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The proposa l  f o r  t h e  conversion of t h e  AGS t o  h igher  i n t e n s i t i e s  c a l l e d  

f o r  a one second f l a t  top.  This  was  t h e  requirement imposed when t h e  e x i s t -  

i ng  main magnet power supply w a s  purchased. Due t o  increased  s o p h i s t i c a t i o n  

of many p resen t  experiments,  improved p a r t i c l e  d e t e c t o r s  and a g r e a t l y  ex- 

panded slow e x t e r n a l  beam f a c i l i t y ,  i t  now becomes d e s i r a b l e  t o  go t o  f l a t  

t op  t i m e s  much longer  than  o r i g i n a l l y  s p e c i f i e d .  I n  t h i s  regard ,  a s tudy  of 

t h e  power c a p a b i l i t i e s  of t h e  Siemens main magnet power supply w a s  i n s t i t u t e d .  

This  Tech. Note desc r ibes  t h e  de te rmina t ion  of r e p e t i t i o n  t i m e  as a func- 

t i o n  of f l a t  top  l e n g t h  wi th  momentum as a parameter c o n s i s t e n t  w i th  maximum 

r a t i n g  l i m i t a t i o n s  of t h e  main magnet power supply.  The f i r s t  p a r t  determines 

ope ra t ing  condi t ions  r equ i r ed  t o  main ta in  seven megawatts i n t o  t h e  motor. The 

second p a r t  determines opera t ing  cond i t ions  f o r  t h r e e  thousand average amperes 

i n  t h e  f l a t  top  bank. The t h i r d  p a r t  is  a de termina t ion  of t h e  opera t ing  condi- 

t i o n s  t o  main ta in  a dwell  t i m e  of two t e n t h s  of a second. 

Two o the r  s t u d i e s  w e r e  made of t h e  genera tor  r . m . s .  c u r r e n t s  under long 

f l a t  top  condi t ions .  The conclusions of t h e s e  s t u d i e s  w e r e ,  t h a t  because of 

t h e  r educ t ion  of genera tor  c u r r e n t s  dur ing  f l a t  top ,  long f l a t  t ops  favor  t h e  

genera tor .  

The power supply system l o s s e s  which determine t h e  amount of power needed 

t o  d r i v e  t h e  motor comes from p r imar i ly  t h r e e  sources .  The f i r s t  i s  r o t a t i n g  l o s s  

due t o  windage, f r i c t i o n ,  etc.; and u s u a l l y  runs a l i t t l e  less than  1 MW. The 

second i s  due t o  t h e  arc drop i n  t h e  exc i t rons .  The arc drop a c r o s s  each exci- 



T 
P = 400 (+) 1 Ldt = - 400 (9964) (TR) (TR + TF) e T 1) 

0 

where Pe E power l o s s  due t o  arc drop i n  w a t t s  

T E p u l s e  r e p e t i t i o n  t i m e  i s  sseconds 

T I d u r a t i o n  of r e c t i f y  t i m e  i n  sseconds 

T E f l a t  t op  l eng th  i n  sseconds.  

R 

F 

The t h i r d  source  of power l o s s  i n  t h e  system i s  t h e  res is t ive l o s s  and can 

be determined from t h e  fol lowing r e l a t i o n s h i p ,  

2 2  p = -  *25  (9964 TR) (7 TR + TF) . 
R T  2) 

The t o t a l  power i n t o  t h e  motor then  becomes 

3) P = P  + P R + P V  i n  0 

2 2  (9964 TR) 6 .25 = 1 0  f -  (- T + TF) + 4oo (9964 TR) (TR + TF) . 4) 'in T 3 R  T 

TRY T and T can be  determined on e i t h e r  t h e  b a s i s  of real t i m e  o r  on t h e  

b a s i s  of a re la t ive t i m e  used a t  t h e  Siemens power supply.  This  re la t ive t i m e  

i s  c a l l e d  Siemens t i m e  and i s  des igna ted  by a p resc r ibed  "S" on a l l  t i m e  symbols. 

