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elapsed +ime clock, i t  wail pwaible to perform highly 
eff ic iant  (in tsmu of man-hours) e q u i p n t  testing.. 

The p- function of the I s m  half-cell con- Axrther, despite some format limitatfons, W I C  serves 
t r o l  system is to m i t o r  and control the magnet power as a fully satisfactory control language. Eaaa of use 
supplies of the half-ceil. In addition, the control by the casual and, e ~ e n  more important, tlae intermittent 
aystem must be flexible enough that it can be expanded programmsr, is one of the factors contributing t o  the 
to becoma involved in additional areas such as  vacuum success of our system. 
and magnetic measurements. A control system based upon 
BGS control standards, but modified into a dsvelopnrent The system i s  bui l t  around a DgC PDP-11/10 and 
tool for  research and electr ical  engineering eupport bas essooiated peripherals (Fig. 1). The manufachlrer's 
been constructed. Special attention was given to the in- equipmentwas svpplemanted with only tm special devices 
herent ditferences httmen controlling an ISAlWU and a Datacon central (compurer interface) and an Event 
a conventional Wt cycltng accelerator. l%e use of 
FOBTWI and BASIC PetVorhs, and microprocessors is re- 
viewed insofar as they pertain to this system. Some 
general opinions on model control systeme, baaed upon 
our experience, w i l L  be presented. 

l%e half-cell is a full-scale model of an actual 
half-call of the machiue l a t t i c e  of ISILBEILE. A half- rl " t - 8 

ce l l  is composed of t*o dipole magnees and a quad=- 
pole magnet. -a are also mul t ip le  ccrrection wind- ml-~ia n,w~luc  svstcw 
iqs  in the magnets for  working l ine control. 'he AVNLA~EI n s m  OESGH ~ R ~ ,  &S MU-8 Q axC primary function of the half-cell control system i s  to 
monitor and control the power supplies for these mag- 
net8.l However. there are other services which the 
control system provides i n  addition. This a r t i c le  w i l l  
review the development of the half-cell control system. 
emphaeizfng why certain decisions m e  reached. Tbese 
were the maeageris1 and technical c r i t e r ia  ?hat moet 
influenced the design. 

In October of 1975, a target date of Jarmlpy 1977 
waa se t  for r k  completion of a cmprter cogttol system 
capable of controlling the parer supplias of the half- Pig. 1. I8aBBtl.g Ealf-Cell' Cmputer System Black 
cell. Ihe system was to allow convenient interactions Diegram. 
between researchers and the system under test .  The con- 
t rol  system waa not to be a prototype of the 1-E Serial transmission of oomnands and data has bee* 
control aywem, A rwgh upper l imit on the cost Qf the uee at the BGS 1970.2 Datac~n i s  a f b e d  for- 
c-ter i t s e l f ,  and peripherals w a s  40 18. The hi- a t ,  transfo-'p bolared, phase encoded, alternate du- 
t i a l  personnel to be directly involved had much of their ple contml a&ome especially designad for accelerator 
computer experience with DKC equipment. control aetixitiw.3.4 Tha design gna aged well and 

offers a cost effecttve solution to many Control and 
The above-mentionad c r i t e r ia  led to the decisions data problem. Sinoe Datacon i s  a poLling 

to buy a lXC &nicomputer and to bdild a Process 110 s&ome, prwiaion made i n  the control spstem fa r  an 
system baaed upon an mist ing BGS &sign. Ini t ta l ly ,  ~~~~t interface,5 which furnishes 16 ahannels of vec- 
rhe nomputer supported in-house progren developmeot tored priority driven program interrupt for use i n  
ueim either PO- or W I C  under BX-11, a foregr-dl r e a l - t b  data acquisition, status, and -d a ~ p l i -  
baC%r-d monitor available from DBC. the spe tm cations. Datanoo i s  insensitive to computer type and 
baa daveloped, a multi-user need has arisen. The ISA- has ~ s e d  suocessfully with PWB, PDP-10 and PDP-11 

Electrical Engi-eriag Groug has a -4-t for computecs.  ha hardware realization for the P D P - I ~ / ~ O  
c o q t e r  support in both the development and production is a single ~ire.-w@ card plus several DEC Kaerfea ~f ' of cmtrol  system components atld p m r  supplies. In rnDdules located in a n ~ l l  system unit  (a similar realiza. 

