
NASA TECHNICAL MEMORANDUM 

-. 1 

NASA TM X-58135 
August 1974 

TECHNOLOGY EVALUATION OF CONTROL/MOMTORING 

SYSTEMS FOR MIUS APPLICATION 

r S r  CSc U n c l a s  

G J / 1 S  u a 7 4 6  

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

LYNDON B. JOHNSON SPACE CENTER 

HOUSTON, TEXAS 77058 



1 Report No. 

TM X-58135 
2. Government A m d o n  No. 3. Recipient's Catalog No. 

4 T~t le  and Subtttle 

TECHNOLOGY EVALUATION OF CONTROL/MON~~ORING 
SYSTEMS FOR MlUS APPLICATION 

7 Authorbl 

L. Marion Pringle, Jr. ,  JSC 

9. Rrfumtng Organizat~n Name and Address 

Lyndon B. Johnson Space Center 
Houston, Texas 77058 

12 SpDnww~ng Agency h*m and Address 

Yational Aeronautics and Space Administration 
Washington, D. C. 20546 

15 Supplementary NOm 

5. Report h t e  
August 1974 

6 Performing Orgmizatian Code 

8. Performing Organization Repnrl 40. 

JSC-089'13 - 
10. Work Unit No. 

386-01 -00-00-72 
11. Contract or Grant ~ o .  

13. Type of Report md Pariod Covacd 

Technical Memorandum 

14. Sponsoring Agency CDdc 

16. Abstract 

This repcvt is a first  look at potential ways of providing control and monitoring for the Modular 
Integrated Utility System (MIUS) Program. Control and monitoring hardware and operational 
systems are  described. The requirements for the MIUS Program and the development require- 
ments are discussed. 

17. Key Words (Suggested by Author(sll 

. Automation .Measuring Instruments 
Control dquipment . Instrumentation 
Control Boards 
Elect~onic Control 

18. O~stribution Statement 

STAR Subject Category: 14 

22. Rice' 
$3.75 

L- 

21. NO. of ~agts  

63 
19. !kcu-~ty classif. (of thts repwtl 

Noue 
20. Security Classif. (of th~s 

None 



I 

NASA TM X-58135 

SYSTEMS FOR MUS APPLICATION 

L. Marion Pringle, Jr . 
Lyndon B. Johnson Space Center 

Houston, Texas 77058 



P R E F A C E  

T h e  D e p a r t a 1 2 n t  o f  H o u s i n g  a n d  U r b a n  
D + v e l o p r n e n t  ([if!?) i s  c o n d u c t i n g  t h +  P o l 1 1 1 a r  
I r ~ t o q r a t e d  r l t i l i t y  S y s t e m  (YIUS) Prcqram 
d b - v o t e d  t o  t !evcz lopcen t  a n d  d e m c r l s t r a t i o n  of 
t h ?  t e c t ~ t i i c a  1, - . c o n o m i c ,  a n d  i n s t i t u t i o n a l  
d d v a n t a q e s  of i n t e g r a t i n g  t h e  s y s t e m s  f o r  
p r o v i d i n g  a l l  o r  s e v z r a l  o f  t h e  u t i l i t y  s e r v -  
i c ~ s  f o r  a c o m m u n i t y .  Tha u t i l i t y  s e r v i c e s  
i n c 1 u . i ~  p l o c t r i c  p o w e r ,  h z a t i n g  and  c o o l i n g ,  
r o t a b l e  u a t e r ,  l i q u i d - w a s t e  t r e a t e e n t ,  a n d  
s o l i d - w a s t e  m a n a g ~ m e n t .  T h e  o b j e c t i v e  of t h e  
MIUS c o n c e p t  is t o  p r o v i d e  t h e  d e s i r e d  u t i l -  
i t y  s e r v i c e s  c o n s i s t e n t  w i t h  r e d u c e d  use o f  
c r i t i c a l  r a  t o r 3  1 r e s o u r c e s ,  p r o t e c t i o n  of t h~ 
e n v i r o n m e n t ,  a n d  m i n i m i z e d  co s t .  The p r o q r a a  
9 o d l  i s  t o  f c s t ~ r ,  b y  e i f e c t i v e  d e v z l o p m e n t  
a n d  d ? m o n c t r a t r o n ,  e a r l y  i m p l e m e n t a t i o n  o f  
the i n t e g r a t e d  u t i l i t y  s y s t s m  c o n c e p t  b y  t h e  
o r q a n i z a t i o n ,  n r i v a t e  o r  ~ u h l i c ,  s s l e c t ~ d  h y  
3 y i v e n . c o m m u n i t y  t o  p r o v i d e  i t s  u t i l i t i e s .  

r J n d e r  I i n D  d i r e c t i c c ,  s e v e r a l  a q e n c i e s  
a r e  ~ a r t i c i p a t i n q  i n  t h e  HUD-HIUS P r o q r a m ,  
i n c l u d i n g  t h e  At.cmic Ennerqy C o m m i s s i o n ,  t h e  
D e p a r t m e n t  of  n + f i ? n s e ,  t h o  P n v i r o n m n n  t a l  
P r c t e c t i o n  A q e n c y ,  t h e  N a t i o n a l  A e r o n a u t i c s  
a n d  S p a c e  A d m i n i s t r a t i o n ,  a n d  t h e  N a t i o n a l  
B u r e a u  o f  S t d n d d r d s  (NBS) . T h e  N a t i o n a l  
A c a d e m y  of E n g i n e e r i n q  is p r o v i d i n g  an i n d e -  
p s n d e n t  a s s e s s m n n t  o f  t h e  P r c g r a m .  

This p u b l i c a t i o n  is o n e  of a s e r i e s  
d e v e l o ~ e d  u n d e r  t h e  H I J D - M I U S  P r o q r a m  a n d  is 
i r l t . e n d e d  t o  f u r t h e r  a p a r t i c u l a r  aspect  of 
t h e  F r c g r a m  g o a l s .  
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C O O R D I N A T E D  T E C H N I C L L  PZVIEW 

D r a f t s  of technical documents a x 0  reviewsd b y  the 
a q e n c i e s  p a r t i c i p a t i n r  i n  t h e  HUD-nIUS Program. 
Comments arm a s s e a b l o b  by t h e  NBS Team, H U D - F I U S  
Project, into a Coordinated Technica l  Review, T h e  
d r a f t  of t h i s  pub l i ca t ion  r e c e i v e d  s u c h  a review and 
a l l  comments were resolved. 
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TFCHNOLOGY E V A L U A T I O N  C F  C O N T E O L / I l O N I ? O f i I N G  

Ey I.. ?lacion P r i n g l e ,  J r .  
Lyndon 0 .  Jchnson Space Center 

The Urban S y s t e m s  P r o j e c t  O f t i c s  a t  t h z  NASA Lyndon 2 .  
Johnscn Space Center  has  conducted a g e n e r a l  survey of 
p o s s i h l a  syst.ems and hardware r equ i red  f c r  
ccnt ro l /moni  t o r i n q  i n  a nodular  I n t e q r a t ~ d  U t i l i t y  System 
(HIUS). T h i s  survey was scheduled f o r  complet ion e a r l y  i n  
t h e  R I U S  Program hecause i ts purpose s u p p o r t s  e a r l y  e v e n t s  
i n  t h e  program sequence. The Furpose of t h s  survey is t o  
f a m i l i a r i z t ?  aerospacp a n g i n e e r s  who w i l l  under take  t h e  
des ign  and a n a l y s i s  work s p e c i s i c  t o  MIOS w i t h  a p p r o p r i a t e  
t e c h n i j u e s  and hardware f o r  monitoring and c c n t r o l  of 
i n d i v i J u a l  F rccesses  t h a t  a r e  a p p l i c a b l e  t o  MIUS; t h a t  i s ,  
powsr q e n e r a t i c n ,  so l id-wdste  traatmen t ,  e t  c f t e r a .  

T h i s  r e F o r t  q i v + s  a g ~ n e r a l  d e s c r i p t i o n  of 
c o n t r o l / n o n i t o r i n q  hardware, i nc lud ing  l o q i c  c o n t r o l s ,  
c n n t r d l  c o n t r c l  s t a t i o n s ,  subsystem hardware, a n d  a c t u a t o r s .  
Seve ra l  o p e r a t i o n a l  con t ro l /mon i to r ing  systems bere v i s i t e d  
da r ing  t h e  survey an? a r e  desc r ibed  he re in .  The 
requi rements  f o r  a con t ro l /mon i to r inq  system f o r  t h e  ?lI(lS 
a r e  g i v e n ,  The r e s u l t s  of t h e  i n i t i a l  survey show t h a t  only 
cne major hardware davelopment i s  r a q u i r e d  - t h e  au tomat ic  
monitor ina of waste 2 n d  water t r ca tmeo t  Frccesses .  Computer 
modelinq or RIUS s u b s y s t e m s  i s  a r equ i red  software 
development, I n  keeping u i t h  t h e  d i r e c t i v e  f o r  use of 
a r t i c l e s  cf ccamerce i n  t hc  development of t h e  RIUS dzs i an ,  
t h e  survey  has shcun t h a t  a  vide range of c a p a b i l i t i e s  
e x i s t s  t h a t  w i l l  ~ r o v i d o  t h e  HIUS a  con t rc l /mcn i t c r ing  
system for which equipment exists  a s  o f f - t h e - s h e l f  hardware. 
Easvl ine  sys tems h a v ~  been s e l e c t e d .  

T h i s  r e p c r t  should bs considere34 a s  a first. look a t  t $ e  
con t ro l /mon i to r inq  system technoloqy. I t  is  nct  in tended t o  
b e  t ho  f i n a l  assessment  nor an economic assessment of  t h i s  
technoloqy. I t  is  a n t i c i p a t e d  t h a t  t.he CeFartment of 
Hol!siny and Urban Dev~lopmcpnt ( H U C )  YIOS p r o j e c t  w i l l  
con t inuo  an in-depth s t u d y  of thz  con t ro l /mon i to r inq  
s u b j e c t .  

.. . , , ..'-,, . , :, . ,i -..- ..-ei t . *  
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T h a  op t imiza t ion  of t h e  o v e r a l l  Modular I n t s g r a t e l l  
I l t i l i t  y S yst \ r n  (CIUS) opera t ior l s  an; t h e  i n d i v i d u a l  
s u b s y s t n m  prc:esses is provided b y  t h e  contcol /moni tor inq  
equipment. I schn iques  f o r  monitcr ing and c c n t r c l  cf 
i n d i v i d u a l  processes  t h a t  a r e  a p p l i c a b l e  t o  t h e  HIUS - t h a t  
i s ,  powsr gene ra t ion ,  waste process ing ,  d n d  a i r - c o n d i t i o n i n y  - have been der ,ons t rq ted  i n  va r ious  implementat ions.  
E x a e p l ~ s  of these techniques  a r e  includ,2d i n  t h i s  r e p o r t .  
Many o !  t h e s e  s x a m ~ l a s  $ire advanced t o  an o p e r a t i o n a l  s t q t e  
that.  r e q u i r e s  no technological improvement or f u r t h e r  
r e sea rch  t o  meet t h e  ~ x p e c t e d  HIUS requi rem+nts  f o r  th s se  
tyFes  o t  subsys tems .  Tor example, t h e  o p e r s t i o n a  1 c o n t r o l  
cf r u m p s ,  valves,  motors, and .:witchss on o f f s h o r e  o i l  well  
~ l a t t o r m s  h y  using r?mots  contra!  an11 monitor inq dev ices  
provides t echn iques  t h a t  can b e  uscz i n  t h e  MIUS Program. 
The requi rements  t o  c o n t r o l  flow, F r s s s u r e s ,  t empera tu res ,  
arid : i x t u r e s  of l i q u i i l s  anti s e m i l i q u i d s  on t h e s e  p l a t f o r m s  
can b e  dppl ied  d i r e c t l y  t c  the?  IIUS water and l iqu id -was te  
t rea tment  s u b s y s t e ~ s .  Some developmental e f f c r t c  funded S y  
t h e  D~~ar t I r i e f i t  of Housirlq and Urban Develcrment ( H U D )  and 
t h e  Environmectal P ro tec t ion  Agency ( E P A )  should  a l s o  be 
c o n s i d p ~ s d  a s  RIUS c a n d i d a t e  subsystems. T h e s e  e f f o r t s  
i n c c r ~ o r a + . e  c c n t r o l  and monitor ing t echn iquas  t h a t  a r e  
s i m i l a r l y  advanced heyond t h a  conven t i cna l  a ~ ~ r c a c h e s .  
T o t a l - t n ~ r q y  p l a n t s  f o r  powsr qene ra t ion  and hea t /cool inq  
f u n c t i o n s  a n d  f o r  so l id -was te  F ~ C ~ U F  and i n c i n e r a t i o n  
t ech? i . lues  a r c  some of t h e  e x a m ~ l s s  t h a t  a r e  summarlzad i n  
t h i n  r ~ ~ c r t .  

T h e  des ign  d e f i n i t i o n  of the  UIUS c o n t r o l  system w i l l  
be accomplished through a cons idcr .a t ion  of t h e  indi .vidua1 
t e c h n i q u ? ~  i ~ ~ l € ? m e n t ? d  i n  a p p l i c a b l a  a r e a s ;  however, an 
e x t ~ n s i v ~  c o r r e l a t i o n  of t h o s 2  t echn iques  w i l l  t e  r equ i red  
so  t h a t  t h e  i n t e g r a t s d  systems apprcach t c  t h e  o v e r a l l  
o p e r a t i o n s  can be achieved.  T h i s  r e p o r t  i d e n t i f i e s  the! 
a v a i l a b l ?  t e c h ~ i q u e s  f c r  c o n t r o l l i n g  i n d i v i d u a l  subsystems 
s n d  p o i n t s  and q ives  sxamFles of supe rv i so ry  c o n t r o l  
implementat ions on r e l a t e d  system a ~ ~ l i c a t i c n s .  

I n  scme of the  cases - f o r  example, power g e n e r a t i c n  
c c n t r o l e  - i r ~ d i v i d u a l  c o n t r o l l ? r s  a r ?  ded ica ted  t o  
p a r t i c u l a r  motor gene ra t ion  u n i t s  w i t h  a r a s t e r  c o n t r o l  u n i t  
s u p e r v i s i n g  t h e  o v e r a l l  o ~ e r d t - i o n .  This i l l u s t r a t e s  t h *  
d i r e c t i o n  i n  which t h e  MIDS c o n t r o l  system d e f i n i t i c n  is 
kroceeclinq; t h a t  is, towarii a c e n t r a l  c o n t r o l  s t . a t ion  that, 
is coqnizant  of  +he s e v e r h l  processes .  T h i s  t y p e  of c o n t r o l  
c e n t e r  concept  w i l l  a l low f o r  tho  o p t i m i z a t i o n  of each 
i n d i v i d u a l  subsystem p ~ r f o r m a r ~ c e ,  based cn i t s  e f f e c t  on t h e  
o v e r a l l  c p e r a t i o n s .  
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As an a i d  t o  t h ~  r e a d e r ,  where qecessaty t h 3  o r i g i n a l  
u n i t s  o t  f leasure havs b e e n  conve r t ed  t o  t h e  e q u i v a l e n t  va lue  
i n  t h e  syst4me I n t e r n a t i o n d l  d81Jni t6s  ( S I ) .  T h e  Sf u n i t s  
itre w r i t t e n  f ~ r s t ,  and t h e  o r i g i n a l  u n i t s  a r e  vr i t*  '. 
p a r e n t h e t i c a l l y  t h e r e a f t e r .  

L O G I C  CONTROLS 

T h n  t o l l c b i n q  d i s c u s s i o n  of con t ro l /mon i to r inq  hardware 
i s  Pased 011 the curr-nt s t a t e  of t h e  a r t .  

Locjic c o n t r o l s  a r e  remotz s e n s i n o  and a c t u a t i o n  d e v i c e s  
t h a t  w i l l  p rov ide  tho  ?XIUS con t ro l /mcn i to r inq  systsr b i t b  
t h e  i n p u t  and o u t p u t  s i q n a l s  from t h e  suhsystems. A q e c s r a l  
c l e sc r ip t ion ,  t h e  i n t c r f a c a  ranqe,  th* r e l a t i v e  c o s t ,  and the  
. idvantnqes  ant. l i m i t a t i o n s  of each t y p e  o t  c o n t r o l l . ~ r  a r c  
p re sen ted .  

E l ~ c t r o r n e c h a n i c a l  Pe l ays  

Helays a r e  t h e  f i r s t  generation of  l o g i c  c o n t r o l s .  
Shey a r e  a v a i l d h l ~  w i t h  normally  apen and/or  n o r a a l l v  c l o s e d  
c o n t a c t s ,  cn-off c r  o f f - d e l a y  t i m c r s  ( u s i n q  motor, t h e r r a l ,  
r a d i o - c c n t r o l l e d  c i rcu i t ,  anci d a s h p o t  t e c h n i q u e s ) ,  and 
a a q n e t i c  l a t c h i n g .  s t l a y s  range from q p n e r a l - p ~ ~ r p o s e  
commercial t o  high-pnrformance i n d u s t r i a l  r e l a y s  t o  m i l i t a r y  
and s p z c i a l - p u r p o s e  t y p e s .  They a r e  a v a i l a b l e  i n  s i z e s  from 
min ia tu re  t o  l a r g e  and can be mounted on pane l s  o r  used i n  
plug-in s o c k e t s .  Th*? e n c l o ~ u r e s  f o r  t h e  r e l a y s  a r t  both 
s t a n d a r d  I d u s t ~ r o o f  and t ~ e r m e t i c a l l y  s e a l e d )  and open t ypes .  
A wide ranqo o t  c u r r e n t  and v o l t a g e  l e v e l s  is  a v a i l a t l ~  i n  
d i r e c t  c u r r e n t  and a l t ~ r n a t i n q  c u r r e n t .  Gene ra l ly ,  t h e  
r e l a y s  a r e  2 t c  1Q amperes w i t h  v o l t a g e s  a s  l a r q e  a s  6 C C  
v o l t s .  

I i e l j y s  p r o v i d ~  c o n t r o l s  a t  a  very low r e l a t i v e  c c s t .  A 
spa11 c c n t r o l  cystem can b e  on ly  a  f r a c t i o n  of t h e  c o s t  cf 
o t h e r  systems i f  :hlz l o g i c  i s  s imp le  and can  ke done w i t h  
r e l a t i v ~ l y  few r e l a y s ,  

fidvaj~Zggq2.- E l ~ c t r o m e c h d n i c a l  r e l a y s  a r e  a good cho ice  ---- 
f o r  s i m n l e r  sys tems  i i i t h  a  m o d ~ r a t e  number o f  i n p u t s  and 
o u t ~ u t s  and a moderate number of l o g i c  d e c i s i o n s .  T h e v  
provide yood r e l i a b i l i t y  ~ t t  Lower c y c l i c  o p l r a t i n g  r a t e s .  
Fa in tenance  l e r s o n n e l  a r e  most f a m i l i a r  w i t h  t h i s  t y p e  o f  
c o n t r c l ,  d n d  e l ec t romech3n icd l  r e l a y s  a r e  r l l a t i v r l y  Fasy t o  



mdint.ain. Midc t l e x i b i l i t y  i n  s e l e c t i o n  of c o n t a c t  
~irranqemsn t s  and r a t i n g s  is  p o s s i b l e .  Lou c o n t a c t  
r e s i s t a n c e ,  g e n e r a l 1  y a  few n i l l i o h m s ,  is  t y p i c a l .  R E ~ ~ Y S  
a r e  l e a s t  s e n s i t i v e  t o  u n d s r r a t i n q .  The treakdown v o l t a g e  
is q e n e r d l l y  many t imes  t h e  o p e r a t i n q  v o l t a g e  because of t h e  
ruqq?d cons t . ruc t ion  of t h e  r e l a y s .  F a i r l y  s t a n d a r d i z e d  
c o n t i q t r r a t i c n s  a r e  a v a i l a b l e .  Wiring t o  p i lo t .  a n d  o u t p u t  
d e v i c e s  i s  e a s i l y  f a c i l i t a t e d  b j c a u s e  i n h e r e n t  v o l t a q a  and 
power l e v e l s  a r e  s u f f i c i e n t .  Relays g e n e r a l l y  can k c  used 
i n  ambient t e m y e r a t u r ? ~  a s  high a s  343 K (710 C ) .  Other 
t y p e s  a r a  a v a i l a b l e  f o r  h iqner  t empera tu ra s .  Relays d o  no t  
g e n e r a t e  3 l a r g e  dmount of h e a t ,  and they  providc h i q t  no i se  
i m m u n i t y .  The i n ~ u t s  dnd o u t p u t s  a r e  comple t e ly  i s o l a t e d .  
There i s  r a r e l y  a requirement  f o r  a u x i l i a r y  power s u p c l i e s  
o r  f o r  i npu t /ou tpu t  v o l t a g e  c o n v e r t e r s .  Eecause i n p u t  l o g i c  
a n d  c u t p u t  v o l t a g e s  a r e  u s u a l l y  t h e  same, c o s t  advantages  
can r e s u l t .  F ~ l a y s  can have low t h e t r a l  e l e c t r c m c t i v e  f c r c e  
(ernt) c h a r a c t e r i s t i c s .  T h e  r e l a y  c o n t r o l  system is custom 
d e s i g n e d  and w i r e d  u n i q u e l y  t o  f i t  t h e  s p e c i f i c  des iqn .  Tt.s 
o p e r a t i o n  can h e  4e t ec tod  a u d i b l y  and v i s u a l l y .  

L imi t a t i ons . -  E lec t romechanica l  r e l a y s  have l i m i t ~ r l  ----------- 
l i f e  i f  t h e  ope ra t  i n q  r a t e  is h i g h .  The v a r i a b i l i t y  cf 
c p e r a t i n a  time on a l t e r n a t i n q - c u r r e n t  wave s h a p e  compl i ca t e s  
ccn t  r c l  f o r  rdd io t ra ( lu?ncy  i n t e r f  e ronco  ( R F i )  supprcs s i c r . .  
T h ~ s e  r o l a y s  a r e  slow i n  sw i t ch ing  ti-;? ( g e n e r a l l y  15 t o  2; 
m i l l i s e c o n d s )  and compdra t ive ly  l a r q e  n s ize.  Relays 
c o n s u r r  mcre Fcwer than e q u i v a l e n t  e l e c t r o n i c  sys tems  a n d  
can be  ddve r se ly  a f f e c t e d  h y  v i t r a t i o n ,  h e a t ,  c r  c a u s t i c  
d t rnos~he re .  F x t s r c a l  suppres s ion  of t h e  c o i l s  may b~ 
requir;.,i t o  avc id  inadv ;? r t sn t  s o l i d - s t a t e  t r i g g e r i n g  i f  t h e  
r e l a y s  a r e  u s ~ d  i n  p r o x i a i t y  t c  s c l i J - s t a t a  dev ices .  The 
responso  t ime  i n  cascaded c i r c u i t s  m p y  p l a c e  i n h a r e n t  
l i m i + a t i o n s  on product ion  c y c l e  t imes .  Response t imes  f c r  
s i m i l d r  dev ices  w i t h i n  a g iven  system can vary. 

S o l i d - S t a t e  Relays 

S o l i d - s t a t e  r o l 3  y s  a r e  mads from t h v r i s t o r s ,  s i l i c o n e -  
cont.rol1ed r e c t i f i e r s ,  T r i a c  s w i t c h e s ,  o r  power t r a n s i s t o r s  
and a r ?  used f c r  Fowor swi tch ing .  They a r e  a v a i l a b l e  w i t h  
n a r p a l l y  open and normally  c l o s e d  c o n t a c t s .  Cn-off delay 
timers g e n e r a l l y  use r smotq-cont ro l  c i r cu i t s  and a r e  a l s o  
a v a i l a b l e .  I t  is t e c h n i c d l l y  pcs s i t l l e  t o  match v c l t d g r  and 
c u r r e c t  c a ~ a b i l i t i e s  of  e l e c t r o m e c h a n i c a l  r e l a y s :  however, 
t h e  a v a i l a b i l i t y  of o f f  - t h e - s h e l t  s o l i d - s t a t e  r e l a y s  that. do 
t n i s  is l i m i t e d .  

S o l i d - s t a t e  r e l a y s  a r e  mots ~ x ~ s n s i v e  than 2 l e c t r c -  
r e c h a n i c a l  c r  hybrid r e l a y s .  L i s t  p r i c e s  f o r  s o l i d - s t a t e  
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r e l a y s  c .  . *.u;-~ about  t o r r  t i m e s  more than  those f o r  c l e c t r c -  
mechanical  i.-elays. 

l ~ y ~ g z g j f ~ . -  T h e  power needed t o  d r i v e  s c l i d - s t a t e  
r e l a y s  is compa t ib l e  w i t h  low-driving capabilities of s c l i d -  
s t a t e  I c q i c  ~ l e m e n t s .  The low-level  i n p u t  r equ i r emen t s  ease 
i n t e r f a c e  problems w i t h  complex s o l i 3 - s t a t e  c o n t r o l  s y s t e s s ,  
S o l i d - s t a t e  r e l a y s  a r +  u s e f u l  f o r  h i g h - c y c l s - r a t e  c o n t r o l s  
and can a c c r p t  a  w i d ?  r3nge of a l t e r ~ a t i n g -  and d i r e c t -  
c u r l e n t  i n p u t  v o l t a q ~ : ; ,  U n i t s  a r e  a v a i l a b l e  t h a t  a t e  
i n t e r c h a n q ~ a k l ~  w i t h  . l ec+romechanica l  r e l a y s ,  r e l a t i v e  t c  
d ~ ~ l i c a t i o n ,  wir inq,  and maintenance.  S o l i d - s t a t e  c i rcui t ry  
can e l i m i n a t e  RFI 011 opening;  ze ro -c ros s ing  c i r c t ' i t r y  can 
e l i m i n a t e  6 P I  cn c l c s i n q .  Th,?se r e l a y s  can o F e r a t e  a t  h i g h  
speeds  (micrcecconds) ,  The lifetime of s o l i d - s t a t e  r ~ l a v s  
is g e n e r a l l y  c o n s i d e r a b l y  longe r  than  t h a t  o f  e l ec t . ro -  
r n a c h a ~ i c 3 1  r s l a y s .  Transformer  c r  c p t i c a l  c o u ~ l i n g  ~ r c v i d 2 s  
c o r t l e t ~  i s o l d t i c n  h?twcen i n p u t  and o u t p u t ,  a s  w ~ l l  a s  
k e t w e ~ n  ~ o l e s ,  Po les  can b e  ma32 c o n v e r t i b l e  t y  i n v e r t i n q  
p l u g - i n  u n i t s .  S o l i d - s t a t e  r e l a y s  cdn b e  u s e d  i n  
t+?akera t -ur?s  a s  high a s  343 P (730 C) . E x c e l l e u t  shock a r i d  
v ~ b r d t i o n  r e s i s t a n c e  i s  provided,  They a r e  easy  t o  main ta in  
i f  not  ~ o t t e d .  Phase c o n t r o l  of s i l i c o n e - c o n t r o l l c 1 ~ -  
r e c t i f i e r  ( S C F )  o r  T r i a c  f i r i n q  can n ic imize  surgF c u r r e n t s  
caused b y  i n d c c t i v e  o r  o t h e r  l oads .  T h i s  t y p e  of r e l a v  
g e n e r a l l y  has qcad sllrqe c u r r e n t  handl inq  c a p a b i l i t y ,  
t y k i c a l l y  1@ r imes t h e  r a t e d  current f o r  one a l t * r n a t i n g -  
c u r r e n t  c y c l s .  

