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POWER SUPPLY SYSTEM FOR H-10 SEPTUM MAGNET 

General 

The H-10 septum magnet now be ing  developed h a s  t h e  fo l lowing  e l e c t r i c a l  

parameters  : 

L = 9.15 microhenries  

R = 1.65 mill iohms 

A peak c u r r e n t  of  lS,OOO amperes i s  r equ i r ed  t o  produce t h e  necessary  

22 mrad beam bend a t  30 BeV/c.  

supply system w i l l  be  designed t o  d e l i v e r  20,000 amperes. 

form must r ise  a t  a reasonable  rate t o  t h e  ope ra t ing  l e v e l  and then  remain 

f l a t  f o r  0.5 mi l l i s econds  (with p o s s i b i l i t y  of  later being expanded t o  0.75 

mi l l i s econds ) ,  and then  r e t u r n  t o  zero.  This  must r e p e a t  a t  100 mi l l i s econd  

i n t e r v a l s  f o r  four  pu l se s ,  which i n  t u r n  r e p e a t s  every two seconds.  

To accommodate a f a c t o r  of  s a f e t y ,  t h e  power 

The c u r r e n t  wave- 

The proposed power system i s  shown i n  s i m p l i f i e d  schematic form i n  Fig.  1. 

The heart of t h e  system i s  t h e  o s c i l l a t o r y  c i r c u i t  composed of  C l ,  SCR1, t h e  

connect ing power c a b l e  and t h e  magnet load  inductance.  The c a b l e  connect ing 

t h e  magnet load t o  t h e  power system i s  75 f t  long and when assembled from 

s ix  groupings each one composed of  fou r  4 / 0  cab le s ,  t h e  series inductance 

becomes 0.98 microhenries  and t h e  series r e s i s t a n c e  becomes 0.61 mill iohms. 

The va lue  of  C 1  i s  chosen t o  accommodate a t o t a l  maximum series inductance of 

15 microhenries .  I f  C l  i s  charged t o  800 v o l t s ,  t h e  r i n g i n g  c u r r e n t  w i l l  

r each  20,000 amperes i n  1/4 per iod  o r  590 microseconds. 

i s  reached, SCR2 i s  f i r e d .  The c u r r e n t  from t h e  lumped parameter de l ay  l i n e  

i s  matched t o  t h e  load c u r r e n t ,  t h e r e f o r e ,  main ta in ing  a cons tan t  v o l t a g e  on 

C 1 ,  and i f  t h i s  equals  t h e  i R  drop i n  t h e  load c i r c u i t ,  d i / d t  w i l l  be  ze ro  

as d e s i r e d .  

f i r i n g  t i m e  of  SCR2. The l eng th  of t h e  de lay  l i n e  determines t h e  length  of  

When t h e  peak c u r r e n t  

This  match i s  accomplished by a d j u s t i n g  t h e  va lue  o f  C 1  and t h e  
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t h e  f l a t  top .  I n i t i a l l y ,  w e  propose 500 microseconds wi th  space and charging 

r e s e r v e  f o r  expansion t o  750 microseconds. 

When t h e  r e f l e c t i o n  from t h e  open end of t h e  de l ay  l i n e  r e t u r n s ,  t h e  

conduct ion of SCR2 i s  ex t inguished .  The v o l t a g e  on t h e  de l ay  l i n e  has  been 

reversed .  Load c u r r e n t  i s  now suppl ied  by C l  and t h e  r i n g i n g  process  cont inues  

u n t i l  the load c u r r e n t  reaches  ze ro  and SCRl ex t ingu i shes .  

i s  now a l s o  reversed .  

i n  t h e  va r ious  c a p a c i t o r s  ( C 1  and t h e  de lay  l i n e ) .  

through the " f l y  back" inductor  and SCR3 r e s t o r e s  t h e  proper  v o l t a g e  p o l a r i t y .  

The c a p a c i t o r  v o l t a g e  a t  t h e  end of  t h e  pu l se  should reach 660 v o l t s  assuming 

800 v o l t s  i n i t i a l l y .  

The v o l t a g e  on C 1  

Approximately 80% of t h e  i n i t i a l  s t o r e d  energy r e s i d e s  

The r i n g i n g  c i r c u i t  

The l o s s e s  incu r red  dur ing  t h e  load p u l s e  and f l y  back are r e s t o r e d  by 

It c o n s i s t s  of  a s imple RC charg ing  c i r c u i t  w i th  SCR4 

The series l i m i t i n g  

t h e  charging system. 

s t a r t i n g  t h e  charging process  and SCR5 t e rmina t ing  it .  

r e s i s t o r  h a s  s e v e r a l  t a p s  t o  accommodate i n i t i a l  turn-on and longer  r e p e t i t i o n  

per iods .  

