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ABSTRACT 

When superconducting magnets quench, t he  res i s tance  o f  t h e  conductor 

mater ia l .  r i s e s  r a p i d l y  t o  i t s  normal value. This increase i n  res i s tance  

can r e s u l t  i n  ca tas t roph ic  heat ing  i n  t he  magnet unless s to red f i e l d  

energy i s  q u i c k l y  removed from the  system. 

Phase i nve rs ion  i s  the  normal mode o f  energy removal. SCR's i n  

t h e  power supply a re  phased back, t he  ou tpu t  o f  t he  supply i s  i nve r ted ,  

and magnetic f i e l d  energy i s  d i r e c t e d  back i n t o  the  u t i l i t y  g r i d .  

Under c e r t a i n  cond i t ions ,  however, the  power supply may f a i l  t o  

i n v e r t  p roper ly ,  and an a l t e r n a t e  energy removal scheme must p r o t e c t  

t he  superconducting magnet system. Composed of an i s o l a t i o n  swi tch,  a  

semiconductor sw i t ch ing  module, and a  dump r e s i s t o r ,  the r e s i s t i v e  dump 

device prov ides a  v i a b l e  p r o t e c t i o n  scheme. 

Opera t i ona l l y  , several cond i t ions  are  capable o f  a c t i v a t i n g  the  

i s o l a t i o n  sw i t ch  and t r i g g e r i n g  the  b i p o l a r  SCR sw i t ch ing  module. Manual 

dump comnands, f o r  instance,  permi t  t he  opera tor  t o  dump f i e l d  energy i n  

t h e  event o f  observed abnormal i t ies .  A spec ia l  vo l tage t a p  quench detec-  

t o r  senses the aforementioned abnormal power supply ou tpu t  i n v e r s i o n  and 

a l s o  f i r e s  the  dump c i r c u i t .  

Regardless o f  the na ture  o f  the  t r i g g e r  i npu t ,  however, a c t i v a t i o n  

o f  t he  energy dump device d i v e r t s  c o i l  c u r r e n t  through the  dump r e s i s t o r .  
2 I R losses over t ime then s a f e l y  d i s s i p a t e  s to red  magnetic f i e l d  energy. 
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1 . INTRODUCTION 

Superconducting mater ia ls  are  bounded i n  t h e i r  res is tance less  

behavior by c r i t i c a l  values o f  temperature, magnetic f i e l d  and cu r ren t  

dens i t y  (See Figure 1 )  which, i f  exceeded, cause the  superconductor t o  

quench o r  r e t u r n  t o  i t s  normal conduct ing s ta te . '  When present  i n  magnet 

systems, the  quenched superconductor creates a ser ious  problem i n  dea l i ng  

w i t h  energy s tored i n  the  f i e l d  o f  the  magnet. Unless cu r ren t  i n  normal 

po r t i ons  o f  the'magnet i s  shunted t o  a h i g h l y  conduct ive normal conductor 

( u s u a l l y  copper) surrounding the superconductor and f i e l d  energy i s  qu ick-  

l y  and s a f e l y  removed from the system, ca tas t roph ic  heat ing  may r e ~ u l t . ~  

I n  the  event o f  f a i l u r e  o f  phase inve rs ion  techniques where f i e l d  energy 

i s  fed  back i n t o  the  u t i l i t y  g r i d ,  energy d i s s i p a t i o n  i n  the  superconduct- 

i n g  magnet system described must occur through an appropr ia te  energy dump 

device. 



Fig. 1 .  Superconducting region bounded by cr i t ica l  3-H-T surface. 
Superconducting regi on below surface, resist ive "r~ut-~ndl" 

region above surface. (From Ref. 3 )  



2. THE ENERGY DUMP DEVICE 

The c i r c u i t  descr ibed i s  designed f o r  use w i t h  a  2  kA, 300 V 

b i p o l a r  power supply. The th ree  major elements o f  the  dump device are 

a  semiconductor swi tch,  a  dump r e s i s t o r ,  and a  13.8 kV ac c i r c u i t  breaker 

used as an i s o l a t i o n  swi tch .  (See F igure  2 )  

2.1 THE SEMICONDUCTOR SWITCHING MODULE 

2.1.1 Design Considerat, ions 

The purpose of the semiconductor sw i t ch  i s  t o  p rov ide  a  path f o r  

c o i l  c u r r e n t  through the  dump r e s i s t o r .  See F igure  3. Because o f  the 

b i p o l a r  na ture  o f  the  power supply, the  sw i t ch  must be capable o f  accom- 

modating c u r r e n t  i n  two d i r e c t i o n s  b u t  n o t  s h o r t  the ou tpu t  o f  t he  supply 

under normal ope ra t i ng  cond i t i ons .  Also, the  sw i t ch  must have a  minimum 

forward b l o c k i n g  vo l tage greater  than 300 V and be capable o f  enduring 

a  c u r r e n t  decaying exponen t ia l l y  from 2000 A a t  a  maximum t ime constant  

of 3  seconds. 

The sw i t ch ing  device chosen was a  Westinghouse Type T920 Pow-R-Disc 

S C R y  manufacturer 's  number T920121003 DM.* Data sheets are  contained i n  

Appendix A. 

The r a t e d  1200 V maximum forward b l o c k i n g  vo l tage o f  t h e  device 

w e l l  exceeds minimum design requirements. I t  w i l l  be noted, however, t h a t  

t he  device i s  r a t e d  f o r  1000 A average and 1570 A RMS forward cu r ren t .  

It was the re fo re  necessary t o  determine whether o r  n o t  t he  j u n c t i o n  

temperature of the SCR would r i s e  unacceptably d u r i n g  a  dump procedure. 

