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SIEMENS POWER SUPPLY MOTOR-GENEMTOR SET 
MOTOR ROTOR FAILURE 

I n t r o d u c t i o n  

The Siemens power supply i s  used t o  power t h e  33 GeV A l t e r n a t i n g  

Gradient  Synchrotron main magnet. It c o n s i s t s  of a motor-generator set  

(Fig.  1) supplying energy t o  banks of mercury-arc r e c t i f i e r s  through 

t ransformers .  The motor i s  a wound-rotor i nduc t ion  motor r a t e d  a t  n ine  

megawatts, 13800 v o l t s ,  3 phase, 60 h e r t z ,  1200 rpm. The genera tor  i s  

r a t e d  a t  50 MVA continuous 95 MVA surge,  7500 v o l t s ,  3 phase. The power 

supply output  i s  12000 v o l t s ,  7000 amperes, pulsed duty.  

Inc idence  of F a u l t  

Saturday, August 19, 1972, t h e  Siemens motor-generator set motor r o t o r  

f a u l t e d .  The fol lowing sequence of  events  took p lace .  

A t  1430, t h e  Main Control  Room reques ted  t h a t  pu l s ing  be  stopped and 

genera tor  e x c i t a t i o n  b e  disconnected.  Approximately twenty seconds l a te r ,  

t h e  motor breaker  dropped out  and t h e  motor brake  was energized au tomat i ca l ly .  

The ope ra to r  on duty  heard a loud n o i s e  and s a w  f l a s h i n g  a t  t h e  motor s l i p  

r i n g s  immediately a f t e r  t h e  motor dynamic brake  went on. The ope ra to r  opened 

t h e  motor brake  breaker  manually v i a  t h e  c o n t r o l  swi tch  a t  t h e  c o n t r o l  con- 

s o l e .  I n  a few seconds, t h e  motor dynamic brake  went on f o r  t h e  second t i m e  

au tomat i ca l ly ,  accompanied a g a i n  by a loud no i se  and f l a s h i n g  a t  t h e  motor 

s l i p  r i n g s .  

I n  a few more seconds t h e  motor brake  went on aga in  au tomat i ca l ly  f o r  t h e  

t h i r d  t i m e .  With t h e  h e l p  of  t h e  second ope ra to r ,  t h e  motor brake  w a s  d i s -  

The ope ra to r  immediately opened t h e  motor brake  breaker  manually. 
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connected manually and h e l d  o f f ,  t h e  genera tor  brake  w a s  energ ized  and t h e  

motor-generator set w a s  brought t o  a s top .  

The Main Control  Room was informed of t h e  f a u l t  and t h e  ope ra to r  c a l l e d  

i n  key engineer ing  personnel  t o  examine t h e  consequences of  t h e  f a u l t .  

Corp., I s e l i n ,  New J e r s e y ,  M r .  Max Detarding w a s  informed by te lephone. .  

F a u l t  In spec t ion  

Siemens 

A f t e r  removing t h e  s l i p - r i n g  cover and t h e  motor end s h i e l d s ,  it was 

found that  one o r  two r o t o r  winding end connect ions and t h e  r o t o r  t o  s l i p - r i n g  

connect ions were seve re ly  burned. F igu res  2 t o  6 show d i f f e r e n t  views of t h e  

e x t e r n a l  damage a t  t h e  r o t o r  winding end connect ions,  and F igs .  7 t o  9 show t h e  

phys ica l  damage a t  t h e  r o t o r  t o  s l i p - r i n g  connect ions.  

The motor r o t o r  i s  wave wound (see Siemens drawing number TRA-W 1827/1 and 

0D31471-163417) wi th  lower and upper s l o t  h a l f  c o i l s .  The end connect ions are  

enclosed i n  a c l o s e  f i t t i n g  open-ended copper box and t h e  space between t h e  

copper b a r s  i s  f i l l e d  wi th  an added copper block.  Siemens drawing number 2D3. 

1326-163413 shows t h e  d e t a i l s  of t h e  end connection. 

connect ion i s  t i nned  be fo re  assembly. A t  f i n a l  assembly t h e  end connect ions 

are s o f t  so ldered .  

t a p e  and epoxyed. An i n s u l a t e d  sleeve i s  i n s t a l l e d  over t h e  end of t h e  con- 

n e c t i o n  and extends approximately f i v e  m i l l i m e t e r s  over t h e  r o t o r  c o i l  i n s u l a -  

t ion.  

A l l  t h e  copper on t h e  end ' 

The ou te r  end of t h e  connect ions are i n s u l a t e d  wi th  a g l a s s  

When t h e  f a u l t  occurred,  t h e  h e a t  generated by t h e  f a u l t  melted t h e  s o l d e r  

which w a s  thrown outward c e n t r i f u g a l l y  on t h e  end t u r n s  of t h e  s t a t o r  c o i l s  

and i n s i d e  t h e  motor end s h i e l d s .  No damage was done t o  t h e  s t a t o r  c o i l s .  

