e a d  of 70°c 
nen t iones  i n  I= 571. . . 
I n  c a s e  t h e  L!IL G r s d e  IB1 components a r e  n o t  used ,  
t h e  sc reen ing  proceeure ,  b u n - i n  procedure f o l l o n 9 d  
f o r  components and assembled PCBs n l t h  t empera tu re  
limits an6 e u r a t i o n  i n  hours,  s p e c i f i c a t i o n  follovred 
f o r  procurement of  components, q u e l i t y  e s s u r a n c e  
n e s s u r e s  adopted,  e t c . ,  should be submit ted i n  d e t e i l  



Prov i s ion  of s u i t s b l e  reiunZsncy s o  a s  t o  im:lrove 
r e l i a b i l i t y  n i l 1  be nocesscry.  The c s l c ~ l l z t i o n  
f o r  r e l i a b i l i t y  on? rr6undency should be i n d i c c t e d  
i n  the: , o f f e r .  A . . . . '  

The o f  e r e6  e q u i c m ~ n t  s h ~ l l  h ~ v e  b u i l t  i n  ~ u t o i n l t i c  
c'isg'nostic system ~ n c '  t r o u b l e  shoot ing  u2to ca rd  
level,.? T h e  c ' e t z i l s  of i ~ d i c ~ t i o n s  f o r  f ~ u l t  * 

l o c ~ t i o n  shoul? c l s o  be l i s t e d .  Fol lor . ing func - . :  
t i o n s ,  s r e  expected f r o n  t h i s  system :- >. + C. 

, . 

( i )  P S U ~ ~ ,  i t s  s t a t u s  inc'icc.tion 222 logging .  
&. . .  - . 

. i '  !ii) C0ntLnuou.s motiitoring of loconot ive  
o7eri.tion tnd d e t e c t i o n  of zbnorc&l  ; 
cond i t i on  l;nd i n i t i s t i o n  of c o r r e c t i v e  
c c t i o n  ;;nd lozg ing  . 

(iii) Detec t ion  of h ~ r n o n i c  c o n t e n t s  &nd 
t r i~? i r : z  of Iccc.motive i n  c a s e  it ejccee2s 
t h e  L i y i t  vz lues  .,;it!-I neccss::rjr 
inCic; t ions ,  

( i v j  Cn ' s;;r.:e3 of.ferc2 s h e l l  d i s ? l c y  t;c'ec,uc.te 
i.$or:::;.tion f rom t h e  s to red  neiilory, i n  
cr ise  of knjr f a u l t ,  t o  enz2lle tide ? r i v e r /  
shed z;intenbnce st&fP t o  groceee - i t h  

i t h e  Zrczi.3e shooting. 

, (v i  Cor~titiuous non?tor2ng bf 2oii:nr f a c t o r  
:.rd co r rec t ion .  

rocess.?r be see c o ~ t r o l  skoul?  ensure  t h z t  * 'w 
n c t  ? o s s i b l c  f o r  ti-!e ? r i v e r  t o  1 5 ~ l r t  t h e  h . . 
LI,II!~SS ~ 5 f .  i c l~! l " . t  CCE,~F :TEC '  t . ir  . , ressi~.re c*, 

.b i s  ? v a i l ~ . ? l e  f o r  op+? : : t i~n  0," t h e  ;r!eux:.tic c o r : t r . o ~ ~  - .  ,nc. o?;.i:t 9o~::er. T E T .  i s - u t ~  E:L.;; bb.: tcl:er, = c .  L- i 

I t i i~ '  zr.::iziuc. f o r  tiie 7 u r : j a s ~  of Cer ign.  s 

The' ,ft-,t-~lt n o n i t c r i n g  2nd i nS ic&t io r ,  ;;;ill be b ~ s i c ? , l l : -  
f o r  v c l t a g e  in ;u t s /p ressure  i n p ~ t s / t e n p e r : ~ t u r e  
i n g u t s .  The n c t u r e  of volt&;e in::uts e r e  l i k e  lot. 
b;tt'kr;~ vc>tzge,  blo';;ing out  of i f u s s  o ;>c r .~ t ion  of 
relajr ,  e t c .  

Succ!essive poif i t s  'iiiI.1 bf ~ o n i t o r e d  f o r  ~ v n i l a b i l i t y  
of t h e  voltL:e s ig r i l s .  Yhen t h e  val tz ;€  s ign21  
v ~ n i ' s h e s ,  .trio consecut ive  g o i n t s  a t  ah i ch  the  s i c n ~ l  
i s  ~ v ~ i l a b l e  end not  sirzilr;'ole sill be picket  Up 
;-.nd u s e d , f o r  process ing t h e  d e f e c t  obse?veC a n d  
i n d i c + t i o n  t o  t h e  Cr ivs r .  . ~ 



' Approximately one hundred (100) such i n p u t s  are 
envisaged.  The i n p u t s  may be i n  a number of * 

, groups which would be decidec! on ly  a f t e r f l n a l l s a -  
t i o n  o f  t h e  c o n t r o l  func t ions .  Add i t i ona l  capqeq 
should be b u i l t  i n  t o  enab le  coverage of 20 more 
i n p u t s  a s  r equ i r ed  i n  f u t u r e .  

4.11.2 F a u l t  d i s p l a y  u n i t  

S u i t a b l e  f a u l t  d i s p l z y  u n i t  wi th  key board s h a l l  
be f l u o r e s c e n t  t y 2 e  element t o  i c h i e v e  good 
r e a d a b i l i t y .  The f u n c t i o n s  of key boerd s h ~ l l  be 
as  under :- 

(I) S e t t i n g  of c i o c k  

(ii) a r i g h t n e s s  c o n t r o l  arrangement 

(iii) Locamotive nu3ber 

( i v )  Tes t  p s t t e r n  f o r  checking d i s p l a y  

(v) ConTirmation of  f a u l t  memory 

( v i )  ~ c n f i r m z t i o r ;  of  s t z t u s  memory. 

4.11.3 Stet u s  memory t 

The s t a t u s  netnor:. s h a l l  have the  fo l lowing  i ,  
c c t e ~ o r i e s  :- 

(i) F a u l t  i n  h i g h  vo l t age  c i r c u i t  

(ii) F s u l t  i n  c o n t r o l  system 

(iii) F a u l t  i n  b a t t e r y  .charger ,  b a t t e r y  
end l i g h t  c i r c c i t .  