P r e c i s e  c o n t r o l  of  t h e  load c u r r e n t  p u l s e  ampli tude i s  accomplished by 

c o n t r o l l i n g  t h e  f i r i n g  o f  SCR5. 

f u l l  two seconds should b e  < 0.1%. I f  t h e  c a p a c i t o r  leakage should exceed 

expec ta t ions ,  a small r egu la t ed  800 v o l t  power supply can b e  procured and used 

t o  r e g u l a t e  t h e  c a p a c i t o r  v o l t a g e  dur ing  t h e  rest per iod .  

Voltage leakage on t h e  c a p a c i t o r s  even f o r  a 

A 3 microhenry induc to r  i s  i n  series with SCR2 t o  l i m i t  i t s  d i / d t  va lue .  

This  inductor  working w i t h  C l  a l s o  se rves  as a very  e f f e c t i v e  r i p p l e  f i l t e r  

during t h e  f l a t  t o p  p o r t i o n  of  t h e  load  pulse .  

designed f o r  500 microseconds t o t a l  per iod ,  t h e  fundamental r i p p l e  frequency 

should be  20 KHz. The f i l t e r  a t t e n u a t i o n  f o r  t h i s  frequency i s  470. There- 

fo re ,  assuming lo"/, raw r i p p l e  on t h e  de l ay  l i n e ,  t h e  r i p p l e  v o l t a g e  on C 1  i s  

S0/470 o r  0.17 v o l t s .  I f  t h e  t o t a l  series load inductance i s  15 microhenries ,  

t h e  r i p p l e  c u r r e n t  w i l l  b e  90 mil l iamperes .  

With a t e n  s e c t i o n  de lay  l i n e  

This should be  s m a l l  enough. 

P a r a l l e l  C i r c u i t s  

It is  not  p o s s i b l e  a t  p re sen t  t o  purchase SCR's wi th  20,000 ampere peak 

c u r r e n t  r a t i n g s ,  t h e r e f o r e ,  t h e  system must b e  designed i n  subdivided groups 

which w i l l  d e l i v e r  c u r r e n t  i n  p a r a l l e l .  Both Westinghouse and I n t e r n a t i o n a l  

R e c t i f i e r  Corp. o f f e r  SCR's w i th  peak surge  r a t i n g s  near  5,000 amperes. 

Larger SCR's are a d v e r t i s e d  but  f u l l  t e c h n i c a l  s p e c i f i c a t i o n  d a t a  does not  
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exis t .  

t h e  Westinghouse type  272. 

vo l t age  and cu r ren t  r a t i n g s  s imultaneously,  s ix  p a r a l l e l  c i r c u i t s  are proposed 

each d e l i v e r i n g  3,333 amperes. 

s ix  de lay  l i n e s  are requ i r ed  each wi th  i t s  a s s o c i a t e d  SCR2. 

h a s  t h e  added advantage of fo rc ing  cu r ren t  shar ing .  

components i s  not s i g n i f i c a n t l y  increased  by t h i s  subdiv is ion  s i n c e  t h e  t o t a l  

s to red  energy i s  t h e  same. 

This  des ign  concept w i l l  be  based on t h e  5,000 ampere c e l l ;  t y p i c a l l y  

I n  order  t o  avoid employing t h e  SCR's a t  t h e i r  

C 1  must be subdivided i n t o  s ix  packages and 

This  subdiv is ion  

The t o t a l  cos t  of 

A s i n g l e  charging system i s  employed, s i n c e  coupl ing d iodes  as shown i n  

Fig.  1 provide t h e  necessary i s o l a t i o n .  

The f l y  back switch SCR3 cannot be a s i n g l e  SCR but  must be two i n  p a r a l l e l .  

I n  t h i s  m u l t i p l e  arrangement of SCR3, a d d i t i o n a l  diodes which are not shown i n  

t h e  schematic w i l l  have t o  be used f o r  i s o l a t i o n .  

Components 

SCR 1. - 
The SCR's which are a t  present  purchasable  have vo l t age  r a t i n g s  up t o  

This  i s  a 1,500 v o l t s ,  which i s  twice t h e  vo l t age  employed i n  t h e  system. 

s a t i s f a c t o r y  r a t i o  f o r  hold-off  i n  t h e  forward d i r e c t i o n  but  not s a t i s f a c t o r y  

i n  t h e  r eve r se  d i r e c t i o n .  

wi th  it t o  enhance PIV r a t i n g s .  

Therefore,  each SCR w i l l  have a diode i n  series 

The fol lowing t a b l e  r e p r e s e n t s  a set of  SCR's s u i t a b l e  f o r  t h i s  app l i ca -  

t i o n .  Detail design may r e v e a l  o the r  choices .  