A wors t  case est imate of temperature , r i s e  was made by conve r t i ng  

the  power i n p u t  curve shown i n  F igure  4a t o  the  se r ies  o f  pulses shown. 

i n  F igure  4b as described i n  re fe rence 4. Next, the t r a n s i e n t  thermal 

impedance o f  the SCR and thermal impedance between the  SCR case and heat-  

s i n k  were determined from manufacturer 's  da ta .  

* 
Reference t o  a  company o r  product.name does n o t  imp ly  approval o r  recom- 

mendation o f  t he  product  by Union Carbide, t h e  Oak Ridge Nat iona l  Labora- 
lor.y, or ,tlse U. 5. Energy Research and Developnient A d ~ ~ i i n i s t r a t i o n  t o  t he  

exc lus ion  o f  o thers  t h a t  may be s u i t a b l e ,  equal,  o r  supe r io r .  
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I n  o rder  t o  complete the  thermal c i r c u i t  o f  the  SCR and t o  c a l -  

c u l a t e  a  j u n c t i o n  temperature r i s e ,  c h a r a c t e r i s t i c s  o f  the  heats ink  were 

considered. Trans ien t  thermal impedance o f  the  heats ink,  ytIF, was 

ca l cu la ted  from the  expression : 

where h  i s  the  t o t a l  heat  t r a n s f e r  c o e f f i c i e n t  o f , t h e  heats ink  i n  
2  0 2  w a t t s / i n  - C, A i s  the s i n k ' s  sur face area i n  i n  and RC i s  t h e  thermal 

t ime constant  o f  the  system i n  seconds. S u b s t i t u t i n g  known values f o r  A 

and RC, e 
( t ) F '  

was expressed as a  f u n c t i o n  of h. A graph o f  the  r e l a t i o n ,  

however, i nd i ca tes  e 
( t ) F  

va r ies  o n l y  approximately 1  x  O ~ / w a t t  w h i l e  

h  va r ies  from t o  10-2 w a t t / i n 2  -OC.  The s h o r t  e l e c t r i c a l  t ime 

constant  o f  t he  c i r c u i t  thus l i m i t s  the s i g n i f i c a n c e  o f  heats ink  c o n f i g -  

u r a t i o n .  A f t e r  approximating h  from nomographs i n  re fe rence 4  t o  i nsu re  

< h  < e(t)F was ast imated a t  1.5 x   watt. 
The complete thermal c i r c u i t  i s  shown i n  F igure  5. Ca lcu la t i on  

i nd i ca tes  t h a t  w i t h  Tambient = 25O~,  ' the  SCR j u n c t i o n  temperature w i  11 

r i s e  t o  a  maximum o f  122.4'~. No j u n c t i o n  overheat ing d i f f i c u l t i e s  are  

the re fd re  foreseen as maximum r a t e d  j u n c t i o n  temperature i s  125% and 

the  est imate i s  based on a w a w t  case. 

F i n a l  ly ,  a  symmetrical sw i tch  assembly, descr ibed more f u l  l y  under 

"Descr ip t ion  o f  C i r c u i t  Operation", a1 lows the  requ i red  b i d i r e c t i o n a l  

dump cu r ren t .  

2.1.2 Const ruc t ion  

An assembly view o f  t hc  SCR swi tch  i s  shown i n  F igure  6. A 
modular concept was adopted so t h a t  the  device cou ld  be assembled and 

tes ted  under c o n t r o l l e d  cond i t ions .  

The base o f  t he  sw i t ch ing  module i s  one i n c h  t h i c k  laminated 

phenol ic  board. The L shaped end brackets a re  h e l d  by 6 i nch  h i g h  



C-------- 
Tj 

' ( t )  J-C 

SCR power d i s s i p a t i o n ,  Watts; See Fig,. 3b. 

Trans ient  thermal . impedance between SCR j u n c t i o n  & case 

See Appendix A. 

Trans i a n t  thermal impcndari~t! be lween case & heats i nk 

= 0.01 ' c / ~ a t t .  

Trans ient  thermal impedance between heats ink & ambient 

= 0 . 0 0 1 5 ~ ~ / ~ a t t .  

j u n c t i o n  temperature, 'C 

SCR case temperature, 'C 

heats i nk temperature , OC 

ambient temperature, OC 

F ig .  5. SCR Thermal C i r c u i t .  
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2 6  B W .  PHENOLIC, L M I P T E O  ( I I IWJA) ,  7' X 8' X PO 

318'  TH. I U1 

SCREW. 2' UU1G W. SILICONE BROHZE, HEX H W ,  1/2-15 X 

MASHER. LDCK. 5.8.. FOR U 2 '  DIA. BOLT 

8 I 7 

NUT, HEX, 5.8.. 1/2-13 THD. 

5 4 6 

WASHER, FIAT, S.U.. llYi A, Y l U t  S t l l t S  IZR  ANSI 
STD. 827.2, 1-318' 0.0.. .1B' TH.. FOR U2' OIA, 
BOLT 

3 - -.: ' -.s-.: 
@ 

EPUlPlWT LIST 

ITEH - %SCRIPTIOW 
I 

13 SCREW, W I N E ,  5.5.. ROWD W. FOR ITEM BIZ, 27 OlODE. ZUER. 10 V, 50 W, 5 1  TOLERANCE, CATHODE 
m NAND 

1 MARO, PHENOLIC, L M I P T E D  (HICARTA). 27' X 15' / [  CMNECTIOH VIA STUD. TYPE NO. U3347RB. ON ORnR 

X 1' TH. 14 MASHER, LDCX, S.S., FOR ITEM 113. ON WWD 28  OIODE. ZENER, 10 V, 5 0  W, 5 1  T o L E ~ C E ,  ANODE 

2 BUS, COPPER, 4' WIDE X U2. TH. 1 5  HUT, HEX, 5.5.. FOR ITVI 113. d I w D  
GINNECTIW VIA STM, TYPE NO. 1N33478, ON ORoER 