( i v )  F a u l t  i n  t h r e e  h a s f  a u x i l i a r y  l n v e r t o r  

( v )  F ~ u l t  i n  a u x i l i ~ r y  motors 

( v i )  7 a u l t  i n  cool ing  system 

( v i i ) '  F z u l t  i n  penunat ic  c i r c u i t  

Th i s  s h a l l  record  a t  l e ~ s t  ltst 135 f a u l t s .  The  
. f a u l t  s h a l l  be  presen ted  v:ith lcccmotive  nunber, 
d z t e ,  t i n e  of f h i l u r e ,  n l t u r e  of d e f e c t  zne v z l u e s  
of t r s c t i o n  motor v o l t a g e  End c u r r e n t  an8 speed 
of the locomotive 2 t  the i n s t a t  of f a u l t  occurrent 



I n  c a s e  the number o f  f a u l t s  exceeds 100 numbers - .  
t h e  last 100 f a u l t s  should b e  a v a i l a b l e .  ~ h i t a b i e  
p r o v i s i o n  s h a l l  be made t o  g e t  a p r i n t o u t  o f  f a u l t s %  
with a l l  d e t a i l s  mentioned above. 

Resett i lag o f  memory s h a l l  be  p o s s i b l e  o n l y  i n  
Maintenance Depot. .. - - 4.11.5 P r i n t e r s  and i n t e r f a c e  eauipnent.  

S u i t a b 1 e : i n t e r f a c e  equipnent if r e q u i r e d  t o  t a k e  p r i n t o u t  
f ron t h e  memory s h a l l  be  provided.  

~t l e a s t - 3  p r i n t e r s  (132 column Dot !,:atrix) s u i t z b l e  t o  
t a k e  p r i n t o u t  should be  i nc luded  i n  t h e  o f f e r .  

AC supply a v a i l a b l e  i n  t h e  locomotive f o r  aux i l i r i ry  motc~rs 
may be used f o r  power supply f o r  e l e c t r o n i c  c a r d s ,  a s  par a s  
poss ib l e .  

Addi t iona l  s enso r s  

For t h e  scheme envisaged by t!le s u p p l i e r ,  if p r o v i s i o n  of 
s enso r s  i n  equipnent o 3 e r  t h a n  t h o s e  i n  t h e  scope o f  suoply 
i s  envisaged ,  p rov i s ion  -f such s e n s w s  should be  d e t a i l e d  
&ld manner i n  which these Sens.>rs are t o  be orovided Lrr otber 
e q u i p a e r ~ t s  shoriid be emlajned in  detai l  i n  t h e  of :ere 

1 f s t r u n e n t  s / equ i~ lcen t  s r a q u i r e e  f o r  t e s t i n z ,  c ~ m . i s s i o n i n ~  
p e r f o r m n c i  monitoring and main te :?en~e  of equipment of . .ered 
s!nuld a l s o  b e  szpnl ied .  Th? t e s t  cqu ipaent  o f f e r e 6  s h a l l  
i n c l u d e  s ~ e c i a l  !nicro?rocessor based t e s t i n g  equ ipmen t , fo r  
va r ious  PC2.s provided. Cost of s sch  equipnents  should be  
i n d i c a t e ?  sep?ratel;.. Two s e t s  o f  e q u i ~ a o n t  a r e  t o  be suppl ied.  

For equip:r:ent covere$ i c  t h e  scope of sunply,  one nur?.>er sa'pre 
should be s u p ~ l i e c .  111 a d d i t i o n ,  t h e  l i s t  o f  r e c o ~ ~ e n d e d  sg-0~ 
ir icluding s?a re  P I E S  wi th  c o s t  f o r  sziti:.factory o?er:;.t'ibn a n c h  
aa ia tenance  of t h e  equipment f o r  a  p e r s  o f  3 y e z r s  s h a l l  beE - indicate:: .  end quote6 s e ~ a r a t e l y  f o r  s u ~ o l y .  C B  

L 
2 r a i n i n g  d 

' m 
L 

A prop9sa l  f o r  t r a i n i n g  o f  I n d i a n  Railway Engineers  and Tech- 
n i h n s ~ i n  the manufac ture r ' s  works acd a l s o  i n  Fiailway systems 
where s i d l a r  equippents  o f  t h e  n a n u f a c t u r e r  are i n  s e r v i c e ,  
s h ~ u l l d  be  quoted a long with d e t z t l s  o f  nunber of persons  t o  be  
t r a i n e d  and d u r a t i o n  of t r a i n i n g .  The t r d n i n g  schene s::ould be 
such t h a t  t h e  Eail~*.ay personne l  ge t  s u f f i c i e n t  knowledge f o r  
s a t i s f a c t o r y  maintenance of t h e  equipment i n  s e r v i c e  and a l s o  
t a c k l e  problercs connected wi th  d e f i c i e n c i e s  i n  des ign  a s  t h e y  
su r f ace  i n  s e rv i ce .  
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4.16 . Size 6nd weight" of esutpnents. . ,.. , . - .---:--F:= . .. .. .> ,. . . . , . 
The size and weight of offered equipment~ should . 
be minimum possible. The approximate size and 
ne igh t  for each equipment is indicated  I n  Annexure- 
'Ff  bnd-under no csse It should exceed these 
values'. 

- .  



CHAPTER - V 

-" RELZV ANT O?TE:.TIHG P4RkETZF.S OF ASSOCIATED 
EGUIPI'?3NT OUTSIDE THE SCOPE OF SUPPLY 

5 7 -.-The r e l e v a n t  r s t i n g s / o p e r s t i n g  parimeters:of some 
.. :;li of t h e  important  a s soc i a t ed  equipment which a r e  
' -  . C . n o t  included i n  t h e  scope of su>?ly a re '  given 

, . . . 
b6l.0~ :- 

5.1 Cur ren t  c ' o l l ec to r  ---- pintograph.  

Type n!&e : kL!-12 Fa ive ly  

iJax. ex tens ion  : 2.46m. 

Xin. a i r  p ressure  a l l o s l n g  : 4.6 kg/cm2 . 
com?lete extension of 
pantozraph (?anto  s h a l l  
s t a r t  l o e e r i n g  i f  end 
vhen pres'sure drops  t o  
34. kg/cm?) 

R;isSn~; ~ i p l l e  f r o n  &he 
clonent ti:c tlr i s  fed 
t o  t h e  mohcnt \.h% t h e  
;ento resches  bn e;,ten- 
s i o n  of zbout 1,%. 

Bat $6 c u i r e n t  

towprin: t ime 

W e i g h t  of i n s u l z t o r  

- Dry f l z s h o v e r  
. . . . 

I 

: 430 Amps. 

: Equal o r  Less 
t h ~ n  10 seconds.. 