Extens ive  arc e ros ion  took p l a c e  on one of  t h e  r o t o r  h a l f  c o i l  ends.  

evaporated.  The f a u l t  w a s  phase t o  phase. The area of t h e  damage i s  shown 

c i r c l e d  i n  r e d  on Siemens drawing number TRA-W 1&27/1. 

t o  s l i p - r i n g  connect ions,  t h e  a r c  occurred from t h e  b o l t e d  j o i n t  ( r o t o r  wind- 

i n g  connect ion ba r  t o  s l i p - r i n g  b a r s )  t o  t h e  s h a f t  and s l i p - r i n g  assembly guard 

r i n g  which i s  a t  t h e  same p o t e n t i a l  as t h e  s h a f t .  The hea t  generated by t h e  

arc  melted t h e  connect ion s o l d e r  which was thrown out  c e n t r i g u a l l y  t o  t h e  i n -  

s i d e  of  t h e  ou te r  motor end s h i e l d .  

Motor Brake I n i t i a t i o n  

The copper 

A t  t h e  r o t o r  winding 

The events  which immediately preceded t h e  f a u l t  namely t h e  t r i p p i n g  of  t h e  ' 

motor wh i l e  t h e  power supply w a s  on standby (no puls ing)  and t h e  automatic  
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i n i t i a t i o n  of  t h e  motor brake  were i n v e s t i g a t e d .  The annuncia tors  showed: 

No flow l u b r i c a t i n g  o i l  t o  bea r ings  #l, 2 and 3 .  

Malfunct ion e l e c t r i c a l l y  d r iven  pump $E. 
Shaf t  d r i v e n  pump low flow ( t h i s  does not  i n i t i a t e  

motor braking,  bu t  i n i t i a t e s  s t a r t i n g  of  e l e c -  

t r i c a l l y  d r iven  pumps). 

Fu r the r  i n v e s t i g a t i o n  showed t h a t  e l e c t r i c a l l y  d r iven  pump #l d i d  not  pump 

. o i l .  A s  set up, pump #l w a s  t h e  back pump f o r  pump #2 which was t h e  prime 

pump. Due t o  a r e l a y  race i n  t h e  sha f t -d r iven  pump f a i l u r e  c i r c u i t ,  t h e  

back-up pump always comes i n  f i r s t  and shows t h e  prime pump as a malfunct ion.  

This  a l s o  i n h i b i t s  t h e  prime pump from ever  s t a r t i n g .  S ince  pump #l was 

c a l l e d  on t o  supply l u b r i c a t i n g  o i l  because of  low flow i n  t h e  sha f t -d r iven  

pump and f a i l e d  t o  pump o i l ,  t h e  motor brake  was i n i t i a t e d .  It must be  men- 

t i oned  t h a t  t h e  f a i l u r e  of  e i t h e r  t h e  sha f t -d r iven  pump and t h e  two e l e c t r i c a l  

pumps i n  supplying o i l  does not  endanger t h e  proper  l u b r i c a t i o n  of t h e  t h r e e  

bea r ings  immediately. O i l  r i n g s  are i n s t a l l e d  i n  each bea r ing  pedes t a l .  These 

pick-up o i l  i n  t h e  p e d e s t a l  r e s e r v o i r  t o  l u b r i c a t e  t h e  bea r ings  as t h e  s h a f t  

s p i n s  i n  a d d i t i o n  t o  t h e  sha f t -d r iven  pump supply.  The e l e c t r i c  pumps p l u s  

l i f t  pumps f o r  each bea r ing  are opera ted  i n  t h e  normal s t a r t - u p  and shutdown 

o f  t h e  motor-generator set, and as a l r e a d y  mentioned t h e  e l e c t r i c  pumps back- 

up t h e  sha f t -d r iven  pump. 
I 

Rigging and Repair  

The fo l lowing  i s  a chronogica l  r e p o r t  of  M r .  D. Davis, Acce lera tor  Depart- 

ment Power Engineer,  who w a s  i n  charge of  t h e  l o g i s t i c s  i n  t h e  r igg ing ,  t r a n s -  

p o r t a t i o n ,  and r e p a i r  of  t h e  motor r o t o r .  Other events  t h a t  took p l a c e  a r e  

added chronologica l ly .  

Saturday, August 19, 1972 

Upon a r r i v a l  a t  t h e  Siemens Power Supply Bui ld ing  fo l lowing  te lephone  n o t i -  

f i c a t i o n  of  t h e  motor r o t o r  f a u l t ,  t h e  s l i p - r i n g  enc losu re  had been removed and 

t h e  motor end s h i e l d s  were being removed. Ser ious  t r o u b l e  w a s  found i n  t h a t  one 

o r  two r o t o r  winding end connect ions were burned and t h e  r o t o r  t o  s l i p - r i n g  

connect ions were seve re ly  burned. 

It w a s  ev ident  t h a t  t h e  r o t o r  had t o  b e  removed f o r  r e p a i r  and M r .  Hansen 

of  Traynor and Hansen Rigging Company w a s  c a l l e d  t o  r eques t  t h a t  they  be  a t  

Brookhaven Nat iona l  Laboratory (BNL), Monday, August 21, t o  look a t  t h e  r i g g i n g  
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j o b  and prepare  f o r  t h e  work as soon as p o s s i b l e .  

Monday, August 21, 1972 

A Traynor and Hansen Rigging Company r e p r e s e n t a t i v e  a r r i v e d  i n  t h e  morning 

and prepared f o r  r i g g i n g  t o  commence t h e  next  day, Tuesday, 8/22/72. 

