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Abstract -Descriotfon 

A t  Doublet I11 a Texas Instruments 5T1, 
Programmable Control ler  System (PCS) performs a l l  
i n t e r l o c k  l o g i c  operat ions required by t h e  Vacuum 
Control System. A PCS u t i l i z e s  so l id -s ta te  c i r c u i t r y  
and techniques t o  perform machine cont ro l  funct ions 
o r d i n a r i l y  accomplished by relay-logic  panels  o r  
s o l i d - s t a t e  card l o g i c  systems. In  t h i s  a p p l i c t i o n ,  
the use of a PCS expedited the i n i t i a l  design and 
reduces machine down-time required f o r  maintenance, 
rev i s ions  and systems expansion. 

Doublet 111 vacuum cont ro l  i n t e r l o c k  l o g i c  i s  
implemented through t h e  5TI programmable c o n t r o l l e r ,  
which is an a l l  s o l i d  s t a t e  l o g i c  c o n t r o l  system 
capable of  performing the  same funct ions a s  r e l a y s ,  
s t a t i c  c o n t r o l s  o r  card l o g i c  c o n t r o l  systems. It 
d e t e c t s  t h e  change i n  s t a t e  of  input  s i g n a l s  from push 
but tons,  l i m i t  switches,  and sensors  and a c t s  on t h i s  
information t o  vroduce desired output  s i g n a l s  t o  d r i v e  
loads such a s  motor c o n t r o l l e r s ,  r e laye ,  solenoids and 
p i l o t  l i g h t s .  

This  paper describes the  Doublet I11 Vacuum . The programmable con t ro l  system c o n s i s t s  of t h r e e  
Control System i n  which a l l  input  s i g n a l s  and output main components: 
loads a r e  connected t o  a programmable c o n t r o l l e r  (PC) 
f o r  l o g i c a l  in te r fac ing .  Input s i g n a l s  derived from 1 )  t h e  programmable sequencer 
CAMAC, cont ro l  panels, l i m i t  switches, e t c . ,  a r e  
implemented a s  output s i g n a l s  t o  CAMAC, vacuum valves,  2 )  The programmer 
pump motors, e t c . ,  according t o  a l o g i c  program stored 
i n  t h e  PC memory. The memory can be e a s i l y  programmed 3) The 1 /0  ( input  and output)  system 
by anyone familar  with e i t h e r  Boolean algebra o r  
relay-ladder network diagrams. The program da ta  is  , entered with t h e  a i d  of a c a l c u l a t o r  l i k e ,  keyboard 
instrument with LED readout displays.  The PC system 
conta ins  a 1024 word RAM memory with a ba t te ry  backup 
system t o  provide 72 hours p ro tec t ion  of contents  i n  
case of power f a i l u r e .  

The PC System can be proqrammed t o  perform 
complex l o g i c  operat ions on any combination of inputs ,  
sub jec t  t o  memory capaci ty l i m i t a t i o n s .  Up/Down 
counters  and delay funct ions can a l so .  be programmed. 
The ul t imate capaci ty of  the  PC is  l imited t o  256 
inputs  and 256 outputs .  The present  Doublet I11 
Svstem has a ~ ~ r o x i m a t e l y  137 inputs  and 44 outputs  and 

Figure 1 is a block diagram of t h e  system. 

The programmable c o n t r o l l e r  is  l i k e  a 
minicomputer, but it does not  requ i re  t h e  
understanding of complex computer software f o r  
app1:cation. It employes conventional ladder  l o g i c  
diagrams o r  Boolean equat ions a s  shown i n  Figure 2. 
Different  . ladder  diagram symbology can be used, 
depending on t h e  app l ica t ion  and personal preference. 
.Doublet I11 vacuum in te r locks  use the  following 
conventions t o  dep ic t  l o g i c  through t h e  use of  
symbols: 

uses 550 words of memory. 
CIeneralConventions 

The described system has performed r e l i a b l y  s ince  
i n s t a l l a t i o n  i n  December, 4977 and has successful ly 1 )  Each individual  r e s t r a i n t  f o r  an a c t i o n  i s  
demonstrated i t s  "fai l -safe"  and memory-protection represented by a switch contact  4~ 
f e a t u r e s  on severa l  occasions. 

