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ABSTRACT 

Heavy Ion Acceleration and o ther  new modes of operation requi re  

simple and prec ise  Main Magnet Current Ramp adjustment as w e l l  as rapid 

r e s to ra t ion  of previous proven Ramp setups. Instead of adding t o  the  

system more layers  of piecemeal improvements t o  achie,ve these goals,  i t  

is  proposed t o  purchase a highly r e l i a b l e  i n d u s t r i a l  process cont ro l  

computer t o  replace the various manually operated power supply cont ro ls  

t h a t  have grown over the  years. A two phase pro jec t  is  outlined: 

f i r s t ,  a new ramp con t ro l l e r ;  then, as needed, f u r t h e r  enhancements, 

including mixed cycle operation, improved s t a b i l i t y ,  and remote con- 

t r o l .  

p lus  th ree  man years of technician and engineering labor ,  and Phase I1 

about $90,000 plus another th ree  man years of labor.  

0 

Phase I of t he  pro jec t  should cost  about $420,000 i n  purchases 

I. INTRODUCTION 

The Alternating Gradient Synchrotron (AGS) acce le ra to r  i s  the  

major f a c i l i t y  f o r  high energy physics a t  Brookhaven National Labora- 

tory.  The power supply f o r  t he  acce le ra to r  main magnet s t r i n g  is  a 

motor generator set combined with e ight  three-phase f u l l  wave recti- 

f i e r l i n v e r t e r  bridges t h a t  pulse the  magnet t o  f u l l  cur ren t  (-5,000 A) 

i n  0.5 seconds, hold the  current nearly constant ( f l a t t o p ) ,  then 

i n v e r t s  t o  remove the  current from the  magnets (see Figure 1 f o r  

t y p i c a l  wave forms). 

w e l l  as power swings (-?70 MW). This energy is s tored  i n  the  ro t a t ing  

mass of the  generator r e su l t i ng  i n  a speed change of about +1%. 

The t o t a l  energy t r ans fe r r ed  (-10 MJ) i s  l a rge  as 

The e 
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power supply voltage is  cont ro l led  by the  f i r i n g  phase of the  recti- 

f i e r s  allowing a voltage swing of f3,000 V f o r  each bridge r e su l t i ng  ,n 

a t o t a l  swing of 212 kV f o r  t he  four  bridges i n  series. 

required t o  hold the  current constant f o r  f l a t t o p s  is  provided by four  

p a r a l l e l  lower voltage (-2500 V) bridges which are a l s o  phase control- 

led. Switching between these  high and low voltage bridges is  control- 

l ed  by the  r e l a t i v e  f i r i n g  phase of the  r e c t i f i e r s  i n  these two sup- 

p l i e s  (see Figure 2 f o r  power supply diagram). 

The voltage 

The AGS is going through a s e r i e s  of upgrades and modernization 

stages.  Future work on the  AGS, including the  polarized proton, higher 

i n t e n s i t y ,  and heavy ion  acce lera t ion  e f f o r t  requi re  a more f l e x i b l e  

and p rec i se ly  controlled and regulated main magnet cycle. This w i l l  

necess i t a t e  a re-design of the  power supply's cont ro l  system. 

1.1 Description of Present System 

The present system cont ro ls  t he  phase of t he  f i r i n g  of the  r e c t i -  

f i e r s  with t e n  p a i r s  of delay u n i t s  and a "master t i m e r " .  The master 

t i m e r  switches cont ro l  from one p a i r  of delay u n i t s  t o  the  next. One 

delay u n i t  controls two bridges and cons is t s  of 12 p a r a l l e l  analog 

delay modules. 

Each module generates a voltage ramp i n i t i a t e d  by a timing pulse 

from the  generator. This voltage ramp i s  coupled t o  a voltage compar- 

a t o r  which produces a delayed output pulse when t h e  voltage ramp vol t -  

age passes through the  comparator's reference input value. 

a t o r  reference voltage which cont ro ls  t he  delay i s  the  sum of many 

inputs  which may include a l o c a l  reference t o  each delay t o  compensate 

f o r  d r i f t  of bridge r e c t i f i e r  parameters, a voltage proportional t o  

power supply current,  t i m e  varying functions,  and feedback s igna ls .  A 

p a i r  of delay u n i t s  are required t o  provide a s p e c i f i c  voltage from the  

f u l l  power supply. 

The compar- 



The master t i m e r  system switches these  p a i r  of delay u n i t s  t o  the  

f i r i n g  l i n e s  of the  r e c t i f i e r s ,  f o r  ind iv idua l ly  prese t  periods of 

t i m e .  This sequent ia l  series of preplanned voltages produces the  

desired current waveform i n  the  acce le ra to r ' s  main magnet s t r ing .  

magnet cycle is  reproduced by the  t i m e r  at a self-generated f ixed  

period. Auxiliary timing pulses are a l s o  generated -0.1 second before 

the  start  of a cycle, a t  t he  start of the  cycle and a t  the  end of each 

voltage period, 

This 

Trans i t ion  from voltage t o  vol tage  is  smoothed by adding a voltage 

waveform t o  the  comparator references t o  gent ly  s h i f t  from one p a i r  of 

delay u n i t s  t o  the  next, thus minimizing mechanical shock t o  the  gener- 

a t o r  and e l e c t r i c a l  r inging of the  f i l t e r  on t he  power supply output 

and t h e  magnet. To compensate f o r  t he  increased commutation t i m e  a t  

higher power supply cur ren ts  a current proportional voltage is coupled 

t o  the  comparators causing the  r e c t i f i e r s  t o  f i r e  earlier a t  higher 

currents.  Also coupled t o  the  comparators are output voltages of 

equipment t h a t  monitor power supply s igna l s  and accelerated beam para- 

meters. Each comprises a feedback system designed t o  s t a b i l i z e  t h a t  

s p e c i f i c  parameter. Some feedback systems are operator closed; f o r  

example, the  voltage r ipp le  during f l a t t o p  is analyzed and appropriate 

changes i n  t h e  delays are made t o  reduce the  harmonics of 60 cycles 

observed. Others are automatic, e.g., when the  magnetic f i e l d  reaches 

a prese t  value a voltage t r a n s i t i o n  is  i n i t i a t e d  and as the  f i e l d  

s t a b i l i z e s  another f i e l d  mark changes the  voltage t o  provide zero cur- 

r en t  change. There is  a l s o  a real t i m e  voltage input t o  the  system 

during beam ex t r ac t ion  which modulates t he  power supply voltage t o  

provide a uniform ex t r ac t ion  rate (see Figure 3) .  

In t o t a l ,  t he re  are about 250 knob-pots, h i l i -po ts ,  and trim-pots 

p lus  a few dozen switches and computer s e t t i n g s  t h a t  are adjusted t o  

preprogram the  supply t o  generate a magnet cycle and reference the  

various corrections and loops. Each new setup of t he  supply requi re  a 

l a rge  f r a c t i o n  of these controls t o  be set t o  new values. 