Siemens t i m e  i s  about e i g h t  percent  s h o r t e r  than real  t i m e .  

F 

The Operators  a t  t h e  Siemens power supply main ta in  a l o g  of machine param- 

eters. S t a t i o n  ope ra t ing  condi t ions  and readings  based on Siemens parameters  

are recorded i n t o  t h i s  l o g  t w i c e  each s h i f t .  Because of t h i s ,  f o r  ease of 

checking r e s u l t s  i t  becomes p r a c t i c a l  t o  use  Siemens t i m e .  

'ITR'' a l though i t  is  des igna ted  r e c t i f y  t i m e  i s  a number r ep resen t ing  t h e  

amount of t i m e  i t  t akes  t h e  magnet c u r r e n t  t o  rise t o  i t s  maximum value .  It 

assumes t h e  rate of rise of cu r ren t  i s  n i n e  thousand n i n e  hundred s ix ty- four  

amperes p e r  Siemens second (9,964 A/ssec) .  "TR1' can b e  determined by s u b t r a c t -  

- 
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t r o n  is  f i f t y  v o l t s ,  t h e r e f o r e ,  t h e  t o t a l  system arc drop runs  about fou r  hun- 

dred v o l t s .  This  power l o s s  i s  then  equal  t o  f o u r  hundred t i m e s  t h e  average 

cu r ren t .  
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i n g  p o i n t  zero f o u r  zero  ssecond from t h e  numbers p u t  i n t o  t h e  r e c t i f y  t i m e  

cone. 

Table  I is  a check of t h e  v a l i d i t y  of t h e  c a l c u l a t i o n s  f o r  t h e  motor i n p u t  

power. 

runs  en te red  onto  Table  I. Actua l  motor power i n p u t  (P 2 w a s  a l s o  noted.  

The power i n p u t  based on t h e  de r ived  r e l a t i o n s h i p s  w a s  c a l c u l a t e d  (PINc> and 

a l s o  en te red .  This a l lows  the c a l c u l a t e d  va lues  t o  be compared t o  t h e  a c t u a l  

va lues .  

The l o g  w a s  checked o u t  over  t h e  p a s t  two y e a r s  and d a t a  f o r  a number of 

INA 

Table  I. Comparison of Calcu la ted  PINC Versus Actua l  PINA 

A s  Taken From Power Room Logs 

' T  
ssec 

3.018 

2.589 

2.593 

3.024 

3.671 

1.727 

1.512 

1.395 

1.404 

1.787 

TR+l. 38 

A+B+C+E 
ssec 

.697 

.698 

.422 

.697 

.694 

.687 

.675 

.675 

.682 

.233 

TI? 

D 
ssec 

1 .4  

1 

0 

1 . 5  

2 

0 

0 

0 

0 

0 

PR 

4.55 

4.13 

.15 

4.80 

4.95 

1.59 

1.69 

1.84 

1.9 

.08 

1.45 

1.34 

.12 

1.52 

1.54 

.7 

.76 

.82 

.84 

.02 

'INC 
(m> 

7.0 

6.47 

1.15 

7.32 

7.49 

3.28 

3.45 

3.66 

3.74 

1.03 

'INA 

6.7 

6.3 

1.1 

7-7; 3 

7-7.2 

3.7 

4 

4.2 

4.3 

1 

The s t eady  s ta te  magnet c u r r e n t  r equ i r ed  f o r  a s t eady  s ta te  power of seven 

megawatts i n t o  t h e  motor can b e  determined from t h e  fo l lowing  r e l a t i o n s h i p  

6 6 2 P = 7(10 ) = 1 0  f .25I  + 4001 . i n  5) 

Solving f o r  I y i e l d s  a magnet c u r r e n t  of 4164 amps which corresponds t o  a 

momentum of 23 G e V / c .  This means that  f o r  any momentum below 23 G e V / c ,  as f a r  

as the l i m i t  of seven megawatts i n t o  the motor i s  concerned, t h e r e  i s  no l i m i t  
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on f l a t  top  l eng th .  