: 205 kg. 

: 80 kg. 

1 
'< 

: Iiot less thm 130 'KV 
rrns f o r  one minute. 

: Not l e s s  than 80 KV 
rms f o r  one minute. 

- Dry withs tand : 123 hV ms f o r  1 minute. 

. Wet x i t h s t a n d  : 50 PI rms f o r  1 minute.  

- Impulse (1/50 micro- : 200 INP. 
Second mzve) 



4 - - Upward force  s t a t i c  : 7 kg. force.  - aerodynamic a t  160 km/h : 5 kg. force.  

5.2. ' T r a n s f o r m e r m )  . .. . . 
I - Capacity, voltage & current  r t t i n g s  (approximately) 

Capacity Nominal Current 
Illinding (KVA) Voltage . (Amps. 

(Volts)  " - 
~r i rnz ry  ( 4 5 )  5300 22500 . 257.8 

Secondary 5400 4 x 530 4 x 2700 
C-- windings 

(a15 b l ,  a25 b2 

a39 b3' aq, b4 

- 4 windings) 

Percentage P-9/al b l  6% 
impedance 
voltage drop W a 2  b2 6s 

nB/a3 b3 6$ 

a/% bq 6% 

L-B/cd 5% 

AB/ef 1.55 a t  190 K V A  

5.3 (a) Vacllum Ci r cu i t  Breaker. 

~yg !e  / ::lake : 20CB6B2/GiE 
! 

. .  . ~ a t ' e d  voltage : 2530r) V 

-. . - .  . -  Short c iycu i t  current  : 10  W! rms 

. . .  iiic!ring current  : 25.5 ICA (Peak) 
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Rated breaking capacity t 250 WA at 25 KVI 50 Ba 
s i n g l e  phase 

Control vol tage : 110 V DC 

Maximum permissible voltage r 30 KV 

Operating range of c o i l  - 
Max. Permissible temp.' c o i l  ' . r 170% 

Air pressure range r 5 t o  i i ~ g / c m ~  

Regulator s e t  a t  
. . ' : 5 ICg/cm2 

Maximum permissible closing 
time I 130 ms. 

Maximum p e r ~ i z s i b l e  first t o  
f i n a l  make of each b o t t l e  : 10 ms. 

Tota l  maxirParn opening t ime : 45 ms. 

't!ovem~t ',tirne/arc ing  time : 12 ms CKax.) 

4R.C .neiwork-.v&m t 9-12 ,- 
l a ~ - & %  C 2 25 dd,,.&QV 
R = 4.4 ohm tygo J3234.2 

-'ti.3(b) air Blas t  C i r c a %  , b e a k e r  

Type -DBTF 301 250, Air blast 

Current - 400 amp 

Voltage - 26 KV 

&iximum pressure - 10 kg 1 cm2 

Minimum prc;ssure - on 4 kg/& 
off 3.5 kg/cn 

opening timei 
! 

- 80 miTlisecs. 



.. 
5.4 Traction Yotor (HI -.&) 

- 
Type 

Mount lng 

Rating - Dha hour 

Continuous 

Weak f i e l d  

Max. permissible r i p p l e  a t  
continuolus current  of 900A 

Resistance i n  Ohm a t  110% 
( Approx 1 

Araeiture 

: HS 15250 CB /"' 

compound motor. 

: Nose suspended/ 
f u l l y  suspended 

: 750 V,  960A,870rprn, 670 K'd 

: 7.50 V ,  9008 895 rpm, 630 KW 

: 40% 

: 28s 

.Serief field roil : 0.0050 

Con. pole coil ' : 0,3078 
1 

Total  ao to r  r e s i s t a c e .  : 0.3255 

Shun f i e l d  

S ta r t ing  cur ren t ,  : 1 3 5 0 A f o r 2 m t s r  

Short t i n e  r s t i n g  : 1290 A f o r  13 nts.  

Y e i ~ h t  con? le te  w i t h  : 3450 kg. 
p i d o n ,  gear & g e i r  box. 



. .. Traction motor con t ac to r s  (L1 - 6 )  . 

The contactors  a r e  used t o  t r i p  off  poner t o  
t r a c t i o n  motors and i s o l a t e  t h e  f a u l t y  t r a c t i o n  
motor. Brief spec i f i ca t i on  of these .contactors  
a r e  as follows :- 

Rated Voltage : 1 3 0 O . V L C  j 

Rated current  I 
: 13'39 A 

Nominal a i r  pressure  : 5 kg/cm2 

Nominal con t ro l  vo l tage  : 119 V 
( v ~ r i a t i o n  707 t o  130U 3 

Rupturing capaci ty  : 2300 A (Approx .I 

Under t rEct ion motor flzsh over/short c i r c h i t  
conditions, t h e  main vhcuum c i r c u i t  brezker i s  
t r i ~ p e d .  

,,,fleversor, ~ 0 2 & r i n ~ / b r a M n ~ f i m g e o v e r  . ~ szi.tchq. .. 
~. - 

TYW i LFG mC 'f3 

Rated .%%age 

RL ted c a m n t  

iqurnber of con tac t s  : 12 h 
m 

Contact pressure : 10 kg/cm2 h‘ 
r*, 
co 

Air pressure nominal : 5 kg/c& i 

I I 
Control voltage : 110 V DC 6 

(variation 70 t o  130V DC, 

A w r i l i ~ r y  con tac t s  : Can operated 

R a t e d  current  : 5 P  
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5.7 Auxiliary power s u p ~ l g  . . .>'.a . . ., . .. 
. - ..,, .s..-,-:~;3.$ 

, Three phase power suppxy of.t380V z'W:$ and phase . '  

C.? # e  
, u  voltage unb6lance of 5$ , a t  50 Hz .+?3 $ ; w i t h  c e n t r e  , 

(neutra l )  o r  s t a r  point  being a v a l a b l e  f o r '  pro- 
t ec t ion  of ea r th  f a u l t  i n - t h e  auxi l lary  supply - 
system. . .. . . 
The th ree  phase supply may.be from s t a t i c  i n v e r t o r  
o r  ARNO machine. The maximum permissible a u x i l i a r y  
load f o r  t h e  new equipment :shal l  not be more than 
6 KIT. The offered a u x i l i a r y  @chines, the re fore ,  
should be su i t hb l e  f o r  380.'+ 2&$ $ and frequency 
of 50 Hz + - 3 ;% phase voltage-unb~lance 5 $. 



TESTING. INSTALLATION AND COL~JISSIONING ' 
AND XARITIWANCB W A L .  .. 