The motor f o r  t he  motor generator set has a three-phase wound 

r o t o r  with an ac t ive  supply cont ro l l ing  power, while allowing it  t o  

operate above and below synchronous speed. The speed is  controlled by 

a sample and hold un i t  t h a t  drives the  motor power regulator.  A s  t he  

speed varies by -21% during the  cycle, the  speed is  sampled a t  t he  same 

t i m e  (0.1 sec before each cycle) and t h e  required motor power is  up- 

dated with proportional and i n t e g r a l  feedback. 

not sensed u n t i l  the  next sampling t i m e .  Thus, many seconds a re  re- 

quired t o  s t a b i l i z e  motor speed a f t e r  a t r ans i en t .  

Changes i n  loading are 

The generator output voltage is  regulated with a f a s t  exc i tor  

current supply t h a t  keeps t h e  voltage a t  -7500 v o l t s  ( f lux  i n  the  gen- 

e r a t o r  a i r  gap is  ac tua l ly  kept constant)  while t he  generator current 

rises from zero t o  almost 5000 A i n  -0.5 seconds, drops t o  -1000 A 

during f l a t t o p ,  rises back t o  5000 A at the  end of f l a t t o p ,  and then 

f a l l s  t o  zero i n  -0.5 seconds. 

output constant,  with -470 MW of power swing, t he  regula tor  must swing 

the  exc i to r  current between 500 Amps and 1200 Amps quickly. 

To accomplish keeping the  generator 

0 
1.2 Limitations of the  Current System 

The present system lacks i n  t h e  following areas: 

1. F l e x i b i l i t y .  The polarized proton e f f o r t  required many se tups  

of " f l a t top"  and "front porch" voltage p ro f i l e s .  The AGSII study calls 

f o r  a more f l e x i b l e  voltage waveform t a i l o r e d  t o  r f  and resonance cros- 

s ing  requirements. Heavy ion acce lera t ion  w i l l  r equi re  a prec ise ly  
. .  cont ro l led  but simply changed B program t o  balance the  l i m i t s  of the  r f  

system and the  vacuum system while minimizing r ipp le  a t  d i f f e r e n t  B's 

and B's. 
. 
2. Reproducibility. A de t a i l ed  descr ip t ion  of a magnet cycle 

cannot be s tored  due t o  the  quant i ty  of manual s e t t i n g s ,  the  lack of 

readout on some, and long term d r i f t s  i n  much of the  equipment. A 

system should be ab le  t o  s t o r e  and r e t r i e v e  t h i s  information and repro- 

duce the  s tored  cycle a t  some f u t u r e  t i m e .  This would eliminate the  

extensive se tup  t i m e  p resent ly  required,  including engineering s t a f f  

t i m e ,  t o  reproduce a l l  but t he  simplest cycles. 



3. Mixed cycles. During programmatic t r a n s i t i o n s ,  per iodic  mixed 

PEB and SEB (and possibly heavy ion or  polarized proton) cycles may be 

usefu l .  The present system cannot produce super cycles as CERN's sys- 

t e m  does wi th in  the  power swing limits of BNL's power gr id .  

4 .  Increased s t a b i l i t y .  The changes in turnoff t r ans i en t s  on t h e  

magnet and dwell period length a f f e c t  t h e  i n j e c t i o n  and capture of 

subsequent pulses. Temperature changes and o ther  perturbations a l s o  

a f f e c t  t he  power supply's output and thus the  beam. These should be 

measured and compensation made. 

beam s t a b i l i t y  and reduce the  5-20% l o s t  t i m e  required f o r  i n t e rpu l se  

dwell. 

Better reproducib i l i ty  would increase  

D r i f t s  i n  the  supply a f f e c t  adjustments of o ther  systems (e.&., 

t he  r f  system i n  B s ens i t i ve ) .  

5. Monitoring. A system should monitor i t s  own performance, 

here: outputs, temperatures, f i r i n g  delays, l og ic  power supply vol t -  

ages and v ibra t ion .  This would reduce downtime as s m a l l  but abnormal 

d r i f t s  can be annunciated and repaired on a scheduled b a s i s  ins tead  of 

waiting f o r  ca tas t rophic  f a i l u r e s  of small devices t h a t  d i sab le  the  

e n t i r e  system. 
a 

6. Better r e l i a b i l i t y .  The r e l i a b i l i t y ,  including s t a b i l i t y ,  of 

the  current system i s  a testimony t o  a "tour de force" i n  1950's and 

1960's technology. The present equipment d r i f t s  and causes down t i m e ;  

replacement and r epa i r s  are becoming more d i f f i c u l t .  As new fea tu res  

are added, t he  r e l i a b i l i t y  becomes more cr i t ical ,  t h e  next generation 

requirements would be excessive as some f a i l u r e s  are s u b t l e  and d i f f i -  

c u l t  t o  f ind  but s i g n i f i c a n t l y  degrade performance. The present 

exc i to r  regula tor  causes a l a rge  overshoot a t  the  end of r e c t i f y  and 

f l a t t o p .  This overshoot increases the  stress on the  ro to r  and adds 

s i g n i f i c a n t l y  t o  i ts  heating. 

7. Safety in t e r locks  f o r  t he  system are provided by a l a rge  

(-500) r e l ay  l o g i c  system f i f t e e n  years of age. The re lays  are begin- 

ning t o  f a i l  and Seimens does not manufacture replacements. Maintain- 

ing and t e s t i n g  of t he  system i s  t i m e  consuming and imperfect, and 

modifications are r i sky  and d i f f i c u l t .  The various in te r locking  
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voltages,  temperatures, and pressures are not monitored excepting the  

in t e r lock  t r i p s ,  thus there  are no "ear ly  warnings" of po ten t i a l  i n t e r -  

lock shutdown. In te r lock  annunciation does not include sequence infor -  

mation, thus i t  is  o f t en  impossible t o  determine which t r i p  caused a 

shutdown and which were caused by the  shutdown. 

remotely operate the  supply with t h i s  system, thus the re  are two f u l l  

time technicians on duty a t  a l l  times t o  monitor and operate the  supply 

(e ight  i n  t o t a l  o r  -30% of the  on s h i f t  operating force).  In  a similar 

s i t u a t i o n ,  removing t h e  Pump Room technicians from s h i f t  coverage has 

improved the  r e l i a b i l i t y  of t h e i r  equipment as more manpower is  avail-  

ab l e  f o r  maintenance and improvements. 

It is  not possible t o  

1 .3  Piecemeal Solutions 

The above def ic ienc ies  could be eliminated by piecemeal solutions.  

For example: 

b i l i t y ,  of t he  present peaker system, including i ts  200 knobs, would 

allow various cycles t o  be "stored" and "retrieved" quickly f o r  rapid 

programmatic changes. 

i n  t he  Master T i m e r  and modifications t o  the  motor speed cont ro l  t h a t  

would t r i m  t he  speed reference on a pulse-to-pulse b a s i s ,  "Super 

Cycles" of mixed cycles would be possible.  