The General E l e c t r i c  Se rv ice  Shop, North Bergen, New J e r s e y  w a s  c a l l e d  t o  

have t h e i r  r e p r e s e n t a t i v e  look a t  t h e  r o t o r  f o r  r e p a i r .  

and s t a t e d  t h a t  h e  would b e  a t  BNL on Wednesday, 8/23/72 t o  look a t  t h e  r o t o r .  

Siemens, New J e r s e y  o f f i c e ,  M r .  Max Deterding w a s  c a l l e d  and w a s  informed 

M r .  J. McClure c a l l e d  ' 

t h a t  w e  were having t h e  General Electr ic  Se rv ice  Shop look a t  t h e  r o t o r  f o r  

p o s s i b l e  r e p a i r  by them. 

Tuesday, August 22, 1972 

Traynor and Hansen r epor t ed  and t h e  r i g g i n g  ope ra t ion  began. 

M r .  Max Deterding of  Siemens Corp. c a l l e d  and s t a t e d  t h a t  Siemens would 

l i k e  t o  have t h e  r o t o r  t o  t o  Allis-Chalmers i n  P i t t s b u r g  f o r  r e p a i r .  This  i s  

a t ransformer  manufacturing p l a n t .  

Siemens s a i d  they  p r e f e r r e d  t h e  Allis-Chalmers,  Milwaukee, Wisconsin p l a n t .  

(Allis-Chalmers has  some s o r t  of connect ion wi th  Siemens, and we  expected 

Siemens t o  p r e f e r  t h e i r  shop.) We objec ted  on t h e  b a s i s  o f  d i s t a n c e  and argued 

f o r  General Electr ic  s i n c e  they  had done o t h e r  r e p a i r s  f o r  BNL, had a shop t h a t  

i s  c l o s e  t o  BNL, and were capable  and equipped t o  do t h e  work. 

Before w e  could o b j e c t  t o  t h i s  p l a n t ,  

Wednesday, August 23, 1972 

M r .  J. McClure of  t h e  General Electr ic  Se rv ice  Shop a r r i v e d  a t  BNL and 

reviewed t h e  repair  work. He s t a t e d  they  were f a m i l i a r  wi th  t h e  c o n s t r u c t i o n  

and are prepared t o  start  work as soon as t h e  r o t o r  can be d e l i v e r e d  t o  them. 

The r i g g i n g  t o  remove t h e  r o t o r  cont inued.  

I n  t h e  evening, M r .  Klaus Rueschmann of  Siemens, Milwaukee a r r i v e d  a t  BNL. 

He c a r e f u l l y  inspec ted  t h e  machine and d i d  not  commit Siemens t o  any respons i -  

b i l i t y .  

fo l lowing  week. 

He, however, a r ranged  f o r  a man from B e r l i n  t o  a r r i v e  a t  BNL e a r l y  t h e  

Thursday, August 24, 1972 

A f t e r  c o n s u l t a t i o n  wi th  Siemens i n  Germany, M r .  Deterding withdrew Siemens 

o b j e c t i o n  t o  t h e  r e p a i r  of  t h e  motor r o t o r  by t h e  General E l e c t r i c  Serv ice  Shop 

o f  North Bergen, New J e r s e y ,  and s t a t e d  t h a t  an engineer  from B e r l i n  would re- 

p o r t  a t  t h e  New Jersey  shop t h e  fo l lowing  week. 



- 5 -  

I n  t h e  morning, M r .  Rueschmann m e t  w i th  s e v e r a l  members of  t h e  Depart- 

ment s t a f f .  He  was not  a t  a l l  s u r e  t h a t  t h e  f a i l u r e  w a s  due t o  poor workman- 

s h i p  on t h e  p a r t  o f  Siemens' c o n s t r u c t i o n  shop i n  which he  expressed complete 

confidence.  A test  of  t h e  o t h e r  j o i n t s  by pass ing  a c u r r e n t  of 1000 amperes 

and looking f o r  w a r m  j o i n t s  f a i l e d  t o  show any o t h e r  bad j o i n t s ,  bu t  it w a s  

agreed t h a t  t h i s  test  was not  d e f i n i t i v e  s i n c e  t h e  r o t o r  was not  sp inning  

and t h e r e  were no c e n t r i f u g a l  f o r c e s  on t h e  j o i n t s .  Rueschmann was asked 

about t h e  wisdom of  r e s o l d e r i n g  a l l  o f  t h e  r o t o r  j o i n t s .  H e  f e l t  t h a t  t h e  

b e s t  test  would be  t o  d e s t r o y  s e v e r a l  j o i n t s  by s e c t i o n i n g  them. I f  t h r e e  

undamaged j o i n t s  proved t o  b e  good, he  f e l t  t h a t  it was s a f e  not  t o  touch t h e  

remaining j o i n t s .  

Fr iday ,  August 25, 1972 

The r i g g i n g  of  t h e  motor r o t o r  i s  completed and t h e  Traynor and Hansen 

t r u c k  w i l l  d e l i v e r  t h e  r o t o r  t o  General Electr ic  on Monday, August 28. General  

Electr ic  was advised of t h e  d e l i v e r y .  