Repe t i t i on  t i m e  f o r  seven megawatts i n t o  t h e  motor a t  25 G e V / c ,  28.28 

G e V / c  and 33 G e V / c  w a s  determined as a func t ion  of f l a t  t op  l eng th .  The re- 

s u l t s  are d isp layed  i n  P ig .  1. These numbers are based on a measured magnet 

c u r r e n t  of 5100 amperes and a Gauss c lock  reading  of 28.28 G e V / c .  Determina- 

t i o n  of magnet c u r r e n t s  a t  o t h e r  momentums do n o t  cons ider  s a t u r a t i o n  e f f e c t s  

i n  the magnet and assume t h a t  t h e  f i e l d  i s  d i r e c t l y  p ropor t iona l  t o  c u r r e n t .  

The Siemens power supply u t i l i z e s  VE-601 sea l ed  mercury vapor s i n g l e  anode 
e x c i t r o n s  as-the rect i f iers .  These e x c i t r o n s  wi th  two of them connected i n  

p a r a l l e l  are configured i n t o  a t h r e e  phase f u l l  wave br idge .  Two series a i d i n g  

b r idges  are connected a t  each end of t h e  magnet system. The maximum average 

c u r r e n t  r a t i n g  of t h e  VE-601 i s  a l i t t l e  over f i v e  hundred amperes. The c u r r e n t  

r a t i n g  pe r  b r idge  is  t h e r e f o r e  s i x  t i m e s  t h i s  va lue  o r  t h r e e  thousand amperes. 

It i s  t h i s  r a t i n g  which imposes t h e  average c u r r e n t  l i m i t  of f l a t  t op  l eng th .  

A s  a r e s u l t ,  i n  a d d i t i o n  t o  monitor ing motor i npu t  power, one must a l s o  be  

cognizant  of the average magnet c u r r e n t  from t h e  f l a t  top  bank. The l i m i t i n g  

momentum f o r  a continuous f l a t  top  i s  t h e  momentum f o r  t h r e e  thousand amperes 

i n  t h e  magnet. This  momentum can be determined from t h e  fo l lowing  r e l a t i o n s h i p  

28 28 2 = 3000 (-) F 1 6  - G e V / c  . 
6) 'LIM 5100 3 

For momentums g r e a t e r  than  t h i s  t h e  a p p r o p r i a t e  r e p e t i t i o n  t i m e  can be  

c a l c u l a t e d  by means of t h e  formula,  

7) T = .06 P Tf 

where T E r e p e t i t i o n  t i m e  i n  sseconds 

T = f l a t  top  t i m e  i n  sseconds 

P E momentum i n  G e V / c .  

f -  

R e p e t i t i o n  t i m e  f o r  a number of f l a t  top  t i m e s  and momentums w a s  ca l cu la t ed .  

This  d a t a  i s  presented  i n  Table  11 and p l o t t e d  i n  F ig .  2. 
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28.28 '. 

Table 11. Repe t i t i on  T i m e  as a Funct ion of P l a t  Top T i m e  

For Average F l a t  Top Curre- 

5100 2.0 3.4 

GeV 
p \y-) 

1 

T(ssecs)  I Tf (ssecs) I 

1 .2  

For the AGS i t  has long been recognized t h a t  f o r  d w e l l  t i m e s  less than  0.2 

seconds,  d r a s t i c  r e tun ing  of t h e  i n j e c t i o n  parameters  is  requ i r ed .  A s  a re- 

s u l t ,  dur ing  t h e  set-up f o r  a run  t h e  Siemens t iming parameters  are s e l e c t e d  

f o r  a dwell  t i m e  of 200 msec o r  212 smsec. The r e p e t i t i o n  t i m e  f o r  t h i s  l i m i -  

t a t i o n  can b e  determined from t h e  fo l lowing  r e l a t i o n s h i p  

8) T = A + B + .252 + TF + .019 9 

where T 5 r e p e t i t i o n  t i m e  i n  sseconds 

T = f l a t  top  t i m e  i n  sseconds 

P S momentum i n  G e V / c  

F- 

A+B F i n j e c t i o n  porch l eng th  i n  sseconds.  