L j n t i t a t i o n s . -  S n l i d - s t a t e  r e l a y s  have n j unc t ion  - -------- 
v o l t a g e  drop  of approximate ly  0 .7  t c  1 .5  v c l t s ,  They 
r e q u i r e  b u i l t - i n  o r  ? x t e r n a l  hea t  s i n k i n q  t o  curb heat .  
d i s s i p a t i o n  caused t ~ v  j unc t i cn  vo l tage .  They a l s c  r- .quira 
b u i l t - i n  o r  e x t e r n a l  suppres s ion  c i r c u i t s  on input  and 
ou tpu t  s e c t i o n s  t c  c c u n t s r n c t  e l e c t r i c a l  n c i s e  t h a t  could 
cause i n a d v e r t e n t  t r i g q e r i n g .  For s E a l l e r  r a t i n g s ,  t h e i r  
s i z e  is c c m ~ a r a b l e  t o  t h a t  of o t h e r  t y p e s ;  b u t  a s  r a t . i n q s  
i n c r e a z e ,  t h e i r  o v e r a l l  s i z e  (size of u n i t  ~ l u s  s i z e  of 
hea t - s ink ing  acccmmodation) c o m ~ a r a t i v e l y  i n c r e a s e s ,  There  
is l i m i t e d  a v a i l a b i l i t y  of s t a n d a r d  c h a r a c t e r i s t i c s .  
Kheraas f u n c t i c n s  from a  g iven  manufacturer  q e n e r a l l y  a r e  
comna t ib l c ,  l o g i c  from two d i f f e r e n t  venacrs  u s u a l l y  i s  not 
comkat ib le .  T h e  das ign  procedure i s  s i m i l a r  f o r  a l l  
vsndors ,  b u t  t h o  symhols, v o l t a q e  l e v e l s ,  and f u n c t i o n s  
d v a i l a b l e  d i f f e r  amonq manufac turers .  T h e  breakdown v o l t a u ~  
is i a i r l y  c l o ~ t .  t o  op?ratirl.r: vo l t age  ( o p e r a t i n q  v o l t a q e  p l u s  
3 p ~ r o x i m a t e l y  1,70 v o l t s ) .  S u r g e  v o l t a g e s  can c a u s e  
conduc t i cn  f o r  one-hdlf  of an n l t e r n - . " i n q  cyc l e .  When 
? r i v i n g  d n  i n d c c t i v e  load ,  s o l i d - s t a t e  r e l a y s  a r z  s u t i e c t  t o  
d secontiary h r c a k d c w ~  of t h e  power semiconductor  U ~ ~ C S S  
t h e r e  is d i c d e  s u ~ k r ? s s i o n .  Tl~es? r e l a y s  r e q u i r e  a 



p r e c i s e l y  des igned  system because ~ n d e r r a t i n q  can cause 
f a i l u r e .  

~ r ~ - ~ o o d  Relays  

Dry-rzed r e l a y s  can perfcrm a l l  r e l a y  f u n c t i o n s  b u t  a r e  
q e n e r a l l y  used a t  lower power levels.  T h e y  a r e  a v a i l a t l e  
packaged a s  s h i f t  r e g i s t e r s ,  o r  f l i p - f l o p s ,  t h a t  use  
mdynetic l a t c h  r e l a y  and t h u s  have r e t e n t i v e  memory. 
S p e c i a l  l c g i c  u n i t s  a r e  a l s o  a v a i l a b l e .  A; many a s  s i x  
~ o l c s  a r c  r a a d i l y  a v a i l a b l e ;  t h e  &umber depends on t h e  form 
( A ,  F ,  o r  C) s q l e c t a d .  S p e c i a l  combina t icns  can exceed t h e  
number c f  c jeneral l  y a v a i l a b l e  p o l e s  - t h o s e  a v a i l a b l e  u i t h  
normally open c o n t a c t s ,  normally c l c s e d  c c n t a c t c ,  magnct ic  
l n t c h i n q ,  and t ime i ~ l a y   sing s o l i d - s t a t e  d r i v e r  and r e e d  
r e l a y  o u t p u t ) .  Cry-reed r e l a y s  a r e  used f o r  e l e c t r o n i c  
p r c c s s s  c c n t r c l  equipment i n  l o r - l e v e l  s w i t c h i n g  
a p p l i c a t i o n s ,  i n c l u d i n q  i n s t r u a e n t a t i c n ,  l c q i c  s w i t c h i n g  
d r r a y s ,  high-frequency swi t ch inq ,  c o n t r o l  of o t h e r  r e l a y s  
,and so l eno ids ,  h igh-vol tage  swi t ch inq ,  and c u r r e n t  dnd 
vo l t age  s e n s i c g .  A p p l i c a t i o n s  i n c l u d e  e l e c t r o s t a t i c  c c ~ i ~ r s  
aod comcuters,  t r a n s f e r  machines, and conveyors.  

Dry-reed r e l a v s  a r e  a v a i l a b l e  i n  t y ~ i c a l  l e v e l s  t c  25C 
v o l t s ;  the  upper l i m i t  i s  g e n e r a l l y  1OOP ~ o l t s .  The r a x i r ~ ~ u  
c u r r e n t  i s  3 amperes f o r  a l l  t ypes .  Yiqh-vol tage dry-reed 
r e l a y s  a r e  a l s o  a v a i l a b l e  t o  29 k i l o v o l t s  and 1 m i l l i a a ~ e r e  
of c u r r e n t  f o r  d i r ec t , - cu r r en t  r e s i s t i v e  l oads .  

The ccmponent c o s t  can b e  e q u i v a l e n t ,  k u t  i t  is 
q e n c r a l l v  mcre expens ive  t o  implement dry- reed  r e l a y s  i n  
s p e c i a l  l og i c .  u n i t s  r a t b a r  than  s t a n d a r d  e loc t rcmr l .c tan ica l  
r e l n y  systems because d i r e c t - c u r r e n t  Fcver  is r e q u i r s d .  I n  
s i ng le - th row a p p l i c a t i o n s ,  d ry- reed  r e l a y s  can Ls 
c o m ~ e t i t i v e  with t h e  e l s c t r o m a c h a n i c a l  r e l a y s .  They arc  
l e s s  expensivc than mlrcury-ve t ted ,  h y b r i d ,  o r  solid- stat^ 
r e l a y s .  

Advantaygg.- C o n t a c t s  i n  dry-reed r e l a y s  a r a  s e a l e d  i n  ------- 
q l a s s  t o  provide  i n c r e a s e d  envi ronmenta l  r e 1 i a b i l . i t y .  
Rcutinq of wirinq t o  ~ i l o t  and ou tpu t  d e v i c e s  is 
f a c i l i t a t e d .  Ccmpared w i t h  s o l i d - s t a t e  r e l a y s ,  3ry-ret.d 
r e l a y s  a r e  less susccll : t ihle t o  over load .  Ihey  can o p e r a t e  
aounted i n  any p o s i t i o n .  They a r e  approximat.elv 3 t im~s  a s  
f a s t  a n d  have  2C t im?s t h e  l i f a  of s t a n d a r d  e l e c t r o -  
mechanicdl r e l a y s .  Opera t ing  skeeds ranqe frcm 1 t o  6 
m i l l i s ~ c o n d s ,  dopendiny on c o n t a c t  c o n f i g u r a t i o n  and c o i l  
d r i v i n g  powar. O ~ e r a t i n q  tempera ture  r anges  t o  3 5 8  K 
( 8 5 0  C ) .  Faintenanc? personnel  can he t r a i n e d  i n  a s h c r t  
per icd  of tlmc because t h e  b a s i c  t heo ry ,  symbols,  a n d  t e s t  
+ e c h r ~ i ~ ~ u e s  cf f l e c t r o m e c h a n i c a l  relays apply .  I n p u t s  s nd 
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o u t p u t s  c a n  b e  made t o  t h z  r c ~ d  system v i t b c u t  a need f o r  
s i g n a l  c c n r e r t e r s  o r  s i r p l i f i o r s .  Reed relays have v e r y  low 
c o n t a c t  n o i s e  a n d  c a n  e x h i b i t  v e r y  low t h e r m a l  emf 
c h a r a c t ~ r i s t i c s .  Thcy a r e  q o n e r a l l y  r a t e d  f o r  103 r i l l i o n  
c ~ e r a t i o n r  a t  s i q n a l  l e v e l  loads .  and  5 t o  10 m i l l i o n  
o ~ e r a t i o n s  a t  r a t e d  l o a d s .  C o m p l e t e  i n ~ u t / c u t ~ u t  i s o l a t i c n  
is ~ r o v i d c d .  C o r p l e x  i n t e r f a c e  F r o b l e n s  i n v o l v i a y  a v i d e  
r a n g e  of s i g n a l  a n d  y o u e r  l ~ v o l s  can be s o l v e d  t h r o u g h  t h e  
u s e  or d r y - r ~ e d  relays. They cFerate u i t h  v e r y  l c u  c o i l  
F o u c r  r e q u i r s m ~ n t s  l y e n e r a l l p  i n  the m i l l i u a t t  r e g i o n ) .  
a r e a k d o w n  v o l t a q e ,  whan c o m p a r e d  u i t h  o p e r a t i n g  v o l t a q e ,  c a n  
be v e r y  much h i q h e r .  T h e s e  r e l a y s  are a ~ a i l a t l r  w i t h  
i c  t e g r a  tea  c i r c u i  t -com~a t i h l c  ( s t a n d a r d  5 - v o l t  d i o d e  
t r a n s i s t o r  l o q i c / t r a a s i s t o r  t r a n s i s t o r  l c q i c  (DTL/TTL) 
c i r i o s s )  l o u - p r o f i l e  p a c k a g e s  d e s i g n e d  f c r  p r i n t e ?  circsit  
board ~ o u n t i n q .  C r y - r e e d  r e l a y s  a t ?  y e n o r a l l y  immune tc 
f a l s e  t r i q q e r i c q  by o v e r l o a d  t r a n s i e n t s  a n d  h a v e  less 
c o n t d c t  t c u n c e  a n d  g r e a t e r  r + s i s t a n c +  t o  s h o c k  a n d  v i t r a t i o n  
t h a r !  e l ~ c t r c m e c h ~ n i c a l  r e l ays .  

LiE&aqisx.- D r y - r e e d  r l l a y s  a r e  more s u s c e ~ t i b l e  t c  
an o v & l o d d  t h a n  a r e  e l e c t r o n ? c h a n i c a l  r e l a y s .  T h e y  a r e  
s l cber  t h a r  s c l i d - s t a t ?  s w i t c h e s  bu*  a r e  a s  f a s t  a s  t h e  
fastest o t  *he a l e c t r o m e c h n n i c a l  s w i t c h e s .  T h e  d r y - r e e d  
r e l a y s  a r e  r e l a t i v e l y  l a r g e r  t h a n  s u i t c h i n g  t r a n s i s t a r s ,  i n d  
t h e i r  o p e n  c c n s t r u c t i c n  is more f r a g i l e  t h a n . t h a t  o f  
t r a n s i s t o r s .  C o n t a c t  ~ r o t e c t i c n  is r e q u i r e d  f c c  mcst 
r o a c t i v f !  ( c a p a c i t i v e  o r  i n d u c t i v e )  l o a d s  a n d  f o r  t u n g s t e n  
l a m p  loads. T h e s e  ;-:lays are  s u s c e p t i b 1 , e  t o  s t r a y  m a q n e t i c  
f i e l d s  a n d  t h e r e f o r e  n e e d  s h i e l d i n g .  T h e y  a r c  u s u a l l y  t u i l t  
t o r  d i r e c t - c u r r e n t  o p e r a t i o n  b u t  c a n  b e  u s e d  o n  a l t e r n a t i n q -  
c u r r e n t  c i r c u i t s  w i t h  F r o F e r  f i l t e r i n g .  

R e r c u r y - b e t t e d  C o n t a c t  H e l a y s  

T h e  m e r c u r y - w e t t e d  c o n t a c t  r e l a p s  s w i t c h  o n  a f i l m  of 
m e r c u r y .  The c o n t a c t s  arc g l a s s - e n c a ~ s u l a t s d  f i x = d  u t d e r  
g a s  p r e s s u r e  w i t h  .a r o v a t l e  reed a r r a t u r a .  T b e  f i x e d  
c o n t a c t s  a r e  c c n t i n u o u s l y  m e r c u r y  u e t t e d  t h r o u g h  c a p i l l a r y  
a c t i o n .  The s w i t c h  a c t i o n  is ~ r o d u c e d  by  a n  e l e c t r o r a g n ~ t i c  
t i e l d  t h a t  scues t h e  a r m a t u r e  f r o m  the n o r m a l l y  c l o s e d  
c o n t a c t  t o  the n o r r a l l y  c p e n  c o n t a c t .  T h e s e  r e l a y s  c a n  
c p e r a t c  i n  1 a i l l i s e c o n d  i n  s i n g l e - p o l e  f o r m s .  T h e  l i f e t i r e  
of these r e l a y s  i s  a p p r o x i m a t e l y  1130 m i l l i o n  t o  lr! b i l l i o a  
o p e r a t i o n s ,  d e ~ e n d i n q  c n  t h e  l c a d .  C o n t a c t  r e l a y s  a r e  
a v a i l a b l e  as ~ l u y - i n  u n i t . s  f o r  printed c i r c u i t  t o a r d  
6 n c l o s u r e s .  T h e y  ca r  e a s i l y  s w i t c h  l c w - l e v a 1  o r  l o g i c  l o a d s  
a n d  s y z t o f f  kcuer loar-? l e v e l s .  There i s  a v e r y  w i d €  ranco o f  
p z r s i s s i b l e  o p e r a t i n a  v o l t a g e  i n  a d d i t i o n  t o  n o m i n 3 1  
v o l t a q e .  The h i g h  r . r ~ e a t a b i l i t y  a f f o r d e d  t y  m e r c u r y - b e t t c d  
r e l a y s  makes  them u s a f u l  i n  d a t a  t r a n s m i s s i o n ,  t e l e p h c n e ,  



a n d  t e l e g r a p h  a p p l i c d t i o n s .  T u o - ~ c l e  t s l a y ~  a t e  most common 
f c c  p r i n t e d  c i r c u i t  m o u n t i n g s ;  f o u r  p o l e s  a r e  most common 
f o r  p l u q - i n  t y F e s .  

o ~ e r a t i n g - c o n d i t i o n  maximums f c r  r e r c u r y  r e l a y s  a r e  503 
v c l t s  3 i rec t  c u r r e a t  c r  p e a k  a l t e r n a t i n q  c u r r e n t  a n d  5 
a m p e r e s  airect c u r r e n t  or p 3 a k  a l t e r n a t i n g  c u r r e n t ;  t b e  
t e r p e r a t u r e  r a n g e  is 235 t o  37d K (-380 t o  1CS0  C ) .  
n e r c u r y - w e t t s d  r e l a y s  a re  g e n e r a l l y  mors e x p e n s i v e  t h a n  
e l e c t r o m e c h a n i c a l  a n d  d r y - r e e d  relays. T h e y  a r e  c o m p a r a t l s  
i n  r r ice  t o  h y h r i d s  a n d  less e x p e n s i v e  t h a n  s o l i d - s t a t 5  
r e l a y s .  

kavantagg2.- U e r c u r y - w e t t e d  r e l a y s  c f f e r  lcw a n d  s t a h l c  -- ----- 
c o n t a c t  r e s i s t a n c e .  T h o  s p e e d  r a n g e s  f r c c  1 t o  6 m i l l i -  
s e c c c d s ,  w i t h  h i q h  r e p ~ a t a b i l i + y .  T h e y  a r e  g c o d  ~ u i t c h e s  
t o r  I* -vc l  s i g n a l s  a n d  r e q u i r e  less F o u e r  t o  o p e r a t e  t h a n  
o t h e r  e l e c t r c a e c h a n i c a l  d e v i c e s .  f l e r c u t y - v e t t e d  r e l a y s  c3n 
oe a r i v o n  h y  sc l id-s td te  c i r c u i t r y  b e c a u s e  of low p o w e r  
i n k u t  r e s u i r e r ~ n t s .  T h e y  bavo lcw c c n t a c t  n o i s e  a n d  t i q h  
i r i ~ u t / o u t p u t  i s o l a t i o n .  T h e  c o n s t a n t  c o n t a c t  r e s i s t a n c ~  
v a r i a t i c n  is  t y ~ i c a l l y  &2 m i ~ l i o h m s .  T h e y  c a n  w i t h s t a n d  
t r a n s i e n t s  b e t t e r  t h a n  s o l i d - s t a t e  r e l a y s  can. T h e s e  r e l a y s  
p r c v i d c  ~ c s i t i v e  o n - o t f  s w i t c h i n g  v i t h  r e l a t i v e l y  n o  t c u n c c  
o f  c o n t a c t s  h e c a u s e  of t h e  c u ~ h i c n i c g  e f fec t  cf t h e  a e r c u r y  
f i l m .  T h i s  c a p e k i l i t y  s a k e s  ~ o s s i b l n  a v e r y  w i d e  d r i w e -  
p o u e r  r a n g e .  T h e  f i l m  a n d  ~ r e s s u r i z e d  h y d r o q e n  a t f I I 0 s ~ h e r e  
a l c c  d i s s i p a t e  h e a t  a n d  m i n i m i z e  c o n t a c t  e r o s i o n .  

* I&jtsiLcqs.- H e r c u r y - w e t t e d  r e l a y s  a r e  p o s i t i o n  
s e n s i t i v e .  'Ihc ~ o c l  o t  m e r c u r y  m u s t  b e  a t  t h e  k o t t o m  o f  t h e  
c a p s u l ~  f o r  c a p i l l d r y  a c t i o n .  T h e y  a r e  n o t  a s  r e s i s t a n t  t o  
o v e r l c a d s  a s  e l e c t r o m e c h a n i c a l  r e l a y s  a r e  b a t  a r e  m o r e  
r e s i s t a n t  t h a n  r c ~ d  relays, C c n t a c t  p r o t e c t i o n  i s  r e q u i r e d  
f c r  lncst r e a c t i v ~  ( c a p a c i t i v e  o r  i n d u c t i v e )  l o a d s .  

H y b r i d  E s l a p s  

T h e  h y b r i d  a e n e r a l l y  c o n s i s t s  o t  r e s d  r e l a y  i n p u t  a n d  
s e m i c o n d u c t o r  o u t ~ u t  b u t  can hs t h e  o ~ p c s i t e .  I t  i s  
a v a i l a b l e  w i t h  b u i l t - i n  a n p l i f i s r s  t o  d i r e c t l y  interface 
l o w - l e v e l  s i g n a l s  ( D ' T L l T T L )  a n d  o u t  ~ u t  p o w e r  c o n t r o l  
r e q u i r e m e n t s .  A l i f e t i m e  o f  a ~ ~ r o x i r a t e l y  10 r i l l i c n  
c p e r a t i o n s  ( t h e  same a s  f o r  the r ~ e d  d e v i c e )  is n o r m a l ,  
V o l t a g e  a n d  c u r r e n t  c a p a b i l i t i e s  d e p 2 n d  o n  t h e  s o l i d - s t a t 2  
d e v i c e  used arid o n  t h e  m o u n t i n g  a n d  e n c l o s u r e  m e t h o d s .  

T h e  i n p u t  t o  t h e  h y h r i d  r e l a y s  r a n g e s  from 6 t o  U U  V d c  
or  24  t o  115 V a c .  C u r r e n t  r a t i n q s  r a n g e  f r o m  a p [ : r o x i r a t c l y  
3.5 t c  7 anperas  rrs a t  G C  h e r t z  a n d  298 K ( 2 5 O  C ) .  H i g h e r  



c u r r e n t  r a t i n g s  can  he achieved  with a d d i t i o n a l  hea t  
s i n k i n q .  

Hybrids a r e  t h r e q  t ines  a s  e x ~ e n s i v s  a s  e l e c t r c -  
r o c h a n i c a l  r e l a y s ,  b u t  t h e i r  l i f e t i m e  i s  c o n s i d e r a b l y  
;(rester. 

Advantaq2q.- H y b r i d s  combine t h e  l cuq  l i f e  of s o l i d -  ------- 
s t a t e  r e l a y s  w i t h  t h s  i n p u t l o u t p u t  i s o l a t i c n  cf reed r e l a y s .  
T h e y  can i n t e r f a c e  c ~ m i c o n d u c t c r  l o g i c  c i rcu i t s  u i t h  
i n d u c t i v ?  l oads  (motors,  s c l e n o i d s ,  t ungs t en  lamp l o a d s ,  and 
t r o n s t o r ! n e r . ,  . T h e y  can a c c a p t  a u ide  range  o f  i n p u t  
vo l t aqes .  I n t e r f e r e n c e  i s  i n h e r e n t l y  e l i m i n a t e d  on opening  
and c l c s i n g  by use of a ze ro -c ros s inq  ci-rcuit. W i t h  load 
d e r d t i n q  and/cr  improved h e a t  s i n k i n g ,  t h e y  can be u s ~ d  i n  
t e r r e r d t ~ i ~ e s  akove 29H K (250 C ) .  Eecause of r e e d  r e l a y s  o r  
l n r u t s ,  h y b r i d s  a r e  q 2 n e r a l l y  more immune than  a l l  s o l i d -  
s t a t e  d e v i c e s  t c  i n a d v e r t e n t  t r i g g e r i n g  b y  i n p u t  t . r ans i cn t s .  

L j s i t a t j o n n . -  There i s  l i t t l e  s t a n d a r d i z a t i o n  of  hykrid  - ----- --- 
r e l a y s .  B u i l t - i n  o r  e x t e r n a l  b e a t  s i n k i n g  i s  r e q u i r l d  t o  
d i s s i [ a t $  h e a t  f r c r  j u n c t i c n  v o l t a q e s .  f la intonance 
p o ~ s c n n e l  m u s t  be  h i y h l y  t r a i n e d .  Aux i l i a ry  pouer s u p p l i e s  
a r e  neodcd i f  ~ r e c i s e  rcrsulat ion is r e q u i r e d  on a m p l i f i e r -  
d r iven  u n i t s .  

Func t iona l  Systems ( S p z c i a l  E l e c t r o n i c  Los ic  c a c k a q ~ s )  

S p a c i a l  e l p c t r o n i c  ~ a c k a q € s  f i n d  a ~ ~ l i c a t i c n  uhare  
system complexi ty  is moderate - between t h a t  cf 
+ l ec t romechan ica l  c o n t r o l  svst.sms and t h a t  of wired lcgic,  
p r i n t e d  c i r c u i t  c a r d  systsms. T h e y  g e n e r a l l y  c o n s i s t  o f  1 
t o  1 G  s e l f - c c n t a i n e d  modules. Each module c o n s i s t s  of i npu t  
s e n s o r s  a c d  s e n s o r  i n t e r f a c ~ ,  d e c i s i o n  l o s i c  and t ime 
d c l a y s ,  dn ou tpu t  s e c t i o n ,  and a power supply  o p e r a t i n g  f r c r  
s t a n d a r d  117 V ac. 3 a s i c a l l y ,  each module is e q u i v a l e n t  t o  
cne o r  two l i n c s  of 4 r e l a y  l a d d e r  iiiaqram. T h e  modules Arc 
c c u t l ~ d  t o  ~ r o x i ~ i t y  and p h o t o e l e c t r i c  s e n s o r s  t o  p rov ide  a  
c o m ~ l e t e  e l e c t r o n i c  system t o  Feet s p e c i a l  needs f o r  
r e l i a b i l i t y ,  hiqh-speed responsp,  ax?d ncncontac t  s ens inq .  
I n s p c t i c n ,  sasplinq, coun t inq ,  s y n c h r o n i z a t i o n ,  
c c n f i r m a t i c n ,  ~ r o t e c * i o n ,  f low c o n t r o l ,  and o p e r a t i o n  
v a l i d a t i c n  a r e  a v a i l 3 b l s  i n  s t a n d a r d  f u n c t i o n a l  systems. 
Funct.iona1 systems use a maximum v o l t a q e  of  115 v o l t s  f o r  
i n p u t s  and o u t p u t s .  Low-level d i r e c t - c u r r e n t  v c l t a y e  cf a 
few m i l l i v a l t s  t c  2U V dc  i s  used f o r  t h e  l o g i c .  