3 BUS. COPPER. P' WIDE X U2' TH., CUT TO 3- WIDTH 
1 

1 6  BOARD, PHEIIOLIC, LMINATEO IHl t lPTA),  318. X U P '  29 INSULAToR' STANmFF' l' 

TH. 
4 BUS. UPPER, 6 WIDE X U 4 '  TH. 1 M SCREW. M W l N E .  S.S., ROWD HEAD, 16-32 X U 2 '  

17 STEEL. CAJBlY, CMO ROLLED, 318'  W l U  X UU. IN .  
LONG 

5 BUS, LOPPER, 4' WIDE X U 2 '  TH. i 
1 8  RELAY, REED, MOIETIC, W I N  CAI. NO. SRR-2, 

3 1  STRIP. T E M I U L ,  6 POINT, CINCH-JWS CAT. ND. 

G STMOOR. BUS. 4' 011. X Y HIGH, W WAD W ORnR ,I 6-141 

7 BOARD, PHENOLIC, WIINATED (HICARTA). 2-ll2' X 1 9  PIN, T E M I P L ,  BENDIX NU. 10-40%9 
32 DIODE. RECTIFIER, TYPE WOW 

314' TH. 
20 '  . WIE, MDKW, $22, OW WWD i 

33 STRIP. TEMINAL. I 6 - U r  LOWG x 1.31~' WIDE 

8 BAR. STUD, WAKEFIELD CAT. NO. 139-E, W ORDER 
2 1  NUT, HEX, 5.5.. 110-2U 

3U PULE. ALWIINW, 1' X 118- TH. 

9 SCR, 1200 V. ILm A, MESTINGHOUSE CAT. NO. 
TOZOlZlOO3 M. ON DRLER 22 SCREW, MCHINE. 5.5.. ROUND W, XIOIZU X 314' 

35 MASHER. FLAT, S.S., FOR U 4 '  DIA. BOLT 

LONG i M NUT. HEX, 5.5.. 1/4-28 THD. 
1 0  C L W .  WWTING, SPRING m L I ,  WAKEFIELD CAT. 

NO. 139-2, ON ORnR 23  SCREW. MCHINE. 5.5.. FLAT HEAD, M/UO X 314' LONG 37 SCREW. MCHINE. 5.5.. FLAT HEAD. UU-20  X 2. LOW6 

11 NUT. HEX, SUPPLIED WITH l T U  110  24 WATHER. LOCX, S.S., FOR I4 M W I L  SCREW ?4 MASHER. LOCK. STEEL. FOR 114. 011. BOLT 

12 TEWIINRL, CRIR, FOR #22 WIRE, OW WAD 25 NUT. IIIX. 5.5.. TOR l l l l 4 O  SCREW I 39 NUT. HEX, S.S., U l - 2 0  THD. 

SCREW. CAP, 5.5.. HEX HEAD. 3/8-16 X 1-114' LONG 

- 

G 

- 

WASHER. LOCX. 5.5.. FOR 318' OIA. BOLT 

SCREW, CAP, S.S., HEX HEAD, 1/4-20 X 1-112. LONG 

WASHER, FLAT. S.S., FOR UU '  OIA. BOLl 

SCREW. MCHINE, 5.5.. FLAT HEAD. 1/4-20 X 1-112. 
.LONG 

49 USHER, FLAT, 5.5,. FOR W SCREW 

50 SCREY. MCHIHE, 5.5.. FLAT H W ,  1 6 - v  X 314' 

5 1  MASHER, BILLEYILLE. FOR U 4 -  DIA. BOIT 

52 LUBRICANT. T H E W ,  ALCOd fl 

53 ANGLE. ALMINWI, 1-112. X 1-112' X 114. TH. 

""5; 

1. BMT C W I S  TO 1- HI[ARTA A W B X l M T E L I  AT LOUTIOW Ymm. , C. BTATE THE UVICE, SPRLIIOING THE C W W D  OMR F. I F  DVDVlTlNG I S  FfPUIRED. C W  ALL SURFACES AN0 8. LOCATE WLES M R  STMmFFS M E R  ALL OTHER FURTlDYS OF THE 

ALL WORK SHOWN ON THIS 
DRAWING TO BE 

PERFORMED BY UCC-ND I 2. SURFACE MT BE CLWIED (F OXIDES. FIU. ETC.. OR WITH z i n c  
THE POWING SURFACES. REPEAT STEK A THRU E. X R  M O  BUS DEVICE W E  BEEN ASSLQUO. THE DEVICE M T  NOT 

CHRWTE CCNERSIM W MWIINLR. D. OECX TO 1NSLW.f X V l C E  I S  P m l T l M E O  AT ILLUSTWEO. P .  THE THEWAL LUBRltPJlT I S  M IMSULATOR. [ARE M T  BE T A M  
BE M E 0  UNDER STRESS OUE TO IRROPERLY L O W E D  BUS S W R T S .  

TO PROVIDE A !H& F I U  OF COROUO AND APPWRIATE POUlTlNG 9. CUTER REED SW. OW ITEM 116 M I  SOLDER ER TO FIELD W T E O  

i 
3. THE PlllCLWDUCTOR DEVICES MJST BE W T E D  !!SING A THEWAL E. FOR IEH a: POBT WITH A MRE OF ~CQI ~85 .  