" 

Tes t ing ,  I n s t a l l a t i o n  and Commissioning. 

The o f f e r e d  equipments a r e  t o  be t e s t e d  a s  pe r  
r e l e v a n t  IEC s p e c i f i c a t i o n  o r  equ iva l en t  i n t e r -  
n ~ t i o n a l  s tanCzr2s  p r i o r  t o  despatch.  The I n d i -  
v idua l  equipment, systems and sub-systems, a s  may 
be necessary ,  s h a l l  be sub jec t ed  t o  t y p e  t e s t s  
knd r o u t i n e  t e s t s ' i n  accordance w i t h  r e l e v a n t  IFX: 
s p e c i f i c a t i o n s  and a s  modified by Test  p r o g r a m e  
t o  be  d r w n  up b y t h e  su?pl ier /manufacturer  i n  
c o n s u l t a t i o n  w i t h  RDSO. The t e s t s  of t h e  equip- 
ment s h a l l  be c a r r i e d  o u t  by the manufscturer  i n  
h i s  premises a t  h i s  own r e s p o n s i b i l i t y  and c o s t  , - '  

znd i n  t h e  presence of and t o  t h e s e t i s f a c t i o n  of 
t h e  r e p r e s e n t z t i v e  of P2SO. Only equipment pass ing-  
e l 1  prescr ibed  t e s t s  w i l l  be  despatched.  

I n  f rsming and f i n a l i s a t i o n  of t e s t  programme f o r  
i n 6 i v i d u a l  equipment, e s t a b l i s h n e n t  of  s u i t a b i l i t y  
from long t e r n  r e l i a b i l i t y  a n g l e  a s  b e l l  ss environ- 
mental  c o n d i t i o n s  w i l l  be  of paramiount considera- 
t ion.  !'!herever t h e  r e l e v a  s t a d z r d  test prDcedure 
f o r  t y p e  and mutine t e s t s  prescribed bg I= or 
s i m i l a r  ~ ~ ~ t i o n a l / I n t e r n a ' t f o n ; l  s t anda rds  do not  
adequz te ly  cover t h i s  r e ~ u i r e n e n t ,  RDSO p i i l l  l a y  
BoPjn t h e  d e t z i l s  of s -ecizl  t es ts  t o  e s t a b l i s h  
s z t i s f s c t o r y  performkace over  t h e  e n t i r e  rrngge o f -  
v z r i a b l e  syster: c o n d i t i o n s  l i k e  vo l t age ,  f requency ,  
t e n p e r ~ t u r e  2nd humi3ity. 

RLSO may a l s o ,  i n  i d + i t i o n ,  r e q u i r e  e v i l u a t i o n  of 
t e s t  r e s u l t s  on r a ~  m a t e r i a l s  sne con7onents of * 

c* J 
c r i t i c a l  nz tu re ,  so  a s  t o  ensu re  t h ~ t  t hey  meet h 
t h e  pcrformsnce a d  r e l i a b i l i t y  s t i p u l a t i o n s .  T h i s  
mey extend t o  con?onents/equipments/r&~~ m a t e r i a l  i n o t  manuf~c tn red  i n  t h e  manufac ture r ' s  Viorks, b u t  
nurchzised by then.  R d s u l t s  of t e s t s  conducted by : 
t h e  manuf&cturer m e  t o  be made a v h i l s 5 l e  a s  r equ i r ed  
by FDSO. 

T e s t s  w i l l  be conducted t o  d e t e r n i n e  t h e  l e v e l s  of 
i n t e r f e r e n c e  w i t ! ?  t h e  t r a c t i o n  goser  s u y l y  and 
s i g n & l  znd t ~ l e c o ~ m u n i c z t i o n  equipnents  t o  prove 
t h a t  t h e s e  a r e  rvithin eccep t i ib le  l i m i t s .  

The equipnent ,  systems and sub-systens  a r e  t o  b e  
guarenteed f o r  s a t i s f a c t o r y  perforisance f o r  5 ( f i v e )  
yea r s .  Brobdly, i t  nzy be s t k t e d  t h s t  a l l  z s p e c t s  
of des ign  will be covered bjr t h e  guarantee .  
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'If any problems are exper ienced o r  &id-back 
in format ion  i s  obta ined ,  du r ing  t h e  t r i a l s  and ' ' "  

.tests, which war ran t s  a re-check of, the-des ign /  - 
manuf a c t u r e / q u a l i t y  of  t h e  equipnents: -and com- 
ponents,  a c t i o n  s h a l l  b e  t aken ,  a s  .may be necessary  
by t h e  manufacturer  t o  c a r r y  out  t he . . r equ i r ed  
i n v e s t i g h t i o n s  and t o  i n c o r p o r z t e  therimprovenent 
considered most a p p r o p r i a t e  wi thout  any e x t r a  c o s t  
o r  l i a b i l i t y  t o  t h e  purchaser .  Such-improvenents 
s h a l l  be  c u r l e d  o u t  on 611 t h e  eqmlpments and 
s h a l l  be e v i l ~ c t e e  f o r  t h e i r  v a l i d i t y  f o r  a f u r t h e r  
per iod of t i n e  a s  mzy be agreed t o  mutual ly  i n  
each case .  

i<od i f i ca t ions  found neces sa ry  a s  t r e s u l t  of t h e  
t e s t / t r i e l  s h a l l  be  i nco rpo ra t ed  by t h e  s u p p l i e r  
a t  h i s  orgn c o s t  on t h e  equipment i n  a manner approved 
by t h e  ~ u r c h e s e r .  Drzvings i n c o r p o r s t i n g  the 
m o i i f i c c t i o n s  found neces sa ry  ss h r e s u l t  of t e s t  
2nd t r i z l  s h ~ 1 1  be s u b n l t t e d  t o  FDSO f o r  f i n a l  approval .  

T h e  t r ~ i n i n g  of InCian p a s o n n e l  a t  t h e  manufac- 
t u r e r t s  50rl:s zn6 Zesign o f f i c e  znd s u - p l i e r s  of 
. ec -u i?nent /m~ter ie l  t o  t h e  &:tent necessary  f o r  
m a i n t e n ~ n c e  cn2 .opere t ion  of ~ o c o m o t i v e s  .etplo:.-lng 
s i n i l z r  s y s t e m / o ~  c q  cnjr s p e c i s 1  t r s i n i n g  k i t  a v a i l -  A, 

a x l e  \?%I1 be srrang'ec? by t h e  t e n d e r e r .  Tile term 
Lnd c o n f i t i o n s  m i l l  be mutua l ly  agreed upon !%;itti t h e  4 -  
Ind ian  Rzilnsys.  