1) Replication, with some reengineering t o  improve sta- 

2)  With the  addi t ion  of more switching c i r c u i t s  

The various other def ic ienc ies  could a l s o  be remedied one a t  a 

t i m e ,  but t he  engineering e f f o r t  would be excessive. The add on 

systems would increase  operational complexities, maintenance, and the  

incidence of down t i m e .  
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11. PROPOSED CONTROL SYSTEM 

A more d i r e c t  and s impler  s o l u t i o n  would be  t h e  replacement of t h e  

p re sen t  system wi th  a h ighly  r e l i a b l e  i n d u s t r i a l  c o n t r o l  computer t h a t  

would provide t h e  var ious  b a s i c  i n p u t s  t o  t h e  supply whi le  appearing t o  

be  a s tandard  "device con t ro l l e r ' *  t o  our  l o c a l  computer network (REL- 

WAY). 

a rch iv ing  of t h e  s e t t i n g s .  Much of t h e  o ld  BNL b u i l t  low level elec- 

t r o n i c s  would be replaced and commercial modules would be  used where 

poss ib le .  This system would be  much s impler ,  as the computer would 

handle  inpu t s  ( rep lac ing  t h e  hundreds of knobs),  and monitor perform- 

ance. The present  open loop and slow c o n t r o l s  would be  replaced wi th  

real  t i m e  c losed loops. The re ferences  f o r  t h e s e  loops would be  gener- 

a t e d  by the c o n t r o l  computer which would a l s o  monitor performance and 

s impl i fy  c o n t r o l  of t h e  supply (see Figure 4 ) .  

This  would provide c e n t r a l  c o n t r o l  of t h e  power supply and 

The power supply vo l t age  c o n t r o l  (master t i m e r  and delay u n i t s )  

would be  rep laced  e i t h e r  by vo l t age  con t ro l l ed  r e c t i f i e r  f i r i n g  u n i t s  

re ferenced  by t i m e  varying vol tage  programs t h a t  are generated by t h e  

c o n t r o l  computer, o r  computer con t ro l l ed  d i g i t a l  de lay  u n i t s .  The 

programs would b e  s e p a r a t e  f o r  t h e  h igh  and low vo l t age  br idges  and 

thus  c o n t r o l  which set of br idges  are opera t ing  a t  a p a r t i c u l a r  t i m e  as 

w e l l  as roughly ( k l % )  c o n t r o l l i n g  t h e  output  vo l t age  of t h a t  br idge.  

The i n d i v i d u a l  phases would be  balanced by t r i m  de lays  f o r  each phase. 

The power supply output  (probably B i n  t h e  magnets) would be  compared 

t o  a computer generated re ference  and t h e  e r r o r  app l i ed  t o  t h e  de lay  

u n i t s ,  thus  c los ing  a servo  loop around t h e  supply t o  achieve t h e  re- 

qui red  accuracy. These programs r epea t  every magnet cyc le ,  o r  i f  a 

"super cycle"  of var ious  sequen t i a l  magnet cyc les  is  programmed, every 

"super cycle".  The cyc les  would c o n s i s t  of a series of func t ion  seg- 

ments reminiscent  of s tandard AGS func t ion  genera tor  segments which 

could be "Simple Logical  Devices". Magnet f i e l d  o r  t i m e  could be used 

t o  end each segment. 

0 

. 

The motor speed would be con t ro l l ed  by a continuous,  real t i m e  

se rvo  loop. 

generated by t h e  c o n t r o l  computer and match t h e  necessary  speed changes 

bo th  f o r  normal r e p e t i t i v e  cyc les  and f o r  t h e  varying cyc le  loads of a 

The t i m e  varying r e fe rence  program f o r  t h i s  loop would be  
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"super cycle". The l a rge  e f f e c t s  i n  the exc i to r  caused by generator 
e 

current swings would be corrected by computer generated "adaptive 

servo" corrections.  

The re lay  log ic  s t a r t u p  and in t e r lock  system would be replaced by 

a "Ladder Logic" d i g i t a l  cont ro l  system t h a t  would monitor temperature, 

pressure and voltage d i r e c t l y  and provide both surve i l lance  of these  

quan t i t i e s  as w e l l  as the present i n t e r lock  functions.  Trending so f t -  

w a r e  t o  pred ic t  fu tu re  problems and a f a s t  scan t o  ind ica t e  the  primary 

cause of a t r i p  would be included. This system would be engineered 

with the goal of no longer needing two experienced technicians,  on duty 

at a l l  t i m e s ,  t o  operate t h i s  power supply and stand by problems. 

11.1 Implementation 

For manpower and budget planning, t h i s  p ro jec t  can be divided i n t o  

two major phases. 

t r o l " .  This job w i l l  include some ground work f o r  the  o ther  phase of 

t h ree  jobs which w i l l  be ordered as p r i o r i t y  d i c t a t e s .  

The f i r s t  and prime e f f o r t  w i l l  be a new "ramp con- 0 

Phase I 

The "ramp control" e f f o r t  includes: new f i r i n g  cont ro ls  f o r  t he  

r e c t i f i e r s ,  modifying the  present "B loop" t o  operate during the  e n t i r e  

cycle, t h e  procurement of a highly r e l i a b l e  cont ro l  computer, and ap- 

p l i ca t ions  software t o  simply cont ro l  the  magnet cycle waveform. This 

computer would be capable of doing t h e  computations and cont ro l  neces- 

sa ry  f o r  a l l  jobs i n  Phase I1 excepting "Remote Control". 

Phase 11 

A) Further improvement of s t a b i l i t y ,  and thus i n t e n s i t y  and Rep 

R a t e ,  by elimination of magnet "ring o f f "  a t  t he  end of a cycle; moni- 

t o r ing  those temperatures tha t  a f f e c t  t he  magnet ramp and compensating 

f o r  changes; and upgrade of the  generator exc i to r  system t o  eliminate 

d r i f t s  and t r ans i en t s .  
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B) "Super cycle" operation which requires:  a real t i m e  motor 

speed servo referenced by a computer generated function, t h a t  an t i c i -  

pates changes i n  load; and a s i g n a l  system, driven by the  cont ro l  com- 

puter ,  t o  synchronize o ther  device con t ro l l e r s  t o  the  sequence of 

cycles within the  "super cycle". 

C) "Remote Control" of the  power supply which requires:  a highly 

r e l i a b l e  replacement of the  re lay  system t h a t  starts and in t e r locks  the  

supply with a major software e f f o r t  t o  image the  re lay  systems func- 

t i on ;  and f a u l t  an t i c ipa t ion  through monitoring and trending of compo- 

nent v ibra t ion ,  temperature and voltages . 
The following sec t ions  ou t l ine  these  e f f o r t s .  

111. RAMP CONTROL (Phase I) 

The following jobs are necessary f o r  a new Ramp Control (Phase I). 
Completion of t h i s  work would a l l e v i a t e  some of t he  problems mentioned 

i n  Section 1.2, i.e., F l e x i b i l i t y  and Reproducibility, and a l s o  help 

with S t a b i l i t y  and Re l i ab i l i t y .  