Monday, August 28, 1972 

The r o t o r  was d e l i v e r e d  t o  General Electr ic  Se rv ice  Shop a t  approximately 

1300 hour.  

t h e  

Ber 

Tuesday, August 29, 1972 

General Electric w a s  c a l l e d  and w e  were informed t h a t  t h e  r o t o r  w a s  being 

set up on t h e  shop f l o o r  and t h a t  t h e  winding r e t a i n i n g ' r i n g s  would be  removed 

fol lowing day. 

Wednesday, Augus t  30, 1972 (At G.E., N. Bergen, New Jersey)  

M r .  J. Cottingham and M r .  D.  Davis of  BNL, and M r .  G. Nagel (Siemens, 

i n ,  Manager I n s u l a t i o n  and Co i l  Department) and M r .  M. Deterding of Siemens 

Corp., New Jersey  inspec ted  t h e  damage a f t e r  t h e  r e t a i n i n g  r i n g s  were removed. 

One lower and two upper s l o t  winding c o i l s  are  d e f i n i t e l y  damaged. I f  

t h e  lower s l o t  c o i l  can be r e p a i r e d  by s p l i c i n g  new copper t o  t h e  good remain- 

i n g  p o r t i o n  of  t h e  c o i l ,  t hen  only twelve upper s l o t  c o i l s  must be removed 

( inc luding  t h e  two damaged upper s l o t  c o i l s )  t o  expose t h e  area f o r  r e p a i r .  

I f  a complete new c o i l  must be  used, t hen  twenty-four upper c o i l s  m u s t  be re- 

moved. 

The c o i l  i n s u l a t i o n  a t  t h e  s l i p - r i n g  end of t h e  r o t o r  (where t h e  f a u l t  I 

occurred)  which i s  under t h e  r e t a i n i n g  r i n g  i s  extremely d i r t y  wi th  carbon 
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from t h e  brushes.  This  i s  a n  area t h a t  i s  very  d i f f i c u l t  t o  c l e a n  and it  i s  

ev ident  t h a t  t h e  d i r t  was a major cause of  t h e  f a u l t  o r  a rc -over  between 

phases.  

The i n s u l a t i o n  and f i l l e r  a t  t h e  outboard end of  t h e  c o i l  support  (see 

Siemens drawing OD3.1470-163415 coord ina te  K6 has  b l i s t e r e d  p a i n t .  When t h i s  

i s  removed, small ho le s  show up which may have been caused by t r ack ing .  How- 

ever  no o t h e r  area shows where t h e  t r a c k i n g  o r i g i n a t e d .  M r .  Nagel, t h e  Siemens 

engineer ,  i n s i s t s  t h a t  t h e  h o l e s  a r e  t y p i c a l  i n  t h e  poured epoxy which i s  used 

i n  t h i s  area. 

The d e t a i l s  of  t h e  work were d iscussed  and agreed upon. 

The s l i p - r i n g  d iameters  were measured t o  see i f  t h e  r i n g  wear i s  over  t h e  

Siemens recommended minimum. The fol lowing measurements were recorded:  

W r i n g  - 657.35 m i l l i m e t e r s ,  B r i n g  - 655.44 mmMp ( n e u t r a l )  - 658.57 mm, 

U r i n g  - 657.80 mm. Siemens i n s t r u c t i o n  book shows 654 mm minimum diameter .  

The V r i n g  diameter  i s  thus  very  small, only  0.72 mm of material  a l lowable  f o r  

wear. 

t o  review t h e  minimum a l lowable  r i n g  diameter .  

The r i n g  has  cons ide rab le  material remaining and Siemens was reques ted  

The epoxy g l a s s  i n s u l a t i o n  which BNL i n s t a l l e d  a t  t h e  s l i p - r i n g s  h a s  ca r -  

bon from t h e  brushes  adher ing  t o  t h e  su r face .  

G . E .  us ing  a so lven t  "MID-SOLV" which i s  a perchlore thylene .  

This  was cleaned very  w e l l  by 

Fr iday ,  September 1, 1972 

Twelve upper c o i l s  were removed q u i t e  e a s i l y  wi th  only  one copper b a r  being 

damaged (bent ) .  There are two b a r s  t o  each c o i l .  The mica i n s u l a t i o n  was 

nicked and damaged on a11 of  t h e  twenty-four b a r s  dur ing  removal; they  w i l l  need 

t o  b e  r e i n s u l a t e d  i f  they  are t o  b e  used as good spa res .  

The damaged lower c o i l  can be  r e p a i r e d  i n  p l a c e  thus  r e q u i r i n g  t h a t  only 

The c o i l  b a r  bent  dur ing  removal w i l l  be used twelve upper c o i l s  b e  removed. 

t o  provide t h e  copper f o r  t h e  r e p a i r  of  t h e  damaged lower c o i l .  

The r e p a i r  w i l l  be  done by b raz ing  us ing  f i f t e e n  percent  (15%) s i l v e r .  



- 7 -  

I 

I l l  J!/ 4Edge of  r o t o r  s teel  !I 1 I- 

r e p a i r e d  was c u t  h e r e  

and new copper was I 

brazed wi th  s taggered  j o i n t s  as shown. The brazed j o i n t s  were then  ground 

t o  b a r  s i z e .  The r e p a i r  work on t h e  c o i l  was completed on t h i s  day and it 

i s  a n  e x c e l l e n t  job .  