The n a n u f z c t u r e r / s u p ~ l i e ~  is a p e c t e d  t o  supply 
s u f f i c i e n t  nunber of s p a r e  sub-&ssenbl ies  a s  u n i t  
e x c h ~ n g e  sga re s ,  t o c l s ,  t e s t i n g  i n s t r u 3 e n t s ,  end 
o t h e r  s ? e c i a l  jPgs sne f i x t u r e s ,  eh i ch  w i l l  be 
r equ i r ed  by t h e  1 n d i a n ' ~ a i l w a y s  f o r  m a i n t e n ~ n c e  bnd 
ope ra t ion .  These may i n c l u d e  s p e c i z l  t r ~ i n i n g  kits 
f o r  t r o u b l e  s h o ~ t i n g  by t h e  d r i v e r  z n l  m z i n t e n a c e  
st;ff. 

The equipment sup?lied w i l l  be i n s t a l l e d  z s  per  t h e  
i n s t ~ l l e t i o n  g u i d e l i n e s  and under t h e  guic?ance of 
t e n d e r e r  by Ind ian  Railriay W g i n e e r s  i n  Ind ia .  
Eowever, i n s ? e c t i o n ,  t e s t i n g ,  conniss ion ing ,  e t c . ,  
s h a l l  be done by t e n d e r e r ' s  Engineers. .  

hiaintenance Xanual, Opers t ing  and t r o u b l e  
shoot ing  i n s t r u c t i o n s .  

The manuf ac t u r e r / s u p p l i n r  w i l l .  f u r n i s h  'as-madet 
d rzn ings / t r zc ings ,  manual of  i f i s t r u c t i o n s  f o r  
o ? e r ~ t i o l  2nd f f i~lntencf ice  o f .  t h e  equipncnt ,  t r o u b l e  
shoot ing  i n s t r u c t i o n s  an? such o t h e r  t e c h n i c a l  
in formet ion  a s  zey be r e p u i r e d  f o r  na in tencnce  
~ n 2  ope rc t ion  of t h e  eo-uipinent i n  InZia .  These 
v i l l  be  requi red  t o  be supp l i ed  i n  advance of t h e  
despa tch  of t h e  equipnent from t h e  manufac tu re r t s  
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. . .  works.  Terms and condi t ions  i n ' t h i i  .regard wil l . ' ; :  . . r .  , :. 
. . .  1 L... .be mdtually agreed upon a f t e r  p lacment  of 

....... . . .  cont rac t  :' 

. . _ I . .  . . . . . .  
' r L  i *,.. . 

. . .  . . + . . 
The manufacturer/supplier w i l l  be reguir6d t o  
s t a t i o n  i n  India  c o ~ p e t e n t  Engineers/Supervisors 
alongcith t h e  required s p m e  p a r t s  during the  
s e r v i c e  trisls and f o r  such f u r t h e r  period of time 
as  may be required by t h e  Indian Railways u n t i l  t h e  
InZian Railtvay Engineers and s t a f f  concerned with 
operation and maintenance of these  equipments get  
f u l l y  fami l ia r  w i t h  the  equirment hnd t h e i r  use 
under ac tua l  service  condit ions.  

. . .  
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9ENB'RAL DESIGN CONSIDERATIOBS AND DATA m S S f O A  '" 

The offered design s h a l l  be  based on t h e  require-  
ments given and of sound proven end reliable 
engineering prac t i ces .  *he entire key design 
s h a l l  be submitted by the .suppl ier  before manta- 
facture r i t b  technical da ta  and ca lcu la t ions  t o  . 
RDSO for evaluat ion,  check and approval. -. 
Approval of design means approval of general  design 
fea tures .  For this purpose, de ta i l ed  drawings dl1 
be required t o  be submitted t o  RDSO f o r  approval 
before commencing manufacture. tTotwlthstanding 
t h e  approval from RDSO t h e  suppl ier  s h a l l  be  wholly 
and completely respons i b l e  f o r  s a t i s f ac to ry  per- 
formance of offered equipment. A 1 1  necessary data ,  
design ca lcu la t ions ,  anC drawings required by RDSO 
f o r  examination of manuf&cturerls proposal s h a l l  be . 
furnished by t h e  successful  tenderer. 

The design data ca l cu l a t i ons  and draninga are t o  be 
furnished .in thj.e parts r - 

W s  w l % b  ,%be terrBer doeamats while . ttm t h e  oft=; . 
lU) Confirmation of cor~~lionce of t h e  - - 

requirements while  submitting o f f  em 
and fur- the details a t  t h e  9 * 

de ta i l ed  design s t a g e  after place- 
ment of t h e  con t rac t ;  

( I l l )  De ta i l s  t o  be furnished a t  t h e  
de ta i l ed  design stage. 

De ta i l s  t o  be furnished along with the o f f e r s  :- 

(1) Weight, s i z e  and c e n t r e  of gravi ty  and mass 
movement t o  i n e r t i a  of t h e  equipment; 

(2) Bumber of cub ic les  per  loco and arrangements 
.of  t h y r i s t o r s  and diodes continuous ra t ing ,  
duty cycle w i t h  (IS -1) s i r i ng8  i n  c i r c u i t ,  
where ' A 1  i s  t h e  number of p a r a l l e l  paths 
per arm, estimated t r a c t i o n  motor f lashover 
current  and convertor  capab i l i t y  t o  with- 
stand such f a u l t  cu r r en t  f o r -  such durat ion ", 
till it i s  c lea red  by t h e  protect ion r;ysten~; 

b 

(3) Sstlmated hermonic content  of the' 2nd and 
higher order  of harmonics i n  t r a c t i o n  current .  
Values estimated l e s s  than 10 mil l1  Amps 
should not  be furnished.  

(4) Estimated maximum psophometric current ;  
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..<, 'e;, (6) - ~ a l c i l a t i o r i  t o r  matahing t b e  ' r a t i n g  of r-. 

t,, . ,+ ;L& the t h y r l n t o r  equipment with t he . r equ i r s -  . - . . - 

meats o f '  t r a c t i o n  motor; . . . . 
9 .  

. . 
, . (6) ca l cu l a t i on  of s e l ec t i on  of t h e  semi- 

A % <.ta conductor devlces; Elumber of devices , 
I. 

A required i n  s e r i e s  and p a r a l l e l  and. 
v the sa fe ty  margins ava i lab le ;  

lmq ( 7 )  Calcula t ion 6f cooling system - e.stlmated .. * 5%. 