111.1 Low Level Grid Controls 

After discussion with the  CERN experts t was concluded t h a t  a 

completely real t i m e  system using analog delays would provide the  ver- 

s a t i l i t y  needed. 

extend t h e i r  technology t o  our needs of < 
v o l t s  i n  2000 v o l t s )  within a power room environment. This i s  a major 

in-house job and the longest lead i t e m .  

delays would be provided by adding a p rec i se  t i m e  dependent ramp con- 

t r o l  voltage t o  t r i m  voltages,  t h a t  a l s o  are t i m e  dependent, f o r  each 

phase. 

phase imbalance i n  the  supply. 

precalculated.  

t r o l  would requi re  real t i m e  d i g i t a l  addi t ion  of t he  ramp cont ro l  delay 

numbers with phase dependent t r i m  delay numbers. This t i m e  and phase 

dependent delay number would then be fed  t o  d i g i t a l  delay u n i t s  which 

would cont ro l  t he  f i r i n g  of each phase. 

The major concern here is  the  t i m e  and e f f o r t  t o  

noise l eve l s  (< 0.2 

The cont ro l  voltages f o r  these 

These t r i m s  remove subharmonics tha t  are caused by phase t o  

The values of these  voltages would be  

The a l t e r n a t i v e  of d i g i t a l  delays t o  provide ramp con- 

This approach would be less of a 



- 10 - 

a burden on BNL's engineering s t a f f  as the  amount of equipment with 

high noise  s u s c e p t i b i l i t y  would be reduced. The r e su l t an t  cont ro l  

computer may be more cos t ly  and t h i s  approach use more of t he  cont ro l  

computers t i m e .  

There are three  d i f f e ren t  ways of accomplishing our f i n a l  objec- 
t i v e  using analog delays. 

They are: 

1) Using a sinewave derived from the  r e c t i f i e r  anode voltages 
coupled i n t o  a biased comparator and ga te  generator as at CERN. This 

scheme has the  l imi t a t ion  t h a t  t he  maximum range you can ge t  i n  phase 
of the  output ga t e  is  260'. 
r e c t i f y  t o  maximum inve r t ,  we need a f u l l  range of 180'. 

Considering t h a t  we operate from p re f i r ed  

2) Using the  zero crossing of t he  r e c t i f i e r  anode voltage t o  
i n i t i a t e  an analog delay. The range of these  delays can be made i n  

excess of 180" allowing us t o  operate our r e c t i f i e r  over t h e i r  e n t i r e  

output voltage capab i l i t y  range. 

3)  Use a phase locked loop with a r i p p l e  through counter locked 

i n t o  the  generator output voltage. 

small (0.5 msec) analog delays on t h e i r  outputs f o r  f i n e  trimming. 
This system is  a t t r a c t i v e  because a l l  t he  c r i t i ca l  timing functions are 
automatically set. Also, because most SCR power supply manufacturers 

are now using t h i s  system, packages should be commercially available.  

An inves t iga t ion  has s t a r t e d  as t o  how others  do t h i s  job. 

The counters i n  tu rn  would have e 

Papers 

are being reviewed and manufacturer contacted. Because of the magni- 

tude of t h i s  system, the  engineering t i m e  required t o  determine which 

scheme t o  use and bu i ld  a s i n g l e  u n i t  prototype should take about s i x  
months. Af te r  a prototype has been b u i l t  and t e s t ed ,  a decision w i l l  
then have t o  be made t o  bu i ld  i t  here o r  send it out f o r  contract .  

Al te rna t ive ly ,  d i g i t a l  delay u n i t s  f o r  each f i r i n g  phase would be 
purchased with the  cont ro l  computer. Instead of analog adders, these  
delays would ca l cu la t e  i n  real t i m e  by the  r e p e t i t i v e  addi t ion  of a 

prec is ion  delay t o  t r i m  delays f o r  each phase. As with voltage con- 

t r o l ,  these  two sets of delay information would be precalculated and 

s to red  i n  the  computer. 
The mode of g r i d  cont ro l  i s  a major decision point i n  t h i s  p ro jec t  

and r e so lu t ion  of t h i s  i s s u e  is  needed before work can continue. A 

s m a l l  study group should be se tup  t o  resolve t h i s  i s s u e  and provide 
guidance t o  a design engineer. 
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The CERN power supply has a vol-age feedback loop around the-r 

main magnet power supply ( M M P S ) ,  t h i s  is  a t t r a c t i v e  i n  t h a t  i t  helps 

reproduct iv i ty  from pulse t o  pulse. 

We have a feedback loop around our power supply f l a t t o p  bank, the  . 
"B servo". This proposal however calls f o r  including the  magnet i n  the  

loop, which means t h a t  the r i p p l e  f i l t e r  is  in s ide  t h i s  loop (as  a t  
CERN) and would have t o  be taken i n t o  account f o r  s t a b i l i t y  calcula- 

t i ons .  

as the  power supply output s t eps  from one voltage t o  another and goes 

t o  zero cur ren ts .  It would feed analog delay u n i t s  and use about 1 

millisecond of range. 

The feedback loop may have t o  be gated t o  eliminate t r ans i en t s  

The design f o r  t h i s  system should take  about four  engineering 

months. Equipment could probably be b u i l t  by one technician i n  about a 

month. I n s t a l l a t i o n  should take  about f i v e  days including two days f o r  

commissioning tests. 

111.3 Computer Procurement Plan 

It is  planned t o  acquire the  computer system t o  cont ro l  t h e  main 

magnet cycle by contracting f o r  a six month pro jec t  t o  provide: 

1) A system design engineering e f f o r t  t o  confirm, r e f ine ,  o r  

ammend, as appropriate,  t he  spec i f i ca t ions  f o r  the  e n t i r e  system t o  

m e e t  the objec t ives  outlined. A BNL engineer would spend one t o  two 

months on t h i s .  This e f f o r t  w i l l  include a cr i t ical  design review of 

t h e  system requirements and a l l  equipment and software proposed t o  meet 

t he  system requirements. 

2) Purchase of a system cons is t ing  of: 

a) Computer equipment as described, subject t o  refinement as 

a r e s u l t  of t he  system engineering e f f o r t .  

b )  System software. 

c )  (Optional) appl ica t ion  software. 

The system, with custom equipment and a l l  software, w i l l  be i n t e -  

gra ted  and t e s t e d  before shipping. 

3)  I n s t a l l a t i o n ,  test and commissioning of t he  system at  Brook- 

haven. 
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111.4 Computer Functionali ty 

The func t iona l i t y  (excerpt ec from a preposeL spec ca t ion)  

include t h e  aspects of t he  cont ro l  computer f o r  both phases of t he  

p ro jec t ,  excepting the  replacement of the  re lay  sa fe ty  and s t a r t u p  

system. The cont ro l  computer system would accommodate these e f f o r t s  as 

they a re  incorporated i n t o  the  system. The r e l ay  l o g i c  replacement 

e f f o r t  would r equ i r e  another u n i t  dedicated t o  t h i s  job of i n t e r lock  

surve i l lance  and response as w e l l  as cont ro l l ing  s t a r t u p  and shutdown 

of t he  motor generator. The two u n i t s  would be coupled. 