I_ Type Funct ion No. i n  P a r a l l e l  No. i n  S e r i e s  

SCRl 6 1 

SCR2 6 1 

SCR3 2 1 

SCRb 1 2 

SCR5 1 1 

2. Delay Line 

The proposed de lay  l i n e  c o n s i s t s  of s ix  u n i t s  

Westinghouse 272ZK 
I 1  I 1  

I1  I 1  

250ZK 11 

11 I t  

each having 10 LC s e c t i o n s .  

The de lay  per  s e c t i o n  i s  25 microseconds and t h e  c h a r a c t e r i s t i c  impedance, Zo, 

i s  0.24 ohms. The ohmic r e s i s t a n c e  of each inductor  must be  less than  t h r e e  

milliohms i n  order  t o  conserve t h e  s t o r e d  energy. 
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3. Main Capaci tor ,  C l  

The main capac i to r ,  C 1 ,  c o n s i s t s  of s ix  groups each conta in ing  1,500 

microfarad a t  1,200 v o l t s  r a t i n g .  I f  a series lead  inductance of 1 micro- 

henry i s  permi t ted  f o r  t h i s  capac i to r ,  a s t r a p  resonant  frequency of  1.5 KHz 

would r e s u l t .  This  i s  a reasonable  va lue  f o r  any good energy s t o r a g e  

capac i to r .  We should spec i fy  10 KHz lowest s t r a p  resonant  frequency. 

4. F ly  Back Inductor  

The SCR's employed i n  p a r a l l e l  t o  form SCR3 permit a peak cu r ren t  i n  t h e  

f l y  back inductor  of 6,000 amperes. 

equal  t h a t  i n  t h e  c a p a c i t o r s  of approximately 6,000 jou le s .  

inductance of 333 microhenries .  

The s to red  energy i n  t h e  inductor  must 

This  r e q u i r e s  an  

I f  w e  l i m i t  t h e  energy l o s s  dur ing  f l y  back t o  250 jou le s ,  t h e  r e s i s t a n c e  

of t h e  inductor  cannot exceed 1.76 mill iohms. 

Such a n  inductor  can be a i r - c o r e  wound from 500 MCM cab le .  It would be  

approximately 6 f t  i n  diameter ,  8 i n .  h igh  and c o n s i s t i n g  of 11 t u r n s .  Each 

t u r n  w i l l  be  composed of t h r e e  cab le s  layed toge the r .  

be placed i n  t h e  overhead of t h e  H-10 house. 

Such an  inductor  could 

5.  Charging System 

The charging system c o n s i s t s  of a r a w  s ix-phase power supply capable  of 

900 v o l t s  and 150 amperes (135 kW). The 10 ohm series l i m i t i n g  r e s i s t o r  

permi ts  i n i t i a l  charging and i s  shor ted  a f t e r  turn-on. The t a p s  on t h e  o the r  

l i m i t i n g  r e s i s t o r  permit opera t ion  under s e v e r a l  d i f f e r e n t  charging modes 

depending on t h e  number of output  pu l se s  r equ i r ed  per  AGS pulse ,  and whether 

t h e  de lay  l i n e  ( f l a t  t op  load cu r ren t )  i s  requi red .  

F i r i n g  of SCR4 i n i t i a t e s  t h e  charging process .  F i r i n g  of  SCR5 t e rmina te s  

it by ex t inguish ing  SCR4. SCR5 i s  ext inguished by i t s  own r i n g .  I n  t h i s  

fash ion ,  i.e., by a c c u r a t e  c o n t r o l  of t h e  t iming of SCR5, w e  can ob ta in  a 

p rec i se ,  v a r i a b l e  ampli tude c u r r e n t  ou tput  pu lse .  
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Est imated Cost 

Power supply 135 kW a t  $120 pe r  kW 
R e s i s t o r s  a t  $45 per  kW 

SCR - 14 ea a t  $600 

2 ea a t  $410 

1 ea a t  $275 

Capaci tors  15,600 gF a t  1200 V 

Shor t ing  con tac to r  

Cable, 600 f t  - 500 MCM 

2000 f t  - 4/0 

Delay l i n e  induc to r s  60 ea. 

E l e c t r o n i c s  ( t r i g g e r  c h a s s i s ,  etc.)  

Miscel laneous hardware 

$16,200.00 

450.00 

9,495.00 

15,000.00 

250.00 

600.00 

800.00 

3,000.00 

4,000.00 

3,000.00 

$52,795.00 

D i s t r  : 

Department Adminis t ra t ion  
AGS Div i s ion  