A s o l i d - s t a t e - t y p e  cont . ro1 system can b e  con f igu red  i n  
t h i s  r anper  a t  r e l a t i v e l y  low c o s t .  The o v a r a l l  cost  f a l l s  
between t h a t  c t  a r e l a y  system and t h a t  of 3 s o r c  comFltx 
hardwirod s o l i d - s t . a t c  sys tem,  



~ ~ ~ ~ I J $ ~ ~ ~ . -  Each module is f u l l y  indepeudent  with  its 
G u n  power supply ,  and modules a r e  e a s i l y  t i e d  t c q ~ t h a r  f c r  
mcre c o r ~ l e x  requi rements .  They u s u a l l y  f i n d  a ~ ~ l i c a t i c n  i n  
f a i r l y  s i s ~ l e  systems i n  which l i m i t  s w i t c h e s  and 
~ l e c t r o m e c h a n i c a l  r e l a y s  s u f f e r  f r c o  c c r ~ a r a t i v e l y  s h o r t  
l i f e t i m e s  because of high o ~ e r a t i o n a l  r a t e s  and i n  w h i c h  
c c r ~ l e x  t i r i n g ,  time dolay ,  and l c y i c  p roces s ing  a r e  not 
~ c c n o m i c ~ l  w i t h  t h e  use of  r e l a y s .  They can t e  used i n  
cclnhinat icn w i t h  r o l a y z  and l i a i t  s w i t c h e s  i n  s p e c i f i c  a r e a s  
rhere s p e c i a l  r e q u i r f m e n t s  i n d i c a t e  t h e  use of a  f u n c t i c n a l  
s o l i d - s t a t e  "package." Th9se packagss  a r s  v i t r a t i o n  
r c c i s t a n t .  

J&~~qti~og.- F l l ~ c + i o n a I  sys tems  a r e  no t  f l e x i t l e  i t 1  
t h a t  t hey  m u s t  be s p e c i f i c a l l y  t a i l c r e d  t c  t h e  a p ~ l i c a t i c n .  
P l a n t  p f r s c n n e l  a r e  n o t  expe r i enced  i n  t h e  maintenance and 
use of t h ? s e  systems. T h 9  c o s t s  i n c r a a s e  r ,3p id ly  f o r  
s v s t e n s  l a r g e r  than  t h ?  o q u i v a l 5 n t  o t  10 t o  20 r e l a y s .  

Hdrdwir-?d S o l i d - S t a t e  C o n t r o l l e r s  

I tarduired s o l i d - s t a t 2  c o n t r o l l e r s  a r e  t h e  second 
q e n e r a t i c n  cf l o y i c  c o n t r o l s .  T h e y  a r e  used f o r  c o n t r c l l i n q  
a l a r q o  number of f u ? c t i o n s  i n  s u c h  a p p l i c a t i o n s  a s  
au tomot ive ,  packaq in :~ ,  focd ~ r o c e s s i n g ,  n u l t i s t a t i c n  
t r a n s f e r  l i n e s ,  i n j e c t i o n  molding inachin+s, metal  c a s t i n g ,  
d n d  m a t z r i n l s  handl ing  equipment.  T h e y  use i n t e g r a t e d  
c i r c u i t c  arid d i s c r e t -  c o m ~ o n z n t s  (d iodes  and t r a n s i s t c r s )  
f o r  l o q i c  c i r c u i t r y .  Thl c c n t r c l l e r s  i n c l u d e  f u n c t i c n a l  
c r d s  r c r  b a s i c  l c y i c  q i t e s ,  u p  and down c o u n t e r s ,  s h i f t  
r a q i s t + r s ,  ranqe t im?r s ,  f l i p - f l o p s ,  r e t . s n t i v e  memories, and 
a s s o r t s d  i n p u t s  and o u t p u t s .  Gene ra l ly ,  card-mounted l c g i c  
& u n c t i o n s  a r e  ~ l u q g a l  i n t o  rack-mounted c o n n e c t o r s  o r  Fanel-  
mounted r e c e p t a c l e s .  The c a r d s  a r e  c l a s s i f i e d  a s  i n p u t  
i n t e r f a c e ,  l o q i c ,  an1 ou tpu t  i n t e r f a c e ;  t h e i r  i n t e r -  
connec t ions  a r e  hired acco rd ing  t o  a  l o g i c  diagram o r  a 
s y s t t c s  l o q i c  equa t ion .  

Thp s o l i d - s t a t e  c c n t c o l l e r s  c p e r a t e  cn 115 v c l t s ,  i n ~ u t  
r o u t ~ u t ,  b h ~ r e a s  l o q i c  c i r c u i t s  make use of l ow- l eve l  

s i q n a l s  ( 5  t o  ?U V dc) . S o l i d - s t a t e  c o n t r , o l l e r s  comprise 
fewer compcnents (on ly  n e e d e d  f u n c t i o n s  a r e  purchased)  a n l  
a r e  less expens ive  than  t h e  more u n i v e r s a l  ~ r c q r a m m a t l ~  
u n i t s .  Alt-houqh e n g i n r s r i ~ q ,  assGobl ing ,  and dccumenting 
c o s t s  m u s t  b e  cons id+red  f o r  t a i l o r -mad?  systems, t h e y  can 
o f t o r ,  b e  spredd over  m u l t i ~ l e  a p p l i c a t i o n s  t o  produce a 
l a l y e  system f o r  a r e a s o n a b l e  o v e r a l l  c o s t .  

~J~~~f~g~e.- S o l i d - s t a t e  c c n t r o l l e r s  a r e  custom 
des igned ,  have lonq l i f e t i m e s ,  a n d  have nc ccvinq ~ a r t s .  
T h e y  o p e r a t e  a t  h i q h  speeds ,  a r e  c c a ~ a c t  i n  s i z e ,  and a r a  



very r e l i ak l e .  Their con t ro l  a c t i ons  a t e  highly repeatable.  
T h e y  can he e a s i l y  protected aya ins t  adverse environments. 
Cards frcm which a s o l i d - s t a t e  c o n t r o l l e t  is t u i l t  qenr ra l ly  
contain more f u n c t i o ~ ~  types than a r e  a v a i l a b l e  ftcm r e l aps ,  
~ n d  they a r e  e a s i l y  removed f o r  use i n  a new system. 
Functionally,  s o l i d - s t a t e  c c n t r c l l e r s  a r e  t h e  most d i r ~ c t  
equivalent  t c  re lay  sys tens .  The modularity of t h e  ca rds  

.reduces inventcry. Gepair o r  maintenance o f t en  involves 
cnly r e~ l acemen t  of u l u y - i n  logic cards.  The l oq i c  vol taqes  
a r e  c o m ~ a t i b l e  w i t h  computers, b u t  ac tua l  i n t e r  facinq 
requ i res  custcm d s r i j n .  

L i ~ i t a t i o n s . -  There ace co standard conf igurat ions  f o r  ----------- 
sol id-s t .%te  c c n t r c l l ~ r s .  Functions f r c k  d i f f e r e n t  vendcrs 
a r e  cornp.i?ihlr h u t  t h e i r  Lcgic usually i s  nct .  These 
c c n t r c l l e r s  o r e r a t e  a t  lowar voltage and power l s v e l s  t h a n  
e l e c t r o ~ e c h a n i c a l  relays; e f f e c t s  cf e l e c t r i c a l  ncise  on t h e .  
system t h u s  m u s t  be  c o n s i d ~ r ~ d .  E l e c t r i c a l  ncise  can b e  
niniaized b y  qroundirq of t h s  chass i s ,  b y  use of 
i?lect.rorzchanical sh ie ld ing ,  and by  physical  separa t ion  of 
s o l i d - s t a t e  c c n t r o l s  from electromechanical  d e v i c e s  sucb as 
s t a r t e r s  a n d  s c l e n o i ? ~ .  Cthac nethcds include u s i n q  h i g h -  
noise-immunity l cy i c  elements; thess have i n c  tased ncise  
i m m u n i t y  by  a r a t i o  of more t h a t  10 t c  1 ov?r commonly used 
cdmputcr-t ype log ic  c-lements. Maintenancz ~ e r s c n n e l  a r e  
less f a r i l i a r  k i t h  t h i s  t y p ~  of system, C u t  as s i s t ance  from 
manufacturers is available. So l id - s t a t ?  l o q i c  svmbols a r e  
not a s  f a m i l i a r  a s  a r e  re lay  c i r c u i t  ladder diagrams. 

So l id -s ta te  Proqrammable Cont ro l le r s  

So l id -s ta ta  proqrammable c c n t r o l l e r s  a t e  t h e  t h i r d  
generat ion o t  loq ic  ccn t ro l s .  They ~ e r t c r m  c c n t r c l  
func t icns  l i k e  r e l a y s  o r  hardwired s o l i d - s t a t e  con t ro l l e r s ,  
T h e y  provid? k d s i c  loqic funct ions ,  t i a i n q ,  and counting d n d  
readi ly  acccmmciate d i f f l r s n t  types of i n p u t s  and outputs ,  
These c o n t r o l l e r s  can incorporate  hardwired s o l i d - s t a t e  
l oq i c  for s p e c i t i c  i n p u t s  and c u t ~ u t s  f o r  aux i l i a ry  
functions.  They can contain memory and ccm5utot r o n i r c r ~ n q  
c a p a b i l i t i e s .  Thes? c c n t r c l l e r s  arq i n  packaged sys t ea s  
(such d s  i n  Nation31 E l e c t r i c a l  F!anufacturers Associaticn 
( N F N A )  11 enclosures)  a n d  accept i n p u t s  from limit, 
~ u s h h u t t c n ,  Fressure, o r  proximity switches, Operaticns of 
cutput  devices i n  machines o r  systems a re  con t ro l led  
accordina t o  a prede+orrined c c n t r c l  sequence, a s  
es tabl ished by a Froqram, T h i s  programinq, a n d  a s p e c i f i e d  
numt-et o t  incuts and  outputs ,  t a i l o r s  the  con t ro l  t o  a 
s p e c i f i c  a t ~ l i c a t i o n .  Proqrammable c o n t r o l l e r s  a r e  
a v a ~ l a b l e  w i t h  read0writ.e ( a l t e r ah lo ,  qeneral ly  magnetic 
core) a n d  read-only (FCM, har:iwired or  proqrarnmatle diode 
matrix) merccins. Machine operat inq l o g i c  is s o f t w i r ~ d  



(proqramed) t o  c o n t r o l  machine sequence. T h i s  a v c i d s  t h a  
n e c e s s i t y  f c r  custom design and unique hardware 
c o n f i q u r a + i c n  f o r  each c o n t r o l  a p p l i c a t i o n ;  i n s t e a d ,  
d i f f e r e n t  c c n t r o l  a p p l i c a t ~ o n s  can b+ performed from 
s t anda rd  hardwarz c o n f i q u r a t i o n s .  These.  c o n t r o l l a r s  use 
s n q u e n t i a l  ( s e r i a l )  scanninq.  'Ph? memory u n i t  s c a n s  i n ~ u t s  
i n  a c y c l i c  f a s h i c n  and de te rmines  uhether  o u t p u t s  should  t e  
turnad on o r  o f f .  T h e s e  c c n t r c l l e r ~  a r e  used i n  i n d u s t r i a l  
a p ~ l i c a  t i o n s ,  i n c l u d i n g  sovere  environment.  They r e p l a c e  
maqnztic r e l a y s  o r  conven t iona l  s o l i d - s t a t e  c o n t r o l s  f o r  
machine t o o l s ,  conveyors,  and F a r t s  hdndling.  Thcv a r e  
u s s t u l  tcr c c n t r o l l i c q  l a r g e ,  complex systems o r  s e v e r a l  
r c l a t e d  s v s t e r s .  

The i r ~ ~ u t  and ou tpu t  v o l t a g e s  f o r  t .hese  c o n t r o l l ~ r s  a r ?  
t h e  sam- a s  f o r  hardwired s c l i d - s t a t e  c c n t r c l l e r s :  115  
v o l t s  i npu t /ou tpu t  l o g i c  l e v e l ,  5 t c  24  V dc. 

The i n i t i a l  c o s t  of t h e w  u n i t s  i s  g e n e r a l l y  higher .  
T h e .  w i r i n q  f o r  e x t e r n a l  i n t n r f a c e s  such a s  computers is 
i n t o g r a l  t o  t h e  p a c k a q ~ ;  i t  is t h i s  f l e x i b i l i t y  t h a t  r a k e s  
proqrammable c c n t r c l l e r s  t h e  most expensive tyFe cf c c n t r c l  
f o r  most a p ~ l i c a t . i o n s  i n i t i a l l y .  They beccme ~ r a c t i c a l  w i t h  
i n c r ~ a s i n a  numtzrs of c i r c u i t s .  T h e  c rossover  po;nt  i s  
dpyroximataly 3C t c  5f c i r c u i t s ;  they  t h e n  heyin t 3  p r o v i d ~  
space-savinq f l e x i k i l i t y  and mainterance advautaqes.  

Advantag22.- S o l i d - s t 3 t a  proqrammakle c o n t r o 1 ; e r s  ------- 
provide £ 1 - e x i t i l i t y  f o r  incr;ased a u t c u a t i c n  a n d  c ~ n t r c l  
system c c t ~ l ? n i t y .  Cont ro l  can  t:e expressed i n  3oolean 
s t a t ~ m e n t s  f o r  machine f l e x i b i l i t y .  Changing synters  i s  
l e s s  e x p ~ n s i v e  a n d  f a s t e r  than changing hardwired s o l i d -  
s t a t e  c o n t r c l l e r s  o r  r e l a y s .  These c c n t r c l l e r s  have long 
l i f e t i m e s  and q r e a t e r  r e l i a b i l i t y .  Most proqrammable 
c c n t r c l l e r s  havs computer i n t e r f a c e  o p t i o n s  f o r  s u p p l y i n q  
s t a t u s  in fo rma t i cn  t o  a monitoring c o r p u t e r .  A l l  b a s i c  
c o n t r o l  e l s r s u t z  i n  a  f a c t o r y  can be opt imized throuqh the  
s o f t v a r c  and then i m ~ l e m e n t ~ d  w i t h  s i m i l a r  hardware. A 
kas ic  hardware c o m ~ l - m ~ n t  meets a l l  c o n t r o l  requirements .  
Programmable c c n t r c l l e r s  provide f a s t  c o n t r o l  response i n  
moderdte-sized systems; however, because c t  t h e  sequential 
na tu rp  of c c n t r o l  i n  mcderate-sized sys tems,  t h e  c o n t r c l  
resFcnse d e c r e a s e s  a ?  t h e  system g e t s  l a r q e r .  F r o q r a m m a h l e  
c c n t r c l l e r s  a r e  c c m ~ 3 c t .  T h e y  r e p l a c e  r e l a y  l o q i c  and 
permit t h e  design of a c o n t r o l  system u s i n g  r e l a y  c i r c u i t  
t echniques ,  i nc lud inq  c o n v ~ n t i o n a l  l adde r  d i a g r a a s .  
Prcqrarring q e n s r a l l y  i s  done w i t h  a t a p e  r eade r  o r  a  
programinq keyboard, u s i n g  c o n v f n t i c n a l  c c n t r c l  r a t h e r  than 
ccmrutcr ldnguage. T h e  use of programmable c c n t r c l l e r s  
f a c i l i t a t e s  f u t u r e  d d d i t i o n  of a  camnuter monitorinq s v s t e a  
(because of the  e a s e  of i n t e r f a c i n g ) .  Cehuqging and 
maintenance dre s i r ~ l i f i c d  because of i n d i c a t i o n  lamps cn 
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a l l  i n p u t  and output  t u n c t i o n s .  Scre systems have dehuqging 
Frcyraas  and maintenance a i d s .  

L i g i f ~ $ & g ~ . -  Th* l o g i c  des ign  m u s t  be t r a n s l a t e d  i n t o  
a form accep t . a t l e  t o  t h e  memory of t h e  c c n t r c l l s r .  Scre 
t e ~ t r i c t i o n s  a r e  i ~ ~ o s e d  on a  l a d d s r  diaqram format as  
a ~ p l i e d  t o  t h e  c o n t r o l l s r .  Ths p o s s i b i l i t y  of e l e c t r i c a l  
noise  p u l s e s  caus ing  e r roneous  chanqas i n  t h e  r ead -wr i t e  
memory map require p r o t e c t i o n  i n  t h c s e  u n i t e .  A s e q u e n t i a l  
scacnivq r c q u i r e r e n t  can be a t ime response l i m i t a t i o n  i n  
c e r t a i n  his!)-speed a p ~ l i c a t i o n s .  An a u x i l i a r y  u n i t  (such a s  
a ~ r o u r a a i n g  panel o r  minicomputer) i s  r e q u i r e d  f o r  
proqraming. 

F l u i d  Con t r o l l  ~ r s  

F n v i r c ~ l ~ e n t a  L c o n d i + i o n s  and machine, m a t e r i a l ,  and 
sanual  mctions, a s  wel l  a s  measurable process  parameters ,  
a r e  ccnvcr ted  t o  f l u i d i c  i n ~ u t  s i q n a l s  through s e n s o r s  and 
t r a n s d u c s r s  t y  c o n t r c l  oi a i r f l c u  ( c r  f l u i d  f icw) i n t o  o r  
ou t  of f l u i j  c i r c u i t s .  Mcviny- arts s e n s c r s  and 
t r ansduce r s ,  as  well  a s  nonecving-parts  a n d  noncoa tac t ins  
f l u i d i c  sOnEotE and +.ransduc?rs,  accomplish t h e s e  
c c n v ~ r s i c n s ,  C i r c u i t  l o y i c  com~onsn ts use low-power 
~ n ~ u m a t i c  ( f l u i d )  s ic inals  t o  r e d i r e c t  f l u i d  s t r e a a s  t c  
selected o u t ~ u t  s i q n 3 1  p o r t s  r i t h i n  such elements .  Logic 
e l ~ m e r ? t $  ( C F / N C T ; ,  A H C / E A N C ,  FIIE-FLCFS,  o t c , )  a r e  
in t e t ccnnec ted  w i t h  t u b i n q  formed i n  t h e  t a s i c  s t r u c t u r a l  
mat.eria1 a t  t h o  t ime o f  £akr ica t i . cn .  Lcqic elements  a f ~  
d v a i l d h l e  i i ~  F l a s t i c ,  ceramic,  and mqtal. For hiqher 
~ ~ e e d s ,  output  d e v i c r s  can also b e  f l u i d i c  dev ices  a t  .) 

h i g h e r  Fcwer level. For low s ~ e e d s ,  o u t p u t  i s  u s u a l l y  
thrcugh a mcvinq-part i n t e r f a c s  valv?.  T h e  format i n c l u d c s  
~ l u q -  i n  e lements ,  bol t -on 2lements,  i n t e q r a t e d  c i r c u i t s ,  and 
s t a c k ~ d  l a m i n a t i c n s  t o  form a c i r c u i t  block. Systems can  he 
q u o t e d  d c c c r d i ~ q  t o  t h e  l o q i c  diagram of t h c  user .  T h e  
usua l  packaginq, i n  conven t iona l  heavy e l e c t r i c a l  boxes, is 
s tandard .  F l u i d i c  c c n t r c l l e r s  a r e  used i n  l i q u i d - ' e v e 1  
c c n t r c l ,  saquencing, safety and i n t e r l o c k  c o n t r o l ,  s e l e c t e d  
qaqiny, flcw e c n i t c r i n q ,  a i r - c o n d i t i o n i n g ,  l e a k  d e t e c t i n g ,  
and l iqu id -was te  managsmcnt a p p l i c a t i o n s .  kdvanccd sys t . e r s  
have t h 2  c a ~ a b i l i t y  for ( l i q i t a l  mul t ip l ex inq  and two-way 
s i g n a l  t r ansmiss ion  ovar  a s i n g l e  pneuaat ic  l i n e .  I n  
a d d i t i c n  t o  d i g i t a l  c c n t r o l s ,  f l u i d i c  analog syst-ems a r e  
a v a i l a b l e  f c r  c o n v ~ n t i c n a l  process  c o n t r o l  a p ~ l i c a t i o n s .  

F l u i d i c  can trolls c s  o p e r a t e  w i t h  a s u p r l y  p re s su re  t h a t  
ranges from 1.4 X 1 C 3  t o  3.1 X 1GS pasca l s  (0 .2  t o  4 5  ~ s i q ) .  
A t y p i c a l  ranqs i s  6 .9  X 103 t o  21 X 105 p a s c a l s  (1  t o  3 
c s i q ) .  'The a i t  ( o r  f l u i d )  consumption depends on t h p  s i z ~  
of t h e  Fcuer nczz le  ( r anqes  from 3.1 b y  0 . 2  mi l l ime te r  



(0.904 b y  G . O O 8  i n c h )  t o  C . 5  hy 1 . C  r i l l i n e t e r  (6.52 b y  9.04 
inch)  f o r  l c g i c  elements)  and on t h e  supply  p res su re  l c v e l s .  

Ihe c o s t  af f l u i d  c o n t r o l l e r s  is g e n e r a l l y  lower than  
t h a t  of  o t h e r  t . y p e s  of pneumatic c o n t r c l  s y s t c r s .  These 
c o n t r c l l e r s  a r e  mcre compe t i t i ve  f o r  s imple  systems,  
e s p e c i a l l y  where hazardous environments ,  pneumatic s e n s i n g ,  
c r  hiyh-cutkut  pober l e v e l s  a r e  involved.  They a r e  not 
p resen t ly  compe t i t i v s  i n  vory l a r q e ,  ex t remely  complex 
SyS+el l ; s .  

9dvaniqygs.- F l u i d i c  c o n t r c l l e r s  a r e  sasy t o  main ta in ;  ----- 
r e l i a t i l i t y  and t l e c t r c n i c  s k i l l s  a r e  nct  needed f c r  
s e r v i c i n q .  T b ? y  a r e  very s u i t a b l e  f o r  hazardous o r  s x t r e r e  
envircnmental  c c n d i t i a n s  because they a r e  e x p l c s i c n ~ r c c f .  
F l u i d i c  c c n t r c l l e r s  o f f e r  n e w  o r  i m ~ r o v e d  s e n s i n g  
c a p a b i l i t i e s  i n  t h e  dress of a i r s p e e d  a t  l c u  v e l o c i t y ,  
t lowmeters,  ncncontact ing sPnsors  f o r  gaqinq,  l o c a t i o n ,  and 
FrenercL: o r  absence of t h e  eloment h e i n j  monitor2d. They 
wittistand a  reasonable amount of abuse,  o p e r a t e  a t  lou 
Freszuros ,  use no e l e c t r i c i t y ,  and a r e  not  damaq~d t y  
d c c i d e n t a l l y  i n c o r r e c t  i npa t /ou tpu t  connect ions .  T h ~ v  r e a c t  
a t  hiqhzr  s ~ e e d s  that1 movinq-part pneumatic devices .  A l s o ,  
they i n t 5 r f a c e  a a s i l y  w i t . h  h iqh - fo rcz - l eve l  pneumatic and 
hydrau l i c  a c t u a t o r s .  

L i ~ i t a t . i o n s . -  F l u i d i c  c o n t r o l l e r s  work a t  such l c ~ e r  ----------- 
s p e e d  than ~ l e c t r o n i c  t y p e s .  Clean 3 i r  i s  r equ i r sd  
( f i l t r a t i c n  frcm ?.5 t o  5 micrometers,  depending on s l e a e n t  
nozz le  s i z e ) .  Rovinq- art i n t e r t a c e  d e v i c e s  a r e  n ~ c d c d  f o ~  
lcw-duty-cycle,  hiqh-power-lavel o u t p u t s .  Thsre is a l ack  
of k.?rsornel acquainted w i t h  f l u i d i c  c a p a t i l i t i e s ,  The 
l o q i c  ccmFcnents from a v a i l a b l e  manufacturinq s o u r c s s  a r e  
not  i n t e r c h a n q e a b l e ;  hence, cne r u s t  r e t u r n  t c  t h e  c r i q i n a l  
source  of l c q i c  c c m ~ ~ n e n t s  f o ~  replacement p a r t s .  

Pneumatic Yovinq-Part Loqic 

Pneumatic movinq-  art l o g i c  (MIL) c o n t r o l l e r s  u s €  ~ i l c t  
a c t u a t o r s  t o  c p e r a t e  one o r  mar= c o n t r o l  va lves  from a  
c o m ~ r e s s c d - a i r  power source .  F i l c t  c c n t r c l  ~ r c v i d e s  ouch 
c ~ t i c n e  a s  remctE or  mul t ip l e  c o n t r o l ;  i n t e r l c c k i n q  c c n t r o l :  
pouer- leve l  chanqes; i s c l a t . i c n  [nepa ra t i cn  cf i n ~ c t e  and 
o u t p u t s ) ;  s i m p l i f i e d  piping and ccmFanen+ ~ l a c e ~ e n t :  a n d  
i n t e r i a c i n q  t o  pneumatic, hydrau l i c ,  o r  e l e c t r o n i c  ~ y s t o m s ,  
They can func t ion  i n  c o n t r o l  e n c l o s u r e s  o r  i n  t b e  open cn 
many machines. A11 +yFes of directional c o n t r o l  v a l v e s ,  
f l c v  c c n t r o l  valves,  and spec ia l -purpose  va lves  a r e  
ava i l ah12  i n  ~ l u q - i n  nodular systems and manifold varieties. 



Th? PTI. c c n t r c l l e r s  t y p i c a l l y  r s q u i r e  2 6 7  X l i s  t c  1334 
X 103 y a ~ c a l s  (3C t o  1517 ~ s i )  f o r  t h e  p i l o t  c c n t r o l  valves. 
System power l e v e l n  ranqe i n  p r e s s u r e  from 3 t o  2C68 X 1 C 3  
p a s c a l s  (0  t o  30C ~ s i )  . Power levels must b e  hiqh encuqh t o  
cFe ra te  s i z a b l e  c y l i n d e r s ,  y e t  low enough t o  t e  e a s i l y  
handled i n  c c n t r o l  c i r c u i t s .  