The c o i l  end connect ion has  

a small space between c o i l s  

i n  t h i s  area which a l lows  

d i r t  t o  c o l l e c t  and shor t en  

t h e  creepage path t o  conductors '  o i l  end cap i n s u l a t i o n  

under t h e  end cap i n s u l a t i o n .  The major p o r t i o n  of  t h e  f a u l t  was i n  t h i s  area: 

A l l  end cap i n s u l a t i o n  w i l l  have t h i s  space f i l l e d  wi th  a n  epoxy and t h e  com- 

p l e t e  area w i l l  be  i n s u l a t e d  wi th  g l a s s  t a p e  and epoxy. 

Siemens "epoxy mica paint"  w i l l  be  used over  t h e  g l a s s  tape/epoxy i n s u l a -  

t i o n  between t h e  s l i p  r i n g s .  

The connector  b o l t s  a t  t h e  connect ion between t h e  s l i p - r i n g  b a r s  and t h e  

r o t o r  winding connect ing s t r a p  were t o o  long and thus  t o o  c l o s e  t o  t h e  s h a f t .  

The bolts w i l l  be  turned  around t o  ge t  more c l ea rance  t o  t h e  s h a f t  and t h e  s h a f t  

i n  t h i s  area w i l l  be  i n s u l a t e d  wi th  g l a s s  t a p e  and epoxy. 

. 

The r o t o r  w a s  steam and de te rgen t  c leaned F r iday  n igh t  and was put  i n  a n  

oven f o r  t h e  three-day weekend t o  dry.  

Wednesday, September 6, 1972 

The twelve upper c o i l s  were i n s t a l l e d  i n  t h e  s l o t s  and wedges.. The s p a r e  

c o i l s  and new wedges were used. 
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Slo  

The o l d  s l o t  l i n e r  

i n s u l a t i o n  was fo lded  over 

a t  t h e  t o p  of  t h e  bottom 

c o i l  and a new U shaped 

l i n e r  i n s u l a t i o n  w a s  i n s t a l -  

l e d  wi th  t h e  upper c o i l .  

A l l  c o i l  end cap i n s u l a t o r s  were f i l l e d  wi th  epoxy i n  a d d i t i o n  t o  t h e  

space between c o i l s  and each connectors .  

epoxyed. 

Schenectady, New Pork, "Barco Bond" two p a r t  m i x  equa l  of  each. The g l a s s  

t a p e  i s  h e l d  i n  p l ace  wi th  Scotch G r i p  11300L adhesive.  

They were then  g l a s s  taped  and 

The epoxy used t o  f i l l  t h e  endcaps  Is Astro  Chemical Co., 

The i n s u l a t i o n  a t  t h e  end of  t h e  c o i l  support  member w a s  c leaned i n  

p r e p a r a t i o n  f o r  t h e  i n s t a l l a t i o n  of  a f i b e r g l a s s  epoxy cover t o  b e  done 

Thursday, September 7.  P l e a s e  r e f e r  t o  Siemens drawing number 0D3.1470- 

163415 coord ina tes  K6 . The area shown-in r e d  denotes  the.  added f i b e r -  

g l a s s  epoxy cover.  

- - _ -  -- - - . - - ._ - - 

Fr iday ,  September 8 ,  1972 

The r o t o r  was h i -po t  t e s t e d  a f t e r  completion of  t h e  c o i l  i n s t a l l a t i o n  

and connect ions,  bu t  be fo re  connect ion t o  s l i p - r i n g s .  The r e s u l t s  were 

10,000 v o l t s  app l i ed  5 microamperes leakage o r  2000 megohms. 

The r o t o r  w a s  moved t o  t h e  l a t h e  and set up f o r  t h e  i n s t a l l a t i o n  of t h e  

epoxy g l a s s  i n s u l a t i o n  band over t h e  c o i l  ends.  

G.E. #76830 and "Permafil" p o l y e s t e r  r e s i n  G.E. $43405, Four thousand f i v e  

hundred (4500) ya rds  of  3 /4  i n .  wide t a p e  was used a t  each end of  t h e  r o t o r .  

The t a p e  was app l i ed  under 500 pounds t ens ion .  

and p o l y e s t e r  was cured f o r  two days a t  one hundred t e n  (110) degrees  Cels ius .  

The g l a s s  t a p e  used i s  

A f t e r  a p p l i c a t i o n ,  t h e  t a p e  

Monday, September 11, 1972 

The r o t o r  was back i n  t h e  l a t h e  and t h e  t a p e  over t h e  c o i l  ends was t u r n - '  

ed t o  dimension f o r  s h r i n k  f i t  of  s t ee l  r e t a i n i n g  bands. 



u-v 0.0115 ' I  
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Wednesday, September 13, 1972 

The r o t o r  was ou t  of t h e  l a t h e  and a h i -po t  tes t  was made b e f o r e  t h e  

s teel  r e t a i n i n g  bands were put  on. With t h e  winding connected t o  t h e  s l i p -  

r i n g s  t h e  r e s u l t s  were 10,000 v o l t s  app l i ed ,  150 microamperes leakage o r  

66.7 megohms. 

The r o t o r  connect ing b a r s  from t h e  winding t o  t h e  s l i p - r i n g s  a re  t o  b e  

i n s u l a t e d  Thursday, September 14, and t h e  complete job  i s  t o  be  pa in ted  wi th  

i n s u l a t i n g  varn ish .  