'' addition, che ISILBEILE Vacuum h w p  baa an e x p e r h t a l  tion is employed for  the Event interface). Using a Oqk faci l i ty  i n  need of computer monftoring and control. single coaxial N e  and haying a rmge (without re- 
Ru, proceas I f 0  system baa been expanded to eatisfp peatere) in excess of 700 meters. Datacon allows collrrCl 

* 4 these needs.  he multi--ex software packae is DEC'S of the half-ce~l(~ocated on the cld CoamDtron target r Multi-user WIG, wh*h allown three users to work on floor) from r b  former Cosmotron control roam (rig. 2). 
- the hoat computer Simultaueously. M t i - u s e r  BASIC ~dd ing  a 6-e of realism to the model, th i s  scheme 

w i l l  i n  fbeor). eupport UP to eQht users. but we find provides a simulatiw of vemote control problems whicPt 
that with.our memory cc!sfiguration (28 X words - the w i l l  be encountered in ISABEUE. pl~bma supported by RWlI), three usars is the useful 
limit. Jwt as an e f fa r t  was made fa avoid the design and 

construction o i  +ch s p i a l  purpose mupter inteefaee 
Oua Original motive for wen h e r b r e ,  a con$ide_Sabla pSfo$ WRE made t p  l ive wit$iR pewt seveta' emtame- under mll* 

th, ~ t s  of.c-vge~ly awtY&abb ad-e. %a- ever, i r  q u l c k l ~  became exident that  with only hpo 
astassmbly language auhuo5w.8, a Datacon drivar a d  an d l  hgs ten p o r n  euppUes; &e henut- oE a c q ~ r g ~ n i c  

under the auepicea of tha U.8. Ihangy ., 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



of data. Supervisory control v i a  a s e t  of self-con- The standards doeument specifies connectors, pin 
rained function generators achieves the desired p e r f o r  assignments, and w l o r  coding. Connectors were selected 

mance while allowing continued use of the standard that would reduce as much as  possible the time and s k i l l  
~-BaslC/Icr - l l  operating system. needed fo r  construction. 

k e  t o  the thorough planning behind the standards 
document, no serious interfacing problems occurred. 

Since we were limited both i n  time and manpower the 
best  way to design the hal f -ce l l  power supply controls 
was t o  use TTL c i rcui t ry ,  with which we were e l l  fami- 
l i a r .  We chose to use wire map  assembly because there 
w a s  a small number of cards of each design. There w a s  

I a usable wire wrap collage board available in-house and 
there were local  automated wire war, services available. 

Some problem were encountered using TTL that  prob- 
ably would not have been problems a t  a l l  with another 
approach. As the card that  controls the power supply 
(i.e. standby, on, crash, etc.) was designed t o  m n  the 
supply i n  a cer ta in  sequence. During development i t  
was discovered that sequencing had to be a l tered  under 
cer ta in  conditions. It was not d i f f i c u l t  to incorporate 
changes t o  meet these requirements i n  TI%. However, the 
c i r cu i t  rapidly became complex, since a change i n  one 
section ultimately had an e f fec t  on same other section. 
An a l ternate  technique would be to use a prom to do the 
sequencing. Any variat ion i n  the sequencing can then 
be chamzed i n  software leaving the hardware unchanged. 
we are  a l so  going t o  investigate using microprocessor 
technology i n  th i s  application. 