These c c n t r c l l e r s  a r e  g e n + r a l l y  a v a i l a b l e  a t  low 
i n i t i a l  c o s t  and a r e  q e n s r a l l y  c c m ~ a r a b l e  i n  c o s t  t c  
+ lec t romechan ica l  r e l a y s .  f l i n i a t u r i z a t i c n  rfduce: c o s t .  
Pneumatic c o n t r o l s  can h e  lower i n  c o s t  than o t h e r  
e l e c + r o m ~ c h a n i c a l  an? s o l i d - s t a t e  r e l a y s .  

Advnntaqs~. -  A wide range of compat ib le  pneumatic ------- 
c o n t r o l  c0mkonent.s is  a v d i l a b l e  f o r  c o n t r c l  c i r c u i t  des iqns .  
T h e  c o r ~ c n e n t s  can b-? minia tu r i zed  t o  save  s p a c e .  Fn+umatic 
COnt.rols r e l d c ~  f a i l  u n s x ~ e c t e d l y ;  t h e r e  g e n e r a l l y  i s  an 
3dvancs i n d i c a t i o n  o t  a p o t e n t i a l  mal funct icn .  I n  
i n d u s t r i + ? c  k i t h  h i g h  dcwntime ccs ts ,  t h i s  is i m ~ o r t a n t .  
!%as ic  f u n c t i o ~ s ,  d e s p i t e  va r i ance  i n  s i z e  and s p e e d  of u n i t s  
f r c r  d i f f e r e n t  manufqcturers ,  can be in te rchanqed.  T h e  MFL 
c c n t r o l l = r s  a r e  c x ~ l o s i o n p r o o f  and sparkproof  and p resen t  no 
shcck hazards.  They a r e  s u i t a b l e  f c r  s eve re  i n d u s t r i a l  
+nvirouments.  neing sea led  from w i t h i n ,  pneumatic 
c c n t r c l l e r s  r e s i s t  d i r t ,  d u s t ,  and mois ture  and w i l l  
t . o l e r a t 9  much o f  the usual  contaminat ion  found i n  a i r  l i n e s .  
They cdn a l s o  c ~ e r a t s  underwater. Fneumatic c o n t r o l l e r s  
o p e r a t e  d i r e c t l y  from the  r e a d i l y  a v a i l a b l e  p l a n t  a i r  
supply. T h e y  a r e  deuendat le  and c c a ~ a c t  a n d  r equ i re  r inimus 
na in ten tncc  s k i l l s .  T h e y  do not  r e q u i r e  flow t o  maintain 
p o s i t i c n  dnd memory. Fneumatic d e v i c e s  of tho  nDutk le t iqb t "  
v a r i e t y  can remain a c t i v a t e d  i n d e f i n i t e l y ,  w i t h  no i n t e r i ~  
l c s s  c t  power. Ilardware, f i t t . i n q s ,  and a c c e s s o r i e s  s r c  
a v a i l a b l e  f c r  i n s t a l l a t i o n  and maintsnance. Fneumatic 
c c n t r o l  v a l v e  f h i f t i n q  ( r s s p o n s ~ )  t imes  a r e  i n  t h e  low 
mi l l i s econds  ( 5 0  t c  5;;) ranqe. Pneumatic c c c t r c l l e r s  
t y ~ i c a l l y  have very long l i f e t i m e s  (5 t o  100 mi l l ion  
o p e r a t i o n s ) .  

I.imilq&ip&s.- Com~rossed  a i r  i s  requ i red .  Althouqh ---- 
g e n e r a l l y  not a broblem i n  i n d u s t r i a l  a p ~ l i c s t i c n s ,  t h i s  
could h s  a ~ r c h l e m  i n  c t h e r  a r e a s .  Air power c o n s u m ~ + i c n  
can te h i q h ,  b u t  min ia tur ized  systems can a l l e v i a t , ~  t h i s .  
T h e  o ~ e r d t i n q  t e r n ~ e r a t u r e  is l i m i t e d  t.o approximately 3 9 3  K 
(23Co F) because of  t a s p e r a t u r e  limits of s e a l s  and s t anda rd  
Lubr icants .  I t  F r s s s u r e s  i n  t h e  c c ~ ~ r e s s e d - a i r  Fcuer Scurcc 
v a r y ,  t he  resFcnse t ime and time d;lays can t e  a f f e c t e d .  
H O ~ S ~ U K ~  c c n t a s i n a t i o n  i n  t h e  a i r  supply  can d e t e r i o r a t e  
l u b r i c a t i o n .  



C E N l  EAL C C N T F O L  STATIONS 

The fo l lowiny d i s c u s s i o n  of c o n t r c l / r c n i t c r i n y  hardware 
i s  based on a review of c u r r e n t  o p e r a t i c n a l  c c n t r c l  c s r t e r s .  
The technclcqy l e v e l  t h a t  h a s  been implemented i n  the 
c e n t r a l  c c n t r c l  s t a t i o n s  i s  s u f f i c i e n t  t o  provide 
o p t i m i z a t i o n  o t  i n t e g r a t e d  HTIJS systems w i t h  r e spec t  t c  
sanpower, hardware, and o v + r & l l  pe r fc r rance .  Ava i l ab le  
c c n t r c l  c e n t e t s  a r e  based  on two primary concepts  - ths 
analoq c o n t r o l  c e n t z r  and t h e  d i g i t a l  c o n t r o l  c e n t e r .  The 
to l lowing qenera l  d i s c u s s i o n  d e ~ e r i b e s  each.  

Analog Cont rc l  Cen te r s  

C e n t r a l  c c n t r c l  provides  cbse rva t ion  of o p e r a t i o n s  from 
~3 vact.aqo point. t h a t  a l lows  maximua ccumunicat icn w i t h  a l l  
s ~ ~ b n y s t e m s .  In fc rma t i cn  is  ~ r o v i d e d  throoqh i n d i v i d u a l  
wires  frce the  s e n s o t s  and a c t u a t o r s  t o  panel-mounted 
x e t e r s ,  qaqcs, c c n t r c l l e r s ,  a n d  s v i t c h e s  i n  t h e  c e n t r a l  
c o n t r c l  s t d t i c n .  T h 2  s t a t u s  l i g h t s ,  meters ,  and switches 
can b e  a r r a n g e d  on the  viewing panel i n  a schemat ic  format  
o t  t h e  o p e r a t i c n a l  system t h a t  w i l l  shcw f lcws ,  valve 
~ o ~ i t i c n ~ ,  enqine s t a t u s ,  and F rcssu res  i n  r e l a t i o n  t o  t h e  
a v e r d l 1  s y s t e r .  Banks ot gdges,  meters, and s w i t c h e s  
s u ~ p l s m e n t  t h e  schematic  d i s p l a y .  A panel  of t h i s  s o r t  is  
commcnly c a l l e d  a  mimic d i s p l a y ,  and t h e  name is i n d i c a t i v e  
of t h e  t u n c t i o n a l  U S ? .  T ~ F S P  c c n t r c l  c e n t e r s  EErve h e l l  t o  
t r i d q e  t h e  q d t  between manual c c n t r o l  and autcmation.  Not 
a l l  analoq c c n t r o l  c - n t o r s  i n c l u d e  mimic d i s p l a y s  kccause,  
i n  many s i t u a t i o n s ,  t h e  o p e r a t o r ' s  t a m i l i a r i t y  w i t h  t h ~  
o v e r a l l  ope ra t ion  preceded the  t rend  toward a u t o m a t e d  
c o n t r o l .  

T h e  t echniques  o f  o p e r a t i n g  the s y s t f r  a r e  the  sacs a s  
i f  it were under t a n u a l  c o t ~ t r o l .  The equipment i n c o r ~ c r a t ? d  
i n  t h e  subsyctem i s  r ~ e n e r a l l y  capable  of being a u t o m a t i c a l l y  
c o n t r o l l e d  without r o d i f i c a t i o n .  An e x c e f t i c r  is  t h e  s o l e  
use of ~ n e u m a t i c  c c n t r o l s  i n  a suSsystem; t h e s e  m u s t  k c  
rep laced  w i t h  ~ l r c t r c m e c h a n i c a l  devices .  

The c c s t  cf c e n t r a l  c o n t r o l  s t a t i o n s  is hiqher than 
c h a t  o t  i n d i v i d u a l l y  c c n t r c l l e d  suhsys teas .  F u r t h e r m c r ~ ,  i t  
i s  an e x ~ e n ~ i v c  znde .~vor  t o  innova te  a  c e n t r a l  s t a t i o n  i n  
s u c h  a manner, because the  s a w  a r c u n t  c f  e l e c t r o n i c s  is 
necessary f o r  the b a s i c  o p e r a t i c n  of t.he equipment i n  
a d d i t i o n  t o  t h e  hardware requi red  t c  r e l a t e  t h e  ~ ~ r f o r ~ a n c e  
of each compon~nt  t o  t h e  operators. The c c o t  advantage i s  
i n  reduced manFower. This i s  not sv iden t  a t  f i r s t  glance 
a n d  dob?s not usua l ly  q ? t  much p u b l i c i t y ;  however, t h e  nucter  
of o p e r a t o r s  requi red  a t  a  c e n t r a l  analog c o n t r o l  s t . a t ic r !  i n  



REPROUUCIfiILITY OF THE 
ORIGINAL PAGE IS POOR 

a l o c n l  ~ e f i n e r y  vas  reduced 'rom 36 cen workinq i n  3 s h i f t s  
(averaqo of 8 +  m a n l s h i f t )  7 c.:ys a w+ek t c  cn ly  8 men 
workinq 1 s h i f t / d a y  f o r  5 days a week. This amcunts t c  a 
4.5: 1 r s d u c t i c n  i n  manpower t h a t  occurred  as e x ~ e r i e n c s  was 
j a ined  i n  t h e  use of t h e  c c n t i o l  s t a t i o n  over  a 2-year  
~ e t i o d .  

Aqvnntagq2.- Th.? obvious advantage of an analoq c o n t r o l  - ----- 
c + n t o r  is t h e  cverview a f  t h e  o ~ e r a t i c n s  t h a t  i s  ~ r c v i d e d .  
T h i  i nhe ren t  savings  i n  personnel  c o s t s  hecome very 
s i y c i f i c a n t  a s  t h e  use of t h e  system matures.  Typ ica l ly ,  
t h e  a d d ~ d  c c s t s  of t h e  c e n t r a l  c o n t r o l  s t a t i o n  a r e  r e tu rned  
i n  manpower s a v i n q s  i n  2 t o  3 years .  

Ancthar advantaqe of t h e  analoq c o n t r ~ l  c e n t e r  over  t h e  
3 1 q i t a 1  system is t h a  acceptability c t  t he  techniques  cf 
c o n t r o l .  E s s a n t  i n l l y ,  t. he same e n u i ~ m e n t  t h a t  uas l o c a l l y  
used  3 t  t he  ruksyotem f o r  monitcr inq and c o n t r o l  is used i n  
t h e  c ~ n t r a l  c c n t r o l  s t d t i o n ;  only t h e  l o c a t i o n  h a s  t ~ c n  
chanycd. Hence, the  e x p ~ r i e n c f d  c r s r a t c r s  car! e a z i l y  make 
t h e  t r a n s i t i c n  t o  automation and o p e r a t i o n  frcm t h e  c t n t t a l  
c o n t r o l  s y s t s r ,  T h i s  i s  not t r u e  w i t h  more advanced d ic j i t a l  
c o n t r o l  t echn iaues  i n  which pushbuttons and cathode-ray-tube 
d i s p l a y s  a r e  used and c o m ~ u t e r s  rake mcst cf t h e  d e c i s i c n s .  

L imi ta t i cns . -  The s i z e  c t  t h e  panels  t h a t  display t he  ----------- 
sansor  informat ion  can becoms very l a r q e .  B e t i n e t i e s  have 
p a r e 1 1  t h a t  a r e  230 t e e t  long. Obviously,  t h e r e  is a p c i n t  
of d iminish ing  r e t u r n  i n  c e n t r a l i z a t i o n  of t h i s  s o r t  merely 
from t h e  s t a n d ~ o i n t  o f  unwie ld iness  hecause c t  s i z e .  A 
f u r t h e r  l i m i t a t i c n  is  t h ~  maintenance of such a c o n t r o l  
c e n t e r .  F a i l u r e s  caused b y  wirinq prcbleaf  F U E ~  kc t r aced  
thtcuqh c c t p l e x  a r r a y s  oC c a b l e s ,  t r a y s ,  junc t ion  t o x ~ s ,  and 
harnesses .  

T h i s  t echn iqus  o t  c o n t r o l  i s  a l s o  l i m i t e d  i n  t h e  d e g c e e  
of automaticn t h a t  can  b e  achieved .  I n t e r r a l a t i o n s h i ~ s  
between t h e  s u b s y s t s m s  a r e  c o n t r o l l e d  b y  t h e  o p e r a t o r s ,  and 
r e c o g n i t i o n  c t  impznding problems and e x p e d i t i o u s  corrective 
a c t i o n  a r e  s t r i c t l y  t h e i r  r s s p c n s i t i l i t y .  

D i g i t a l  Cont ro l  C+nter 

Z h q  d e s i r e  f o r  c e n t r a l i z e d  c o n t r o l  w i t h  an a k s o l u t e  
m i n i m u m  of o p e r a t o r  Cecis ionrakinq  a n d  w i t h  iagrovsd 
~ o r ~ r u n i c a t i c n  h i t h i n  c ~ e r a t i o n s  has ~ s t a b l i s h e d  a f i e 1 4  f c r  
computer iza t icn  of t h e  con t rb l /mon i to r ing  e f f o r t .  C a t a  a r e  
taken frcm senEors  acd t r d r ~ s m i t t e d  t o  +.he computer throuqn 
c o ~ m u n i c a t i c n ~  channols  (such a s  s t anda rd  t ~ l e ~ b o n e  l i n e s ) .  
T h e  c c r b u t e r  ccm[.ar+s sensor  da ta  w i t h  p r e s t o r e d  limits; i f  
t o l e r a n c e s  a r e  exceeded, t h e y  a r c  d isp layed  on a  



t e l e v i s i o n l i k e  tube  c a l l e d  a ca thcde  ray tube ( C R T ) .  Co lo t s  
a r c  f r e q u e n t l y  used t o  d e p i c t  alarm l e v e l s .  The computer 
~ r o v i d e s  v i s u a l  and d u d i t o r y  a larms;  u i t h  p r e s t o r e d  
proqrams, i t  can i n i t i a t e  c o r r e c t i v e  a c t i c n  t c  normalize the  
u ~ s r a t i o n .  T h i s  i s  a c c o m ~ l i s h e d  i n  t h e  same manner a s  i f  
t h e  oFerd tc t  i n i t i a t ; ~  t h e  chanqe through a  push tu t ton  o r  
switch a t t e r  readinq  t h e  alarm. The ccmFuter d e t ~ r m i n e s  t h e  
a c t u a t o r  t h a t  is t c  13s s t imula ted  and t r a n s m f ~ t s  updated 
c o n t r o l  s i q n a l s  t c  the u n i t  over the  same ty7e c f  
comnunication channels .  A check cf t h e  s t a t u s  i s  t h ? n  nade 
t c  v e t i f y  t h a t  FrcFer ope ra t ion  h a s  been achieced .  These 
s l s t ems  a r e  t y ~ i c a l l y  implament+d i n  a d d i t i o n  t o  t h e  
convent ional  subsystem l n a l c g  c c n t r c l l e r s .  I n  thz  event of 
d r a i l u r ~  o t  the  c e n t r a l  s t a t i o n  equipment, t .;uCsystem 
annloq c o n t r o l s  a l low o p e r d t i o n s  t o  con: inu? f a i l - s a t e  
aorle. 

Tha ranqe of in?ut /outpu+ ~ a r a m e t e r s  t h a t  a r e  
. icceptdble  by the  ramgt+ u n i t s  is u s u a l l v  l imi*sd  t o  t h e  
l o g i c  l ? v e l s  of t h e  u n i t s .  Standard l c g i c  l e v e l s  cf i t c  5 
V dc and t c  5 p  r i l l i a m ~ e r e s  a r e  coml~cnly used. I h s s e  
ran(jns a r e  c c m ~ a t i b l +  u i t h  most of t S . 2  s e n s o r s  and a c t u a t c r s  .' t h a t  a r e  i ~ ~ l e m a n t o d  i n  t he  suSsvstem hardware. I n  t hose  
c d s ~ s  vh+re  f u r t h e r  s i q n a l  c o n d ~ t i o n i n q  i s  requ i red  t o  t a t c h  
+he i n p u t / o u t ~ u t  c h a r a c t e r i s t i c s ,  i t  i s  a s i m ~ l e  mat te r  t o  
i n c l u a s  t h i s  c a p a b i l i t y  a s  r equ i red .  Dovelcprenta l  Frccrams 
f c r  space-f  l i g h t  u n i t s  have c e l ~ t e r e d  around programmatic 
s i q n a l  cnnd i t ion inq  t h a t  a l lows  m u l t i ~ l e  u s ? r s  t c  sha re  the 
same u n i t ,  w i t h  swi t ch ing  and c o n t r c l  b y  the  ccmputer. T h i s  
i s  not acne t c  any deyree i n  i n d u s t r i a l  o r  commercial 
d p p l i c a t ~ o n s  t ~ c a u s e  o t  t h e  lcwer c c s t  cf i n d i v i d u a l   unit^. 

T h e  c c s t  cf d l y i t a l  c o n t r o l  c e n t e r s  is d i s t r i b u t e d  o v e r  
four  major dreas:  d i s p l a y s ,  ccmkuter system, remote u n i t s ,  
and s o f t r a r e  f c r  the  o v e r a l l  system. These c c s t  a r € d s  a r e  
d i r e c t l y  r e l a t e d  t o  a n a l o g  systems o r ~ l y  v i t h  r e s p c c t  t o  t h e  
d i s p l a y s ,  which a r e  t h e  o p e r a t c r  i n t e r f a c e  a n d ,  l i k e  t h e  
c c n t r o l  panels ,  Eervo t o  convey t h e  performance of t h e  
o v e r a l l  system. A CfiT-type d i s p l a y  r e p r e s e n t s  a t c u t  one- 
a igh th  of  t h e  t o t a l  svstem hardware c o s t s .  The c c c f u t e r  
system, which inc ludes  the  a u x i l i a r y  memory and i n t e r f a c l s  
w i t h  t.he remotc u n i t s ,  comprises  ahout t h r e e - e i g h t h s  cf t h e  
cos t s .  Approximately one-half of the hardware c o s t s  a r e  f o r  
t h e  r e s o t e  u n i t s  t h a t  i n t e r f a c s  w i t h  t h e  subsystems. T h e  
c a s t  of  these  remcte u n i t s  i s  dependent on t h e  q u a n t i t y  cf 
s i q n a l s .  The hardware c o s t s  a r e  g e n e r a l l y  ?qualad b y  the  
c o s t  c t  t h s  sc f tware  rzqui red  t o  o p e r a t e  t h e  system. 
3 p e r a t i n t j  system a n d  minimal d2cisionmaking so f tware  is 
supp l i ed  h y  t h e  c ~ r p u t e r  system S U F F ~ ~ G C E ;  however, t h e  c c s t  
c f  ~ r o q ~ a m i n q  t h e  autcmated procedures ,  d i s p l a y  formats ,  and 
remcte u n i t  c c n t r o l  is s i g n i f i c a n t ,  . i n d  t h i s  c o s t  m u s t  k c  
t c t n e  h y  t he  user .  



D i q i t a l  c o n t r o i  systcms can be s u ~ ~ l i e d  a t  
a k ~ r o x i m a t e l y  t h e  +*a* c o s t  d s  analog systems. I n  most 
c a s e s ,  a minimal se t  of analog c o n t r o l s  i s  inc luded  on e a c h  
subsyctziu, and t h i s  c o s t  i s  a d d e d  t o  t h e  t o t a l  c o s t .  

~ J ~ ~ ~ f ~ g g g . ' -  A d i q i t . a l  c o n t r o l  s y s t e l a  provides  a  
s i y n i f i c a n t  advantage over  an analoq system i n  t h a t  
manaqeneat.  b y  except ion  is i rov ided .  The  d :cisionmaking 
c d ~ a b i l i t i e s  cf t h e  d r q i t a l  computer a l low f o r  message 
communic~t ion  of axcept ion  da t d ,  w h i c h  minimizes o p e r a t o r  
d u t i e s .  Ehen excep t iona l  c o n d i t i o n s  a re  d e t e c t e d ,  t h e  
o p e r a t o r  i n t e r v e n t i o n  is concerned only w i t h  t h a t  p a r t i c u l a r  
y r o b l ~ m .  The c o n t r o l  system d i g i t a l  s u c e r v i s c r  u i l l  
c c c r d i n a t e  a l l  o t h e r  r e l a t e d  d e c i s i o n s ;  i n  c a s e s  i n  w h i c h  i t  
i s  predetermined and broqramed, t b e  d i g i t a l  s u ~ ~ r v i s c r  w i l l  
v e r i f v  and a s s u r e  c o r r s c t n + s s  of a l l  t h e  o p e r a t o r  d e c i s i o n s  
3s h e  i n t e r v e n e s .  

I , i a i h a & j p p ~ . -  T h e  p rov i s i cn  cf f a i l - s a  t e  ---- 
c o n t r o l , ' m o r i t o r i : ~ ~  n .acess i ta tes  e i t h e r  3 t o t a l l y  redundant 
, - l i g i t a l  c c n t r c l  s y s t g n  o r  an analoq c o n t r o l  system f o r  
hackuk o k e r a t i c n s  i n  the  event. o t  a f a i l u r e  i n  t h e  d i ~ r t a l  
system. The t o t a l l y  r ~ d u n d a n t  s y s t e ~  i s  e x p e r s i v e  t o  
i r t l e m e n t ,  and t h e  swi tch ing  of t h e  f a i l e d  c o m ~ o n e n t s  is a  
major c c n t r o l  job i t s l l f ;  hance, an analog c o n t r o l  system is  
q e n e r a l l y  u ~ e d  t o  al low cont inued  op;?rat . ions a f t e r .  t a i l u r e  
of t h a  d i g i t a l  system. 

SU65YSTEM C C K T f i C L / f l C N I T C F I N G  H A F C W  A R F  

T h e  fo l lowing d i scuss ion  of suhsys ta s  hardware concerns 
va r ious  tyFes cf sensinq elcmonts  and a c t u a t o r s ,  which a r e  
t h e  piac=s c f  e q u i ~ m ~ n t  t h a t  i n t e r t a c e  w i t h  t h e  l o q i c  
c o n t r o l  a n d  t h e n  i n  t u r n  w i t h  t h e  c c n t r c l  c s n t e r .  Sensor*  
a n d  a c t u a t o r s  a r e  commcnly well  i n t s j r a t e d  i n t o  t h e  
subsyz tens  i n  o t f - t . h c - s h e l f  c c n f i g u r a t i c n f .  

Sensors  

Sensors  a r e  t rdnsduce r s  t h a t  t ransform t h e  enerqv o i  a  
given condi*ion,  s t a t e ,  o r  value cf a Frccess  v a r i a b l e  i n t o  
dnc the r  type cf enerqy t h a t  i s  r e l a t a b l e  t o  t h e  ccn t rc l l inc ,  
l oq ic .  'Xhe mcre f re t~uen t energy t r ans ro rma t i cn  is frcm 
phys ica l  t o  e :  . c t r i c r i l ;  how+?vg?r, p h  y s i c a l - t o - p h y s i c a l  
t r a n s t o r m a t i c n  ( a s  h+at  t o  p res su re )  is frequently u s ~ d  rn 
pneumatic c o ~ ~ t r o l  systems. 

~ ~ & L Q P - s ~ s P ~ s . -  Linear  and angular  nc t i cn  senscre a r e  
used t o  d e t e c t  s l i g h t  degrees cf nc t i cn .  T h e y  a r e  



implemented by t h e   us^ of ~ o t s n t i c m e t e c s ,  v a r i a b l e  
c a ~ a c i t o t s ,  c r  v a t i a b l ~  t ransformerc  u i t h  a ~ h p ~ i c a l  l i n k  t o  
t h e  equ i raen t  bhate movement i s  t o  be  de tec ted .  Ike v o l t a g e  
output  i s  ~ t c ~ c r t i o n l l  t.o t h e  movemsnt of the s l i d e r ,  F l a t € ,  
or  c o r e  o i  t he  ~ o t e n t i o m e t s r ,  c a p a c i t o r ,  o r  t r ans fo rmer ,  
r e s p e c t i v e l y .  Linear  motion is l i m i t e d  b y  t h e  l e n g t h  of t h e  
s ? n s o r  i n  t h ?  arm connect ion l inkage  technique. The angular  
a c t i c n  1s  l imi t ed  t o  l e s s  than a f u l l  r e v o l u t i o n  t y  mast 
s e n s a r s  of t h i s  t y p e .  A pot?nt iomster  can s e n s e  a s  much a s  
3300  of angular  r o t a t i o n .  A v a r i a b l s  c a p a c i t o r  is l i e i t e d  
t o  a  r n d x i r n u ~  c f  1800 o t  a r i ju l a r  motion, and a v a r i a t l e  
t r ans t c rmor  can senst? f r c r  G t o  *45O of angular  motion. 