1 
B LUBRICATING C W W O  @ AS FOLLU6. E X T m  CARE W T  BE T W I N  TO TIGHTEN W P m l T E  Um PRMSURE AT ALL JOINlS. TERIIINAL PINS. REED WF FACES M T  BE P A W L E L  TO THE BUS 2 

OF l T V l  110 EMNLI.  OTHERYISE, AN WLCCEPTULE 5. WLE  W x  BE DRILLLO AT %@ TO POWTING SURFACE, 
SURFAC~ MD LOMR am OF PIMS srr rmr  r o c 1 1  BIR. 

A. DISKNSE THE t O R O l D  F R M  A T U X  OR USE A =LID 

APPLICATOR. OTHER APPLICATORS LFAE LlnT  YO GRIT 
INTERFACE RESULTS. USE CAUTIM; ITEM 110 B E C M S  

6. c f f l l l ~ c ~ l f f l  IM THE FIELD. 
10. USE nz m x w  WIRE w u s s  OTHERYISE SPECIFIED. I 

AND S W L  NOT BE USED. 
VERY 8 R l l l L L  M l lR  Ym LBS. UPL IED  M K E .  

11. SEE MG.  Lml FOR LEGEND AND REFEWCE DYb'S. .'! M R  I T V I  I ' S  27 AND 28: TIWITEN BELLEVILLE NUT 
7. COBTERSINX BOLT &ADS W R M R S E  SIDE OF BOARD TO M I N I A I N  

B, U P L I  CORDWD I N  THE &OltTRlC CEMTER W fACH 
FlMGtR T I W  PLUS U 2  RM)LUTIW. 

FLAT NlWTlNG SURFACE. 
m m ~ ~ c ~  AREA FOR ITVI a MD AROV~D THE STUD FOR 

F i g .  6. AssembI[y of t h e  s w i t c h i n g  module. 



porcelain bus supports. The vertical  bus bars which make e lec t r ica l  

and thcrm~l  conncction to  the SCR's a re  prepared per Figure 7. Assembly 
procedures are extremely important and manufacturer's recommendations 
must be followed t o  prevent excess thermal and e lec t r ica l  impedance a t  
the SCR case to  heatsink junction. 

2 . 2  THE DUMP RESISTOR 

2.2.1 Operating Parameters 

Actual dissipation of energy in the dymp c i r c u i t  i s  seen as heat 

i n  a s ta in less  s tee l  r e s i s to r .  Since a t  maximum coil  current i t  i s  
desired to  see only approximately 300 volts across the dump r e s i s to r ,  
the resistance value required i s  0 . 1 5 ~ .  Also, the temperature of the 
r e s i s to r  must not r i s e  t o  an unacceptable level when maximum dump energy 
input i s  -1 MJ. 

Performing the conversion on thc curvc shown i n  Figurc 8a t o  obtain 

the pulses shown i n  Figure 8b  and determining the t ransient  thermal imped- 
ance of the r e s i s to r  as described e a r l i e r ,  a maximum res i s to r  temperature 

nf 97'~ i s  pxpected when T,lllLi.,lL = 2 5 ' ~ .  Since the insulation of cables 

attached to  the r e s i s to r  i s  rated for  7 5 ' ~ ~  the conductors have been 
attached f a r  enough away from thc rcs i s tor  to  prevent overheating as 

described below. 

2.2.2 Construction 

The r e s i s to r  used ,in Lilt! 300 V ,  2 kA application was an existing 
device constructed of parallel  four foot  lengths of 1/2 inch diameter 
304 s ta in less  s tee l  rods welded i n  s e r i e s .  Twenty-four such rods are  
reciuired for  0.15n tn ta l  resistance. See Reference 5. 

Electrical connections are made via 1/2 inch thick s ta in less  

s tee l  plates welded t o  the rods. The en t i r e  device i s  insulated thermally 

and e l ec t r i ca l ly  from aluminum angle support members by 1/2 inch thick 
s t r i p s  of Marinite inserted between 2"  x 2 "  x 1/4" sections of aluminum 

anglc. Scc Figurc 9. 
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( OR CHANNELS 
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STEEL BOLTS 

Fig. 9. Dump Resistor Support Detail. 



2.3 THE ISOLATION BREAKER 

111 l t ~ e  present appl tc i l t ion,  the r o l e  o f  the dump b r e a l r ~ r  i s  

twofold. F i r s t ,  it iso la tes  the power supply from the loadside condi t ions 

o f  a dump procedure. Second, voltage r i s e  across the opening breaker 

contacts resu l t s  i n  a -L d i / d t  voltage across the c o i l  and consequently 

the gate s ignal  necessary t o  f i r e  the SCRts and d i v e r t  c o i l  cur rent  

through the dump r e s i s t o r .  See "Descript ion C i r c u i t  Operation. " 

2.3.1 Design Considerations 

The 13.8 kV ac breaker was chosen as an i s o l a t i o n  switch when 

design requirements Ind icated voltages as high as 1.5 kV dc could 

appear across the experirrientdl f nductor . Later rev is ions , howcvcr , 
ind ica ted  c o i l  voltage should be l i m i t e d  t o  approximately 300 v o l t s  dc. 

Nonetheless, the ac c i r c u i t  breaker provided an e f f ec t i ve ,  preassembled 

s t ruc tu re  i n  terms o f  the breaker proper, i t s  enclosure, necessary con t ro l  

devices, and s u f f i c i e n t  space atop the  enclosure t o  mount the dump 

r e s i s t o r  and switching module. The advantages o f  the ac breaker over 

o ther  schemes such as e laborate ly  supported dc c i r c u i t  breakers war- 
ranted use o f  the ac device. 

