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S P E C I F I C A T I  OBT FOR TRnN SFORM ER-RECTIFIER SET 
FOR REGEiJEXATION ON Y C G 2  LOCOI4OTIVES 

0.1 Th i s  speci f ica t ion covers the  requiremetlt of the  
t ransformer-rec t i f ier  u n i t  f o r  regenerat ive braking t o  be 
f i t t e d  on,WCG2 locomotive, as a p a r t  of  the  braking system. 

0.2 This s p e c i f i c a t i o n  contains c l m s e s  f o r  r a t i n g s  an& 
expected performance of t h e  equipment. Any devia t ion from 
t h i s  spec i f i ca t ion ,  ca lcula ted  t o  improve the  performance, 
u t i l i t y  and scope of tho  equipment, proposed by t h e  manu-; 
f a c t u r e r ,  w i l l  be given due considerat ion,  provided f u l l  
pa r t i cu l a r s  and j u s t i f i c a t i o n  thereof a r e  furnished i n  the  
tendor. 

1. SCOPE.  

1.1 This spec i f i ca t ion  covers t h e  manufacture* supply and 
t e s t s  on the  t ransformer-rec t i f ier  set '  f o r  . regenerat ion on 
WCG2 c l a s s  of l o  mmotives. The tenderer  s h a l l  check the  
s u i t a b i l i t y  of the  equipment offered by him, based on the  
d e t a i l s  furnished below, t o  ensure r e l i a b l e  and t roublefree  
operation, and s h a l l  fu rn i sh  complete technical  d e t a i l s  and 
test r e s u l t s  f o r  the  same. 

2. CAPl'CITY AND mTIRG - 
00 

2.1 The regenerat ive braking transformer equipment, alan 
f u l l  load voltage of 20 V,  s h a l l  de l i ve r  a  continuous DC 

(D output of 600 Amps f o r  each of the  two p a r a l l e l  paths o f  
regenerat ive c i r c u i t s ,  comprising of th ree  t r a c t i o n  motor ,  
f i e l d s  and s t a b i l i s i n g  res i s tance  connected i n  s e r i e s ,  a s  j 
shown i n  Enclosure A. 

2.2 Tho equipment s h a l l  be designed with low percentage 
impedance of t h e  order of 5-6s. 

2 .3 The t ransformer-rec t i f ier  s e t  s h a l l  be equipped with 
two p a i r s  of DC output terminals t o  f a c i l i t a t e  connections 
f o r  each of the  two p a r a l l e l  paths. 

2.4 The r e c t i f i e r  s h a l l  be .so arranged as t o  by pass any 
excess current  i n  t h e  motor f i e l d  c i r c u i t ,  due t o  r e s u l t a n t  
e f f ec t  of tho motoring current  i n  t h e  armature, without 
a f f ec t i ng  t h e  exc i ta t ion  transformer winding. This aspect i s  
explaitled7 i n  t h e  p r inc ip le  of  operation (Annexure 1 ) . 
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2-5 The r e c t i f i e r  r a t i n g  s h a l l  be such as t o  permit satis- 
f ac to ry  operation ullder continuous current  of 1000 411ps dc 
flowing through each of the  t rac t ion,motor  f i e l d  c i r c u i t s .  

2.6. The r e c t i f i e r s  s h a l l  be designed f o r  considerat ion o f  
shor t  c i r c u i t  across the  exciba#Eon transformer y i t h  
s t a b i l i s i n g  res i s tance  i n  c i r cu i t .  

2.7 The t r a n s f o m e r - r e c t i f i e r  s e t . s h a l l  be provided wi th  
c l a s s  B. i n su l a t i on  and designed f o r  na tu ra l  air cooling. 

2.8 The input  supply will be 3-phase, 400 V + 10% with 
a frequency of 50 Hz + 5%. 
3. SERVICE CONDITIONS 

3.1 The equipment covered i n  t h i s - s p e c i f i c a t i o n  s h a l l  be 
s u i t a b l e  f o r  eervice i n  a temperature of t h e  coolillg: air 
i n s i d e  t h e  locomotive being 650C, r e l a t i v e  humidity 
ranging upto loo$, at  an a l t i t u d e  of  1000 metres above , 

mean sea l e v e l  and i n  dusty atmospheric conditions. 