2)  A c losure  of a switch i s  equivalent  t o  a permit 
+kt- 

Doublet III vacuum instrumentation and cont ro l  3) Each switch 's  s t a t e  is  represented by a passive 
system a r e  provided t o  ind ica te  System pressures ,  high (open c i r c u i t )  O r  low (closed c i r c u i t )  a t  the  
s t a t u s ,  and t o  p ro tec t  the  vacuum system i n  the  event corresponding input  buf fe rs .  
of malfunction. The l o g i c  is  designed with th ree  
major purposes i n  mind: 4) Logic sequences a r e  represented by the  s e r i e s  

(AND-function) connection, or p a r a l l e l  (OR-function) 

1) Make the  vacuum system accident  proof by requi r ing  connection of these  switches. 
enough condit ions t h a t  unsafe modes of  operation 
cannot bc i n i t i a t e d .  -Examole 

2) Build i n  redundancy such t h a t  component, f a i l u r e s  Figure 2 Shows a programming example of a 
% have an opportunity t o  be recognized beforc unsafe s e r i e s / ~ a r a l l e l  ladder  diagram. The l a b e l  above t h e  

operat ion occurs. switch denotes the  X ( input )  o r  Y (output)  terminal  
number which the  sequencer u t l l i z e s  f o r  permits 

3) Recognize t h a t  sa fe ty  is  more important than ( a c t i o n ) .  The l a b e l  below each switch represen ts  the 
convenience. l o g i c  s t a t e  required t o  produce an "ac t ive  low" a t  the  

input  buffer .  Outputs a r e  considered t o  be energized 
(ac t ion  taken) whenever a "conductionn path e x i s t s  
from the  axt-reme l e f t  t o  extreme r i g h t  of t.he diagram. 



STR XI 
AND NOT X2 
OR x3 
STR X4 
AND X5 
STR X6 
AND X7 
OR STR 
AND STR . 
OUT Y4 

Hence; only 10 words required i n  memory t o  perform 
t h i s  function. 

Mp2 (Mechanical pump) ON causes an "ac t ive  lown 
of input  XI, when X2 "remainsn "high" ( i . e . ,  vesse l  
vent ll& permitted, and inputs  X4 and X5 a r e  a l s o  a t  
an a c t i v e  low, then Y4 output ,  is  energized, causing 
TV2's solenoid t o  switch t h e  a i r  pressure i n  a fashion 
t h a t  opens the  valve (and holds it open a s  long a s  XI, 
X4 and X5 is  nlown). Another way Y4. can remain 
energized is  t o  have X3, X6 and X7 a t  an a c t i v e  low. 
Anytime there  is  not a complete conductive path from 
the extreme l e f t  t o  extreme r i g h t  Y4 i s  de-energized 
causing TV2's valve t o  close.  

The programmable c o n t r o l l e r  sequent ia l ly  scans 
t h e  s to red  program causing the l o g i c  t o  compare the  
programmed (open/closed) s t a t u s  of input  devices  such 
a s  push button switches, l i m i t  switch pressure 
switches and the  programmed (energized/de-energized) 
s t a t u s  of  output devices such a s  motor s t a r t e r s  and 
solenoids t o  t h e  a c t i v e  s t a t u s  of these devices. 
Based upon these  comparisons, the  (PC) energizes  o r  
de-energizes the  desired output devices. 

The s tored program of Figure 2 permits the  
c o n t r o l  system designer  t o  implement v i r t u a l l y  any 
cont ro l  scheme he d e s i r e s  using t.ho otandat-d (PC) 
p r ~ g r m d b l t !  c o n t r o l l e r  by simply c rea t ing  the  s tored 
program. A d i f f e r e n t  con t ro l  scheme would only 
requ i re  changes i n  the s to red  program and would not 
requ i re  equipment o r  wiring changes. Once c rea ted ,  
the  program is  e a s i l y  loaded i n t o  memory by using the  
ST1 programmer. Once t h i s  program is i n  memory i t  can 
be s to red  by using the STR-110 t o  accumulate a 
permanent l i b r a r y  o f  programs on tape c a s s e t t e s .  The 
STR-110 is a portable  program loader  f o r  t h e  5TI 
programmable c o n t r o l l e r .  