Spsed cf r o t a t i o n  is a widely used sens inq  r s q u i r e m ~ n t  
i n  i ndus t ry .  A c s n t r i f u q a l  qcvernc t  is cre  cf t h e  e a t l i o c t  
i e n s c r s  cf speed cf r o t a t i o n .  T h i s  dev ice  c o n s i s t s  of a 
r o t a t i n q  s h a f t  d i r e c t l y  ccupled t o  t h e  u n i t  being raonitcrcd. 
As t h e  s h a f t  s ~ i n ~ ,  c e n t r i t u g a l  f o r c e  causes  c o u n t ~ r w ~ i g h t s  
t c  s ~ i n  cu tha id .  ' I L s  outward motion moves an arm connected 
t o  an i n d i c a t o r  need le  showinq r e v o l u t i o n s  per minute. Uhcn 
t h e  in ; t ica+cr  needle  is  connectad t o  a  potent iometer ,  t h e  
output  vo l t aqe  is ~ r o c c r t r o n a l  t o  t h e  speed. T h i s  voltage 
cdn t h ~ n  b e  used t c  c c n t r o l  t h e  c u r r l n t  o r  t u e l  t o  t h e  
angine,  a n d  a c o n s t a n t  s p e e d  i s  achieved ,  

Force  sensors . -  Pressur2  o r  compression s e n s o r s  a r e  ------------- 
usual ly  k a s c d  on ths use cf handed-uirs  s t r a i t  qages. As 
b i r ~  i~ t h e  device i s  s t r e t c h e d  a r  c 3 m ~ r e s s e d ,  its l s n q + h  
and c r o s s - s e c t i o n a l  a r e a  chanqe; h?nce, its r o s i s t a n c c  
cilanqc;. A c u r r e n t  t r a n s m i t t e d  through tha  wire w i l l  t h e n  
vary i n  ~ r c y c r t i c n  t o  the p res su re  o r  compr+ssion. These 
 levi ices a l e  i r ~ l e m e n t e d  w i t h  diaphragms t o  ser.sf= f l u i d  
Fressures  i n  enqines.  

S~~~mr;-fcg,fJ~&.- F l u i f  s e n s o r s  a r e  d e v i c ~ s  t c  
d e t e c t  t h e  p r e s s u r e  o r  d i f f e r e n t i a l  pressure  c t  bc th  s t a t i c  
d n d  f l o v i s q  t l c i d s .  They i n c l u d e  t h e  bourdon tube ,  aercuEy 
columns, b c l l c u s ,  diaphraqms, and d i f f e r e n t i a l  E ressu r r  
c e l l s ,  each of which can i n d i c a t * ,  t r a n s m i t ,  r eco rd ,  and/or 
c o n t r c l  t l u i d  a c t i c n s .  Turbin? meters  and ro tamete r s  a r e  
used f o r  f l u i d  flow maasurements only.  

A bcurdcn t u b e  i s  a  t h i n ,  p a r t l y  f l a t t e n e d  t u t e   mad^ of 
spr ingy mstal i n  a curved a r c  and c losed  a t  ons end. F l u i d  
is f e d  i r t c  t h =  t u b a  i n  t h s  form of a  l i q u i d  o r  qas ,  and 
inc reas ing  Fressure  t 2 n d s  t o  s t r a i g h t e n  t h e  t u t c .  T h e  
s l i q h t  mcvem6nt of the  c losed  e l , d  causes  a  couplad i a 2 i c a t c r  
t o  move over t h e  F rzs su r s  s c a l e .  Bcurdcn t u t c s  can a l s o  k e  
s ~ i r a l  c r  h e l i c a l  t o  t r o v i d e  q r a a t e r  movement a s  r r ~ s s u c e  
changes. Pellcws and d i a ~ h r a q r s  f u c c t i c n  i n  much t h e  same 
manner and can b e  - ? u p l e d  with l i n e a r  o r  anqular  moticn 
sensor s  t o  prcvid-  2 l ~ c t r i c a l  c u t ~ u t s .  



I n  f l u i d s ,  F r e s s u r e  d i f f e r e n t i a l  acrcsz a n  o r i f i c e  
p l a t e  c r  v e n t u r i  t u b =  i s  t h e  cost c a a a a n  F a r a m e t e r  u s 4 3  t c  
m e a s u r e  f l o u .  f l e r c u r v  c c l u m n s  w i t h  h i g h -  a n d  I c u - p r e s s u r e  
1 r . k u t z  t h a t  f e p d  a c t i c n  s e n s o r s  such t h a t  t h e  m o t i o n  is 
n r o ~ o r t i o n a l  t o  t h e  p r e s s u r ?  d i f f e r e n c e  a r c  u s e d  i n  m a n l  
s t a n d a r a  c o n f i q u r a t i o n s .  

F l u i d  s s n s o r s  t h a t  m o a s u r e  r a t e  a n d  q u a n t i t y  o t  f l c u  
a t e  b d s e : l  c n  s e v e r a l  c c a h i n a t i c n s  o f  s o n s o r s .  A t y p i c a l  
q u d l ~ t i t y - m ~ s ~ u r i n  d - ? v i c n  is  t h e  u a t e r m e t e r .  T h i s  d e v i c s  
works o n  t h e  h a s i s  o f  i n c o m i n q  F r e s E n r e  a q a i n s t  d n  
o s c i l l a t i n q  d i s k .  As t h e  d i s k  c s c i l l a t c s  b e c a u s e  o f  t h e  
~ c e c s u r e ,  a Q u a n t i t y  o f  watar ( c o n s t a n t  i n  p r o p o r t i o n  t o  t h e  
o s c i t l ~ + i c n s )  i~ r e l i ! a s s c !  t o  t h e  e x i t  p i p e .  T h e  disk is 
c o u ~ l e d  to  a c c u n t e r  + h a t  is c a l i k r a t e d  i n  terms cf q u a n t i t y  
~f w a + ~ r  per o s c i l l a * i c n .  

A d i r e c t - s e n c i n o  r a t e - o f - f l o w  d s v i c e  is t h e  t u r b i n e  
f l o w m e t a r .  A s n a l l  l i n e - c o u n t e d  r c t c r  w i t h  g r c ~ z l l e r  t l a 3 ~ s  
t h a t  t u r n  a s  t h e  f l u i d  r l c u s  t n r o u q h  t h e  l i n c  senses t h e  
r a t s  o f  f l c u .  The r o t o r  c o n t a i n s  a maqnGt  t h a t  s k i n s  w i t h  
t t tc t l a d c s  a n d  i a . ! u c ~ s  i r ,  -I r i c k u p  c o i l  a c u r r = n t  t h a t  is 
k r o p o r t i n n a l  tc + b e  speed of r c t a t i c c  a n d  h s n c e  t c  t h ~  f l u i d  
f l o u .  

A ~ o t h c r  d r v i c e  t h e i t  is c c r r c n l y  used t c  i n d i c a t a  f l c u  
c f  a l i q u i d  i s  t h e  r o t a m e t e r .  I t  c o n s i s t s  o t  a t a p e r a d  
v r r t i c a l  g l a s s  t u b e  i n  w h i c h  a m e t a l  f l o a t  m o v e s  up w i t h  
i s c r e a s i n q  f lcw ard dcun b i + h  d 2 c r e a s i a g  f l o u .  Sine 
~ ~ l a t i c n s h i k s  t e t r e e l  t h o  t a ~ ~ r o 2 - t u k e  d i a a t t c r  a n d  l c n c j t h  
a n d  t k +  metal t l c a t  d e t e r m i n e  t h -  r a n q e  c t  f l c w  c c v e c ~ d  L y  a 
qi vs? r o t a r c t e r .  For t r ~ n s m i s s i o n  o f  t h e  f l o u  f e a e u r e r e n t  
t c  a n c t n e r  l o c a f i c n  f c r  i n d i c a t i n g ,  r e c o r d i n g ,  a n d / o r  
c c n t r o l ,  t h 3  Ci:at i s  ? q u i p p e t ?  w i t h  a p o s i t i o n - s e n s i t i v e  
el  e c t r a ~ n c ; :  ' -  ~ i c k l l p  a r r a n g e m e n t .  

t ; g ~ ? ~ ~ ~ ~ ~ ~ g ~ ~ q g g ~ ~ . -  i n  d n y  p r o c e s s  i n v c l v i n g  t h e  
f l o s  a n d  s t p r a g e  o f  l i q u i d s ,  t h ?  a o a s u r s r e ~ t  a n d  c o n t r c l  cf 
t h e  l e v e l  t ~ c c r t :  i a ~ o r t a a t  p a r a m e t e r s .  A l t h c u q h  e a n y  t y  ~ 9 s  
o t  l ~ v e l - ~ o a s u r s m e n t  h a r d u a r i ?  a r e  r e a d i l y  a v a i l a k l e ,  c n l y  
t h r  b a s i c  mefhcclc t o r  l e v e l  d e t e c t i o n ,  t r a n s m i s s i o n ,  a n d  
c c n t r c l  w i l l  be  d i s c u s s e d  i n  t . h i s  r e p o r t .  

E i d 2 - r a n q c  l e v e l - m s a s t l r e m e n t  u n i t s  a r e  the t a p e - f l c a t  
and d i f f o r ~ n t i n l  ~ r e o s u r ~  t y p + s .  I n  t h e  t a p e - t l o a t  u p i t ,  a 
t a p  a c v + s  o v e r  n d i c l i t a l  i n d i c ~ t o r / t r a n s m i t t e r  a s  t h e  f l c a t  
m o v e s  uo a n d  dcwn w i t h  t h e  l i o u i d  l e v e l  i n  t h e  t a n k .  C u t ~ u t  
s i q n a l s  c i i n  be telemst?rcd t c  remot- s t a t i o n s  f o r  r e a d c u t  
a a d  c o n t r o l  o f  t h e  l ? v ? l .  C i f f ~ r c n t i a l  ~ r ~ s s u r ~  c e l l s  c a n  
s e n s e  ~ r ~ s s u r e s  a b o v a  a n d  below t h o  l i q u i d  t h r o u g h  + h e  u s e  
o f  1 1 u t t : l e  t u t e s  a n d  c a n  t r a n s m i t  e l e c t r c n i c  c r  pneumatic 



s i g n a l s  t o  remote s t a t i c n s  f o r  readcut and c c n t r o l  cf t h e  
level. 

Narrcu-range lave1 measurements can b e  made u i t h  
d i sp lacers ,  c a ~ a c i t a n c e  F ~ o ~ € s ,  ard qarra r a d i a t i c n s .  I n  
t h e  d i s ~ l a c e r  u n i t ,  huoyance v a r i a t i o n s  t b a t  occur w i t h  
l iqu id- leve l  changes oFerat2 through a  torque t u t e  t o  
repos i t ion  a f l a ~ ~ e r  aczzle;  t h i s  r e ~ o s i t i o c i n g  ~ r o d u c e s  an 
output a i r  s i q n a l  propcr t ional  t o  the  l eve l .  This pneurs t ic  
s i qna l  i~ transduced t o  an e l a c t r i c  cur ren t  f o r  r e a d o u t  a n d  
con t ro l  of level-adjustment hardwars. A c a ~ a c i t a n c e  Frohe 
mcunt~d i n  the  l iqu id  t o  be gaged and con t ro l led  qains 
capaci tance u i t h  r i s i n g  l i qu id  l eve l  and furn i shes  an o u t ~ u t  
~f U t o  2 C  m i l l i a m ~ e r e s  of cur ren t  f o r  r ~ r c t e  ind ica t inq  and 
con t ro l  of t h o  l evz l .  A r ad i a t i on  leve l  device uses 
cchalt-60 qaraa r ad i a t i ons  t o  nlookn through conta iner  walls 
and across  tbe l i q u i d  surface  t o  de toc t  and con t ro l  l eve l .  
The gamma rays a r e  absorbed b y  the l i q u i d  a s  i t  r i s e s  
between t h o  r ad i a t i on  scurce and de t ec to r ,  and a  sharp 
chang* occurs i n  t h e  output  from the  de t ec to r ,  which is 
r sq i s t e r ed  i n  a ~ ~ r c p r i a t e  ind ica t inq  and con t ro l  h a r d u a r ~ .  
Nost lsvel-measurement equipment can b e  arranged t o  o ~ ~ r a t e  
alarms and/or switchas a t  Ereset h i q h  a n d  lcw l s v e l r  f c r  
reasons of  s a f e ty ,  a s s u r c d  perfcraance,  c r  ~ r ~ s e r v a t i c n  cf 
l i q u i d  s u ~ b l i e z .  

Tern&eratq&S-penyp&s.- Eoth teepera ture  l e v ~ l  and --- ---- 
templratnre differonce5 a r c  i m ~ o r t a n t  Fara re te r s  i n  the 
ccntro! cf  Frccesses involving consum~,tion, t ransmiss icn,  or  
~ r c d u c t i c n  cf h a a t  ( o r  e c e r g y )  . Chanqes i n  volume of 
ccnfined l i q u i d s ,  length of meta ls ,  r e s i s t ance  of 
s e ~ i c c n d u c t c r s ,  e r f  of b ime ta l l i c  junct ions ,  a n d  heat 
r ad i a t i ons  can bc u s ~ d  f o r  adsasurement and con t ro l  of 
temperature ( t e n ~ e r a t u r ?  chanqes) and tem~e:ature 
di f ferences .  This discuss ion w i l l  i r i c l u d ~  cnly the bas ic  
and morn e a s i l y  a ~ ~ l i o d  techniques f o r  noni tor inq,  
ind ica t ing ,  recordtnq, a n d  c c n t r o l l i n q  temperature. 

T h e  s i r ~ l s s t  device f o r  temperature sensiny is a f i l l e d  
system such a s  t h e  mercury-in-glass therrcmeter  bccausc the  
g l a s s  thermometer is not read i ly  used f o r  FurFcEes c ther  
than ind ica t ing  temperature. The same ~ r i n c i p l e  is used i n  
a f i l l ed -bu lb  system. As temperature chanqes, t he  confined 
t l u i d  e x ~ a n d s  c r  c c n t r a c t s ;  t h i s  mov2ment opera tes  through 
l eve r s  t o  posi t ion i nd i ca t i ng  a n d  c c n t r c l l i n g  systems. 
Because of t h e  unequal l i n s a r  expansion of two d i s s imi l a r  
metals,  P imeta l l i c  s t r i p s  b o n d  w i t h  t e r f e r a t u r e  c h a n j ~ s  a n d  
c o n s t i t u t e  a  near universal  method of thermosta t ic  con t ro l  
f o r  both l a rge  a n d  s m a l l  t e a & e r s t u r e  systems. 

T h e  funct ional  capab i l i t y  of r e s i s t ance  t h e r r c r s t e r s  i s  
based o n  t h e  t a c t  t h a t  r o s t  metals e x ~ e r i e n c e  a n  increase  i n  
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e l e c t r i c a l  resis tancm w i t h  a  r i s e  i n  t e ! ' pe ra tu re .  For 3 

metdl l i k e   lat ti nur, t he  tomper3ture / res :  s t a n c e  r e l a t i c l t s h i ~  
is very near l i n e a r  from 5 t o  3000 K. Convarsely,  
s e ~ i c c n d u c t c r  e lements  s u c h  a s  t h e r m i s t o r s  have a neqati-:e 
temFera ture  c c e f f i c i e m t  t h a t  is  n c n l i n e a r  and q u i t e  l a r g e  .c 
t h +  273  t o  4 2 3  K (C t.o 1530 C )  range anGI t h a t  decrear:es t o  
nonusefu lness  a t  t . e m ~ e r a + u r e s  above 473 K (2COo C ) .  Ecth 
t b e  r e s i s t a n c e  thermometer and t h e  t h e r m i s t o r  element a r e  
r e l a t i v q l y  e x ~ e n s i v e  and r ~ q u i c e  i i h e a t s t c ~ e  br idge  c i t t u : t r v  
to o b t a i n  vo l t age  o u t ~ u t  s i g n a l s  a t  a  u s e f u l  l e v e l .  Ecth cf 
+ h e s ~  temperature-sensinq s l emen t s  a r 3  sma l l  i n  both s i z e  
a n d  h c 3 t  c a p a c i t y ;  however, both a r e  a l s c  t r a q i l e  a n d  
r e q u i r e  adequate  s h i e l d i n g  and p r o t e c t i o n  i n  a l l  
d p ~ l i c a t i o n s .  

I h e r ~ o c o u p l e s ,  a r  j unc+ ions  cf twc d i s s i a i l a r  meta ls ,  
a r c  t h c  wwcrkhcrsesw of t h e  t e rnrera tuse  measurement 
industry, whereas r a . f i a t i c n  thermometers a r e  very s p e c i a l  
tcmkerdture s e e s c r c  3 n d  t h e i r  d i s c u s s i o n  i n  t h i s  r e p o r t  is 
u n w a r r a n t ~ d .  Cpera t rcn  of t h e  t h e f f r ~ ~ ~ ~ ~ l e  i s  t a scd  on t h e  
f a c t s  t h a t  e l e c t r c n  t r e s s u r e  w i t h i n  a metal v a r i e s  w i t h  
t empera ture  and t h a t  t h e  e l e c t r c n  F r s s s u r e / t s a ~ e r a t u r e  
r e l a t i o n s h i p  is  d i f f e r e n t  f o r  any two d i s s i a i l a r  r e + a l s  i n  
qccd t h ? r a d l  c c n t a c t .  Nhat t h i s  means is t h a t  a s  t h +  
l u n c t i c n  Dotween two metals i n c r e a s e s  i n  t empera ture ,  a n  emf 
c r  d i f f a r e c c e  i n  ~ o t s n t i a l  i s  produced i n  t h e  two meta ls  
t h a t  is p ropor t iona l  t o  t h e  tFmFeratura r i s e  akcvc s9me 
r c f e ~ e n c ?  tempera ture .  Although the  accuracy ,  l i n e a r i t y ,  
and range of the thernccouple  a s  a temperature s s n s c r  a r e  
somewhat less than those  f c r  t h s  r e s i s t a r c e  thermcmeter, i t s  
d ~ f l i c a t i c n  i n  i n d u s ~ r i d l  F rocss ses  i s  f a r  moro e x t e n s i v e  
than t h a t  of t h e  r e s i s t a r c s  t t ~ r m c n e t e r .  Ecth l o r  c o s t  and 
ruqqed c c n s t r u c t i c n  c o n t r i b u t e  t o  t h ?  e x t e n s i v e  use of t h e  
therrrocouple i n  a l l  ~hases of t e r k e r a t u r e  measurewent and 
c o n t r o l .  I f  g r e a t s r  emf output  i s  n e e d e d  than is a v a i l a b l e  
frcm d s i n g l e - j u n c t i o n  t h e r m o c c a ~ l e  f o r  a qiven tempera ture ,  
i nc reased  respcnse  per dzqree  of tempera ture  change can t~ 
achizvdd b y  us2 c t  m u l t i p l s - j u n c t i c n  t h e r a c c c u ~ l a s .  These 
u n i t s  ? r e  c a l l ~ d  thermopi?.es and may c o n t a i n  a s  many a 5  2C 
j unc t ions  i o r  a twcntyfo la  i n c r e a s e  i n  c u t r u t  vc l t aqe .  

V i s i k l e - l i g ~ f - ~ y q ~ p g ~ * -  F h o t o e l e c t r i c  e f f e c t s  ~ r c t u c e d  ---------- 
d s  l i g h t  s t r i k e s  a rn l t e r i a l  a r e  c l a s s i f i s d  as t h r t c  t y ~ c s :  
( 1 )  ~ h o t o e m i s s i v ~ ,  wherein e i e c t r c n s  a r s  ce leased  from t h e  
m a t e r i a l ;  ( 2 )  ~ h o t o v o l  triic, wherein a v o l t a y e  i s  y e n e r a t ~ d :  
a n d  ( 3 )  f -hotoconduct ive,  wherein t h e  r e s i s t a n c e  t o  
e l e c t r i c a l  c u r r e n t  i s  reduced b y  the  l i g h t .  A 1 1  t h e s ~  a r c  
based on amiscion o t  e l e c t r o n s ,  a l though t h e y  a r e  l i s t e d  
s s p a r a t e l y .  

rhot.otubcs arc= l i g h t - s e n s i n g  d e v i c e s  t h a t  c o c t a i n  d 

l i g h t . - s e n s i t i v e  cdthode t h a t  emi t s  e l e c t r c n s  wben s t r u c k  b y  



light. T h e  ancd? c o l l e c t s  tho omit ted  e l e c t r o n s ,  and a 
c u r r e n t  r ~ s u l t s  if a  p o s i t i v e  vo l t age  is k e p t  on t h e  a n o d ~ .  
Gas i o n i z a t i c n  w i t h i n  t h e  phototube is  used t o  cause a 
q t e a t e r  c u r r e n t  w i t h  resFEct  t o  a  q i v e n  l i q h t  i n t e n s i t y .  
Phototubes a r e  widely used i n  i n d u s t r y  as on-off s u i t c h c s ,  
sucn as f c r  l i g h t i n g  c c n t r o l  o r  alarm systems for in t rus i :n  
o r  smoke. Autcnat ic  dco t  openers ,  c c u n t e r s ,  and convelar  
b e l t  c o n t r c l s  y e u t r a l l y  use l i g h t  beams t o  s h i n c  i n t o  t t e  
~ h o t o t u t € m  

Fho tovo l t a i c  c e l l s  produce a  vo l t age  ~ r c ~ c r t i o n a l  t c  
t h e  l i q h t  i n c i d e n t  uFon a n  i r o n  d i s k  coa ted  w i t h  
i j h o t o e ~ i s s i v e  selenium on ond s i d e .  Ths c c a t i n g  a l lows 
e l e c t r c n s  t o  flcw r e a d i l l  from tha selenium t o  t h e  i r c n  b u t  
not i n  t h e  c t h s r  d i r b c t i o n .  iihen l i q t , :  s t r i k e s  selenium, 
i r e s  ~ l e c t r c n s  f l c v  t o  t h e  i r o n .  T h i s  t r a n s f e r  giv;  . . > G  

i r c n  a nega t ive  charqe  an3  l e a v e s  t h e  selenium p o s i t i v e :  
t f u s ,  a  v o l t a q ~  is e s t a t l i s h e d  t h a t  c a r  be used t o  urcducc 
c u r r e n t  flcw t c  a n  i n d i c a t i n q  meter. I i g h t  r4Eters  o r  
exFosura meters ucrk on t h i s  p r i n c i p l e .  

P h o t c c c n d s c t i v ~  ~211s a l s c  use semiconductors  such a s  
s - . l e n i u n :  t o  reduce r e s i s t a r c s  i n  t he  presence of l i q h t .  X 
vol tage  scu rce  a c r c s s  tnz c e l l  w i l l  cause more c u r r e n t  t c  
flow as  inc reased  l i 3 h t  is a ~ ~ l i e d .  Cadnium s u l f i d e  
c r y s t a l s  ( i n  very sm.311 s i z e s )  r e a c t  t o  o r d i n a r y  r cos  
l i q h t i n q  i n  somewhat. t h e  same way. 

P h c t o t r a n s i s t o r s  comhine t r a n s i s t o r s  w i t h  a ?ens t c  
focus  l i q h t  on t h c  base o ~ p c s i t z  t h o  c c l l e c t o r .  I n  t h i s  
cdse, l i q h t  s n c r q y  h r e 2 k s  down c o v s l + n t  bonds t o  ~ r o d u c e  a  
f r c t  e l e c t r c n  fcr  ~ a c h  bon? braken. T h i s  p rocess  causes a 
revers;  c u r r e n t  thtouqh t h e  t r a n s i s t o r  t h a t  is ~ r o p o t t i c n a l  
t o  t h e  i n t e n s i t y  cf  l i q h t  r a y s  f a l l i n g  c n  t h e  l e n s .  

F d d i o a c t i v i t y  s2nsors . -  Radioac t ive  m a t e r i a l s  emit cne ------------ -------- 
or  more of t h r e e  typ.3.s  of r a d i a t i o n :  a l ~ h a  ~ a r t i c l e s ,  b e t a  
p a r t i c l e s ,  and gamma rays.  Alpha p a r t i c l e s  a r e  h e l i u n  a t c r s  
t h a t  hav5  l e s t  tuo  e l ~ c t r o n s ;  hcncz, t h e y  a r e  p o s i t i v e l y  
charqed 3nd  have f c u t  u n i t s  of mass (two pro tons  a n d  two 
n s u t r o n s ) .  Beta p a r t i c l e s  a r e  h i g h - ~ p e e d  e l e c t r o n s ;  they 
have a negat ive  charqe  and n e g l i g i b l e  mass. Gamma r a y s  a r e  
e l e c t r c r a g c e t i c ;  they hdve ennrqv b u t  have n e q l i g i t l e  c a s s  
and no charge.  Sanmd rays  a r :  of t h e  same n a t u r ?  a s  l i s h t  
r ays  a n d  X-rays b u t  have s h o r t 2 r  wavelenqths and h i q h ~ r  
f r e q u c n c i ~ s .  Hecause of t h e i r  e x t r o a e l y  r h c r t  bave leng t t s  
(1C-6 micrometers ) ,  aamma r a y s  a t ?  more p e n e t r a t i n g  t t a n  X- 
rays  ( a n d  much more s o  than h e t a  p a r t i c l e s ) ;  h e n c ~ ,  they  a r c  
the  typo c t  ~ a d i a t i o n  norpnl ly  used i n  r a d i a t i o n  sensor s .  

p a t ?  p a r t i c l e s  c a n  b e  used f c r  t h i c k n e s s  measurements 
only on vcry t h i n  r n t a t i a l s ,  and 3 1 ~ h a   articles have nc 



measurement a ~ ~ l i c a t i o n s .  Gammd rays, houever,  a r e  used 
e x t e n s i v e l y  i n  t h e  m+asuresent and c o n t r o l  of l e v e l  a n d  
d e n s i t y .  Level measurement b y  qaraa  rays uas d i e c u s s ~ d  i n  
t h e  s e c t i o n  cn l i q u i d - l e v e l  sensors .  Densi ty  is mrasured i n  
terms of energy absorbed from ths p e n e t r a t i n q  keam of gamma 
rays a s  t h e y  pass through a  f i x e d  t h i c k n e s s  o r  t h ~  m a t e r i a l  
i u  ques t ion .  Density measurf?ments may b e  made l n s i d e  
Froczss  p ipes  c r  c c n t a i n e r s  w i t h  u a l l  t h i c k n e s s e s  t o  5 . C P  
c e n t i m e t e r s  ( 2  i nches )  cf i r c n .  