3.2 The equipment and its mounting arrangement shall 
be of robust design f o r  t r a c t i o n  duty and s h a l l  with,stand 
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  service ,  as indica ted  below r -  

a) M a x i m u m  v e r t i c a l  acce le ra t ion  - 1.0 g, 

b) M a x i m u m  longi tudinal  accelera t ion - 3.0 g. 

c )  M a x i m u m  t ransverse  acce le ra t ion  - 0.5 g 

d) M a x i m u m  frequency - 10 Hz with amplitude 

+ 
of 2.5 

('g' being the  acce le ra t ion  due t o  gravi ty)  

3.2.1 The v ibra t ions  a r e  o f  s i n e  wave form and t h e  
frequency of  v ib ra t i on  i s  between 1 Hz and 50 Hz. The 
amplitude 'at , expressed i n  mil l imetres,  i s  given as a 
function of I f  1 ,  by the  equations r -  

2z t a f o r  values of  f fi.om.1 HZ t o  10 HZ. E ! 

a = f o r  values of f exceeding 10 Hz and 
z2 upto 50 Hz. .. . 



3..2.2 I n  t h e  d i r ec t i on  corresponding t o  long i tud ina l  movenent. 
o f  the  vehic le ,  t h e  equipment is subjected f o r  2 minutes t o  
30 Hz v ibeat ions  3f such a value t h a t  t h e  naximum accelera t ion 
i s  equal t o  3g (amplitude a e 0.3 mm). 

3.3. The equipment s h a l l  be su i tab le  f o r  continuous operat ion 
on 3-phase, 50 Hz supply obtained from a 180 kVA DC motor - AC 
a l t e r n a t o r  s e t ,  with t h e  l i m i t s  of output voltage of 400V 2 lo$, 
and frequency of 50 Hz; + 5$, f o r  f u l l  load range. 

4.1 Pr inciple  of Operation 

4.1.1 The pr inc ip le  of operation of the  equipment, as a p a r t  
of the  regenerat ive braking system of the  locomotive, i s  given 
at Annexure. 1. 

4.2 Adequate protec t ion of t h e  equipment s h a l l  be provided 
against  the  surges caused by hole s torage  phenomenon i n  t h e  
r e c k i f i e r s  and switching surges i n  the  c i r c u i t .  The c a l ~ ~ l a t i o n  
f o r  the protec t ive  system s h a l l  a l s o  be furnished. 

4.3 Protec t ion s h a l l  also be provided i n  each of . t he  DC 
output p a r a l l e l  c i r c u i e a g a i n s t  an over-load current  exceeding 
1000 Amps i n  t h e  form of fuse  o r  over-load re lay .  

4.4 Overload protec t ion f o r  equipment on AC s ide  s h a l l  
a l so  be provided. 

rrl 

4.5 03 Visual ind ica t ion  s h a l l  be provided on the  equipment in 
f o r  r e c t i f i e r  element f a i l u r e s .  R e c t i f i e r  rat ing;  s h a l l  be so 
se lec ted  t h a t  not more than two p a r a l l e l  paths a r e  provided andD 
each path s h a l l  be su i t ab ly  protected with quick ac t ing  fuses.- 

4.6 A l l  p rotec t ive  arrangements provided s h a l l  be s u i t a b l e  
f o r  repeated operations and f i n a l l y  ensure i s o l a t i n g  the 
equipment i n  case  of over-load and/or shor t  c i r c u i t s .  

4.7 The pos i t ive  terminals  provided on t h e  transf3rmerr- 
r e c t i f i e r  s e t  s h a l l  be dimensionally bigger than the  negative 
terminals ,  so  t h a t  the  connections coming on them cannot be 
inter-changed. I n  addition, t h e  termi t la  board should bear  
c l e a r  marking of t h e i r  potent ial .  