2.3.2 I s o l a t i o n  Breaker Operating Parameters 

Speci f icat ions o f  the A1 1 is-Chalmers MC-500 c i r c u i t  breaker are 

1 i s t e d  i n  Appendix B. As indicated, the breaker i n te r rup t s  load current  

i n  133.3 m i  11 iseconds . Correspondingly, cur rent  through the semiconductar 

switch must r i s e  from zero t o  approximately 2000 A I n  t h i s  in te rva l .  

Manufacturer's data ind ica te  the maximum d i / d t  which the SCR may wfthstand 

nonrepe t i t i ve ly  i s  800 A/psec. Using ~ i / ~ t  as an approximation f o r  d i / d t ,  

i t  i s  found dump c u r r c r ~ t  w i l l  r i s e  through the SCR's a t  a rate o f  

1.5 x 1 A/psec, we1 1 below the maximum a1 lowable value. 

The 133.3 m i  11 isecond time requirement f o r  cur rent  i n t e r r u p t  

a lso  imp1 ies  f i e l d  energy d iss ipa t ion  before experimental coi  1s are 

damaged by hot  spot  formation. For example, the time scale descr ib ing 

magnet heat ing charac te r i s t i cs  dur ing a quench depends upon the current  



dens i t y  , magnetic f i e l d  , and heat  t r a n s f e r  c h a r a c t e r i s t i c s  o f  the magnet. 

Choosing the  low rep resen ta t i ve  values o f  maximum f i e l d  Bm = 1.8 t e s l a  

and c u r r e n t  dens i t y  J = 1 .7 k~/cm', magnet temperatures w i  11 reach 1 0 0 ' ~  

i n  f o u r  minutes and 3 0 0 ' ~  i n  7.4 minutes when ad iaba t i c  hea t i ng  a t  cons tant  

c u r r e n t  i s  assumed. Higher rep resen ta t i ve  values such as Bm = 8  t e s l a  

2 
and J = 4.2 kA/cm suggest a  temperature o f  1 0 0 ' ~  i n  o n l y  24 seconds. 6 

Higher values f o r  Bm and J the re fo re  i n d i c a t e  s u f f i c i e n t  i s o l a t i o n  sw i t ch  

ope ra t i ng  speed, b u t  i l l u s t r a t e  the  need f o r  automatic dump s igna ls  as 

descr ibed i n  the  nex t  sec t ion .  



3. DUMP STAGING 

3.1 TRIGGER INPUTS 

Consideration of operating contingencies led t o  a 1 i s t  of condi- 
t ions which, i f  ex is t ing ,  should i n i t i a t e  a signal to  dump stored magnetic 

energy. The f i r s t  condition i s  based on operator judgment. .Should ab- 

normal operation be observed, a manual switch may t r igger  the energy dump 

device. Second, should power supply output inversion f a i  1 t o  discharge 

a quenched inductor, the dump mechanism i s  automatlcal ly dc Livated. 

Third, loss of primary power must i n i t i a t e  a dump command as l ine  loss 

implies no u t i l i t y  grid f o r  the inversion process. F i r~a l ly ,  a currcnt 

sensing magnetic reed relay located a t  the semiconductor- switching 

module insures f u l l  dump staging in the event a short  current pulse 

passes through the SCR swi lches or device, f a i lu re  permits excess leakage 

current through the dump device. 

3.2 DESCRIPTION.OF CIRCUIT OPERATION 

Civcuit operation during a dump procedure i s  characterized f i r s t  

by the opening of the isolation switch, second by consequent - L d i / d t  

inductor voltaqe r i s e ,  and third by energy dissipation in th,e dump 

r e s i s to r .  Considering dump breaker operation, Figure 3 indicates a l l  

the previously described t r igger  inputs provide a 1 ow resistance path 

across the t r i p  l ines of the 13.8 kV dump breaker. The manual switches 

located a t  a remote control panel ~I,ICI a t  the dump breaker t i e  t h ~  t r i p  

coi 1 (1 ine 25)  d i rec t ly  across the 125 VDC battery supply, openjng the 

c i  vcui t breaker. 

Operation of the rneed relay i s  morc subt le ,  however.. F i r s t .  
as shown in Figure 10,  the relay i s  positioned so as to  Le activated 

by f i e l d  l ines created by dump current. The relay used i s  designed 

to  pull in 17.5 + 7.5 ampere-turns magnetomotive force. Considering 

the bus in sectSon A-A,  Figure 10, as ,i single turn,  thc relay may not 

operate until a dump current of 25 amperes flows. To increase the 

sens i t iv i ty  of the device, the f i e ld  shunt (item 17, Figure 10) may be 
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adjusted to  control magnetization of the reed leaves and thus the 

current level necessary fo r  operation. A t  required current ,  the reed 

relay contacts (RYD) touch, shorting out 1 C R Y  de-energizing the normally 

closed 1 C R  relay contact in l i ne  08, Figure 3 and tripping the dump 

breaker . 
Third, loss of 2400 V u t i l i t y  power i s  detected by an under- 

voltage relay which opens the 27 X relay contact in l ine  09, Figure 3. 

Control relay 2 C R  de-energizes and the dump breaker i s  opened. 

Fourth, a special ly  designed quench detector c i r c u i t  may open 

the dump breaker. See Figure 11. By monitoring res i s t ive  voltage 

across an exper inan La1 i ~ d u c l u ~ ~ , ~  Lllr delscLuro c lrscu l l serlsez a quench- 

i r ~ y  cuil  drld cvrr~rr~ands power supply SCR's t o  phase back and route magnetic 

f i e l d  energy back Into the u t i l i t y  grid.  I f  however, coil  voltage does 

rir.11; 1 IP brltween 270 V and 330 V w l r h l n  a period o t  tSu m i  l l iseconds , the 

power supply i s  assumed to  have failed t o  invert  and contact  Q in l i ne  

07A closes.  Subsequent dump staging i s  then identical t o  tha t  in the 

event of an RYD contact closure. Next, should the 2400 V primary power 

c i r c u i t  breaker open, the 52b contact in l ine  12 closes and t r ip s  the 

dump breaker. 