Fig. 2. ISABBLLE Half-Cell Control Room. 
Each power supply can be operated by the PDP-11/10 

computer or  by its manual control panel. m e  panels 
for  a l l  the supplies are  grouped together i n  a control 
console. Since each supply has its o m  panel end re- 
quires a 38  ond duct or cable, t h i s  ia expensive and 
time consuming to build. 2he cost would be prohibitive 

The function generators a r e  of two types.6.7 Most i n  a machine the s i ze  of ISAEELLE. merefore, the next 
are  random access with 2048 sixteen b i t  words of WS generation ma-l panel w i l l  probably be a microprocessor 

- msmry, while the main dipole current is controlled by based device that  uses the process I/O c ~ i c a t i o n s  
a Break point/Rate device capable of 64 segments. A l l  l ines  to control a l l  the supplies from a single device 
units  are capable of operating independently of the s i tua ted  locally.  
computer, once loaded; other features include f u l l ,  
interleaved access to the function generator's memory Although not required fo r  a half-cell  model, we 
and a d i rec t  computer control made. expect to shortly implement e small network using the 

P D P - I ~ / ~ O  as a host computer and several LSI-11 e m -  
Another s e t  of boards dedicated to commasd/status puters as  r a t e  stat ions.  This system is expected to 

and interlock s t a t e s  completes the application oriented operate under a standard DEC software product known as 
devices.8sg In  addition, a Datacan Crate Controller,1° RBMO'IP. 11, a subset of DECNET. The goal here i s  to 
similar in concept to a U C  Crate Controller, provides study the properties of computer networks, a m t h i n g  
a TU, compatible semiserial internal  bue structure.  required by the s ize  of ISA-E. Simultaneously, the 

network w i l l  expand the capabil i ty of our control in- 
In order t o  avoid problems i n  interfacing various s t a l l a t i o n  to a point wherein sophisticated control of 

control system areas, it was decided tha t  before any additional devices such as  a cryogenic ref r igera tor  and 
design work was s tar ted  a standards document11 should beam vacuum f a c i l i t i e s  may be undertaken. 
be written. One of the f i r s t  problems encountered wan 
how to interface d ig i t a l  c i r cu i t s ,  analog c i r cu i t s ,  and Microprocessors were not used originally because 
the outside world without ground loops and noise pickup. we considered thei r  use a development, rather than a 
 he solution was t o  completely separate the analog and design, project. The physics research aspects of the 
d ig i t a l  c i rcui t ry  and t o  i so la te  a l l  l ines  coming from half-cell a re  of greater i n i t i a l  importanca than a con- 
the outside world using opto-isolators. The standards t r o l  system design study. Thus, i t  was our intention 
document specified several c i r cu i t s  to drive these de- t o  defer development work un t i l  a l a t e r  period. As a 

I vices. The isolation is t o  be on the receive end of a consequence, all  design, while employing sophisticated 
l i n e  and.the transmit end has to supply the drive c u r  d ig i t a l  techniques, a re  not microprocessor based. Our 

I rent. All f a u l t  l ines  that entered the system have t o  conclusions may be s ta ted  as  follows: It is  possible 
drive current into an opto-isolator i n  a no f au l t  oon- t o  rapidly design and construct a high performance, 
d i t ion  to f a i l  safe the contml system. I f  a l i n e  i s  cos t  effective system withoutmicroprocessors. How- 
broken or  l e f t  unconnected, the system would therefore ever, in e second generation of equipment, we would use 
show e f a u l t  condition. A l l  cormp~d l ines  entering them primarily because of the ease of ef fec t ing design 
the system have t o  drive current into an i sola tor ,  when changes necessitated by an axpanded understanding of 
a cclnrmand is issued. Thus, i f  a l i n e  is broken or  l e f t  overall  mission requirements. 
unconnected the system would not see an erroneous e m -  
mand. Tmo different isolators were specified so that  In conclusion, wa are  pleased t o  s t a t e  tha t  the 
we could economically apan our need for high speed fa s t  control system fo r  the 1- half-cell  model was 
switching devices and those used only for level  detec- completed on schedule and within o r i g m  budget esti- 
.ion. w i ,  We beliave it provides the necessary f l e x i b i l i t y  

& 
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