4  it! maximum l o s s  and the parameters of ' t h e  
.7.. .. ..:I j . . ... ,., 

coollng system and estimated minim& s a f e t y  
'. <.*., . . .,,., margin i n  junction temperature of devices; 

. (8) Table of f a u l t  d iagnost ic  f e a t u r e s  and .. . 
4 'r 4 . , c o r r e c t i v e  ac t ion  exercised by t b e  micro- 
u .  processor based f a u l t  d iagnost ic  system; 

.,:.' (9) Proposed numbers of con t ro l s ,  add i t i ona l  
., If any, t o  the requirements a s  s t i pu l a t ed  

i n  t h e  speci  f i c a t i o n i  

(10) Estimated p m e ~  f a c t o r  and e f f i c iency  
curves ag-t .speed. 

iU 8 4 0 h g  of equiwpsts mad ~ v B i c l u  i s  20 b, 
,mZtMa 180Om; 

(2) L i s t  of protect ion arrangements proposed 
t o  be provided f o r  a t h y r i s t o r  equipment 

.. - and the manner in which i t  i s  proposed t o  
be a c h i e v e d ~  L- 

(3) Confirmation of confining t o  t h e  l l fn i ta  
6 
& 

s t i p u l a t e d  agsinst i n t e r f e r e n c e  w i t h  2 s igna l l ing  and telecommunication equipment; 
. . 

(4)- Estimated reliability predic t ion,  i 

7.3,3 .- ,Detailed design ca l ca l a t i ons  t o  be furnished 
a f t e r  placement of con t rac t  :- 

. 1 sohematic diagrams f o r  power c i r c u i t s ;  
,, ,. ,%, (2) Thyr i s to r  con t ro l  c i s c u i t  and protec t ion 

c i r c u i t ;  
.. . .  

' -.' I:,. (3) Block diagram f o r  con t ro l  scheme- with 1 .,.. 
' % . .  2 . :  ... .? descr ip t ion  of t h e  con t ro l  scheme a s  a 

whole; 

(4) I s o l a t i n g  and ind ica t ion  arrangements 
provided f o r  f a u l t y  arrangement; 
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r . I 

(5) ~itailib of d i s  lap 'uii;, monitoring unit, 
fault diagnost o scheme offered, sensors' 

n . ,. 

P 
used, oab equipment for drivers; 

(6) Cbaracteristioa of power thyristors, diodes, 
heat dak, and aesociated components used 
in power convertors; 

( 7 )  ~ e t a i l s l o f  convertor cooiing arrangement 
along wi th  characteristics of coolant under 

I operating conditions. 
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I. DBTAILS OF WIN SIGNAL'& ' T E L E C O ~ I C A T I O N  E Q U I P ~ N T S  
.USED ON 25 KV AC ELBCTRIFIEDYSBCTIONS OF INDIAN 

.*.RAILIVAYS. . . ,. 4. . ' r..: 

A. Track c i r c u i t i n g  i n s t a l l a t i o n .  
I 

. . . . 

Types Working , -. ,? 5 .., Remarks. i *,.- . . . f requencg .. . v - . .... - i". , 

. . 1. .AC83* Hz 83* Hz AC vane type of re lays  a r e  used. 
t r ack  Two:siqplies a t  834 Hz a t  90° 
c i r c u i t  out of '.phase required f o r  loca l '  

cnd ; con t ro l  suppl ies  a re  t r ans - \  
mittedr:fron c e n t r a l  loca t ion  i n .  

t h e  sect ion using lead and a lu-  
minium sheathed cables.  Both 
s tcg le .  and double r a i l  t y p e  of 
t r ack  c i r c u i t s  a r e  used. 

2. H.F. 20 k n ~  . .. . . 
j o i n t l e s s  40 kHz, 
t r ack  
c i r c u i t s  

3 .  A.F.Track 175 kHz 
. C ~ T C ~ ~ S  ,225 kHz 

,270 kH8 

4, tiigh 
vol tage  
impulse 
t rack  
c i r c u i t s  , 

5. Long 2589 Hz 
jointless 2820 Hz 
t rack  
c i r c u i t  

6. CC Track E.C. 
c i r c u i t  
( s i ng l e  ._ I 

r a i l )  

9 Ohm AC imunised  re lays  6' 
t e s ted  f o r  minimum 50 Bz C 

'. i-munity of 50 Volts a r e  6 

U S P ~ .  
$4 
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8. ~ l e c t r l c ~ l  & Block ~ l g n a l l f n ~  Bsulpment . 
,.. - . 1. Block instruments. , . 

Types Working Remarks. 
freauency , ~. . 

( a )  Daido (I) Carrier,;.  2000, ) Block 'cir'cuit i n  
s i ng l e  2500 Hz Uod. ) RE area a re  pro- 
l i n e  Frequency 65 & )  vided on PE insula-  
token- 85 HZ, : :' ) ted quada i n  lead 
less sheathed or  aluminium 
block (ii) Carrier 1800, ) sheathed nain t e l e -  

. i n s t r u -  2700 Hz ) coclnunication c ~ b l e s .  
ment s Kod .Frequency 1 I n t r i n s i c  screening 

65 & 85 Hz. ) f ac to r s  of lead 
sheathed cables a t  
53 Hz + 800 Hz a r e  
0.4 i n  range 53V - . 
453 V/km and 0.06 i n  
range 0-10 V / h  r es -  

PeCtiv!lY screen ng f ac to r s  The 
f o r  c a b l e s ' a r e  0.1 
a n 8 0 . 9 1 6 a & 5 0 f i z  . 
and B O O B  respect- - 
ive3.y i n  t h e  range 
of 50 to 450 N / b  
f i e l d  strength. . 1 

2. Point  machines 

(a)  Point CC 24V 
DC, ll0V opera- 

t ion. Single phase BC, 
50 Iiz, 220v 
Three phase AC, 
50 HZ* 380V 

(b) Point DC? 12V 
detec- DC, 24V 
t i o n  DC, 60V 

3. Signa l  

( a )  Control DC, 1211 
DC, 24' 
DC, 60V 

(b) Eignal llOV, AC stepped 
l i g h t -  down t~ 12V AC 
ing for s igna l  i m p .  



... . . -.. . , , Working f reauency . -- ' ~emarkrr . , 
.+(C)  Route .. indi-I .. . l lov ,  AC 

c a t o r  
l i gh t ing  

- (d) Shunt s igna l  l l O V ,  AC <" ' . , 

l i gh t ing  . . 

, . 
4. Retarder operation ( a )  50 Hz, AC 
.- ' and con t ro l  -2 ." . 