Th+ most ccmmon t y p s  of r a d i a t i o n  sensor  is t h e  Geiger- 
n u l l e r  tube ,  wl-ich c o n s i s t s  cf a l c ~ j  anode and ca thodr  and 
c c n t a i n s  a sma l l  a roun t  of a q a s  such as arqon. F o t e n t i a l  
d i f f e r e n c e  betveen t h e  p o s i t i v s  anode a n d  t h e  nega t ive  
ca thods  is inc reased  u n t i l  t h e  g a s  i c n i z s s .  Current flows 
throuqh the  t u t e  a s  e l e c t r o n s  mcv2 toward t h e  p o s i t i v e  ancdc 
arld p o s i t  i v +  i c n s  move tow3rd the  negat ive  ca thodr .  Voltage 
on t h e  t u b e  e l c c t r c d l s  is  held j u s t  below t h e  i c n i z a t i ~ n  
l e v e l  of the q a s ;  a s  gamma r a d i a t i c n  F e n e t r a t e s  t h e  
d e t e c t i a q  l e c s ,  i t  causes  t h ?  gas a t c a s  t c  i c n i z e .  4 s  a 
r - s u l t ,  a c u r r e n t  pu l se  f l cws  through t h e  r e s i s t a n c e  in t t e  
ancdz  c i r c u i t  a n d  ~ r c d u c e s  an o u t p u t  v o l t a g e  d r o ~  a c r o s s  
t h i s  r e s i s t a n c e .  T h i s  vo l t age  d r o ~  o ~ ~ c s e s  the  a p p l i e d  
v c l t a q e  d n d  causes  d c i o n i z a t i o n  o t  t h e  g a s  and h ~ n c e  a 
stoppay. o r  c u r r s r t  u n t i l  a d d i t i o n a l  qaama rays  p e n e t r a t e  
the  t u b a  and the cycle is repea tzd .  I h e  ou tpu t  ~ u l s e e  can 
be ampl i f ied  to  r e g i s t e r  on i n d i c a t i n j  dcv iccs  such a s  
l i g h t s  o r  l c u d s p ~ a k e r s .  Ccuntirlq the F U ~ S E S  g ives  an 
i n d i c a t i c n  of the  nuirher of photons r ece ived ,  bhich is t h e  
r e l a t i v e  i n t e n s i t y  of t h e  r a d i a t i o n  l.-.vel. 

P~ox imi ty - sz i sqgs . -  A maqnetic pickup t h a t  h a s  a - ------ 
s t a t i g n a r p  t i e l d  a h o ~ i t  i t  is u s e d  t c  d e t e c t  t h e  c r e s a r c c  c r  
absence cf a n  c k j e c t  on the  assembly l l n e  o r  ccnveyor.  As 
t h e  object y a s s e s  t h ~ o u g h  t i i ~  t i e l d ,  t h e  f i ' l d  i s  d i s t o r + c d ;  
t h i s  d i s t c r t i c n  i n d u c ? ~  vol+aqa i n  t h e  c o i l .  Rate of 
r o t a t i c n  can he senscd b y  using t h i s  t e c h r ~ i q u r  t o  sens6  qcar  
t e e t h  movement a s  a s h a f t  r e v c l v ~ s .  Each t c c t h  w i l l  
i n t e r r u p t  the  f i e l d ,  and the  r e s u l t a n t  pu l se  t r a i n  permi ts  
t h e  de te rmina t i cn  of the  s ~ e * d  of r o t a t i o n .  

Capac i t ive  r e l a y s  a r e  a l s o  used a s  proximity swi tches .  
The bo?y of t h a  o p e r a t o r  a c t s  a s  one of t h e  p l a t e s  of t h e  
c a p a c i t o r  c o n r ~ c t e d  t o  qrcund. I f  the c ~ e r a t c r  p l aces  h i s  
h a n d  c r  t c d y  i n  a hazardous ~ o s i t i o n ,  t h e  a t s c r t a d  enerqy of 
t h e  e l e c t r i c a l  c i r c u i t  i s  s u f f i c i e n t  t o  s t o p  a r a d i o -  
frequency o s c i l l a t c ~  t h a t .  c c n t r o l s  c u r r e n t  t o  an e l ~ c t r o -  
magnetic dbvicc  t h a t  s h u t s  n c u s r  d c w n  a n d  p r e v e n t s  t h e  
hazard. 

Yoisture-content  s e n s o r s . -  T h e  s l i n g  p s y c h r o m e t ~ r  is a ------------------------ 
dry -bu lb /we t - tu l t  sensing + h ~ r a c r o t e r  t h a t  r e q i s t e r e  tbo 



+?mperatures  wta?n it mcvss throuqh a i r  i n  whicb the  u a t e r  
content  is  l e s s  than s a t o r a t i c n .  The lcwet t h e  water 
con ten t  o t  the a i r ,  t he  q r e a t a r  t h e  q i f f e r e n c e  i n  
t-emperatura between & h s  bet and d r y  thermometers; t h u s ,  t h e  
cco l inq  effect cf  evapora t ion  is a f u r ~ c t i o n  of r e l a t i v e  
humidity. ?he different? i n  t he  two t e a ~ e r a t u r e s   erni its 
~ d s t ~ r n i n a t i o n  cf r e l a  t i v r !  h u m i d i t y  from a c h a r t  o r  
c a l i b r a t i o n  curve. 

T h e  f u n c t i o n i n g  of a  h a i r  hyqrcmeter i s  t a r e d  cn t h s  
c t i n c i ~ l c  t h a t  h a i r  (human, f o r  i n s t a n c e )  w i l l  s t r e t c h  aF i t  
1b5orbs mois ture  (hyqrcscopic)  . T h i s  s t r e t c h i n q  w i t h  s p r i n g  
Sackup c d n  cause  a  needle  t o  move over  a s c a l ~  c a l i t r a t e d  t o  
read d i r e c t . 1 ~  i n  r e l a t i v e  h u m i d i t y .  

Y o i s t u r o - ~ e n n i t i v e  chzmica ls  t h a t  c h a n ~ e  r e s i s t a n c ~  a s  
more m o i s t u r j  is aksort-ed a r e  a l s c  u s n d  + C  d e t e c t  r e l a t i v e  
nu mid it.^. P o i s t u r c  con tan t  or cowdered c r  q ranu la r  s c l i d s  
can b~ d e t e r a i n e d  b y  i n s 2 r t i n q  two c a p a c i t a n c e  pronqs a 
t i x e d  d i s t a n c e  a p a r t .  I r  t h e  r e s i s t a c c e  cf the  d r y  r a t e r i a l  
is Kncuc, ttsn t h e  ch3nge i n  r + s i s + a n c e  w i t h  mois turs  a e d f d  
(uhich w r l l  vary invtlrs;.ly) ntay be obta ined .  'The d i e l ~ c t r i c  
c c n s t a n t  of bator  is  a ~ ~ r o x i m n t e l y  15 t o  2C t imes  t h a t  of 
ncs t  r n a t . ~ r i a l s ;  t t * r . = f c r * ,  s a d 1 1  changes i n  t h e  q u a ~ t i t y  of 
water ~ r o d u c e  r e l a t i  v s l y  l a r q e  chanqes i n  t h e  dielectric 
c o ~ ~ s t ? n t  o ~  t h ~  m a t e r i a l .  I f  d bet  s a n ~ l c  is  p l a c e d  t f t w = e n  
t h e  p l a t e s  cf a c d ~ a c i t o r  t o r  measur->msnt of d i c l ~ c t r i c  
c o n s t a n t  b e f c r e  a n d  ~ f t e r  d r y i n q ,  t h o  aedeureaentc  y r o v i ~ l ?  
> ja ta  from bbich a c i s t u r ~  con t?n t  can t +  ? c t e r n i r s d .  

Other nctzworthy methcds b y  whicfl moisture c a c  k c  
m ~ a s u r e ?  i n c l a d s  i n r r a r e d  a h s ~ r p t i c n ,  e l ~ c t r c l y t i c  
hygrcmstry, hea t  cf , i ~ i s o r p t i c n ,  and p i e t o e l e c t r i c  
~ ~ S C K F ~ ~ O R .  A l tkcuqh t h ?  dovices  employinq t h e e ?  mcthcds 
F L C V ~ ~ ~  mcis ture  measureeents i n  t h s  k a r t s - p c r - m i l l i o ~  
range,  t.hey a r c  e x ~ e n s i v s  a n d  c f t a r  require.  r a t h e r  extensive: 
Fre1:araticn cf samy1t:s b e t a r s  the  measurement. 

g=~~ity,~g"~c~.- Scm? of t h e  s imple r  a e t h o d s  an4  
harduare  b y  which t h -  dens i ty  cf l i q u i d s  (and scmE s c l i d s )  
can b e  ! r e d ~ u r € d  and t r a n s a i t t p d  f o r  c o r t r c l  cf an CFerat lcn 
I r e  t h s  t r a n s i r i t t i n q  h y d r o m e t ~ r ,  d i s ? l a c e r  w i t h  t o rque  tuhe, 
d i s k l a c e r  with e l e c t r o m n q n ~ t i c  suspansior. ,  c h a i n o r a t i c  
d i s p l a c a r  u i t h  aaqnzt ,  s t a t i c  head,  ,artd qamma ray a t s o r p t i c n  
t e c h n i q u ~ s .  T h e  ~ r i n c i p l e s  of t b e  to rque  tube ,  s t a t i c  h c a d ,  
a n d  gdmmn ray metho4s  f o r  d e n s i t y  measur+rnents were 
d i s c u s s e l  e a ~ l i e r  i n  t h i s  r e c c r t .  

T h e  hydrcmeter s i n k s  deeper i n t o  d f l u i , d  a s  d ~ n s i t y  
d s c r e a s ? ~ ,  ana i t s  v 2 r t i c a l  k c s i t i c n  i s  s.3nsod t y  3 n  
a t t a c h ? d  ac t31  rcd and an n x t ~ r c a l  magnetic c c i l .  I n  t k e  
d i e ~ l a c e r  e l e c t r c m a q ~ l + t i c - s u s ~ ) + n s i o n  u n i t ,  t h c  d i s p l a c c r  
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weiqbt is  a d j u s t e d  t o  bare ly  s i n k  i n  t h e  r l u i d  r i t h  t h e  
b iqhes t  d e n s i t y  t o  b c  measured. Cur ren t  requi red  i n  t h o  
a l e c t r c m a q n e t i c  c c i l  t o  m a i ~ t a i n  suppor t  ( s u s ~ e n s i o n )  c f  t h e  
-1 i sp lace r  i n c r e a s e s  a s  t h e  d e n s i t y  d e c r s a z e s  an3 t h e r c f o r ~  
becomes an i n v e r s e  s i g n a l  f o r  meaeursrent and c c n t r c l .  In 
t h e  c h a i n c a a t i c  d i s p l a c e r ,  t h r e e  metal c h a i n s  a r e  connected 
l o c s e l y  between t h e  d i s ~ l a c e r  and t h e  wa l l s  of t h e  
c o n t a i n e r .  A s  t h e  c h a i n c u a t i c  d i s ~ l a c e r  ncves u p r a r d  r i t h  
i n c r e a s i u q  f l u i d  d e n s i t y  an? downward u i t h  decreac inq  f l u i d  
d e n s i t y ,  i t  s u F ~ o r t s  mcrc o r  lsss chain  weiqht,  
c s s ~ c c t i v e l y .  The v e r t i c a l  l o c a t i o n  of t h ~  d i s p l a c ~ r  is  
d e t s c t e d  by a  raqnet  i n t e r n d l  t o  the  d i s p l a c e r  and a  ~ i c k u p  
coiL e x t e r n a l  t o  t h e  n c n m a g n ~ t i c  c c a t a i n e r ,  

kA!-&gqt~a.- I h 2  a c i d i t y  o r  a l k a l i n i t y  o t  a  s o l u t i c n  can 
h e  detorrnined b y  iamersinq s ~ e c i a l  ~ l e c t r c d e s  i n  t he  
s c l u t i c n  and s s a s l ~ r i n q  t h e  vo l t aqe  developed. The FH s c a l s  
ranqes  t r c e  a vdlue of 1 fo r  h ighly  a c i d i c  s o l u t i o n s  t c  7 
t o r  n e u t r a l  s o l u t i c n s  t a  1 4  f o r  s t r o a g l y  a l t a l i n e  s o l u t i c n s .  
T h o  pH of a s c l u t i c n  i s  r e a l l y  an exponen t id l  measure c f  tho  
c o n c e n t r a t i o n  of hydroqen i c n s  ve r sus  t h e  c c n c e c t r 3 t i c n  cf 
hydroxyl ions .  A t  a pH of 7,  t h e  s c l u t i c n  i s  n f u t r a l  and 
c c n t a i n s  6 . 2 2  r 1 2 1 6  hydrojen i o n s  snd 6.?2 x 1 C k b  hytlrcxyl 
i c n s  Fer l i t e r  of ~ o l u t i c n .  For each one-uni t  decrease i n  
~ l l ,  tho  concen t ra t ion  of hyduog+n i o n s  i n c r e a s e s  t f n f c l d  n n d  
t h e  conc?n t ra+ ion  of hp3roxyl i o n s  decreasaa  t y  3 f a c t c r  o f  
I n .  

M e a ~ u r e r e n t  c t  pV i n  i n d u s t r i a l  s t r eams  and c h c a i c a l  
processes  is impcr tan t  t c c a u s ?  c f  i t s  e f f e c t  on c a r r o s i c n  of 
meta ls ,  d c ~ o s i t i o n  of s o l i d s ,  a c d  r a t e s  o t  r e a c t i o n s .  
Liquids  r i t h  F H  values  from 5 t o  3 a r e  h i g h l y  c o r r o s i v e  and 
r equ i r2  s ~ c - c i a 1  d l l o y  mzta ls  (such a s  s t a i n l e s s  s t ~ e l s )  f c r  
handl inq.  L i q u i d s  with ~ 1 l  va lues  akove H r a ~ i d l y  d e p o s i t  
s o l i d s  ( l a 1  ts) when h e a t ~ d ,  and t h i s  d e p o s i t i o n  w i l l  c a t l s ~  
~ l u q g i n g  of t r d n s r i s s i o n  l i n e s .  Chemical r e a c t i o n s  such a s  
t h e  p c l y u e r i z a t i o n  o f  bu taJ i ene  and styrene i n  t h e  
m a n u f a c t u r ~  of synthetic rubber r e q u i r e  c a r s f u l  c c n t r o l  of 
pH t o  produce t.he t e s t  r e a c t i o n  r a t e s  f c r  t h c  d e s i r e d  
~ r c d u c t  q u a l i t ) .  

Z l e c t r c d ~  k o t s n t i a l s  ~ r s  both zero  a t  a pH of 7 ,  a n d  a 
~ o t 3 n t i d l  d i f f z r e n c e  of approxi!natzly 59 n i l l i v o l t s  is 
:levelope4.1 f o r  each u ~ i t  ~ l i  value dbcv? acd below 7. Efcausc 
of t h e  ~ x t r s m e l y  h i q h  impedance b ~ t w e e n  t h e  s p e c i a l  
e l e c t r o d n s  and t h e  s c l u t i c n  f o r  which L H  i s  k t i n g  m o a ~ u r e d ,  
a s p e c i a l  vc l t aqe  a m p l i f i e r  i s  requ i red ;  Even t h e  bes t  v c l t -  
meter o r  ~ o t e n t i c m e t e r  w i l l  nct  measure  ti i n  s s a t i s f a c t o r y  
manner. 



A c t u a t o r s  

An a c t u a t o r  is a d e v i c e  t h a t  c o n v e r t s  a s i q n a l  i n p u t  
~ n t c  a mechan ica l  moticn. T h e  i n ~ u t  s i g n a l  m a y  t e  
e l e c t r i c a l ,  ~ n e u m a t i c ,  h y d r a u l i c ,  o r  mechan ica l .  T h e  
mechanical  mction may h e  l i n e a r ,  r o t a r y ,  or r e c i p r o c a t i s q .  
Gears  a n d  l i n k a g e s  may b e  used t o  chanqe  one t ype  of mct icn  
t o  a n o t n e r .  A c t u a t o r s  ? r e  t o  t e  c c n s i d e r e d  as c o n t r c l  
d e v i c e s  r a t h e r  t h a n  a s  snns inq  d e v i c e s .  

S c l ~ n c i d s  and m o ~ q y ~ - ~ - g & ~ ~ 4 ~ j c ; & - ~ ~ ~ g p ~ e g s . -  Thc most --------------- 
common type of u l e c t - r i c a l  a c t u a t c r  is t h e  s c l e n c i d .  I t  i s  
an e l e c t r o m a g n e t  t h a t  i s  e n e r q i z e d  by an e l e c t r i c a l  s i q r l a l  
and c c r i s i s t s  of a  c o i l  and  a  movable i r o n  c a r e  o r  ~ l u n $ r r .  
As t h e  c o i l  i s  enq rq i zed  b y  t h e  i n p u t  s i q n a l ,  its maqne t ic  
f i e l d  ~ u l l e  t h c  c c t s  i n t o  t h e  c o i l .  A s p r i n g  ~ u l l s  t b e  c o r e  
back c u t  of  t h c  c c i l  v h e n  t h p  c o i l  i s  d e c n e r q i z e d .  T h e  
3 c t u a t i o n  i s  acccrn l l i shzd  h y  a t t a c h i n g  t h e  e l ~ m o n t  t.o t~ 
movcd t o  t h e  c o r e .  S o l e n c i d s  a r e  cn-cff  d e v i c e s  i n  t h a t  
t h e y  a z s  c a ~ a b l a  cf r r o d u c i ~ i q  on ly  two movements (push ,  
~ u l l ) .  They a r e  u s e t u l  i n  such a p p l i c a t i o n s  a s  v a l v e s ,  
t r a k e s ,  q a t e s ,  d a c r s ,  a n d  dampers,  whore a mechdnical  f o r c e  
i n  a  ~ t r a i q h t  l i n e  i s  r e q u i r e d .  

1:otary sclpncidc a r a  c c n s t r u c t e d  b y  s u s p ~ n d i n q  t h e  c c r c  
on t e a c i n q s  sc that t h e  r e su l t  cf t h ?  e l e c t r i c a l  t i c l d  
c a u s e s  t h e  c o r e  t c  r o t a t e  i n  o u t ~ u t  s t r c k e s  frcm 50 t c  ? ? O ,  

depending on c c n s t r u c t i o n .  

E l p c t r i c  wo tc r s  can bs cons ider 'd  a c t u a t c r s  of 3 c c r t  
i n  t-hat. t,hey c c n v e r t  c l e c t r i c a  1 i n p u t  s i g n a l s  i n t o  
mechan ica l  motion.  , T h ~ y  a r e  u s e f u l  i n  ~ r c v i d i n s  ~ o w e r  t c  
d ~ i v e  f a r s ,  k u a t ~ ,  a113 t o o l s ,  When c o u p l ~ d  r i t b  qears, 
c l u t c h e s ,  o r  d r i v e  t r a i n s ,  motors  can he u s e d  f o r  o ~ e n i n q  
.and c l o s i n q  d c c r s ,  v a l v e s ,  artd s o  f o r t h .  

C l u t c h p c  an3 h r d k e s :  A so lono id  ac t . ua to r  cdn k c  used 
t o  anqaqk two f r i c t i c n  d i s k s  t c  l r c d u c s  a c l u t c h  
arrangement. .  T h i s  method i s  u s e f u l  r n  c c c n f c t i n q  an c u t ~ u t  
s h a f t  t c  a  r c t a t i n q  mctor f c r  ~ r o d u c t i o n  of t o r c e  f o r  a 
c o n t r c l l e d  ~ e r i o d  cf  t ima .  A b r a k e  i s  m a d e  b y  u s i n g  a 
s o l e n o i d  a c t c a t c r  t o  engage a r o t a t i u y  s h a f t  and a  
s t a t i o n a r y  f r i c t i o n  k l a t f .  

Torauc and f o r c c  r o t o r s :  Torqu- and f a r c e  motors  a r e  
p a r t i c u l a r  a p p l i c a t i o n s  of  s c l e n c i d  t e c h n i q u e s  t h a t  a r e  used 
t o  produce a t ~ w  degrees  cf r o t a r y  s o t i c n  c r  d e f l e c t i c n  a t  
t h e  end cf a  l ~ v e r  arm. 

P o s i t i o n  c c n t r o l s :  E l l ? c t r i c a l  actuators a r e  d e s i q n d  
t c  ~ o ~ i t i c c  t h ~  a c t u a t e d  d e v i c e  i n  r e s p o n s e  t o  i n p u t  
s i q n a l s ,  Because s o l e n o i d s  a r e  on-of f  d e v i c e s ,  it is 
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cv iden t  t h a t  they m u s t  h~ designed i n  c c u ~ l e x  f a s h i c n  t c  
o p e r a t e  p r o p o r t i o n a l i y  f o r  ~ r o d u c t i c n  of t h e  requi red  f e h  

d e q r e e ~  cf c c n t r c l ;  hence, motors a r e  used a s  a c t n a t c r s  and 
may b e  coupled w i t h  q e n e r a t o r s  t o  produce an ou tpu t  s h a f t  
motion r e p r e s e n t a t i v e  of  input  s i g n a l s .  T h e  counter  
e l e c + r c m c t i v e  forcs  of t h e  q e n e r a t o r  s e r v e s  a s  a  t r a k e  cn 
the  motor. Cou t ina t ions  cf mctcrs and gecera  t c r s ,  c a l l e d  
s y n c h r o s y ~ t e m s ,  can b e  used t o  ~ r o v i d e  t h e  s t e p p i n g  pcwer 
t equ i red  t c  mcve o r  c o t a t e  va lves ,  dampers, o r  doors i n  any 
increments  r equ i red  b y  t h e  Frocsss .  

F lu id  lobe& ac tua toy2. -  The Fressure  exe r t ed  t y  a f l u i d  ------ --- ---I---- 
cdn be u s e d  t o  o p e r a t e  a  plunger  t c  ~ r c d u c e  a  p u s h  c r  ~ u l l  
Zcrce a s  requi red .  A c t u a t c r s  opera ted  by a  g a s  ( g s n e r a l l y  
r l i r )  a r e  c a l l e d  pneumatic, and those  opera+ed t y  a l i q u i d  
( q e n e r a l l y  c i l )  a r e  c a l l e d  h y d r a u l i c  a c t u a t o r s .  C y l i n d r i c a l  
a c t u a t o r s  can ~ r o d u c e  a  push o r  p u l l  a n d  may t e  tacked t y  a 
spr rnq  or dud l -pa r t  system t h a t  rEverses  t h e  ~ l u n q e r  
u i r e c t i o n  when p r e s s u r e  is reduced t o  a  ~ r e a s z i q n r d  value.  

Fotnry a c t u a t o r s  a r e  made by a t t a c h i n g  a s h a f t  t o  a 
f i x e d  S P ~  of vants .  IIsually,  r o t a r y  a c t u a t c r s  a r e  l i m i t e d  
t c  l e z s  than a f u l l  r+vc lu t io r !  (maximum L 7 G 0 )  k y  a t d r r i ~ r  
i n  t h e  chamber arcund the  s h a f t  and vc4nes. 

T h e  c ~ c r a t i c n  of diaphraqm motors i s  k a s ~ d  on t h e  
a p p l i c d t i o n  cf F res su re  t o  a diaphr3qu t h a t   ush hi?^ a g a i n s t  
t h e  d e v i c e  beinq a c t u a t e d ,  such a~ a valve stem. T h s  a r e *  
of t h e  didihragm and t h e  dEcnnt of F ras su re  app l i ed  d ~ p t n d  
cn t h e  f o r c e  requi red  t c  c l c s e  cc C E + P  the  valve,  door ,  a n d  
s c  f c r t h .  Yhen [ r e u s u r e  is reduced, a r e t u r n  s p r i n q  causes 
t h s  a c t u a t i n g  rod t c  mcva back t o  t h e  n o r r a l l y  oocn o r  
normally c losed  p c s i t i c n .  Mcticn of thcse  d c t u a t o t s  can kc 
c c n t r o l l e d  F r c k o r t i o n d l l y  because th.? p r ~ s s u r e  e x e r t s d  on 
t h e  diaphraqm roves t h e  a c t u a t o r  i n  a  p ropor t iona l  manner, 
s o  t h a t  i n d i c a + c r 5  or  e l e c t r i c a l  s ens ing  dev ices  can t e  o s f d  
t o  show r e l a t i v e  ~ c s i t i o n s  of the  a c t u a t c r .  

Valves.- : y a l v ~ t  is  a  variable-o~eninq dcvice  used t c  ------ 
c o n t r o l  flow of  f l u i d s  o r  s e m i f l u i d ~  such a s  ~cwdered  
r a t e r i a l .  They can b e  s i t h e r  cn-off o r  t h r o t t l i n q  d9vices  
and, a s  discussed  p r ~ v i o u s l y ,  can h e  c o n t r o l l e d  t y  ~ i t h c t  
e l e c t r 2 c d l  c r  Fneumatic a c t u a t o r s .  Kost common va lves  a r s  
~ l u q  and s e a t  arrang?m?nts t h a t  a r e  somot.imas c a l l e d  
t h r o t t l i n q  or  needle  v a l v s s ,  Gdte valves s l i d 2  a wlate  i n t o  
an o ~ e n i n q  t c  5 tcp  flow and move the  p l a t e  out of t h e  
openinq t o  permit flow. B u t t ~ r f l y  valves have g a t e s  t h a t  
r c t a t e  t c  c o n t r o l  t h ~  flcw and a r e  e s p e c i a l l y  e t f c c t i v ~  f c r  
m a t e r i a l s  t h a t  w i l l  t c u l  c r  c l c q   lug-type c r  s l i d e - t y p e  
vdlves.  Actuat ion of k u t t ~ r f l v  v a l v ~ s  i s  a c c c m ~ l i s h + d  h i t h  

e l e c t t i c a l ,  ~ r c u m a t i c ,  o r  h y d r a u l i c  a c t u a t o r s ,  and ~ o s i t i c n ~  
c f  t h o  valve can be sens?d b y  var ious  methods. 