Finally,  i f  the integral contactor in the power supply i s  opened 
under load conditions, manufacturer provided cir.cu-i 1s dr1;ect abr~urrnal 

inductive voltage r i s e  internal t o  the power supply and provide an out- 

p u t  appropriate t o  act ivate  the energy dump device. 

Considering next seniiconductur s w i  l;ch uperadt i un , assume wire 

r~ulllber. 68 (Fiyurec 3 )  i s  thc positive 'leg and wlre number 67 i s  the 

negative leg of the power supply. When the breaker contacts are  

closed, a very low voltage, positive on top, i s  seen across the inductor 

and both SCR's are  in t h e  nff s t a t e .  When the breaker contacts begin 

t o  open as a resu l t  of some tr igger  input,  however, voltage on the 

coi l  reverses polarity and r i ses  as the inductor attempts to  maintain 

constant current.  Voltage will  continue to  r i s e  across the dump device 

and a t  320 V ,  the l e f t  hand ser ies  combination of IN3347, 160 V ,  Zener 

diodes will  break over and gate current will be drawn in the l e f t  hand 

SCR. The gate signal i s  l imited, however, by the 180n impedance of the 
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Fig.  11. Block Diagram o f  Voltage Tap Quench Detectioen C i r c u i t  (From Ref. 10)  
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gate c i r c u i t .  

S i r~ct!  Lilt! SCR w ill I;ri gger over a  gate sfgnal range from 100 t o  

200 rnA (VD = 12 V), worst  case c a l c u l a t i o n s  i n d i c a t e  the  l e f t  hand SCR 

w i  11 sw i t ch  t o  the  on s t a t e  f o r  c o i l  vol tages between 338 V and 356 V .  

As the  SCR begins conduct ing, c o i l  cu r ren t  i s  d i v e r t e d  through 

the  0 . 1 5 ~  dump r e s i s t o r  and magnetic f i e l d  energy i s  converted t o  heat.  

D i s s i p a t i o n  cont inues u n t i l  dump cu r ren t  f a l l s  below the  150 mA ho ld ing  

c u r r e n t  o f  the SCR. 

Should the  p o l a r i t y  o f  the power supply be reversed, an i d e n t i c a l  

ana lys i s  o f  the  r i g h t  hand SCR and gate c i r c u i t  i s  app l icab le .  



4. CONCLUSION 

The problem o f  dealing wi th  stored energy i n  a normal going 

superconducting magnet i s  s ign i f i can t .  Unless c o i l  current i s  shunted 

around the superconductors or energy i s  quickly removed from the system, 

co i  1 damage i s  1 ike ly .  I n  the case o f  energy removal schemes, f a i l u r e  

o f  the primary discharging technique requires a re1 i ab le  energy dump 

device t o  insure maximum operating safety. 

I n  the 300 V, 2 kA design, magnetic f i e l d  energy i s  dissipated 

as heat on signal from a var ie ty  o f  inputs ranging from manual t r igger -  

i n g  t o  l i n e  loss indicat ion. The device e f fec t i ve l y  deals wi th  the 

b ipolar  power supply by using a symmetrical semiconductor switching 

module i n  con junct ion wi th  a modified c i r c u i t  breaker i so la t i on  

switch and a stainless steel  dump res is to r .  R e l i a b i l i t y  o f  the dump 

device i s  increased by the capab i l i t y  o f  the c i r c u i t  t o  provide i t s  

own gate signal v ia  voltage r i s e  across the i so la t i on  switch. 

Considerable streamlining, however, i s  possible i n  the design. 

For instance, comnercial heatsinks could be used i n  place o f  the bus 

bars shown i n  Figure 7 so tha t  less chance o f  improper assembly would 

ex ls t .  Simpler bus supports and connections could also be incorporated 

w i th  a commercial heatsink i ns ta l l a t i on .  

As a f i n a l  consideration, the dump device does no t  t r i gge r  

immediately when a dump signal i s  received since i s o l a t i o n  switch 

vol  tage r i s e  i s  not  instantaneous. Delayed aperation, however, i s  

no t  severe enough t o  compromise design effectiveness because o f  the 

comparatively long time scale associated w i th  temperature r i s e  i n  a 

quenched superconducting magnet. 6 

The dump system described meets design requirements f o r  the 

300 V, 2 kA i n s t a l l a t i o n  and modif icat ion can permit other applications 

where rap id  magnetic f i e l d  energy removal i s  required. 
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APPENDIX A 

SCR Data 

Foaturw 
l di/namic Gate design 
l All diffused design 
a Guaranteed dvldt (300vlps) 
a LOW gate current wltn sott gate control 
l Low VTM 
l Low Thermal Impedance * High wrge rflrrftnt rapahility 
l Cornpress~on Bonded Encapsulation 
l Iat package rating 

Paw R Dimo ahyristor paokapa oftors: 
.a Single or double-s~ded cooling 
l Reversible mounting polarity 