The computer system would generate a t a b l e  of t i m e  varying recti- 

f i e r  cont ro l  voltages o r  delays t h a t  are necessary t o  create a magnet 

cycle. These cont ro l  values would be loaded i n t o  output devices which 

cont ro l  t h e i r  respec t ive  r e c t i f i e r  f i r i n g  t r i g g e r s  by the required 

amount. Voltage waveforms simulating motor speed as a function of t i m e  

and generator voltage as a function of t i m e  would be generated and used 

as t i m e  varying reference inputs  f o r  t he  motor speed regula tor  and the  

generator output voltage regula tor .  

predetermined by ca lcu la t ions  based on system equations and operating 

parameters of the  power supply. Updating of these  waveforms must be 

done i n  a real t i m e  synchronized fashion between machine pulses. 

These voltage waveforms w i l l  be 

The system would have enough information about t he  performance of 

t h e  power supply and load t o  set parameters t o  produce a cur ren t  wave- 

form of 0.1% accuracy. Updating t h i s  information by measuring t h e  

performance and reca lcu la t ing  s e t t i n g s  would produce a waveform with 

less than 0.03% e r ro r .  In t e r rup t  response at c r i t i ca l  t i m e s  would 

produce cur ren ts  with e r r o r s  of less than 0.01% a t  these  t i m e s .  Con- 

t r o l s  would be compatible f o r  fu tu re  cont ro l  t o  0.001%. 

The system would generate a marker pulse two t o  f i v e  microseconds 

wide a t  each magnet voltage t r a n s i t i o n  and 0.1 sec before the  start of 

a cycle. Each marker pulse w i l l  be on i ts  own dedicated l i ne .  There 

would be t e n  such dedicated l i n e s  with provision f o r  fu tu re  expansion 

t o  a t o t a l  of t h i r t y .  
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D i g i t a l  output  information would be provided i n d i c a t i n g  t h e  code 

number i d e n t i f y i n g  t h e  types of cyc les  f o r  t h e  next  two cyc les  i n  t h e  

"super cycle".  

During per iods of shutdown and "save-a-watt'' low power puls ing ,  a . 
simulated B s i g n a l  would be  made a v a i l a b l e  t o  t h e  Gauss clock. 

t h i s  s i g n a l ,  t h e  Gauss c lock can cont inue t o  provide t iming s i g n a l s  t o  

those  devices  r equ i r ing  them (e.g., d i scharge  power supp l i e s ) .  This 

s i g n a l  would s imula te  the  f u l l  cyc le  expected i n  normal opera t ion  in-  

c luding  t h e  d i f f e r e n t  cyc les  of a "super cycle".  

With 

111.4. I Setup 

111.4.1.1 I n i t i a l  Step 

These c a l c u l a t i o n s  would be  done be fo re  puls ing  i s  s t a r t e d  and may 

be  updated whi le  pushing is  on wi th  a requi red  response of a f e w  t e n s  

of seconds. 

The des i r ed  cyc le  (or  cyc les  f o r  "super cycle"  ope ra t ion )  is  

def ined  by t h e  opera tors  and/or recorded se tups .  

work wi th  a complete set of bu i ld ing  blocks based on requi red  magnet 

f i e l d  and pulse  du ra t ion  t o  cons t ruc t  a cycle .  This  w i l l  inc lude  f l a t -  

top ,  r e c t i f y  and i n v e r t  vo l t age  func t ions  wi th  t r a n s i t i o n s  t o  provide 

smooth a c c e l e r a t i o n  and g e n t l e  t r a n s f e r  of energy. These "blocks" may 

b e  opera tor  modified as necessary.  

The opera tor  w i l l  

The proposed magnet waveform would be  d isp layed  be fo re  commitment 

and i l l e g a l  r eques t s  f lagged.  Each block could c o n s i s t  of t h r e e  

"simple l o g i c a l  devices"  o r  poss ib ly  a "complex l o g i c a l  device" i f  

deemed appropr i a t e  by t h e  Controls  Group o r  i t  i s  determined t h a t  a 

complex t i m e  func t ion  i s  needed r equ i r ing  mul t ip l e  e n t r i e s .  

f o r  about f i f t y  "blocks" would be needed. 

Storage 

The r e s u l t a n t  des i r ed  t i m e  varying power supply output  vo l t age  

func t ion  wi th  the appropr i a t e  "milestones" would be  permanently s t o r e d  

i n  a non-violable memory f o r  f u t u r e  use.  This  d a t a  would be  t r a n s f e r -  

a b l e  t o  and from t h e  AGS l o c a l  network "Sta t ion"  through an IEEE-488 

l i n k .  The format i s  def ined i n  Controls  Sec t ion  Reports.  
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a 
111.4 . 1.2 Running 

The required voltage waveforms ,and possibly delay t ab le s ,  are 

ca lcu la ted ,  as a function of t i m e  i n t o  the  cycle, f o r  t he  magnet volt-  

age reference, power supply cont ro ls ,  generator voltage,  and motor 

speed, Also, a scenario of s t a r t u p  is defined t h a t  w i l l  minimize 

abrupt t r aqs i en t s  on the  power supply, 

The engineering model t h a t  produces these t ab le s  of voltages (and 

delays) s h a l l  include such f ac to r s  as main magnet, generator and tank 

temperatures, l i n e  voltage and o ther  parameters, The r e s u l t  s h a l l  be a 

current waveform accurate t o  0.1%. 

The required motor power and motor speed as a function of t i m e  

w i l l  be tabula ted  and produce a t i m e  varying voltage function t o  pro- 

vide a reference f o r  t he  motor speed cont ro l  loop. The r e s u l t  should 

be a speed s t a b i l i t y  of 0.1% pulse t o  pulse. 

111.4.2 Slow Loops 

Rec t i f i e r  tank, load and o ther  temperature s e n s i t i v e  devices i n  

the  system w i l l  be scanned a few t i m e s  a minute. 

t a b l e s  w i l l  be updated accordingly t o  compensate f o r  these temperature 

va r i a t ions .  Auxiliary power supplies and equipment w i l l  be monitored. 

D r i f t s  outside of predetermined limits w i l l  be annunciated, ind ica t ing  

t h a t  although an element is  operational and within tolerance,  it is  

outside design s e t t i n g .  This w i l l  allow scheduling of maintenance of 

border l ine  equipment before a ca tas t rophic  f a i l u r e  occurs. 

The r e c t i f i e r  cont ro l  

111.4.3 Intermediate Speed Loops 

These loops w i l l  work on a one second pulse-by-pulse bas i s  and 

update the  t ab le s  generated by the  slow loop f o r  the  next pulse. 

should improve reproducib i l i ty  t o  0.03% current versus t i m e .  It may 

not be poss ib le  t o  operate a l l  these loops a t  once. 