I .. . (a) - do - ... . . .- . 
(c)  Doppler Radar . 

speed check 
a t  10.7 GHz. 

5. Axle counter 5 k Hz 

: f C , T 3 L E  OIdILLTiu'ICATION CABLING -- IIfST ALCAT1l)KS 

.A, -~~ ..Cm%roZ (a1 . Speeeh * 'W band 
1c%.zrwi8 ib3 '&@a'lUng i ,SO Hz., 

$ntersupS;ed a t  33 
cyc les  per  sec. 

2 'VE Telegraphy 1SD Hz, 1629 Hz 

3. T e l e ~ r i n t e r  150 Hz, 1620 Hz 

4. Trunk c i r c u i t  Speech VF Band and 
s igna l l i ng  - 17 Hz, e 1 
50 Hz, 153 Hz. r3 

b 
cC, 

5. Gste control  Speech VF h n d  and cc 
s igna l l i ng  - 17 Eiz c_ 

6. Block Bel l  and 150 Hz 
Train viire 

.t 7.. C a r r i e r  c i r c u i t s  1 + 3 stackable  Speech comuni-  - c z r r i e r  equiprrent c a t i o n  plus  
a. 

I 3 3.9 Hz t o  11 kHz. da ta  trans-. 
. . mission. 



1 HF ~ ~ m u n i c a t i o n  .-.u 2-16 MKz For speech communlcai -- " (SSB & DSB t i o n  and data  t r a n s - ,  
working) mission. 

1. Clock network Square wave 
pulses i n  
5 sec. 

2. PA equipment VF band 

3. CCTV 3:mz 

11. P a r t i c u l a r s  of t h e  exist:ng co~municat ion and s igna l l ing  
c i r c l l i t s  i n  1 5 Y l V  LC t r a c t i o n  afess of Western and Centra l  ', 
Railvays. 

(i) Tele2hone l i n e s  
(Overhead l i n e  and 
underground cables)  

(ii) Telegraph l i n e s  
(Zorse & Telepr in te r  
overhead l i n e  and 
underground cable)  

(iii) .. C a r r i e r  l i n e s  
. . . (overl>f?ad l i n e  

undeyground cab le )  

J i v )  Eult ichannel  W, TEF 
and c$crowave radio 
communication 

. - 
L.2 : 

(v) Clock-time pulse 
l i n?  (underground 

-cable) ,  

Speech and d i a l  pulses,  e t c .  

3anual o r  machine te legraph 
s igna l .  

Stsckable c a r r i e r  w i t h  a nax. 
of 3 channels including voice 
2nd VFT (3.9 KHz t o  3.9 E i z )  

( a )  Xcrowave Link 
7125-7425 MHz band. 

(b)  UHF - 450-470 MHz. . . 
(c)  ViiF - 70-88 UHZ 144-158 

One pulse  every 5 sec. o r  slowbr. 
!iax.pulse amplitude 50 V 

(across 600 Ohms). 



- ._ .. .;:.,:. , - 31- 
2, - . . ., . , -. .A:... , "..A- . . _. _:. . .  ' .. . , ... . . =, .: -*-..y: 

* .  z,., > .> :.?-., -.;..*<,- . 
.a: ;, .. .. , . .. - .. , r -:.;' ;... 

' .  (vi) ' ~ o n t r o l  c i r c u i t  -:z... Speech & oode s e l e c t i o n  
(overhead l i n e s  .. . pu l se  a t  3..5 Hz and magnato 
and underground "' r'inging. Bax. and Min. 
c a b l e )  . . . s igna l l i l i g  p u l s e  amf l i tude  

".- 200V and 5 dB' r e s p e c t i v e l y  
, , ( a c r o s s  600 Ohms). .i . - I .  

(vil) Paging and Ta lk  ' Speech band, Max. speech 
back system vo l t age  190 FUS 

(Across 603 Ohns) .. . 
( v i i i )  Closed c i r c u i t  ' Video s i g n a l s .  

TV c i r c t l l t  

(ix) Frequency spectrum of h ~ r r n o n i c s  of l i n e  c u r r e n t  
a t  maximum l i n e  c u r r e n t  end maximum pshophornetrlc 
c u r r e n t  (rlC/W t r a c t i o n ) .  

(XI A greph of psophometric c u r r e n t  ve r sus  s7eed 
and load.  . , 

(xi) ' D e t c i l s  of on-board f i l t e r s / t e c h n i q u e s  used znd 
, t h e i r  c ~ n t r i b u t i o n  f o r  rec'ucing psophonetrir:  

c u r r e n t  (ACm t r a c t i o n ) .  

(i) Wack c t r c u i t s  SO ant3 83-5 Hz LC t rack c i r c a i t .  
V o l t a g e a c r o s s  r?.ils is. about  
1.0 V o l t s .  

(ii) S i g n s l l i n g  (a)  .lC v i n e  type VT1 
t r a c k  r e l a y s  (b )  Siemens-motor type 

(iii) Impedance bond Type P1, B2 snd S ienen  1000 k n p .  
per rtiib. 

( i v )  P,sIl/OES mast  D i r e c t  
connect  i o n  

e5 
( v )  S i g n a l l i n g  l i n e  ( a )  'Qt s e r i e s  (WSF) P-. c: 

r e l a y s  (used 1 ~ 1 t h  (b )  K-5-7 s e r i e s  (Sienen)  c, 
t r ans fo rmers  ' ( c )  ALIB type CO 
r e c t i f i e r  e i th-er  ( d l  BL 18 type.  .; ! '  L 
b u i l t  i n  o r  L . sepa rh t e )  1 -4 

( v i )  S i g n a l  2nd p o i n t  DC o r  50 Hz llOV AC 
c o n t r o l  snd 
d e t e c t i o n  l i n e s .  



(viil Point machine (a) Siemens 
(b) CRS 51 5% 
(cI Type Kb 
( d l  Type P. 63 

( v i i i ) .  Signalling 3nsc reened, arnoured 
czble (unearth l a id )  

( i x )  Axle counter 
. . 

5 KHz fFiDSO1 design. 

t x )  AlNS system Siemens 1-100 





UNE VOLTAGE .; 2?.5KV. . .- -. 

TRnCTlON MOTOR; 6 3 0 K W ,  750Y. ~- 

.. .. 90OA/353~. 895 RPM. 

GEAR RATIO ; 64/18 = 3.56. 

WHEELOLG-NNJ 1092 m_m_~@~.105Smm)  

~- ~~~ ~p~ 
~ ~- 

. . .. . 