5.1 The equipment s h a l l  be provided i n  a robust  dust-proof 
sheet  s t e e l  enclosure. 

5.2 The enclosure s h a l l  be so  arranged tha t ,  when i t  is. 
opened, t h e  terminals a r e  read i ly  accessible.  Furthermore, 
s u f f i c i e n t  space s h a l l  be l e f t  i n  the  i n t e r i o r  of the  
enclosure f o r  accommodation of ex te rna l  connections from the 
point  of en t ry  i n to  the  enclosure upto the  terminals. The 
cabinet  s h a l l  be floor-mounted. The approximate space avail-  
able f o r  mounting t h e  complete unit i s  as under :- 

Length - 950 mm 

Width - 850 m 

Height - 1550 . .  
5.3 It s h a l l  be des i rab le  t o  keep t h e  weight of t h e  u n i t  
a s  low a s  possible,  without s a c r i f i c i n g  any of the des i red  
fea tures .  Uncler no circu;;lstances, the  weight s h a l l  exceed 
120Q kgs. 

5.4 Arrangement f o r  l i f t i n g  t h e  whole cubicle s h a l l  a l so  
be made by providing shackles. 

5-5 The equipment shall be painted i n  l ight-grzay colour 
with IS-1650 : 1960 - Colours f o r  paint ing and decorative 
f in ishes .  

6. - TERMINAL BOARD AND WIRING 

6.1 The un i t  s h a l l  be completely wired and t h e  t e m i n a l  
brought o u t  to a terminal  board located ins ide  the cubicle 
on the  f r o n t  side. The cables  used f o r  i n t e r n a l  wirit'ig Sha l l  
be t inned multi-stranded copper. Specia l  ca re  s h a l l  be taken 
i n  t h e  design t o  provide a minimum creepage distance of 45 mm 

' betweell the  terminals. The terminal s h a l l  be c l e a r l y  marked 
f o r  input  and output and t h e i r  arrangement s h a l l  be such as 
to  ensure against  acc iden ta l  s h ~ r t  c i r c d t i n g  of input  and 
output terminals. A separa te  terminal s h a l l  be provided f o r  
making an  ea r th  connection. 

6.2 A l l  tha: terminals  of t h e  uni t  s h a l l  be brought out on. 
a specia l  terminal  board with l e g i b l e  indicat ions  marked on 
the  plate .  The terminal arrangement s h a l l  be subject  t o  the  
approval of t h e  user  railway p r i o r  t o  manufacture. 



6.3 Sui tab le  spring washers, nuts  f o r  terminal collllect ions 
s h a l l  be provided on a l l  the  termillals, including earth. 

6.4 A l l  components, including nu ts ,  b3 l t s  and washers etc., 
of t h e  u n i t  s h a l l  be 'suitably protected against  corrosion and 
ru s t  by cadmium plating. 

7. SCHEDULE OF PfUITIGULARS? DXA:lIjtGS I ~ D  
TECFINICAL W CUI4ENTS 

7.1 F u l l  pa r t i cu l a r s  of t h e  t ransformer-rec t i f ier  s e t  s h a l l  
be furnished a l ~ n g  with t h e  general ou t l ine  d imensi~ned drawing 
of the  equipment and i t s  mounting arrangement. Detai ls  of 
the  e l e c t r i c a l  c i r c u i t r y  and t h e  various components s h a l l  a l so  
be advised. 

7-2 Technical doclunents regarding make, r a t i ng ,  res is tance/  
inductance/capacitance values of t h e  various components s h a l l  
a l so  be furnished. 

7.3 A l l  necessary t echn ica l  documents and l i t e r a t u r e ,  which 
would be useful  f o r  proper maintenance and r e p a i r  o f  the  
equipment, sha l l  a l so  be furnished. 

7.4 Calculat ions showing t h e  temperature r i s e  o f  the  equip- 
ment under f u l l  load an3 normal operating conditions s h a l l  be 
furnished. The magnetising c h a r a c t e r i s t i c s  and load current  
cha rac t e r i s t i c s  with inpu t ,  output and ef f ic iency curves a t  
various loads silall a l so  be f u r n i s h d .  

7.5 Rec t i f i e r  d e t a i l s  s h a l l  be furnished as per Annexure 2. 
C 1 

8. TYPE AliD EOUTITJE TESTS 

8.1 These sha 11 be ca r r ied  out i n  c o n s u l t a t i ~ n  with the  @ 
Chief E l e c t r i c a l  Engineer, Central Railway; Bombay, and t h e  * 
inspect ion of the  equipment during manufacture and a f t e r  
assembly s h a l l  a lso  be arranged by h i m .  i 

9.7 One prototype equipment s h a l l  be supplied f o r  t r i a l  
purpose. Order w i l l  be confirmed, when the  protatype i s  
found saAisfactory. 