Compact size and weight 
l Long creepage & strike paths 
l Hermetic seal 

Waranghatma LLl ima Guarantee 
Wusltt~(ll~ouse warfitllls to the ortgtnnl 11urcI1.1se8 
111.11 11 will cortecl any defects In woiknwnsl~lp 
o~ nlatet~al. by repaw or replacement. F 0 tl 
Idclotq or. fit 11s optton. ~ssue cred~t at 141s 
I$II~I~I~I putcliase pnce. for nny srl~co~l IIUWOI 
een~lcmituctor bea11nQ 1111s symbol + dullnft 
l l ~ u  111% of l l ~ a  equtpment In whtcl~ 11 Ir UII(IIII.III~ 
~~~btalletl. l~tuvlded sold devtce IS usecf WI~IIIII 
~~~.~anrIaclurer's publehed titlongs dncl uppltal 
111 itsco~ifrnoe w11ll qood engtnae~~n(l IIrilcllru 

dilnmto Gate 
Pow-R-Disc Thyristor 
Silicon Controlled Rectifiers 
Type T920 

Fnward Current 141 5 lo  1570 Amps RMS 
900 to 1000 Amperes Half-Wave Average 
Forward Block~ny Voltages to 1600 Volls 

Dimensions in Inches 
(and Millimetars) 

Awmximrte W,,ht- 18 or. (454 gms ) 

Outlin8 -2 

A i r - a w l d  m d  watar-eeoled h a  
axchangers am available. 

Example 
Obtain optimum device performance for your application by 

300 
4UO 
500 
u00 
700 
BOO 
900 

1 000 
1 100 
1300 
14UU 
1 600 

~electing.~roper order code. 

Typo T920 rated at 1000 A avoratre w ~ t h  VDRM-~OOOV. 
Icr=200 ma, and standard 12 ~nch  leads-order as' 

03 
W 
05 
06 
07 
08 
09 
10 
11 
12 
14 
16 

1000 10 
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dl lnmic  0.1. 
Pow-R-Disc Thyriator 
Silicon Controllad Roetit ion 
Typa 1920 

Forward Current 141 5 to 1570 Amps RMS 
900 to 1000 Amperes Half-Wave Average 

. Forward Blocking Voltages to 1600 Volts 

Voltage 
Blocklng SUN Mmalmwra TJ = 125.C I 

Rapatitive p.ak forward blocking volUpr . V . . 
.......... Repotitiva poak r *WW will&. V 

 on-rapotitiva trandant puk  m o r n  wlUa0. 
V < 6 . 0 m ~ c  ......................... 

.......... Forward Imakapr currant, mA wak 
. . . . . . . . . . .  Revorla l*#k80* OUrWt, mA paah 

Current 
Conduain S(m Maslmuma 
(TJ = 12dlc) 

RMS forward c u r r ~ t .  A . . . . . . . . .  
Avo. forward ounant. A ......... 
One-half cycle wraa curnnt@. A . . 

3 cycla w r w  current@. A ...... 
10 cwIa aurw current@. A ..... 

I1t for fuslng (1-8 3 ms) A'8.c 
Max I? of pWk6go ((-8.3 ms). A t r ~  
Forward volu a dro at I TM - l600A 

and.7~ = 4 6 . ~ ~  6 ..... .-. . . .  

Switching 
(TJ-26%) - 
Turn-oii Itma. IT-250A 

TJ -1 26%. di~ldt-50 
A/@o mappliad dvldt- 
20Vl@c l i n w  0.8 VDRM. +. .. 

Turn-On and DJay Ttmr 
ITM-1- tpmlM)(Jlc. ...... 
Vo-(100V. "roc.. .............. 

Cr#tical dvldt anponantial to VDRM 
TJ-12bgC.VI~@. ............ 

di/d((gnon-raMili~. JEQEC Std. #7 
Sw. 6.1.2.4.Ar~c. .............. 

Latching Cuffan@ 
VO-~SV, mA. ................... 

Holding Cunanl@ 
Vo176V. mA., ................. 

8 v k l  - 
' ~ ( f m ~ l  
I l (av1 
ITSM 
I TSM 
TSM 

1st 
19 

'TM 

@ For inromutlon on Moumina rmo.ducr md Tmhnlqun nhr m AD 64.060. 
(2) A w l i a  Cr  mo w m a f m  mato w l ~ .  

Gate 
(TJ - 26.C) Symbol 

Ga& C G n t  hiQ91r at VD-1 2V. mA. . IGT 
Gat# wltagm to trl~gar l (V~-12V,  V.. . .  VGT 
Non-td~gwlng g w  volmgr TJ-126.C. 

and tatad VDRM. V.. . . . . . . . . . . . .  VGOM 
Non-tdggaring Oam Cumnl at 

V D - ~ ~ V .  m ~ .  ................... IGNT 
Puk forward prta cumnt A. ......... ~GTM 
~ u k  - wt* volcwa. V. .......... VGRM 
Puk gate powar. warn. ............. PGM 
A v u m  gat. powar. Warn.. .......... PG(#V) 

Thermal and Mechanical symbol 

............ Opw, junction tamp., *C.. TJ 
Storage tamp.. *C ................... Tetg 

............... Mounting tom 1b.O. 
Thorul miatancr 

with doubla ddsd cwllng0. ........ 
Junction m cno. *C/Wan. ......... RBJC 

Wu to unk, lubr iwtd  'C1W.n. ...... RBCS 

Mar  - 
200 
3.0 

.16 

4 
6 

18 
3 

Mar - 
126 
160 

6600 

.03 

.01 

(9 ~t bo Ham...with VRRM a& Surg.. . 
O Wtth mcomnnndd 0.w dfiva, 10 wl la  40 ohnu, t i n  time-1.0 .nc. 
Q JEOEC Stmdudr 8.201.1 .6 ~d 8.201.1.7. 
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Awage Forward Current, IT,AV~. Amparm 

Forward Current 141 5 Amps RMS 
900 Amperes Half-Wave Average 
Forward Blocktng Voltages to 1600 Volts 

"- 5 - . ' I  . .  -3 
Pmx - - ...- -- 

la&~- "' lo,&-~ 
Forward Current, ITM. (Amperes) 
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dl1 nunio a t e  
Pow-R-Dim Thyriator 
silicon Controllad R a l t h  
Typo T920--10 