This 
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The magnet voltage and cur ren t ,  motor speed and cur ren t ,  generator 

voltage and exc i to r  current are compared with the  predicted values. 

Voltage r i p p l e  would be analyzed and cor rec t ions  added t o  the  commands. 

Voltage r ipp le  must be held t o  less than 0.2 v o l t s  during f l a t t o p  t o  

in su re  smooth s p i l l  Delivery. 

of heavy ions,  voltage r i p p l e  m u s t  be held t o  less than one vo l t .  I f  

i t  is  decided t o  use analog low l e v e l  g r i d  cont ro ls ,  t he  system would 

be suscept ib le  t o  LILCO synched 60 Hz noise. The system should have 

provision t o  measure r i p p l e  synched t o  t h i s  frequency and compensate 

f i r i n g  t i m e s  synched t o  LILCO. Tables of commands versus t i m e  are 

updated f o r  the  next pulse. 

During i n j e c t i o n  and ea r ly  acce lera t ion  

MG set v ib ra t ion  would be recorded and the  "sof t"  t r a n s i t i o n s  

updated t o  keep the v ib ra t ion  below an acceptable level. 

The f i r i n g  t i m e s  and commutation angles of the  r e c t i f i e r s  are 

checked t o  provide warning of t i m e  delay, f i r i n g  c i r c u i t  o r  r e c t i f i e r  

problems as w e l l  as monitoring f o r  t he  optimization of i nve r t  f i r i n g s .  

A ser ious  problem s h a l l  i n t e r lock  the  next pulse and generate an alarm 

message. (This f ea tu re  i s  optional.)  

Noncr i t ica l  "annunciate only" f a u l t s  (PL1) w i l l  be scanned each 

cycle,  and ac t ive  alarms w i l l  be displayed each cycle. 

During pulsing tu rn  on, t he  intermediate speed loops w i l l  monitor 

motor speed and increase  pulse length and motor current i n  order t o  

come t o  the  f i n a l  cycle quickly while keeping the  motor power swing t o  

less than 0.5 MW/sec. 

111.4.4 Fast  Loop 

The s tar t  of t he  magnet current pulse must be synchronized with 

the  power l i n e  phase t o  less than *500 Ftsec. 

f o r  moving t h i s  phase back and f o r t h  with respect t o  the  power l i ne .  

There w i l l  be a provision 

Variation i n  f l a t t o p  voltage caused by changes i n  beam ex t r ac t ion  

creates pulse-to-pulse j i t t e r  i n  the  motor speed and magnet current at 

the  end of t he  f l a t t o p .  This makes the  dwell t i m e  vary, causing 

changes i n  f i e l d  a t  i n j e c t i o n  of t he  next pulse and motor power ex- 

cursions. The f a s t  loop w i l l  t a i l o r  motor current and magnet voltage 

a t  the  end of t he  f l a t t o p  and during the  t r a n s i t i o n  t o ,  and s tar t  of 
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i nve r t .  Per turba t ive  so lu t ions  t o  the  model w i l l  s l i g h t l y  increment o r  

decrement t he  magnet voltage and motor speed t ab le s  appropriately.  

Required cor rec t ions  must be made within 100 milliseconds. 

Other "milestones" i n  the  cycle may a l s o  requi re  similar ac t ions .  

These include end of t h e  i n j e c t i o n  porch, end of ramp t o  f u l l  f i e l d  and 

the  end o f , i n t e rmed ia t e  f r o n t  porches. 

111.4.5 Ordered In t e r rup t  Response 

S p i l l  abort i n  f l a t t o p  i s  accomplished by increasing the  power 

supply voltage t o  fo rce  the  beam t o  s p r i a l  inward. 

seconds of the  i n t e r r u p t ,  the  f l a t t o p  voltage must be increased t o  

maximum. This condition w i l l  be maintained u n t i l  a l l  of t he  beam has 

been dumped i n t o  the  "catcher". Then, within one hundred milliseconds 

of t h e  i n t e r r u p t ,  t he  power supply voltage i s  set t o  a valve so  t h a t  

t h e  magnet current w i l l  match standard conditions a t  end of f l a t t o p .  

Within th ree  m i l l i -  

The presence of a PL-2 in t e r lock  w i l l  cause within 3 milliseconds 

a change t o  inve r t  t o  bring the  pulse t o  a gracefu l  end and then tu rn  

pulsing of f .  I f  the  acce le ra to r  contains beams, it s h a l l  be dumped t o  

the  catcher f i r s t .  

f i e r s  and move the  pulse r e c t i f i e r s  t o  inve r t  voltage. 

w i l l  start a f a s t  scan of t he  alarms. A record of a l l  alarms and 

sequence i n  which they occurred w i l l  be displayed. 

0 
A PL-4 w i l l  s top  a l l  f i r i n g  of t he  f l a t t o p  recti- 

Also, a PL-4 

A BNL pulse from the  Gauss clock o r  current transformer s h a l l  

cause an i n t e r r u p t  which w i l l  start the  f l a t t o p  o r  change the  voltage 

i n  f l a t t o p .  These changes must occur within 3 ms of the  Gauss clock 

i n t e r r u p t .  This 3 m s  delay must be reproducible t o  0.5 ms.  

The "ring of f"  of t he  current waveform a t  t h e  end of t he  cycle is  

c r i t i ca l  f o r  producing i d e n t i c a l  f i e l d  f o r  t he  next pulse. It may be 

necessary t o  provide an i n t e r r u p t  driven change, as above, t o  produce 

i d e n t i c a l  t u rn  o f f s  pulse t o  pulse. 

111.5 Commissioning 

The various functions of t h i s  system would be brought on l i n e  i n  a 

"shadow" mode, where the  present system would ac tua l ly  cont ro l  the  
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supply and the  new system's timing and references compared t o  a c t u a l  

operation. When t h i s  i s  successful,  t he  system would operate the  sup- 

p ly  a t  low power i n t o  the  test r e s i s t o r  load. Then, f i n a l l y ,  the  main 

magnet would be pulsed using t h e  new system. 

not be removed u n t i l  t he  new system i s  f u l l y  "on l ine".  As the  number 

of connections t o  t h i s  system are not la rge ,  switchover between new and 

old systems should take less than an hour. 

The ex i s t ing  system would 

IV. PHASE I1 

Phase I1 of t h i s  pro jec t  assumes an adequate con t ro l l e r  was in- 

s t a l l e d  i n  the  f i r s t  phase of t h i s  pro jec t  t o  handle a l l  but the  remote 

cont ro l  aspects of Phase 11. This phase cons is t s  of four  independent 

jobs t h a t  can be ordered by programmatic p r i o r i t i e s  as they develop 

next year 

I V . 1  Improved S t a b i l i z a t i o n  

These tasks  should improve t h e  pulse-to-pulse s t a b i l i t y  of t he  AGS 

magnet cur ren t  waveform. This should allow a more prec ise  optimization 

of t he  acce le ra to r ' s  operation and thus higher i n t e n s i t i e s  at a f a s t e r  

r e p e t i t i o n  rate. 