Fr iday ,  September 15, 1972 

The r o t o r  ba lance  was completed wi th  0.6 m i l s  f i n a l  reading .  Balance 

weights  were added - 7 l b s .  a t  t h e  s l i p - r i n g  end and 6 l b s .  a t  t h e  coupl ing  

end. 

The r o t o r  i n s u l a t i o n  r e s i s t a n c e  w a s  checked and w a s  300 megohms wi th  a 

1000 v o l t  megger. 

The r o t o r  r e s i s t a n c e  w a s  measured wi th  a Biddle  Company "Ducter" and i s  

as fo l lows:  

Mp-U 0.006 ohms @ approximately 2 0 ' ~  

Mp-V 0.006 'I 

Mp-W 0.006 

I t  

1 1  

The r o t o r  was pa in t ed  and w i l l  dry over t h e  weekend. It w i l l  be  ready 

f o r  pick-up by Traynor and Hansen on Monday o r  Tuesday. 

G.E. Se rv ice  Shop was g iven  t h e  "go-ahead" t o  r e i n s u l a t e  t h e  twenty- three 

r o t o r  winding b a r s  t h a t  w e r e  removed and rep laced  dur ing  t h e  r e p a i r .  

b a r s  w i l l  b e  i n s u l a t e d  wi th  epoxy f l a k e  mica t a p e  molded t o  t h e  s l o t  dimensions. 

The t a p e  i s  G.E. #77809. G.E. Se rv ice  Shop w i l l  r e t a i n  t h e  c r a t e  f o r  t h e  s p a r e  

c o i l s ,  pack t h e s e  c o i l  b a r s  w i th  t h e  remaining o r i g i n a l  s p a r e s  and s h i p  t h e  

complete c r a t e  t o  BNL. 

t i t y  as o r i g i n a l l y  purchased. 

These 

This  w i l l  g ive  BNL spa re  r o t o r  c o i l s  i n  t h e  same quan- 

Wednesday, September 20, 1972 

The motor r o t o r  was d e l i v e r e d  a t  BNL by Traynor and Hansen. 
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Thursday, September 21, 1972 

The r i g g i n g  of  t h e  motor r o t o r  w a s  s t a r t e d .  

Fr iday ,  September 22, 1972 

The motor r o t o r  w a s  i n  t h e  s t a t o r  bo re  ready Lx coup 

The weight of  the r o t o r  i s  o f f  t h e  s t a t o r .  

ing t o  t h e  gene ra to r .  

Saturday,  September 23, 1972 

The motor r o t o r  r i g g i n g  was completed ready f o r  t h e  alignment of t h e  motor- 

gene ra to r  set. 

Week of September 25, 1972 

The motor-generator set alignment w a s  completely checked and c o r r e c t e d  

where r equ i r ed .  

I n v e s t i g a t i o n  o f  Lubr ica t ing  O i l  System F a i l u r e  

During t h e  r e p a i r  o f  t h e  motor r o t o r ,  t h e  causes  f o r  t h e  f a i l u r e  of t h e  

motor-generator set l u b r i c a t i n g  o i l  system were i n v e s t i g a t e d .  A s  mentioned 

earlier t h e  sha f t -d r iven  pump and t h e  back-up e l e c t r i c a l l y  d r i v e n  pumps f a i l e d  

t o  d e l i v e r  a s u f f i c i e n t  q u a n t i t y  o f  o i l .  

The pumps were disassembled and thoroughly examined f o r  s i g n s  of wear o r  

component f a i l u r e s  and none could be  found. Each pump s u c t i o n  l i n e  has  a foo t  

va lve  (check va lve)  i n s t a l l e d  a t  t h e  lower end of t h e  p ipe  l i n e  near  t h e  bottom 

of  t h e  o i l  tank.  See Siemens drawing number 2D8.6701-167338 coord ina te  B5. 

These check va lves  were disassembled. It was found t h a t  t h e  check mechanism 

seal had d e t e r i o r a t e d .  See F igs .  10 and 11. The material used t o  seal a t  t h e  

v a l v e  seat (not  shown) was some type  of  rubber  which had become spongy, d i s -  

t o r t e d ,  and eroded i n  t h e  case of  pump #2 check va lve  where t h e  flow w a s  not  

impeded when t e s t e d .  

as t o  impede t h e  proper  ope ra t ion  of  t h e  va lve  and thereby  t o  r e s t r i c t  t h e  

normal flow of  o i l .  

I n  t h e  c a s e  of pump P l  t h e  seal  material w a s  so b loa ted  

S ince  pump ilk1 and #2 are w e l l  down i n t o  t h e  tank,  and t h e r e f o r e  s e l f -  

priming, t h e  s u c t i o n  l i n e  check va lves  were completely removed. The check 

va lve  a t  t h e  lower end of  t h e  sha f t -d r iven  pump s u c t i o n  l i n e  exh ib i t ed  t h e  

same problem as  t h e  o t h e r s  i n  t h a t  t h e  seal material was spongy and b loa ted  

t o  t h e  p o i n t  t h a t  i t  s e r i o u s l y  r e s t r i c t e d  t h e  normal flow. The seal  material 

i s  very  ev iden t ly  not  compatible wi th  t h e  l u b r i c a t i n g  o i l .  Th i s  o i l  i s  Mobil 

DTE medium grade o i l  without  any i n h i b i t o r s .  S ince  t h i s  check va lve  must hold 
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f i f t e e n  f e e t  of o i l  t o  prevent  t h e  l o s s  o f  charge of  o i l  f o r  t h e  sha f t -d r iven  

pump, i t  was r e p a i r e d  us ing  Buna-N s y n t h e t i c  rubber  material t o  r e p l a c e  t h e  

d e f e c t i v e  seal  material. 