Forward Current 1570 Amps RMS 
1000 Amperes Half-Wave Average 
Forward Block~ng Voltages to 1600 Volts 

A w q p  forward Current. Irtrvr. Amwmm 

E-T*. FU; rn 1 ~illl&. pulmkdth, rh. ! 
naw Surga C u r m  Vdum for rh. TWO, 10 J 

.- A . 
1 .o 2 
Putnwiih. MDliwcondt 

Su .nd Iq Rating8 fw a Non-Rlp(i(hn 
s5 '~?Em PM 

Westinghouse Electric Corporation 
Semiconducter Divlelon, Youngwood, Pa. 16687 

Pomc Lon va Forwrrd Cunsnt 

WESTiNQHOUSE TWO CURRENT RATINGS 
Thm Phau Full CoMd 

Ioc. Am- 
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APPENDIX B 

A l l  is-Chalmers C i r c u i t  Breaker Data 

Type 
Rated Vol t s  

Rated amps, 

38 a t  13,800 vol ts  

MV A 
Max. desi gn vol t s  

I n t e r r u p t  amps a t  rated v o l t s  
Rated interrupt ing time, cycles 

Weight, Lbs. 



APPENDIX C 

E l e m e n t a r y  D i a g r a m  S y m b o l  Legend a n d  N u m b e r i n g  S y s t e m  

SYMBOL LEGEND -& CONTROL RELAY C O I L  

--;+ P I L O T  L I G H T  (* = CAP COLOR) 

-----( '- RELAY CONTACT, NORMALLY OPEN ( N  .O. ) 

I 
,-0 0-, PUSH BUTTON SWITCH, MOMENTARY, N .O. 

- PUSH BUTTON SWITCH, MOMENTARY, N .C,. 

4- SWITCH, N.O. 
. . 

- RESISTOR, F I X E D ,  VALUE ( I N  OHMS) ADJACENT TO 

SYMBOL 

*-(-, S I L I C O N  CONTROLLED R E C T I F I E R  
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APPENDIX C (continued) 

SYMBOL LEGEND 

D I ODE 

ZENER DIODE 

WIRE NUMBERING SYSTEM 

WIRE NUMBERS ARE SHOWN ON EACH SHEET AS TWO-DIGIT NUMBERS: ( E  .G . 01 , 
0 2 ,  10, 4 2 ,  ETC. ) .  I N  A L L  CASES, THE COMPLETE WIRE NUMBER (WHICH APPEARS 

ON THE ACTUAL WIRES I N  THE EQUIPMENT AND ON THE TERMINAL BOARDS) I S  A 

4 - D I G I T  NUMBER. THE F I R S T  TWO D I G I T S  I N D I C A T E  THE NUMBER OF THE ELEMEN- 

TARY DIAGRAM SHEET ON WHICH THE WIRE ORIGINATES AND THE LAST TWO D I G I T S  

I N D I C A T E  THE WIRE ON THAT. SHEET. THUS 0 3 4 2  INDICATES W ~ R E  NUMBER 42 

ORIGINATING ON SHEET 03 OF THE DIAGRAM. 

MAPPING SYSTEM 

1.  I N  THE MARGIN OF THE DIAGRAM, BESIDE EACH DEVICE OPERATING C O I L ,  TWO 

NllMERALS SEPARATFn R Y  A DASH ANn FNCl n S F n  TN PARFNTHFSFS ( ) ARE SHOWN. 

THE F I R S T  NUMBER GIVES THE TOTAL NUMBER OF NORMALLY OPEN CONTACTS ON 

THE DEVICE. THE SECOND NUMBER (UNDERSCORED) GIVES THE TOTAL NUMBER 

OF NORMALLY CLOSED CONTACTS ON THE DEVICE.  

2 .  AGAIN, I N  THE MARGIN OF THE DIAGRAM, ONE OR MORE 4 - D I G I T  NUMBERS ARE 

SHOWN. THESE NUMBERS G I V E  THE LOCATION OF THE DEVICE  CONTACTS. THE 

F I R S T  TWO D I G I T S  I N D I C A T E  THE SHEET NUMBER AND THE LAST TWO D I G I T S ,  

THE L I N E  NUMBER WHERE THE CONTACT W I L L  BE FOUND. I F  THE 4 - D I G I T  

NUMBER I S  UNDERSCORED, I T  INDICATES T i lE  CONTACT I S  NORMALLY CLOSED; 

I F  NOT UNDERSCORED, THE CONTACT I S  NORMALLY OPEN, THUS: 

0 3 6 2  INDICATES A NORMALLY OPEN CONTACT, LOCATED ON L I N E  6 2  OF SHEET 



3 OF THE ELEMENTARY DIAGRAM. 

0 3 6 4  INDICATES A NORMALLY CLOSED CONTACT, LOCATED ON SHEET 0 3 ,  - 
L I N E  6 4 .  

3. UNDER EACH CONTACT, A 4 - D I G I T  NUMBER I S  SHOWN I N  BRACKETS. T H I S  

NUMBER INDICATES THE SHEET AND L I N E  NUMBERS WHERE THE OPERATING 

C O I L  OF THE DEVICE W I L L  BE FOUND. 

4 .  WHERE A WIRE I S  CONTINUED FROM ONE DIAGRAM SHEET TO ANOTHER, A 

4 - D I G I T  NUMBER I N  BRACKETS I S  SHOWN A T  THE END OF THE WIRE. AGAIN, 

T H I S  NUMBER INDICATES THE SHEET AND L I N E  NUMBERS WHERE THE WIRE 

CONTINUES. 
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