IV.l.l Elimination of "Ring Off" 

Obtaining a reprodic ib le  current waveform a t  the  end of t he  cycle 

i s  a continuing problem as the  r i p p l e  f i l t e r  and the  Main Magnet r ings  

when current s top  flowing i n  the  r e c t i f i e r .  When the  Siemens S e t  was 

f i r s t  commissioned it  was not poss ib le  t o  acce le ra t e  beam as the  l a rge  

ringing changed f i e l d  h i s to ry ,  pulse t o  pulse. This problem was alle- 

v ia ted  by programming a reduced voltage f o r  the las t  - 50 ms of the  

cycle,  but keeping t h i s  program cor rec t  is a maintenance problem. A t  

CERN the  r i p p l e  f i l t e r  is shorted at the  end of every cycle, elimina- 

t i n g  any ringing with the  magnet. 
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Also, as pa r t  of an aborted e f f o r t  t o  increase the rep-rate of 

i n j e c t i o n  i n t o  the  SPS, the  Power Supply Group a t  the  CERN PS ran with 

200 A i n  the  magnet between pulses. This e f f o r t  has been abandoned 

the re  due t o  s t a b i l i t y  concerns and lack  of the  need f o r  high rep-rate 

during pp c o l l i d e r  running. This approach i s  very a t t r a c t i v e  f o r  BNL 

f o r  two reasons. It should be poss ib le  t o  increase  our rep-ratey and 

t h e  r ipp le  f i l t e r  on the  Main Magnet Power Supply would not r ing  a t  t h e  

end of a cycle as i t  would be continuously connected t o  the  low imped- 

ance of the power supply. E l e c t r i c a l  t e s t s  have been made a t  BNL and 

do not i nd ica t e  problems. A test of i n t e n s i t y  VS. dwell did not show 

major changes even a t  e s s e n t i a l l y  zero dwell a f t e r  readjustment of t he  

In j ec t ion  "Peaker". 

t i o n  "Peaker" gauss clocks has been b u i l t  f o r  f u r t h e r  inves t iga t ion .  

Adaptation of t h i s  method w i l l  r equi re  the  building of an opera t iona l  

f i e l d  marker. Tests on beam acce lera t ion  with nonzero dwell current 

and with various turnoff conditions must be made t o  determine i f  t h i s  

approach is  v iab le  or  i f  a "shorting switch" need be purchased and what 

i t s  specs would be. 

- 

An R&D absolu te  f i e l d  marker t o  start the  Injec- 

IV.1.2 Monitoring Per turba t ion  

Various phenomena have s m a l l  but s i g n i f i c a n t  e f f e c t s  on the  magnet 

cycle (e.g., magnet and r e c t i f i e r  temperature). Others need t o  be 

searched out and continuously monitored. These e f f e c t s  w i l l  be compen- 

sa ted  f o r  i n  the  main magnet ramp program. 

IV.1.3 Excitor Modifications 

During t h e  t r a n s i t i o n  when the  power supply goes from f u l l  posi- 

t i v e  output t o  f u l l  negative output t he re  is  an extreme t r a n s i e n t  of 

exc i to r  output voltage. 

A study of the  exc i to r  regula tor  has disclosed tha t  during the  

t r a n s i t i o n  from r e c t i f y  t o  i n v e r t ,  the  r e c t i f i e r  commutation notches 

occur a t  t he  peak of the  generator output voltage waveform. The exci- 

t o r  regula tor  which compares the  peak value of the  generator voltage 

aga ins t  the  reference input thus g e t s  an erroneous s igna l  and goes 

through gyrations t ry ing  t o  cor rec t  f o r  it. 



- 19 - 

It should be straightforward t o  cor rec t  t h i s  s igna l  by i n s e r t i n g  

an appropriate f i l t e r  network i n  the  exc i to r  regula tor  feedback loop. 

The engineering time required would be primarily t o  make a s t a b i l i t y  

study of the  modified feedback loop. This should take about one man 

week. One man week of technician t i m e ,  and e ight  hours of machine time 

i n  two hour periods two days apar t  would be needed f o r  building and 

then commissioning. A computer generated "adaptive correction" would 

eliminate the  remaining e r ro r .  

IV.2 "Super Cycle" Operation 

A "Super Cycle" cons is t s  of a repeated series of d i f f e r e n t  AGS 
cycles. 

operation does. 

c a l l y  only requi re  an occasional beam bust t o  check t h e i r  equipment. 

Then a F a s t  Beam user  could continue using most of the  AGS cycles with 

only an occasional cycle d iver ted  t o  Slow Beam f o r  t e s t ing .  Here a 

"Super Cycle" may cons is t  of f i v e  Fast  Beam cycles and one Slow Beam 

one. 

o ther  Heavy Ion (or  polarized protons) users  would allow u t i l i z a t i o n  of 

t he  t i m e  t he  AGS is  "on l i n e "  between i n j e c t i o n  periods. 

Fast  Beam operation does not requi re  a f l a t t o p  while Slow Beam 

When s t a r t i n g  up a Slow Beam run the  experiments typi- 

When RHIC comes on l i n e  switching between i n j e c t i o n  t o  RHIC and 

IV.2.1 Motor Speed Control 

The o r i g i n a l  motor speed cont ro l  was required t o  maintain average 

motor speed s t a b l e  t o  0.01% and keep motor input power t r ans i en t  varia- 

t i o n s  t o  less than 500 Kw/sec .  

a l l  power supply timing functions were taken from the  generator shaf t .  

This i s  no longer done, a l l  c r i t i ca l  timing functions are derived from 

a separa te  clock. Thus, there  is  no longer any need t o  maintain a 

p rec i se ly  s t a b l e  motor speed. 

generator/motor which can vary +2% with respect t o  synchronous speed. 

With mixed cycles,  t he  average power i n t o  the  motor would not be 

For example, one would expect average power va r i a t ions  t o  5 

The t i g h t  speed spec was necessary as 

The only l i m i t a t i o n  being due t o  the  

constant. 

megawatts when removing the  1.5 second f l a t t o p  from a pulse. 

v a r i a t i o n  on the  BNL power g r i d  would not be be acceptable. 

This 
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The magnitude of t he  power swing could be a l l e v i a t e d  by running 

t h e  motor up near i t s  upper speed l i m i t  during the  normal 7 mw o r  oper- 

a t ion .  Then seve ra l  cycles before a lower power cycle run the  speed 

.down t o  t h e  lower l i m i t  by gradually reducing t h e  motor power input.  