I h a  d e t e r s i n a t i o n  of t h e  a ~ p l i c n k l e  l e v e l  of c o n t r c l  
sy s t ems  t e chno l agy  covmensura te  w i t h  t h e  H U C  d i r e c t i o n  f o r  
t h s  flTlJ.5 Frogram was kasnd on 3 su rvey  c f  many t yFes  cf 
c ~ e r a t i c n a l  systems r i t h  t u n c t i o n e  s i m i l a r  t o  t h o s e  of t h e  
HIUS. Pcwer q e n ~ r a t i o n ,  h e a t i n q  and c o o l i n g ,  wa te r  
d i s t r i b u t i c n ,  s o l i d - u a s t e  h d n d l i n q ,  f l u i d  f low,  and b u i l d i n q  
system (tir:! a l a rm ,  - ? l e v a t o r s ,  an3  sscur i ty)  i n s t a l l a t i c n s  

v i s i t e d ,  and t h c i r  c c n t r o l  s y s t p m s  werc s t u d i c d .  

E x a m ~ l e s  C L  c a n t r o l / ! n o n i t o r i n y  sys tem f u n c t i o n s  and 
b J t 3 s c r i ~ t i c n s  a r e  q ivon i n  t h i s  s e c t i o n .  S e v e r a l  
i n s t a l l a t i c n s  tor l i q u i d - w a s t e - t r e a t m e n t  c o n t r o l  and 
a o n i t n r i r q  uert a l s o  v i s i t ~ d ;  however, t h o  t echnoloqy  u s ? d  
i n  t b c s e  c ~ # ? r a t i c n a l  systqms was advanced o n l y  t o  a  p c i n t  
t h a t  would F rov ide  a d e s i g n  b a s r l i c a  f c r  t h e  * T l l i ,  and i t  
u d s  n c t  c c n s i d ~ r a d  of s u f f i c i a n t  i n t e r e s t  t o  i n c l u d e .  Yotor 
c o r i t r c l  t c r  ~ u l r p z  an.1 v d l v * ? ~  was tound t o  be j u i t c  
c o n v e n t i o n a l .  C e t e n t i c n  t imc  i n  I r c c e s s e s  was k3s;A cn 
c i : e r a t i c n a l  exper  i ~ n c e  a n d  n a n t ~ a l  t e s t s .  Hence, t h i s  ~ t f c r t  
c t  t h e  i ! I I 'S l lcs iuri  rt3mains t h e  most s i g n i f i c a n t  
t e c h c o l o q i c a l  d ~ v c l o ~ ~ e n t  a r e a .  The i n s t r u a f r t a t i c c  
requirements f c r  t he  MIUS l i ' du id -was t e - t r e a tmen t  c o n t r c l  and 
i non i t o r i i~q  h a v c  t e e n  i nc luded  i n  t h e  s e c t i o n  e n t i t l e ?  "XIUS 
C c n t r o l / E o n i t o r i n q  S v s t ~ m s . ~  

rHII.I.FI: W A ' I E 3  SYSTEP 
NASA L Y N E C N  ii. J C H N S O N  SPACE C Z m : T E F  

The c h i l l e d  wat;r sys tem 3 t  t h ~  N A S A  Iyndon P. J c h ~ s c n  
Space C s n t e r  ( J S C )  s u p ~ l i e s  c h i l l e d  wate r  a t  27t3 K (470 t') 
th rouqh  ~ i p ~ l i n e d  u t i l i t y  t u n n e l s  t h a t  s o r v ?  c o n t . r a l l y  
l o c a t e d  i i r - c o n d i t i c n e d  t u i l d i n q c .  T h e  c h i l l e d  uatGr s y s t c n  
i s  des iqned  t c r  t h e  r e t u r n  water  t o  roach  a maximum 
t e m p e r a t u r e  of  286 K (560 F ) .  The s y s t a m  i n c l u d e s  s e v c r ~  
c e n t r i f u q d l  r e f r i q ~ r i t i o n  u n i t s  o p e r a t i n q  i n  F a r a l l e l ;  each 
u n i t  i s  d r i v e n  by a  s team t u r b i n e .  Each u n i t  has  1 Y 1 4  x l i 3  
k i l c g r a m s  (20CC t c n s )  of r e f r i s e r a t i o n  c a p a c i t y  and i~ 
des igned  t.o c c c l  0.15393 m3/soc ( 3 3 G 0  g a l / a i n )  cf c i c c u l a t i n q  
water  t r c r  3 e 6  t c  27tl K ( S f l o  t o  4Q0 I;) . 

I ~ E  system o F e r d t e s  under e i t h e r  automdt. ic  o r  manual 
c o n t r o l .  Curing normal o ~ s r a t l o n ,  t h e  c a ~ a c i t y  c t  eack ! ] n i t  
i s  c c r ~ t r c l l e d  a u t . c m a t i c a l l y  t o  ma in t a in  a p r e s e t  c h i l l e d  
water  t emFera tu r e  a t  t h e  e v a p o r a t c r  c u t l e t .  The c o n t r c l  
syEtern senses t h e  t empe ra tu r3  of t ho  c h i l l e d  water  and 
a d j u s t s  t h e  s p ~ e d  of t h e  t u r b i n e  and modula tes  a 49inpct i n  
t h e  s u c * i o n  l i r e  t o  compensate  f c r  h ~ a t  removal 



raquiremants .  T h i s  LS accomplisherl a t  a l l  l c a d ~  from f u l l  
t c  25 percant .  Lcads trom 2 5  t o  10 percent  r e q u i r e  manual 
o p e r a t i c n  cf a bypass valve t o  s u ~ p l e m e n t  t h e  au tomat ic  
techniques .  

I n  of t -normal  o p e r a t i o n s  when manual c c n t r o l  is  used, 
hoth the  t u r k i r e  gov:rnor s ~ e ? 3 ~  and compressor s u c t i c n  
damFer ~ o s i t i c n s  a r e  a d j u s t e d  w i t h  manual s u i t c h e ~ .  Scre 
c h i l l e r s  a r s  e q u i t ~ e ~ l  w i t h  e l a c t . r i c  motor-driven s p e e d  
chanqers  t h d t  a r c  manually c o n t r o l l e d  f r c ~  a  d i s p l a y  ~ ~ r ! e l .  
These speed chanqers  c v e r r i d e  pneumatic tempera ture  
c o n t r o l l e r s  and al low manual o c e r a t i c ~ s  + c  s e t  'urhine 
s ~ ~ e d s  abcve c r  b c l c n  normal s s t  p o i n t s .  

In d d d i t i c n  t o  o ~ z r a t i o n n l  c o n t r o l s  f o r  tht?  c h i l l ~ d  
watcr systam,  s a t e t y  cu tou t  dev ices  d re  i n c c r ~ c r a t e d  t o  
~ r o t e c t  the s 1 s t . a ~  u n d ~ r  e x t r e m ~  c o n d i t i o n s .  F x a m ~ l e s  cf 
s a f e t y  cu' tout Faramsters  c L e  a s  f o l l o u s :  

Edra!?,et,er; -_----_------ hffect-ed Area 

H i q h  t e s p e r n t u r ?  Cam~resso r  main t e a r i n 4  
(both z n d s )  , c c n ~ r c c s c r  
o i l ,  t u r b i n e  m d i n  t r a r i n q  
(both e n d s ) ,  and t u r t i n s  o i l  

L o b  t ~ ~ ~ e r a t u r e  C h i l l e d  water and r ~ f r i g c r q r t  
Prcssur  E ? e f r i q e r a n t ,  c c m ~ r c s s c r  c i l ,  

t u rb in , ?  o i l ,  low ? i f  f e r c n -  
t i a l  Fressure;,  ch i1  l e d  
water, and conjenscr  wl*er 

Overspced Turbine 

,The s a f e t y  Revicss  make u p  t h e  i n t e r f a c e  tc an advanced 
? l i i r n  system t o  a l e r t  opt?r ,*tcrs  b c f c r e  shutrichn of t h e  
p yet err. They a l s c  prcvidd f a i l u r e  i n d i c a t i c n s  cn a s t a t u s  
panel a f t e r  s h u t t i n q  d c w n  t he  system. 

OPZi?ATICN L I F E A K T H S C U G f I  - AUTOiYA'TIC CCEiTMCL S Y S I  EP! 
JEDSFY Cl L Y  S I T E  

T h +  J e r s e y  Ci ty  t.ota1-snergy site c o n t a i u s  f i ~ e  ~ n q i n c -  
qene ra to r  u n i t s .  Each o i  t h d ; ?  u n i t s  uses  a n  i n d i v i d u a l  
c c n t r c l  c a b i n e t .  Th.? f u n c t i o n s  o f  s p s e d  c o n t r o l ,  r e? I - load  
d i v i s i c n ,  reac t ive- loa t l  d i v i s i o n ,  vol tage  r e g u l a t i o n ,  e n a i n e  
d n d  e l e c t r i c a l  system s t a r t  se ju?ncinq ,  qlarms, and 
j r o t e c t i c n  trcrn undes i r ab le  cpsra t inr j  c o n d i t i o n s  arE 
c o n t r o l l e d  t y  t h e s e  s e ~ a r a t c  u n i t s .  Tc a t t a i r  thc d e s i r e d  
s y s t e s  ~ s r f c r a a n c c ,  n Easter  c c n t r o l  u n i t  i s  im~lemen ted  C C  
c o c r d i n a t e  a l l  the  u n i t s  i n  o p e r a t i o n .  T h i s  r a s t e r  c c n t r o l  
u n i t  s u p e r v i s e s  t h o  i u tomat i c  s t a r t i n g  and s t o p ~ i n g  o f  a l l  



u n i t s  i n  r e s p c n s e  t o  t h e  l e a d  dsmand. F r e s e l e c t ~ d  s equences  
n r d  v a r l a t i c n r  t o  t h +  seqGences a r e  p rov ided  i n  t h i s  ccn+ . ro l  
of s t a c t / s t o p .  Automat ic  p a r a l l a l i n q  wi th  c a l a k i l i t y  of  
a anua l  p a r a l l e l i n g  i s  a l s c  a  r equ i r emen t  t h 3 t  t h e  maste r  
c o n t r o l  u n i t  m L . t  accomno3cte.  Any c r  a l l  u n i t s  can kc 
o p e r a t u d  i r :  a s a ~ u a l  modo. Th+ f a i l u -  p r o t e c t i o n  moni tc r  
and c c n t r o l  f e a t u r e s  i nco tpa r a t e l f  on the e n q i n e - g e n e r a t c r  
u n i t e  3~ n o r a a l l v  no t  over,:iddon d u r i n g  manual o p e r d t i c n s .  

I h n  i n d i v i d u a l  u n i t  c o n t r o l l e r  w i l l  s e n s e  t h ~  f o l l c w i n g  
undee i ra l - l e  o p e r a t i n u  c o n d l t i c n s :  

Icw o i l  Frossur .3  ( w i t h  
l c c k o u t  durinc) s t a r t u p )  

f i i q h  wa te r  t emp: ra tu rs  
! i i q h  o i l  t e m p e r a t u r e  
Cvsr s ~ e e d  
Und8:rspeed 
~ x c e s s i v e  v i t r a t  i c n  
H i q  h c i  1 -ccc lan  t +?ntFera- 

turf2 
I u h r i c a t i c n  f i l t e r  h i q h  

d i f f e r e n t i a l  pr ' ssure  
F u ? l  f i l t + r  h i q t ~  , l i f t a r e n -  

t i a l  F r c s s u r c  

H i q h  ~ x h a u s t  t e m ~ e r a t u r ?  
H i q h  i n t a k e - a i r  ternFEra- 

t u r e  
C i r c u i t  k r f a k e r  t r i :  
Exces s iv?  st a r t  t i r e  
Cver l c a d  
F a i l u r e  t c  ~ a r a l l e l  
Reverse  power ~ r o t e c t l c n  
Gene ra to r  u n d e r s p e ~ d  
Cve rvc l t age  
U n d ~ r v c l t a g e  

A n  o c c u r r e n c e  o t  any o f  t h e s e  t ~ n d e s i r a b l e  ccndi t icn: ;  b i l l  

r a s u l t  i n  t h e  s h u t t i n i ,  d c u n  of t h c  e n q i n c - g s n e r a t c r  u r i t  t:y 
t h e  u n i t  c c n t r c l l s c .  Some of t h z s e  c o n t l i t i o n ~  a r t  
t r a n s w i t t e d  t c  t h e  mas t+r  c o n t r o l l ~ r  i n  t.wo s c d q c s :  a n  
d l a r s  i s  i s s u e d  f i r s t  an3  t h e n  a ~ i q n a l  i~ s e n t  t h a t  t h c  
u n i t  has hsen s h t l t  lcwn a s  a t c ? n u l t  ct t h e  u a l f u n c t i c r .  I n  
any event.,  t h e  s h u t o t f  n o t i f i z a t i o n  m u s t .  k ~ :  S E I I ~  t o  t h e  
mas t e r  c o n t r o l  u n i t ,  A l c c k o u t  key i s  manualiy o r c r a t e d  t c  
t r i n y  t h ?  e n g i n * - q c ~ i e r a t o r  u n i t  back on l i n e  a f t e r  t h e  
ma l func t i cn  ha: be?n c o r r e c t s d .  I r l d i v i d u a l - u n i t  r a l f u n c t - i c n  
and s t a t u s  i n d i c a t i o n s  a r ?  r e p o r t e d  t o  t.hc mas te r  c o n t r c l  
u n i t  from e3ch of + h e  f i v e  q e n e r n t c r s .  T h e  i n d i c a t i o n s  3re 
u n i t  E - ? l c c t i c n  i n  e i t h e r  m?nual o r  , i u toma t i c  c o r ~ t r o l ,  q r o s s  
u n i t  n n l t r ~ n c t i o n ,  u n i t  r eady ,  u n i t  s t a r t i n q ,  u n i t  s t o p ~ i n q ,  
u r i t  cr? l i n k > ,  and 4C d n d  93  p z r c a n t  l o a d  a d j u s t - d t l ~  s i q n a l s .  
?he  t i v ~  q s 1 ~ c r 3 t o r s  c an  b e  a u t o m a t i c a l l y  c o n t r o l l ~ d  f r c u  t h e  
mas te r  u n i t  t o  t~ t r o u s h t  on l i n e  c r  d r c r ~ e d  o f f  a s  t h e  l c a d  
dsmands. A r e q u i r e d  m i n i m u m  n u t r b ~ c  of u n i t s  cn l i n e  a t  any 
t i n e  w i l l  c v e r r i d e  such  : i r opo i f  i n  t h e  l oad - sens inq  c i r c u i t .  

33nva l  c c n t t c l  f o r  a q ivan  u n i t  3 1 1 0 ~ s  s t a r t ,  s t o p ,  a n d  
p a c a l l e l i n q  rrcm t h e  mas te r  c o n t r o l  u n i t .  The p r o + e c t i v e  
f e a t u r e s  of t h ~  a u t o m a t i c  system o p e r a t a  i n  t h e  n o r a a l  
manner d u r i n q  t h i s  manual c o n t r c l  mcds. Kc a u t c m d t i c  
c c c t r c l  i s  r r c u i d e d  frcm t h *  i n d i v i d u a l  u n i t  c o n t r o l l ~ r s .  
T h e  c v ~ r d l l  oFcra t i o n a  1 perf  ormclnc.r o t  t h e  power g e n e r a t i o n  



f u n c t i o n s  can o n l y  he ~ o n i t o r e d  acd c o n t r c l l e d  f r c s  t h e  
mas te r  u n i t .  T h e  mas tc r  uni t .  i n c c r ~ o r a t e s  d s i n g l ,  r e t e r  t c  
read l i n e  v o l t a q e ,  a  s i n q l o  meter  t o  r e ad  t o t a l  c u r r e n t  i n  
any phase, and a  s i n g 1 2  meter  t o  read t h e  t r equency  cf zny 
u n i t  c r  bus. A r e c o r d i n g  w a t t m e t e i ,  a  t o t a l i z i n g  wat t -hoar  
meter ,  and a ~ c u e r - f a c t o r  meter  p r o v i d e  sys tem ~ u t p u t  
i n f o r r a t i c n  a t  t h e  mas te r  c o n t r o l  u n i t .  

T h 2  F r c v i s i o n  f o r  t e r n ~ i n a l s  f o r  a d d i t i o n a l  e n g i n e e r i n g  
i n s t r u m ~ n t a + . i c n  h a s  heen s p e c i f i e d .  These  t e r r i n a l s  r i l l  
d l l cw  l i b o r a t o r y  t e s t s  of v o l t a q e  c o n t r o l ,  f r equency  
c c n t r c l ,  o v ~ r s ~ e e d  otr s t a r t u p ,  r e a l - t i m s  a n d  n e a r - r e a l - t i r e  
l c ad  d i v i s i o n s  d u r i n q  ~ a r a l l e l i n g ,  and l o a d  clumping. T h e y  
cdn a l s c  he u ~ e d  t o  v e r i f y  t h ?  P u n c t i o n s  of t h e  p ro t . e c t i ve  
d e v i c e s  on t h e  e n q t n s s  and t h ~  s equenc i cy  ~ r c r e d u r e s  of t h e  
mas te r  c o n t r o l .  

OFFSNCPE PT.ATFOF8 # E L L  CONTFOL S Y S l E F  
L A K E  CHARLES DIVISION, C C N T I N F N T A L  CIL C C N E A N Y  

111.) o f f s h c r e  p l a t fo rm  we l l  c o n t r o l  sys tem providcc; 
compute r ized  c c n t r c l  3 n d  a c n i t ~ r i i i g  cf c f f s h n ~ e  g a s  w e l l s ,  
i n c l u d i n q  w ~ l l  t e s t i n q ,  c r o d u c t i o n  s h u t - i n ,  t u r n  on ,  a n d  t h e  
h u r r i c a n s  emergency t i m e r .  Lpproximately  158  w e l l s  on 13  
~ l a t f c r m z  a r e  monitorzd and c o n t r o l l e d  t y  t h e  c o m ~ u t ~ r i z s d  
system. Ttle d a t a  a r c  t r . ~ r , s m i t t c d  b y  mi.?.! w a v e  t r a n ~ r n i s q i o n  
frcm Lakc C h a r l e s  t o  t h e  Gul f ,  and ; I.. . a t e l e ~ h o n e  c a b l e  
i s  run from t h e  G u l f  t o  each p l a t f o r m .  

Fl?mcte t e r m i n a l  units l o c a t s d  3 n  each p i a t fo rm  s l r v e  a s  
t h e  i n t e r f a c e  betweec t h ?  computer  system a n d  th"w1.L 
hardware.  E l e c t r i c 3 l l y  c c n t r o l l e d  v a l v z s ,  r e q u l a t o r ~ ,  d n d  
m o n i t c r i r g  ~ c i n t s  ar '  t i e d  i n t o  t h e  remote t e r m i n a l  u n i t s .  
These u n i t s  can S ~ K V +  a s  " s t and  a l o n ~ "  remote c o n t r o l  1 ~ n i t . s  

r r r c s ~ e c t i v e  o f  the c c a k u t e r  s y s t e u .  Thrcuqh a s e r i ~ ~  cf 
s w i t c h e s  d n d  c c n t r c l  knobs, t h s  o p s r l t o r  can  perform i ranl~al  
c c n t r o l  o l e c t r c n i c a l l y  .at a  c o n s o l e  on t h e  ~ l a t f o r m .  

'The c c n t r c l  sgstem c z n t r a l  hardwarn complex is h a s t d  cn 
a Con t ro l  C a t a  Corpo ra t i o n  ( C C C )  1709 cc i a tu t e l  w i t h  micia(91 
p e r i p h e r a l s  ( i . e . ,  t c l ~ t y ~ l ,  c a r d / r ~ n d e r / ~ u n c h ,  and ? i ~ k )  . 
A s p e c i a l  c o n s o l e  f o r  communicdtions 3 1 1 ~ ~ s  a h i g h l y  t r a i n ~ d  
o p e r a t o r  t o  c c n t r o l  t h e  w e l l s  f r o u  t h e  c c n t r c l  r c ca .  
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The a u t o m a t i c  c ~ n t r o l  sys tem f c r  t h e  C F U - u C >  ~ i l c t  
p l d c t  monit.ors a n d  c c n t r o l s  a s c l i d - u a s t e  ~ r e ~ a r a t i c n  a n d  
stcrdcjz ~ u t c y s t e m ,  d s31 i4-was te  combustor and C ~ S  
~ t e k a r a t  ion s u b s y s t ? ~ ~ ~ ,  and a t u r b o e l e c t r i c  sut . ,ys tem.  This 
[ . i l o t  ~ L a n t  5 y s t e a  is  a d e v 3 l o ~ r n e n t  item, a n d  t h t =  c c n t r c l  
s u k s y s t e s  i s  ~ r e s c n t l y  t a i l o r 2 3  t o  t h e  p r e c i s 5  c o n t r o l  o t  
+he qas t 3 m ~ c r a t u r e  - ~ n d  f l 2 v  r a t *  d e l i v e r o d  b y  t h e  
ccmbus+cr.  These f a c t c r s  a f f s c t  t h e  ene rgy  c u t r u t  cf  the  
j a s  t u r b i n e ,  w h i c h  i n  t u r n  k ro?ucas  the e l ~ c t r i c a l  Enrrqy. 
lliis e l - . c t r i c a l  ene rqy  i s  t h e  primary o u t p u t  of t h =  p i l c t  
kl,rr:t arid i s  t h e  ~ r i m a r y  pclrsmeter ke inq  c c n t r c l l e d .  

?he c c r i t r c l  rubsyst+?m c o n s i s t s  of 3 manual c c n t r c l  
system arid a  c o f f i ~ u t e r i z l d  c c n t r c l  s y s t e u .  ;he r d c u a l  
cant-rcl s y s t c r  i s  c o s ~ o s ? j  of s i q n a l  t r a n s m i + t z r s ,  a n a l o ~  
c c r ~ t r o l l e r s ,  t cqy  19 s u i t . c h ? s ,  ? r ~ d  r e l a y  l o g i c  n G t w o r ~ s .  The 
c c ~ t u t + r i z a d  s y s t a a  i n c l u d 2 s  por'ioq; of t h ?  a t o r e m ~ n t i c n c d  
i t e m s ,  t h e  c c r r u t e r  m d i n  f r amc ,  o ~ e r a t c r  t o r a i n a l s ,  31-16 
i ~ ~ u + / c u t [ u t  and z t o r a q s  aevic+s .  

Opa ra t i ny  modas of t.he c o a b u s t ~ r  svst~m a r c  mdnqa,ly 
c o l i t r o l l ~ d  w i t h  f i v ~  mcd; s w i t c k ~ s  t n a t  s e l e c t  cnc arrd c n l y  
 or,^ of t h e  f c l l c v i c q  moties: (1 )  t a c k h e a d ,  ( 2 )  f l o i d i ? e ?  
q p e r s t i o n  on d i e s e l  f u e l ,  ( 3 )  f l u i d i z e d  c r ~ r a t i c n  cn d i e s ? l  
f u e l  anci s c l i d  wasto,  ( 4 )  f l u i d i ? e d  o p e r a t i c n  or! s o l i d  
waste ,  a n ?  (5 )  f1ui i j .zc .d  o p e r a t i o n  w i thou t  f u e l .  

V a l v e s  a r c  ~ u t o m a t i c a l l y  c c n t r o L l e d  k y  ana loq  
c o r ~ t r o l l + r s .  I h t  v 3 l v c s  a r e  o l ~ c t r l c a l l y  c ~ e r a t e d  
r r c ~ o r t i c n a l  v a l v e s  ( p o s i t i o n s  ~ r o ~ o r t i o n a l  t o  t h ~  i n p u t  
s i q n a l s )  t h a t  a r e  c , J n t c o l l + d  3 u t o l n a t i c a l l y  t y  t h e  a n 3 l c c  
c o n t r c l l c r .  S e t - p o i n t  3d j a s tmen t  i s  by t h u n t u h e ~ l ,  w i t h  3 

p e t e r  r c a d i n a  t c r  i n l i c a t i q n  o r  t h e  s i q n a l  t e i n g  
t r a n s m i t t  ~ d .  

In t h e  a u t o r , a t i c  mode, t h e  a n a l c g  c c n t r c l l e r  c c r r l a r ? ~  
s i q n a l s  frcm t h e  s y s t o t  Fdramaters  w i t h  a n t i c i p a t e l ]  Iby 
o ~ e r a t o r  s e l e c t i c n )  l d v e l s .  T h e  o u t p u t  s i a n a l  is thor,  
l n c r s a s c l  o r  d s c r e a s ? l  bnsad  cn t h 2  3 i f f o r e n c e  be tueen  ths 
medsured va lue  a n d  t h e  s e l e c t ? 3  v a l u e .  

T h e  ccmputer  sys tcm c c n s i s t . ~  cf a 1 6 - t i t  word l e n g t h  
m i n i c o m ? u t ~ r  b i t h  29K uor, ls  of s e ~ i c ~ n d u c t o r  main !nemcry, 3 

t a t t e r y  nack fcr  remory r e t r e s h i n q  d n r i n g  power o u t a g e s ,  an 
i n t e r n d l  communications rcgi s t e r  f o r  i n p u t / o u t p u t ,  a n i  a 
c o n t r o l  p a n e l  h i t h  a k2ylcck.  
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I h e  c o m p u t e r  a c c ~ ~ t s  33 c h a n n e l s  cf l o o - l e v e l  a n a l c y  
m a a s u r e m e n t s  f r o r  t h c r r c c o u ~ l e - t y ~ e  d e v i c e s  and 83 chanuols 
of  h i g h - l e v e l  a n a l c g  m e a s u r e r e a t s  f r c r  F r e s s u r e ,  s p e e d ,  
p c s i t i c r  rc l taqe,  flow r a t e ,  a n d  o t h e r  t y p e s  cf t r a n s d u c e r s .  
I t  u s e s  16: c h a n n e l s  o t  d i s c c e t e  c o n t a c t  s e n s i n q  
m G a s u r s m e n t s  t o  r o n i t o r  c c n t a c t  c l c s u r e s  and a l a r r  
c o n d i t i o n s  and  31 b i t s  of d i q i t a l  d a t a  t c  m c n i t c r  a c d e  
celect iol ; .  