10.1 The whole equipment shall  be guaranteed for a period of 24.+ months from the date of supply or 18* months from the ' 

dato of  in s ta l l a t i on  on t h e  locomotive,. whichever i s  ear l i er .  
Defective components/equipment shal l  be replaced without any 
extra charge and with3ut l o s s  o f  time. 

(*) to  be .fixed by Central Railway. 



The t ransformer-rec t i f ier .  s e t  i s  u t i l i s e d  t o  supply power 
t o  t h e  exc i t a t i on  f i e l d s  of t r a c t i o n  m ~ t o r s  duping regenerative 
braking of the  locomotive. 

The s impl i f ied  c i r c u i t  f o r  both regenerat ion and m ~ t o r i n g ,  
with TFEX connected, i s  s h a m  i n  Eflclosure "A11, The f i e l d  i s  
connected i n  s e r i e s  with TFEX and t h i s  combination i s  connected 
across  s t a b i l i s i n g  res is tance ,  The d i s t r i b u t i o n  of currents  and 
t h e i r  d i rec t ions  were shown with arrows. The d i r ec t i on  of f i e l d  
current  i s  same both i n  regenerat ion and motoring. 

During Regeneration3 
terminal o f  TFEX ter 
motor f i e l d  c o i l s  ''to 

The exc i t a t i on  current  flows f r ~ m  +ve 
'ound s ide)  through t h e  s t a b i l i s i n g  res i s tance  

the  -ve s ide  of TFZX. The regenerated . . 
current  flows through the  s t a b i l i s i n g  res i s tance  i n  the same 
direckion .as the  exc i ta t ion  cur ren t .  

Hence, i f  - 
E = Terminal vol tage of TFEX i n  v o l t s  

Rs = S t a b i l i s i n g  res i s tance  i n  ohms 

Rf = Fie ld  r e s i s t ance  i n  ohms (3 mators) 

I = Armature current  ( e i t h e r  i n  regenerat ion a 
or  i n  motoring) i n  Amps 

If r Fie ld  current  i n  Amps. (through R ~ )  

then, at any time during regenerat ion,  

and Lf = E - Ia Ra 

R C R* 
9' 

Thus, i f  the  terminal vol tage E of the  TFEX i s  constant,  
necessary s t a b i l i s a t i o n  i s  provided by tho s t a b i l i s i n g  res i s tance  
f o r  any ctiange i n  t h e  regenerated current ,  by corresponding 
change i n  f i e l d  current  i n  t h e  opposite sense. 

During Motoring: Since the  motoring current  i s  i n  oppos i t ion . to  
the  current  already flowing through s t a b i l i s i n g  res i s tance  ' R s l ,  
t h e  voltage drop across 'Rs( i s  reduced, thereby increasing 
t h e  f i e l d  current  ( R ~  and E being constant).  Thus, with t h e  
increase  i n  motoring current ,  t h e  f i e l d  i s  strengthened. 
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C~nt inued  increase  i n  motoring current 'wi l l  reduce the v ~ l t a g e  
drop across Rs and w i l l  t r y  t o  reduce the  current  through it 
t o  Zero. 

I n  this case, TIf! i s  more than i n  previous case and 
w i l l  tend t o  reduce the  motoring current  I,, thus p ~ V i d i n g  
necessary s t a b i l i s a t i o n ,  

Increase i n  t h e  f i e l d  current  Lf due . to no to ring.^ 
current  I, w i l l  flow through t h e  r e c t i f z e r s  alone' k i thou t  
a f f ec t i ng  the  exc i t a t i on  transformer winding, a s  explained 
below t - 

Assume - 
Tf = M e l d  current  Slowing thrclugh each of+ 

the  two p a r a l l e l  pa ths  of t r a c t i o n  
motor f i e l d s ,  induced due t o  exc i ta t ion  
transformer. 

Ifm = Increase  i n  f i e l d  current  flowing through 
each of. the  two w a l l e l  paths due t o  

-. tho armature current  I, during motoring. 