Normally, A+B are set f o r  a t o t a l  of about  .098 ssecs s o  t h a t  t h e  r e l a t i o n -  

s h i p  f o r  r e p e t i t i o n  t i m e  as a func t ion  of momentum and f l a t  top  du ra t ion  wi th  a 

.212 ssec dwell  t i m e  becomes 

9) T = .35 4 TP + .019 P . 
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25 

The r e p e t i t i o n  t i m e  under a number of ope ra t ing  condi t ions  f o r  a dwell  

t i m e  w a s  c a l c u l a t e d  and i s  presented  i n  Table  I L L .  

and i s  presented  i n  Pig.  3.  

This  same d a t a  was p l o t t e d  

0.476 2 2.83 

1 1.83 
I 

Table 111. Repe t i t i on  T i m e  as a Funct ion of Momentum and 

F l a t  Top T i m e  For a D w e l l  T i m e  of 212 Smecs 

20 

I T(ssecs)  P ( c /  GeV f TR(ssecs)  1 TF(ssecs) 

I 

0.382 2 2 .73  

28.28 I 0.539 2 1 2.89 I 

1 

1 

1.73 

1 1.89 

23 

The r e s u l t s  of motor power, average f l a t  t op  c u r r e n t  and dwell  t i m e  l i m i -  

t a t i o n s  are summarized i n  F ig .  4 .  It i s  i n t e r e s t i n g  t o  n o t e  t h a t  a t  h igh  momen- 

tums and w i t h  long f l a t  t ops  t h a t  motor i npu t  power i s  t h e  l i m i t a t i o n  t h a t  de t e r -  

mines t h e  minimum r e p e t i t i o n  t i m e .  A t  lower momentums and a t  s h o r t  f l a t  t op  

t i m e s ,  t h e  dwell  t i m e  l i m i t a t i o n  determines t h e  pe rmis s ib l e  r e p e t i t i o n  t i m e s .  

A t  i n t e rmed ia t e  momentums and wi th  long f l a t  t ops ,  t h e  t h r e e  thousand ampere 

average f l a t  top  c u r r e n t  l i m i t a t i o n  determines t h e  s h o r t e s t  a l lowable  r e p e t i t i o n  

t i m e s .  

I n  a l l  modes of ope ra t ion ,  t h e  motor power inpu t  i s  a measurable q u a n t i t y  

and i s  cont inuously monitored a t  t h e  Siemens power supply main console .  

as dwell  t i m e  i s  concerned, t h i s  i s  a measurable q u a n t i t y  and can be  monitored 

a t  many l o c a t i o n s  a t  t h e  AGS complex. This  means t h a t  as f a r  as t h e s e  two l i m i -  

t a t i o n s  are concerned, because of t h e  ease of a c c u r a t e l y  measuring them, t h e  

ope ra to r s  can b e  permi t ted  a c e r t a i n  degree of f l e x i b i l i t y  when s e t t i n g  t h e  

a c c e l e r a t o r  up f o r  a run. 

A s  f a r  

Average f l a t  t op  c u r r e n t  on t h e  o the r  hand i s  n o t  d i r e c t l y  measurable and 

as a r e s u l t ,  i n  t h i s  regard ,  t h e  conclusions of t h e  c a l c u l a t e d  r e s u l t s  should. be  
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s t r i c t l y  adhered to .  

I n  conclusion, i t  should be pointed out t ha t  the  main magnet power supply 

i s  a very complex and cos t ly  i n s t a l l a t i o n ,  and we want t o  get many more years 

of r e l i a b l e  service out of i t .  This can be accomplished i f  w e  continue t o  run 

t h i s  system i n  a reasonable fashion. 
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