The r e l a y  race problem wi th  t h e  e l e c t r i c a l l y  d r iven  o i l  pump c o n t r o l  

c i r c u i t s  was co r rec t ed .  

Generator Rotor Se rv ic ing  

During t h e  t i m e  when t h e  motor r o t o r  w a s  i n  t h e  General Electr ic  Se rv ice  

Shop, t h e  gene ra to r  r o t o r  w a s  r igged  out  of  i t s  s t a t o r  onto t h e  f l o o r  of  t h e  

motor-generator set room. The Siemens I n s t r u c t i o n  and Maintenance Manual re- 

commends y e a r l y  i n s p e c t i o n  of t h e  r o t o r s  of  bo th  t h e  motor and genera tor .  

The CERN l abora to ry  of  Geneva, Switzer land who a l s o  owns a Siemens power sup- 

p l y  wi th  a n  i d e n t i c a l  gene ra to r  and a s i x  megawatt motor t u rn ing  a t  1OG-0 rpm 

have pu l l ed  out  t h e i r  r o t o r s  two t i m e s  s i n c e  t h e  power supply went i n t o  oper- 

a t i o n .  A t  both times t h e  gene ra to r  r o t o r  had t o  b e  se rv iced .  The f i e l d  c o i l  

b race  r e t a i n i n g  b o l t s  had become loose  and needed r e t i g h t e n i n g .  

In spec t ion  of t h e  AGS genera tor  r o t o r  showed t h e  same condi t ion .  See 

Fig.  12, gene ra to r  r o t o r ,  and Siemens drawing number 1D1.1384-156656, f i e l d  

c o i l  b race .  I n  t h e  photograph, t h e  f i e l d  c o i l  b races  ( l i g h t  c o l o r )  are  shown ~ 

between t h e  poles .  

shown on t h e  f i e l d  c o i l  b race  drawing, one b o l t  r e t a i n s  t h e  brace .  The b o l t  

head i s  locked by a lock  p l a t e  t o  prevent  it from tu rn ing .  

compresses i n s u l a t i o n  b locks  onto  t h e  f i e l d  c o i l s .  

There are  s ix  b races  between each of  t h e  s ix  poles .  A s  

I n  t u r n  t h e  b race  

During normal pu l se  duty,  t h e  gene ra to r  d e l i v e r s  energy dur ing  t h e  a c c e l -  

Then t h e  power supply e r a t i o n  and f l a t  t o p  p a r t  of  t h e  magnet p u l s e  cyc le .  

i n v e r t s  and t h e  gene ra to r  i s  opera ted  as a motor t o  recover  a good p a r t  of t h e  

s t o r e d  energy i n  t h e  magnet. During t h e  changeover from one mode of ope ra t ion  

t o  t h e  o t h e r ,  t h e  gene ra to r  t o rque  d i r e c t i o n  changes. 

During normal ope ra t ion ,  t h e  po le s  expand thermal ly  due t o  t h e  f i e l d  p o l e  

These compress t h e  c u r r e n t  and e l a s t i c a l l y  due t o  t h e  h igh  c e n t r i f u g a l  fo rce .  

i n s u l a t i o n  b locks  a t  t h e  f i e l d  c o i l  b races .  With cont inuous opera t ion ,  t h e  

i n s u l a t i o n  b locks  become t h i n n e r  r e q u i r i n g  t h e  t i g h t e n i n g  of  t h e  f i e l d  c o i l  

b race  r e t a i n i n g  b o l t s  p e r i o d i c a l l y .  

a c c e s s i b l e  wh i l e  t h e  r o t o r  i s  i n s i d e  t h e  s t a t o r ,  t h e  r o t o r  must b e  pu l l ed  out  

t o  accomplish t h e  t i gh ten ing .  

S ince  t h e s e  r e t a i n i n g  b o l t s  are not  e a s i l y  
' 

The f i e l d  c o i l  b race  were t igh tened  down and t h e  r e t a i n i n g  b o l t s  were 
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torqued t o  150 foot-pounds. 

s t a t o r  and completed Wednesday, September 20. 

The genera tor  r o t o r  w a s  r igged  back i n t o  t h e  

1 
The motor-generator set a i r  cool ing  i s  a c losed  system wi th  a i r  t o  water 

h e a t  exchangers--two f o r  t h e  motor and four  f o r  t h e  gene ra to r - - in s t a l l ed  on 

chimneys i n  t h e  motor-generator set p i t s .  The p i t s  are separa ted  from each 

o the r  by a sea led  door,  and t h e  motor and genera tor  are each s e p a r a t e l y  en- 

c losed  by bo l t ed  on end covers.  