Doublet I11 vacuum pressure i n t e r l o c k  s t a t u s  
comes from Hi/Lo se tpo in t s  wired i n t o  t h e  programmable 
c o n t r o l l e r .  Set  point  information oomes from three  
types of  . ins t ruments  used f o r  measuring the  pressure 
i n  the  vacuum system. 

1 )  In  the  high pressure range from a tom0~pher ic  t o  
10-1 Torr ,  a oapacitanae manometer (CM) is  uecd. 

3) From 10-3 Torr t o  10-1 1 Torr ,  a ion iza t ion  gauge 
(IG) is used. 

Figure 3 shows t h e  block diagram of  t h e  Doublet 
111 ioniza t ion  system i n t e r l o c k  with t h e  programmable 
c o n t r o l l e r  and t h e  main computer v i a  CAMAC. CAMAC is  
a standard modular system p a r t i c u l a r l y  adapted t o  d a t a  
a c q u i s i t i o n ,  process con t ro l  and a l l  o ther  systems 
based on d i g i t a l  handling of t h e  information u s u a l l y  
i n  assoc ia t ion  with a computer. 

Analog d a t a  is picked up by the  ion gauge tube 
and TC guage tube and is  fed t o  the  ion gauge/TC 
c o n t r o l l e r  where t h e  s i g n a l s  a r e  processed. The 
s e t p o i n t  information f o r  both t h e  ion  gauge and TC 
gauge goes t o  the  input  modules of  the  programmable 
c o n t r o l l e r .  Once t h i s  da ta  i s  i n  t h e  system, t h e  
programmer need only t o  program i n  h i s  required l o g i c  
a s  shown i n  Figure 2. The same se tpo in t  information 
i s  fed t o  a graphics  c o n t r o l  panel f o r  LED d isp lay  t o  
provide an operator  with a v i s u a l  display of  the  
system s t a t w .  The se tpo in t  information i s  a l s o  fed 
t o  t h e  main computer through a CAMAC i n t e r f a c e ,  t h e  
computer monitors and logs  the  se tpo in t  information, 
i f  any changes occur i n  t h e  se tpo in t  reference.  

The block diagram of  Figure 3 is a t y p i c a l  
reprepresentat ion of a l l  Doublet I11 vacuum i n t e r l o c k  
systems used i n  conjunction with the  programmable 
c o n t r o l l e r .  

All. information t o  and from the  programmable 
c o n t r o l l e r  i s  displayed on a sygtem graphics  c o n t r o l  
panel (Figure 4 , )  showing a complete diagram of t h e  
vacuum i n t e r l o c k  system. LED'S a r e  used t o  i n d i c a t e  
valve l i m i t  switch s t a t u s  f o r  open and c losed ,  ion 
gauge se tpo in t  Hi/Lo, and TC gauge se tpo in t  Hi/Lo 
s t a t u s .  The on/off s t a t u s  o r  turbo-pumbps, 
mechanical-pumps and cryo-pumps a r e  a l s o  indicated.  

A l l  monitored information displayed a t  t h e  
graphics  i n t e r l o c k  c o n t r o l  panel i s  avai labe a t  t h e  
c o n t r o l  room opera tor ' s  console where i t  is  monitored 
and oontrol led v i a  a CAMAC i n t e r f a c e .  The computer 
can ask f o r  a given command; but it cannot over r ide  
t h e  programmable c o n t r o l l e r  i f  t h e  program i n d i c a t e s  
t h e  a c t i o n  should not be permitted. 

Conclusion 
Employing the  programmable c o n t r o l l e r  t o  operate  
Vacuum system i n t e r l o c k s ,  allows t h e  operator  t o  
change t h e  program when l o g i c  changes a r e  needed. 
Having t h i s  kind of i n t e r l o c k  c o n t r o l  through a 
programmable c o n t r o l l e r  makes the  Doublet 111 vacuum 
in te r lock  cont ro l  system s a f e  and e f f i c i e n t  and has 
reduced machine down time. 
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2)  From 10-1 Torr t o  10-3 Torr ,  a thermocouple (TC) is  
used. 
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