A s  explained i n  Figure B. of  E n c l o s ~ e  A,, t he  f i e l d  
cukrent I increases  with increase i n  the  motoring current  I, f and flows in the-same d i r ec t i on  through exc i ta t ion  brans-' . '  

former .-rectifier set: Thus, If, and I a s  assumed above, 
will. have the  same di rec t ion.  C u r r e n H  w i l l  be flowing 
i n  each. of the f i e l d  ~ i r c u i t  due t o  t h e  f 2 ~  current  induced 
i n  the  exc i ta t ion  transformer secmdary win 6i ng and would 
pass through the r e c t i f i e r  bridge, as shown i n  R E D i n  Fig. C 
of  Enclosure A, .whereas the  increased f i e l d  current I w i l l  
only pass through the  r e c t i f i e r  alone, a s  shown i n  BL& i n  
Fig. C of Enclosure A, without a f f ec t i ng  the exc i t a t i on  
transformer secondary windings. 



The following tedhnical  d a t a  coacerning diodes s h a l l  be 
furnished:- 

1. Type and Make . . 

2 .  Rated average forward cur ren t  a t  a n  ambient temperature 
of 65OC with forced a i r  cooling Tor half  wave s ing le  
phase/for s i ng l e  phase bridge connection. 

3. Recommended c r e s t  working reverse voltage at r a t ed  
duncition. temperature. 

4. Rated r e p e t i t i v e  peak inverse  voltage a t  r a t ed  . 
iunct ion temperature. 

5. Rated non-repet i t ive peak inverse voltage at r a t ed  
junction temperature. 

6. Test vol tage at -acturerls works. 

7. Peak forward voltage drop cha rac t e r i s t i c s  a t  b b i e n t .  
and r a t e d  junction temperatures. 

@. Graph of peak inverse  current  versus  peak inversa 
voltage a t  r a t ed  junction temperature. 

'9. Overload c h a r a c t e r i s t i c  curves (peak values) .  
. . 

101 Maximum peak surge current  c h a r a c t e r i s t i c a t  rated-* 
condition. CL3 

La . . 
2 * 

1 1. I t, value curve o r  equivalent. . . , (0 
t 

12. Fuse cha rac t e r i s t i c s ,  i f p r o v i d e d .  Y c 
b 

13. Rated junct ioq temperature and short  t i m e  temperature 
l i m i t s  f o r  the  junction. 

14. Temperature l i m i t  o f  cellibody/heat sink a t  r a t ed  
current. , . 

15. Thermal r e s i s t ance  of the  c e l l  ( ~ ~ / w a t % ) .  

16. Thermal res i s tance  of the  heat s i n k  ( ~ c / ~ a t t ) ,  
with forced cooling m/sec. 

17. Transient  thermal impedance curves f o r  heat s ink 
and ce l l .  



18. Mounting torque i n  kg-m,. 
-- - .  ..- *. - , . 

19. 2ecomrne;lded conductive grease. 
* .  . i  . . 

20. Weight i n  i<g of c e l l  and heat sink. . . 

B. TECHNICAL DATA OF XECTIFTER ASSEPIBLY : , 

. , 
1. Number of c e l l s  i n  s e r i e s  i n  each s t r i ng .  

2. lJumbe of s t r i n g s  i n  parallel per 

3. Number of c e l l s  per r e c t i f i e r .  unit. 

4. Detailed c h a r a c t e r i s t i c s  of p ro tec t ive  devices 
agains t  overlo ads. 

5 .  Devices used f o r  protect ion against  surge 
voltages - . . . 
- Main surge arrestor . '. 
- Main RC network and ear th ing condenser 

- Diode hole s torage and' po ten t ia l  d iv ider  
c i r c u i t  

- DC daicpillg network 

6 .  Diagram showing colmmtions between c .e l l s  i n  
each cubicle.  

. . 
- 7 >!eight o f  complete equipment with i ts  

aux i l i a r i e s .  
. . 

C. DESIGN CALCULATSONS 

I 
Detai led ca lcula t ions  f o r  a r r iv ing  at number of 

c e l l s  i n  s e r i e s  and i n  p a r a l l e l ,  t o  neet  t h e  speci f ied  ' 

duties, s h a l l  a l s o  be furnistled. 