The a i r  i s  drawn i n  a x i a l l y  by c e n t r i f u g a l  a c t i o n  of t h e  motor r o t o r ,  by 

f ans  and c e n t r i g u a l  a c t i o n  of t h e  genera tor  r o t o r .  

t h e  s t a t o r  co res  down t h e  chimney, through t h e  a i r  t o  water h e a t  exchangers 

and up aga in  t o  t h e  a x i s  of t h e  machines. 

The a i r  i s  blown through 

Both machines have s l i p - r i n g s  ad jacen t  t o  t h e  one of t h e  end covers .  The 

covers  are sea led  t o  t h e  s h a f t  with b a k e l i t e  covers  wi th  about t e n  thousandths  

of a n  inch c learance .  The genera tor  s l i p - r i n g s  are i n  t h e  open, whereas t h e  

motor s l i p - r i n g s  are enclosed and f o r c e  v e n t i l a t e d .  The a i r  p re s su re  i n  t h e  

s l i p - r i n g  ' enc losure  i s  th ree  and __ a h a l f i n c h e s  - of water .  
_ _ _ _  ~ 

The a i r  p re s su re  a t  t h e  axis of each machine i s  s l i g h t l y  nega t ive  and t h e  

brush dus t  due t o  brush wear i s  forced i n t o  t h e  i n s i d e  of t h e  covers  v i a  t h e  

s h a f t  seal  c l ea rance  because of t h e  d i f f e r e n t i a l  p ressure .  

Blowers were i n s t a l l e d ,  one f o r  each machine, t o  p r e s s u r i z e  t h e  c losed  

a i r  systems. 

s ta t ic  p res su re  which i s  ad jus t ed  t o  5 t o  54 i n .  of water f o r  t h e  motor and 

1% i n .  of  water f o r  t h e  genera tor .  With a p res su re  i n s i d e  t h e  machines h igher  

t han  immediately o u t s i d e  t h e  machines, brush dus t  w i l l  not e n t e r  i n t o  t h e  in -  

s ide .  

Liquid Rheostat  Repairs and Improvements 

The blower o u t l e t  i n  each case  i s  o r i f i c e d  t o  determine t h e  

The motor-generator set motor i s  s t a r t e d  and braked by means of a l i q u i d  

r h e o s t a t  connected t o  t h e  motor r o t o r .  The e l e c t r o l y t e  i s  a one percent  sodium 

carbonate  s o l u t i o n  i n  water. 

open-ended tanks  coupled toge the r  t o  form a s i n g l e  tank.  One p a r t  con ta ins  

t h e  f ixed  and movable e l e c t r o d e s  and t h e  o the r  p a r t  con ta ins  t h r e e  hea t  ex- 

changers t o  coo l  t h e  e l e c t r o l y t e .  

are made of s teel .  

The l i q u i d  r h e o s t a t  assembly c o n s i s t s  of two 

The two p a r t  t ank  and t h e  hea t  exchangers 
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Since  t h e  s tar t  of ope ra t ion  of  t h e  power supply a year  and a h a l f  ago, 

one of  t h e  t h r e e  hea t  exchangers developed a l eak  i n  one of  i t s  cool ing  tubes .  

I n v e s t i g a t i o n  showed that t h e  i n s i d e  of  t h e  cool ing  tubes  had become corroded 

and p a r t i a l l y  plugged up wi th  a ha rd  substance.  

t r e a t e d  w i t h  hexametaphosphate. 

The cool ing  water used i s  

The t h r e e  h e a t  exchangers were re tubed  wi th  90-10 cupro n i c k e l  tubes .  

The l i q u i d  r h e o s t a t  t ank  i n s i d e  s u r f a c e s  w e r e  pa in t ed  with t h r e e  c o a t s  o f  

P i t t s b u r g  Aquapon epoxy p a i n t  over one coa t  of  pr imer .  The l a s t  coa t  w a s  

cured f o r  seven days b e f o r e  f i l l i n g  t h e  tank  wi th  t h e  e l e c t r o l y t e .  

Distr: Department Adminis t ra t ion  
AGS Divis ion  S t a f f  
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Figure  Capt ions 

F ig .  1 

Fig .  2 

F ig .  3 

F ig .  4 

F ig .  5 

F ig .  6 

Fig.  7 

F ig .  8 

F ig .  9 

Fig.  10  

F ig .  11 

Fig .  12 

Siemens Motor Generator Se t .  

Rotor Winding. 

Rotor Winding. 

Rotor Winding 

Rotor Winding. 

Rotor Winding. 

Slip-Ring Connection. 

Slip-Ring Connection. 

Slip-Ring Connection. 

Foot Valves. 

Foot Valves. 

Generator Rotor.  

Drawings 

Dwg . N O .  2D3.1326- 163413 

TU-W 182711 

OD3.1470-163415 

1D3.1470-163416 

0D3.1471-163417 

1D3.1848-163423 

2D8.6701-167338 

1D1.1384-156656 

Rotor Winding Cap 

Rotor Winding Diagram 

Rotor Winding P l a t e  ?"l 

Rotor Winding Plate  f 2  

Rotor Winding 

Winding Support  

O i l  P ip ing  System 

, F i e l d  Coi l  Brace 

* 
Colored p r i n t s  and drawings r e f e r r e d  t o  above are a v a i l a b l e  on r eques t .  
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