The timing of t h i s  operation should be t h a t  t h e  lower speed l i m i t  i s  

reached j u s t  as the  low power cycle starts. Motor speed would then 

increase  due t o  t h i s  cycle 's  low power usage. Then a f t e r  t h i s  cycle,  

t h e  power can gradually be brought back up t o  the  steady state value 

(see Figure 5 f o r  waveform of a t y p i c a l  "super cycle"). 

a 

The motor speed cont ro l  loop w i l l  be changed from a sample da ta  

system t o  a continuous real time loop. A computer generated reference 

would be supplied t h a t  is calculated from an energy flow model of t he  

motor speed and provide the  cor rec t  speed (and rate of change of speed) 

versus t i m e  t o  achieve the  desired "super cycle" scenario. BNL power 

g r i d  l i m i t s ,  p resent ly  0.5 mw/sec, l i m i t  the  va r i e ty  of cycles i n  a 

"super cycle" . 
The motor speed cont ro l  should be b u i l t  in-house. There should be 

about four  engineering months devoted t o  system ana lys is  and equipment 

design. 

about four  weeks t o  construct and i n s t a l l  t h e  equipment. Machine down 

t i m e  w i l l  be required t o  swing over from the  old system t o  the  new 

system. 

Once the  design i s  s o l i d i f i e d ,  it should take  one technician 
0 

IV.2.2 "Super Cycle" Synchronization 

When operating with d i f f e r e n t  cycles i n  a "super cycle" many 

device con t ro l l e r s  w i l l  need real t i m e  information as t o  what types of 

cycle i s  in process and what types w i l l  follow. This information w i l l  

be made ava i l ab le  from the  cont ro l  computer and transmitted v i a  an as 

ye t  i d e n t i f i e d  transmission system t o  those device con t ro l l e r s  needing 

t h i s  information. 

IV.3 Remote Operation 

Remote operation of t he  main magnet supply is planned a t  CERN. 

(The one operator presently on s h i f t  there  divides h i s  t i m e  between the  

supply and other duties.)  

confidence i n  the  w e l l  being of the  various subsystems and complete 
assurance t h a t  the  sa fe ty  system W i l l  act Properly. 

Remote operation here w i l l  r equi re  higher e 



IV.3.1 Fault  Anticipation 

There is  a l a rge  m u l t i p l i c i t y  of systems tha t  have t o  work t o  keep 

t h i s  power supply on l i n e  (e.g., -100 low l e v e l  suppl ies ) .  Also the re  

are over a hundred poss ib le  t r i p s  (80 under/over voltages,  -40 flow or  

pressure switches and -30 temperature) and v ib ra t ion  monitoring should 

be added. Monitoring these  levels and trending them would provide 

e a r l y  warning of po ten t i a l  f a i l u r e  t h a t  could be handled during normal 

maintenance periods, avoiding downtime. A t  present a "two b i t "  low 

level power supply monitoring card is i n  production t o  monitor t he  

l o g i c  supplies.  

able.  

Other inputs w i l l  be added and monitored as avail-  

IV.3.2 Relay Replacement 

Modern high r e l i a b i l i t y  computer systems have lower f a i l u r e  rates, 

more exact documentation of l og ic ,  and more continuous s e l f  checking 

than re lay  log ic  sa fe ty  systems. 

rate of t he  r e l ay  cont ro l  system requi re  i t s  replacement. 

This coupled with the  age and f a i l u r e  

The re lay  log ic  s ta r tup-safe ty  system is  i n  the  process of being e 
documented with l ists  of inputs ,  outputs and functions.  Currently the  

input (-400 elements), output (-100 elements) documentation i s  compli- 

an t  f o r  the  s a f e t y  system. 

needs t o  be documented. This documentation w i l l  allow a more i n t e l l i -  

gent computer "Ladder Logic" system t o  be developed. A poss ib le  re- 

dundant l o g i c  check can be made i f  t he  a c t u a l  r e l ay  drawings are blind- 

l y  in se r t ed  i n t o  a "ladder log ic"  a r ray  and i ts  operation i s  compared 

t o  the  analyzed input. (Also of support t o  t h i s  e f f o r t  w i l l  be t h e  

computer documentation, monitoring, and cont ro l  of t he  Security 

System.) 

chase then and implementing it as manpower permits. 

The s a f e t y  log ic  and s t a r t u p  system s t i l l  

Savings may r e s u l t  from adding t h i s  job t o  t he  computer pur- 
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V. BUDGET AND SCHEDULE ESTIMATE 
a 

I 

The fol lowing budget (Table I) is  t h e  sum of estimates f o r  t h e  

va r ious  jobs.  Only Phase I was  done i n  d e t a i l .  Our purchase esti- 

mates, excluding t h e  computer, are probably high. For t h e  computer, 

procurement, and l abor  estimates are from d i scuss ions  wi th  August 

Systems. They depend on a vendor t h a t  knows what we need and can pro- 

v i d e  i t  without trauma t o  h i s  company. Programming estimates are very  

crude. A more p r e c i s e  estimate depend g r e a t l y  on t h e  opera t ing  system 

of t h e  computer purchased. 

The schedule  ou t l ined  (Figure 6 )  i s  based on our  l abor  estimates 

and August Systems' estimate. A v a i l a b i l i t y  of BNL engineer ing support  

w i l l  g r e a t l y  a f f e c t  t h e  schedule.  

V I .  STATUS 

An agreement of t h e  s e n i o r  electrical  engineers  as t o  whether t o  

proceed wi th  d i g i t a l  o r  analog de lays  is  the  next s t e p  i n  t h i s  p ro jec t .  

This dec i s ion  a f f e c t s  t he  amount of l o c a l  engineer ing needed as w e l l  as 

t h e  k inds  of computer i n t e r f a c e  hardware purchased. A review by t h e  

Controls  Sect ion,  a t  this  t i m e ,  is  a l s o  appropr i a t e  t o  provide esti- 

mates of t h e  computer s i z e  needed and a l s o  t o  provide t h e i r  e x p e r t i s e  

as necessary.  

bo th  analog as w e l l  as d i g i t a l  g r i d  c o n t r o l  approaches,  b u t  release 

r e q u i r e s  t h e  above reviews . 
S p e c i f i c a t i o n s  f o r  t h e  computer system w e r e  w r i t t e n  f o r  



Table I 

Budget Phase I 

Grid Control 

Voltage Regulator 

Computer 

T r i m  Grid C. 

Voltage Regulator 

Computer 

Using Analog Grid Controllers 

BNL Labor (x 1 man week) 
E.E. Cont. E. Pgmr. Tech. - Purchases 

(x $1000) 

15  -- -- 3 15 

25 - 30 - 20 - 400 15 

413 > 65 20 30 75 
(about 4 man years )  

Using Dig i t a l  Grid Controllers 

BNL Labor (x 1 man week) 
Pur chas e s E.E. Cont. E. Pgmr. Tech. 
(x $1000) 

420 

426 

20 15 

40 20 30 50 

- 30 - 20 - - 

(about 3 man years )  



Budget Phase I1 

S t a b i l i z a t i o n  

Super Cycle 

Remote Control 

Purchases 
(x $1000) 

8 

7 

75 

90 

- 

BNL Labor (x 1 man week) 
E.E. Cont. E. Pgmr. Tech. - 

15 

25 

20 

60 

- l o  - 

15 

5 

15 

25 

25 - 20 - 
10 40 65 

(about 3 man years )  
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