TRAC TJVE E F F O F ~ T  V/S SPEED: CURVE FOR THE 
... ... ~ P R O P O S E D  LO'C-.OM~TIVE .. .~ . . . . . . ,  - . - 

- .  

-, ;. 
, .. . . . .  

i 
A N N E X U  R E--C 

. .. . .- - ,  .-.. 

NOTCHING 
h 

CC~R\_;ES ON P O W R I ~  . ' .r . . 

*- .  . . . - .. 
.. i 



6. Master  c o n t r o l l e r .  .-__: .-.. .% . 
The mas te r  c o n t r o l l e r  b a s e ? , p l a t e  size s h a l l  p r e -  
f e r a b l y  b e  w i th in  230nm (I;:)':'% 290 mm (W) and 150m (H) 
i n c  lud lng  t h e  he igh t  of opeea t ing  handle. ' Space 
f o r  r e v e r s e r  h m d l e  and brake> hcndle  s h a l l  be l e f t  
b lank.  A?proximately, expeEted weight i s  6 t o  7 kg 
p e r  m i s t e r  c o n t r o l l e r .  .:.:. :. 

7. E l e c t r o n i c  c u b i c l e .  -.  - . , - 
The e l e c t r o n i c  c u b i c l e s  s h a l l  b e  two pe r  l ocono t ive  
(one  f o r  each bogie  c o n t r o l ) .  Each c o n t r o l  c u b i c l e  
s k l l  n o t  exceed 790 mm (L), 330 m (Y!), 1550 m (H) 
an t  weight n o t  exceeding-303 kg. 

The dimensions and weights  inc?ic&ted above a r e  
zpproxirnate. L i g h t e r  2nd cornpzct equipment ere 
? r e f e r a b l e .  The a c t u a l  n e i g h t  and s i z e  and rnoanting 
d e t a i l s  of  the  olYered. equipment 2r.e t o  b e  i n d i c ~ t e d  
by t h e  mmufsc tu re r .  
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A:;D 'aVZIGHT OF EQUIPMENT + ;. : 

, 5 . - .  
... . . . . ,.- 

. , w--' 

The s i z e  of main smoothing r e a c t o r  should be a s - s m a l l  
a s  p o s s i b l e  and-sholl  have independent winding f o r  
each t r&c t ion rmoto r .  The o f f e red  smoothing r e a c t o r  .. .-.. 
s h a l l  be  ai%h.c!.osed magnetic c i r c u i t  t o  avoid flu .- ..* ;.:? -.. 

l i n k a g e  t o  o ther . .  equipment used f o r  - t r a c k  c i r c u i t s ,  . . . . .  
a x l e  c o u n t e r s , .  e t c .  .. . . .  . ,. . ,. - 

The t o t 6 1  weight should no t  exceed 2 t o n n e s .  . . , .  . . . -. 

2. iti~ i n  t h y r i s t o r  con t ro l l ed  conver tor .  

It i s  p r e f e r a b l e  t o  have o i l  cooled conver tor  2nd e s  
s n a l l  ss poss ib l e .  I lon-chlcrine coo len t  may ~ l s o  be  ' . 

consiciered ~ n d  shoul6 be z s  smll  a s  possi?+~. 

The c o n s t r u c t i o n  s h a l l  be n . o t u l ~ r  and interchengeable .  

I n  c a s e  o f f e r  i s  ; ith ~ i r  cool ing  system, the nexinun 
s i z e s h a l l  n o t  exceed 331?0m (L! x E30m (1:)) x 1700 mn (E), 
The bir cooled conver tor  o f f e r  will hcve 10,iier 
p re fe rence .  

> 

. ~ 

The w i g h t  of  t h e  conve r to r  t n c l u c ' i n ~  f i e l d  exritzi%lo?~ 
convertor etc coa;lete ~ l t h  c o o l i n 2  syst?m, p r o t e c t i o n s  
e t c  shoo18 cot exceed 5.9 tames, t s c lud fng  PFE cublclms. 

I 

3. Poner f a t o r  c o r r e c t i n g  - 1ml.t. - 
. . 

The power f a c t z ~ r  c o r r e c t i n g  un~i- 'Gbnsis ts  of r e s i s t o r ,  
capacl  t o r ,  in'ductance, t h y r i s t o r s ,  p r o t e c t i o n s ,  e t c .  

The thyr,!il;r~r switches  used f o r  t h e  power f a c t o r  
c o r l e c t i o n  equipment of each group may be provided r 
i n  t h e  r e s p e c t i v e  cub ic l e  of main conver tor  t o  sha re  
t h e  coo l ing  system and hence t o  reduce weight and size. 

The f a u l t  d i s l ~ l a j r  w i t  c o q l e t e  i n c l u e i n g  lcey boar? s h a l i ,  
p r e l ~ r a b l y  b e  r ~ i t h i n  350(L) x 250(i1:) x  290(D) an2 w ~ i g h t i  .. 

a??roximately 7 kg. J ' I 

The po-fieF..,supply conp le t e  v : i t h  t r ans for 'nar ,  e l e c t r o n i c s ,  ,. -. 
p r o t e c t i o n  ,anC- c o n t r o l ,  e t c . ,  f o r  t h e  of fe red  c o n t r o l  and 
o t h e r  electronic c i r c u i t s  s h a l l  be w i th in  1000(L) x 650(W). : 
x 1700(H) and w e i ~ h t ' n o t  a c e e c ' i n g  290 kg. 

. .. . - -. The 6ct:la 1 weight:.&< s i z e  and de t a i l ec?  s p e c i f i c a t i o n  -. .. . 
t o  be advised by t h e  manufacturer .  



SYMBOL DESCRIPTIOI . 
ARB L I ~ I B G  

ARRESTOR I 
C.=L AC FILTER I 

DC Cf DC CURRENT 
TRNJSFOBMEE , 

HPT PA1ITOGRA.H 
M S ~ N N ~ C T I N G  
BAR 1 
LINE SWlTCIl 
TRACTION K)mR I . 
P A C ~ C R A P H  
GROUND REUY E 
BRAKE BISSISMB 
MAIN RECTIFIEB 
AC PILTgR 

PROPOSED POWER C/RCU/T FOR WAG 7 T//YR/S TORI SED L OCO 

REVERSSB 
SURGE ABSCBWB 
EARTH SWI'PQl 
MAIN SMOOTH1 BG 
BEAC1POB 
mmR COT 
SWITCH I 
FIZIS 
RECTI FI EXi 
VACUUM CIRCUIT 
BREAKER. 
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