T h e  c c s ~ u t e r  u s ? s  1H c h a n n e l s  c f  h i g h - l e v e l  a c a l c q  
c c t ~ u t  f o r  s e t - p c i n t  c c n m a n d s  a n 3  1 6 ? c h a n n e l s  of d i s c r e t e  
c c n t a c t  c l c s u r e  o u t ~ u t s  t o  c a n t r o l  t h e  r - l a p s  a n d  c o n t a c t c r s  
tor p r o q r a s e d  S e q ~ I e n c F s .  

An a n n u n c i a t c r  p 3 n e l  c o n t a i n i n q  l i g h t s ,  a C F l ,  3 n d  a 
s c h f - m a t i c  ~ r o v i d = s  s t a t u s  i n l i c . a t i o n  to t h e  o p e r a ' o r  d u r i n g  
a u t o m a t i c  c o m p u t e r - c o n t r c l l f d  c ~ e r a t i c n s .  F c r  s a n u a l  
c ~ e r a t ~ o n ~ ,  a k c h e m a t i c  t h a t  i s  b a c ~ - l i t  m i l l  i n d i c a t e  
o ~ e r - ~ t i n q  t u a c t i c n s .  K h a n  d p a r a m e t e r  goes o u t  o f  
t c l e r a n c e ,  i n d i c a t c r  l i a h t s  t l a s h .  The  c o m p u t e r  w i l l  
~ r c v i d e  I h a r d c o p y  o a t F u t  o t  i l a c r  c o n d i + . i o n s  a n d  a  CET 
s t a t u s  i n d i c a t i o n  d u r i n g  c c m ~ u t e r - c c n t r c l l ~ l  c r a t i c n .  

S ~ + c l d l - y u r ~ o = ~  gas s a m ~ l i n g  a n 1  ~ + c o r . i i n g  e q u i p r e n t  
c r c v i d e s  p a r t i c l e  r e m c v i n c j ,  q a s  c c c l i o g ,  d r y i r g ,  
t . c n ~ ~ c a t u r ~ ,  a t d  f l o w  c o n t r o l .  Thes? s p c i f i c  a n a l y z e r s  
o c n i t c r  c x y q e n ,  n y d r o c a r b o n s ,  c a r b o n  u i o n ~ x i  l e ,  c a r t - o n  
d i o x i - l ~ ,  s u l f u r  d i c x i d o ,  n i t r a g e n  o x i d e ,  a n d  h y d r c c h l c r i c  
a c i d .  T h e y  a re  n c t  c o n n e c t e d  t o  ths m a n u a l  o r  a u t o a a t i c  
c c n t r c l  s y s t e m .  An o u t l i n ?  p a r t i c 1 2  s i z e  a l d  c o u n t  u e i n q  
~ h o t o l u m i n c s c € n t  t e c h n i < u i ? s  is k s i n g  d e v c l c ~ ~ d ;  h c b c v ~ r ,  
t ~ i i s  i s v e l o ~ r n e n t  i s  n o t  y e t  c o ~ 2 l e t e  a n d  a nore c o n p l e x  
t e c h n i q u e  is t ~ i n q  u s e ? .  T h i s  8 s t h c . I  f c r c o c  a s a r n ~ l e  
t h r o u a h  c a l i t r n t ~ d  o r i f i c e  t h a t  h a s  a ~ i v e n  c u r r e n t  
p a s s i n g  t h r o u q h  it.  T h e  c h d n q ?  i c  r e s i s t a n c e  c a u s e d  t y  t h c  
~ a r t i c l c s  i s  ~ ' o ~ c r t i c n d l  t o  the c i t e  o f  t h s   article. 

W b f F B  DXSIRIEUTIC~ C C N T F C I  SYS'IE!! 
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The water d i s t r i b u t i c n  c o n t r o l  s y s t e m  ( f  i q .  3)  c c n s i s t s  
of  c c n t r c l  e q u i p m e n t ,  t e l o m o t a r i a g  equipment, a s y s t ~ s  rap ,  
a n d  c o m m u n i c a t i c n s  f a c i l i t i e s .  Th2 system c o v e r s  466  s q u a r e  
k i l c m s t e r s  ( l e a  s q u a r e  miles) a n d  i s  d i v i d e d  i n t o  6 service 
l ~ v ~ l s ,  9 n a j o r  FumF s t a t i c c s ,  13  s l e v d t e d  E t C L a q C  t a n k s ,  2 7  
s e c c n ( 1 a r y  p u a ~  s t a t i o n s ,  a n d  57 m o n i t o r i n g  s i t e s .  

T h e  c o m p u t e r  s y s t a m  used i s  t h e  IB?! 18". The c c u p u t e r  
m c o i t c r s  mcre t h a n  6 2 :  p c i n t s  a n d  c o n t r o l s  3 5 C  v a r i a t l c s .  
I t  a l l c w r  f o r  c n e  c p . ? r a t o r  t o  manay? h o t h  water 3 i s t r i k n t i c r :  



and a c h i l l  ed-water/stsam p l a  T h e  c c e ~ u t e r  r a n i t o r s  a11 
~ o i r r t s  ;.uery S C  mil l i seconds ,  - .qs  a l l  t r a n s a c t i o n s ,  acunds 
~ l a r m s  t c r  c u t - o f - t o l a t a n c a  cond i tons ,  a n d  performs 
s t a t i s t i c a l  da ta  ~ r o c e s s i n y  f u n c t i o n s  such a s  t i l l i n g .  

I h ?  IBn  226C cobputar  f u r n i s h e s  d i s p l a y  e q u i ~ r e s t .  T h e  
c z e r a t o r  uses  t h e  I B R  2260  t o  r eques t  s t a t u s .  h e  may a l s c  
request  a  s p e c i a l  ~ r i n t o u t .  Tuo Inn  1@53 p r i n t e r s  a r c  u s s d :  
c ce  p r i n t s  a larm mcssnqes and t h e  o t h e r  ~ r i n t s  haur ly  
t c a n s a c t i o n  l cqs .  A ~ r i n t e r  k e y t o a r d  (IEC 1816) ~ r i n t s  a 
fu l l -day  l c g  e a c t  m i d n i q h t .  

c h i l l e d - u a t e r  b i l l i n g  i s  achievad by monitor ing t h e  
flow a n d  c c c v e r t i n q  i t  t c  ton-hcur h i l l i n g  u n i t s .  Punched 
c a r d s  a r ?  output  d a i l y .  

I r a n s ~ i s s i o n s  a r s  made over  l eased  te l2phcno l i n ~ s .  
lone s i ~ n a l s ,  s e n t  once overy 15 seconds,  havc a maxiwum 
l c n g t h  o t  1 2  s ~ c c c d s ;  t h e  l e c q t h  is p r o p o r t i o n a l  t o  t h e  
value of t h e  p a r a r e t n r  being sampled. The c c a & u t € r  z y s t s a  
s a o ~ l + : s  t h e  t c r e  s i g n a l s  t h a t  have been d i s c r i m i n a t e d  
throuqh pass ive  f i l t ~ r s  t c  r e F r e s t n t  i r d i v i d u a l  channels. 
Each pardmet-er i s  s a m ~ l e d  ev+ry 5 6  mil l i seconds .  The 
ccmputer i s  s i c k l y  looking f o r  t h e  presence  of t h c  t cne .  On 
r e c e i p t  cf  a n u l l  ~ e r i o d  ( i n l i c a t i n q  ond cf t r ansmi t . t e?  
v a l u e ) ,  t h e  ccmputer t c t a l s  t h e  coun t s  r ece ived .  h maxisup 
of 6Cr c c u n t s  i s  r e ~ r e s e n t a t i v e  o t  a  f u l l - s c a l e  va lue  ( i . ~ . ,  
12-second s i q n a l  s a ~ p l e d  eve ry  50 m i l l i s e c o n d s  and tone  

I detacted each t i r c ) .  Hence, a 6-seccrd t cne  i n d i c a t e s  5 :  

! Fercent  cf f u l l  zeals, w h i c h  i s  i n t e r ~ r e t c d  t v  t h e  coacu te r  
i t o  h e  a h a l f - f u l l  tar!k or  a p r e s s u r s  of only  one-half  of  
! f ~ 1 1  fo rce .  

A l l  v = ? r i a k l e s  a r e  convertod t c  ? n c j i ~ e e r i r q  u n i t s  c v + r v  
minute and checked a q a i n s t   reset l i n i t s  €vary 2 a i r u t e s .  
Operator  d e c i s i o n s  a r e  mada on t h e  b a s i s  cf processed data .  
P r i o r i t y  i n t e r r u ~ t s  d l e r t  t h e  computer t o  s v a l u a t e  c r i t i c a l  
q - ~ a r , t i + i e s .  Audible t c n e s  on alarm hcrnc a r e  used w i t h  
~ r i n t e d  alarm a e s c a j z s  and a l t c r n a t i v ~  a c t i o n s  mcssaqcs t o  
i r . d i ca t e  emergency ~ r o c e d u r e s .  

C c d - 3  sch-matics  o t  t h e  h a t e r  d n d  L ~ a t i n q / c o o l i n q  
systems a r e  g r a p h i c a l l y  shcwn cn a  c c m ~ u t e r - c c n t r c l l r d  s l i d e  
p r o j e c t o r .  T h i s  s e t u p  a l l o w s  the  o c e r a t c r  t c  i n t c r f a c e  b i t h  
t h e  systsm th tcuqb t h e  computer h i thou t  u s i n q  unwieldy 
t sx tbock-  t y ~ e  1roce4ures.  



A U T C P A T I C  C C ~ T L ~ C L  A N C  M C N I T O F T N G  SYSIE!'! 
C 1 S K F Y k O F L C ,  F L C B I C A  

The du tcma t i c  c o n t r o l  an11 monitor inq system at. 
Dis1;eyworld ( f  i q .  U )  ~ r o v i c i e s  3 c c & a u n i c a t i c n s - c r i e n  tor3 
:nonrtcrin.i  and manaq+r?mt system f o r  t h a  f o l l c w i n q  a reas :  

F i r =  alarm and 
s u p ~ r e s s i o n  

Seuaqe t rcatmen* 
S ~ l i d - w a s t e  handl inq  
Domestic water 
C e n t r a l  snergy  
rns rqy  d i s t r i h o t i c n  
Crainaae 

F l e v a t o r  emergency 
~ r c c e d o r c s  

Air h a n d l e r s  
F u e l  l c a d i n g  
9 s f r i q e r a t ~ d  s t o r a q a  
S e c u r i t y  
S+condary Fower 

There a r i  1 3 C C  s @ n s i t ~ ( j  a n d  c c n t r o l  ~ c i n t s  w i t h  k lnns  f c r  
+ : x t ~ n s i c r ~  c t  t h e s s  a s  e x i s t i n q  s @ r v i c z s  a r &  €x~ar ld?d  and 
? ( ? d i t  i c n o  nre  i n c c ~ ~ c r n t ~ ? d .  

Th? s y s t c n  i s  c o m ~ r i s e j  of s i x  d d t a  t P r m i n a l s ,  c a l l ~ d  
i e n t r i ,  ahich a r e  1ocd ta J  ~ r e o q r ~ ~ p t i i c a l l y .  T h ~ s t  t ~ r l r i n a l s  
scan t b - .  v a r i c u s  Lar3rnstsr.s i n  their a r e a  once E B C I I  S E C C ~ ~ .  

C r i t i c d l  measur-?nionts a r e  irr[.lemented on two o r  more 
t e r m i n a l s .  Thc J a t a  .ire s c a n n z d ,  d r d  any s i q n i f i c 3 n t  c h 3 n q -  
is r c ~ c r r c ?  t o  t h c  c o s ~ u t e r  s y s t s m .  T h c  computfr s y s t c n ,  
ur:der opt!ra*or ccmadnl!, can raqtltlst d a t a  a t  any tins. Tb+:sc  
r i m c t c  t c r r i c a l s  a r e  c e n t e r i d  *round minicomkutsrs  t h a t ,  
throuqh s c t  twar.2, o p - r a t e  t h - ?  t ? r a i n a l  s. It i s  ? u s s i  t l c  
t h a t  a l l  t k t .  rcc:uirel1 ~ r r l c r s s i n j  r o r  a ~ i v e r l  a r e3  cou le  k s  
d c c c n ~ l i s h + d  a t  :he r e n t r i  t e r m i n a l .  Eac5 t e ~ m i n a l  c c n t a i n s  
t h e  neces sa ry  diyi ta! /nnaloq l g i j i c  t o  i n t + r f  ace with t t c  
sens inq  ~ o i a t s  i n  t h -  n i sncyvc r ld  s v s t e s .  S i r  rewote 
t e r m i n a l s  w e r ~  chcsen a s  3 r'sult of c o s t  t r a d e - o t f  s t u d i e s .  
P r i m ~ r i l y ,  t h e  c o s t  of  i n s t a l l a t i o n  d n d  i n t e q r a t i c u  of 
c a t l e s  ( k i r ~ s )  ccrFared  t o  t h a t  of d i q i t a l  equipment ~ c i n t c d  
t c  mere remota t-.rmiaal,c r d t h e r  thari a singie onc a s  t ~ i n q  
c o s t  ef f ~ c t i v c .  The c c n s i d e r n t i c n  c f  y rcb th  thrcuqh 
,3ddi t icn  c t  f u r c t i o n s  a l s o  a f f e c t e d  t h ~  cho ice  of s e v e r a l  
r lmote  t o r a i n a l s  r a t h e r  t t d n  a s i n q l e  cne.  

I h e r c  a r e  £cur  t y ~ a s  of  d i s p l a y s  i n  each of sEvcn 
locations. Thcy c c n s i s t  cf ( 1 )  CET J e t *  t e r m i n a l s ,  w h i c h  
p r o v i d z  t h e  wcrkiny i n t e r f a c e s  w i t h  t h e  o p e r a t o r ,  ( 2 )  
t e l e t y ~ o w r i t e r s  f o r  hard copy, ( 3 )  audio  a l 3 r a s ,  a n d  ( 4 )  
lam[ d i s ~ l a y   ane el^. I n  thos?  i n s t a n c e s  uhs re in  a d u a l  
d l e p l a y  cf a s i n g l e  c r i t i c a l  paraaet ' r  is  implemsnted,  i t  is  
d r i v s n  h y  s e p a r a t e  computers.  

The two c e n t r a l  ccmcutzrs  a r e  used t c  i a ~ l e r e r t  
redundancy f o r  c r i t i c a l  o ~ e r d t i o n s .  A ccncep t  cf s t a r ~ l k y  



r ~ d u a d a n c y  i n  used wherein computer D performs a l l  
o p e r a t i o n s  wtiile ccmFutet A does self-test Frcqrams on the 
e n t i r e  system ( inc lud iny  cornputsr E ) .  T h e  computers a r c  
loca ted  s e p a r a t e l y  t o  avoid comrnorl c a t a s t r o p h i e s  t h a t  wculd 
cause  f a i l u r ~  of both systems. I n  h i g h - a c t i v i t y  ~ r o c t s r i n q  
pe r i cds ,  t h e  ~ t a n d b y  c o p u t e r  t a k e s  over  some of t h e  
k rccess ina  load. E i t h e r  computer can s e r v e  i n  e i t h e r  r o l e .  

l h c  t c t a l  s o f t w a r e  system f o r  the f i sneywor ld  au tcmat ic  
c o n t r o l  a n d  monitcr ing s y s t p ~ ~  c c n ~ i s t s  c t  t h e  f c l l c u i n q  
categories: ~ x e c u t i v e ,  a p p l i c a t i c n s ,  s e l f - t e s t ,  da t a  base,  
a n d  u t i l i t y .  These s o f t w a r e  packages a r e  s e l f - d e s c r i p t i v e .  

'lhe Pisneyborld system probably r e p r e s e n t s  t h e  mcst 
:orward approach t c  o v e r a l l  u t i l i t i e s  a c n i t ~ r i n q  and c c n t r c l  
' h a t  h a s  keen implerc=nted t o  d a t e .  As a n  a ~ ~ l i c a t i o n  t c  the  
PIIUS, i t  c o n t a i n s  all t h ?  t u n c t i o n s  of t h e  hardware and mcst 
ck t1.l s c t t u a r ~ .  7112 a rea  of t h e  HIUS i n  which d ~ v e l c ~ m ~ n t  
d a t a  and demonstrat ion a r e  l ~ c k i n q  is t h e  phys ica l  
i n t e g r a t i o n  of t h e  v ? r i c u s  subsys tens  and t h e i r  a c s o c i s t c d  
c o n t r o l  and monitoring so f tware .  

S F A C E  S i i O T T L E  A V I O N  JCS 
L Y N D C N  C. JCIIESCN S F A C E  C E N T E F  

T h e  a v i c n i c s  subsyster of t h c  N A S A  space  s h u t t l e  
c o n s i s C s  of quidance, nav iqa t i cn ,  and f l i g h t  c c n t r c l :  d3 t3  
~ r c c c s s j n q  ar,d s o t t r a r t ;  cornrnunicatiorls a n u  t r ack inq  
i n ~ t r u u ~ c n t a t i c n ;  d i s p l a y s  and c o n t r o l s ;  a n d  e l e c t r i c a l  Fcwor 
l l s t r i b a t i o n  and c c n t r c l .  The a F ~ l i c a t i c n  of the  space 
s h u t t l e  dv ion ics  t ec t~nc loqy  t o  t h r ?  YIUS is  most Denef i c i a  1 
from a f ~ q c t i o n a l  c o n s i d e r a t i o n  r a t h e r  than an a c t u a l  
implomentation. Thc f u n c t i o n s  cf cnbcard s y s t e r s  
managsmal1t, i c t e q r a t i o n ,  and s imula t ion  a r e  of p a r t i c u l a r  
i n t e r e s t .  Technolcgy r e q u i ~ e m ? n t s  f o r  t h e  NASA spacc  
s h u t t l e  a r e  c e n t e r ~ d  arcund t h e  use o t  proven eqqipment 
and/or  techniquss .  Fany of t he  c o n c e ~ t c  t h a t  a r e  t o  t~ 
i n ~ l e m e n t e d  i n  t he  s h u t t l e  a v i o n i c s  have teen well  
demonstrated i n  t h e  ~ l e c t r c n i c s  l a t c r a t o r i e s  a t  JSC. 
Becausc t h e  d ~ t a i l e d  s h u t t l e  desiqn is c u r r e n t l y  keiuc 
iormula ted ,  no p a r t i c u l a r  c o n f i j u r a t i c n  can d e s c r i t e  i t :  
hcwever, those t u n c t ~ c n s  r e l a t e d  t o  t h e  MIUS have h ~ ~ n  
t r ~ a t e d  i n  t h e  fo l lowing manner. 

The systeIrs ranagemeqt ~ r o v i s i o n s  inc lude  o n t o a r c  
f u n c t i o n s  r equ i red  b y  both f l i g h t  and qrcund c r e r c  t o  
determine veh ic l*  s t a ? u s ,  c o n f i q u r a t i c n ,  ~ e r f c r a a n c s ,  a n d  
o p e r a t i o n a l  r ead iness .  These p r o v i s i o n s  inc lude  c a u t i c n  a n d  
warning, ~ e r f c r r a n c ?  monitor ing,  and i n - f l i g h t  ddta  
recorifinq r o r  l a t e r  qrcund a n a l y s i s .  Tho ~ r i n a r y  f c a  t u r e s  
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of t h e  onboard systems management a r +  used i n  a i r l i n e  
systems and a r e  based cn t h c  f c l l c u i n q  c r i t e r i a .  

1. T h e  c c c k p i t  i s  tibe c a n t e r  o f  b o t h  i n - f l i g h t  and 
qrcund a c t i v i t i e s ,  excep t  for hazardous s e r v i c i n g .  

2. O ~ e r a t i c n a l  d i s p l a y s  and c o n t r o l s  a r e  used t c  t h c  
maximun e x t e n t  t o r  ch lckou t .  

3. Au tcea t i c  f a u l t  d e t e c t i o n  is provided f o r  f l i q t t -  
c r i t i c a l  f u n c t i o n a l  ya t h s .  

. B u i l t - i n  t e s t  equipment i s  incorpora ted  i n  a v i c n i c s  
and ncnavicnics  equ ipsen t .  

5. P rev icus  f l i g h t  subsystem ~ e r f o r m a n c ~  is t h e  Las is  
f o r  r c s t  qrcund checkout a c t i v i t i e ~ .  

The ~ e r f c r m a n c ~  of s u b ~ y s t e m s  i s  monitored a t  t h e  s u t e y s t ~ m s  
manaqeinent s t a t i o n  and c r n t ~ r  and a t  t h e  ~ i l o t  c o n s o l ~ s .  
Although some systems c c n t a i n  p r o v i s i o n s  f o r  automatic  
swi tch ing  of redundant e l ~ m e n t s  c r  f o r  a u t c e a t i c  s a f i n g  cf 
f a i l k 4  ?lements,  most redundancy aanayeeent i s  a c c c c ~ l  i s h s d  
r anua l ly .  I t  i s  qen9ra l ly  based on i a t a  m a . 1 ~  a v a i l a b l e  
through the  ~ : e r f c r m a n c ~  monitoring f u n c t i o n  and dedica ted  
cockp i t  d i s k l a y s .  

T h e  hardbarf  tor t h e  ~ s r f c r m a n c e  Ecn i to r inq  f u n c t i c n  
c c n s i s t s  c t  t hc  fc l lcwinq elzments:  

1. Computer and a s s o c i a t e d  i n p l l t / o u t ~ u t  swi tch ing  

2. CFT, k+ybcard, dnd annunc ia to r  panel  d i s ~ l a y s  

3. Pulse-code-modulateif (EC!!) d a t a  t u s  s y s t 6 m  

4. Data a c q u i s i t i o n  S Y S ~ ' ? . E  ( i n c l u d ~ s  remote u n i t s  w i t t i  
s tcred Frcqrae fcrrnat c o n t r o l l e r )  

5. S ~ e c i a l - ~ u r ~ o s e  r e c o r d e r s  f o r  ground and i n - f l i g h t  
playback 

Th? con t rc l /mcn i t a r inq  s y e t e n s  t h a t  have been  q s n e r a l l y  
d e s c r i b e ?  could h a v e  beem im~lemen ted  i n  s e v e r a l  k a s i c  ways. 
'Ihese systems were chosen t o  i l l u s t r a t e  t h e  technology l e v e l  
of e x i s t i n q  syztems. T h e  i n s t ru i cen ta t ion  t echn igces  
a v a i l a b l e  h a v ~  heen discussed  i n  e a r l i e r  s e c t i o n s  of t h i s  
r epor t .  The cho ice  o f  ccmputers  i n  t h e s e  t y p e s  of s y e t s a s  



can be  mdde f r c r  a mul t i tude  of a p p l i c a b l e  cand ida te s .  A 
E U K V E Y  of t h e  minicomputet market and a c o m ~ i l a t i o n  of 
s e l e c t i o n  a d v i c e  f c r  min icom~ute r  u s e r s  a r e  ~ r e ~ e n t e d  i n  
~ e f e r e n c e  1. E r i c e s  f o r  c e n t r a l  F r c c e s s c r s  u i t h  a  s tanddrd  
complement o t  memory ( u s u a l l y  4K t c  24K aaximum) a r e  shcwn 
i n  r e fe rence  1 and i n  ~ o s t  t r a d e  adve r t i semen t s .  The add+d 
c o s t  t c r  k e r i ~ h e r a l  e q u i p ~ e n t  m u s t  b e  cons ide red  t ~ f o r e  
p r i c e  comparisons a r t  meaninqful. fieferercz 1  o u t l i n i s  the  
r c s t  s i q n i f  i can  t s e l e c t i o n  c r i t e r i a  f o r  t h i s  f i e l d  of 
technology a n d  lists 65 s u p p l i e r s  cf a i n i c c ~ ~ c t e r s  and 
a s s o c i a t c d  hartware.  

SEX. E C T I O N  C F T I  E R I A  

T h e  s e l e c t e d  system f o r  t h c  HIUS c c n t r c l  and mcni tc r iay  
f u n c t i c n  w i l l  c rcv ide  t b r  information necessary  f o r  each 
subsystem and f o r  t h - 2  o v e r a l l  MIUS t o  accomplish i n t r n d ~ d  
qoa l s .  Fack s u  tsystcm and t h e  i n t e r f a c e s  amona su!-systems 
w i l l  kc r c n i t o r ~ d  f o r  thoso parameters  t h a t  determine s a f e  
and optimuv c p c r a t i o n a l  l e v e l s  based c c  load  requiremcnis .  
To a c t i a v e  t h e s e  l e v s l s ,  swi tch ing  of t h e  subsystem 
corpcnen t s  o t f  t h e  l i n o  o r  t o  a d i i f s r e n t  o p e r a t i n g  l ~ v c l  
w i l l  t.e a c c o m ~ l i s h ~ ~ l  a s  r squ i red .  A f u n c t i o n a l  block 
didqram f o r  ths P T U S  ccn t ro l /mon i to r ing  system i s  shc:wn i n  
f i g u r e  5. 

Automatic c o n t r o l s  s h a l l  he i n ~ l s a ? c t ~ d  i n t o  t h o  P T n S  
desiqn s u c h  t h a t  c c r ?  e f f e c t i v e  o p e r a t i o n s  can h ?  achi,?ve:I. 
T h e  d i v e r s i c n  cf t lows and l o a d s  and t h e  a d d i t i o n  a f  
chemicals  i n  t rea tment  F rccess s s  s h a l l  r e q u i r e  only gene ra l  
supe rv i s ion  b y  a  s i n q l e  o p e r a t c r .  

Va lve  c o n t r o l l e r s ,  F u m ~  swi t ches ,  r c t c r  c c n t ~ c l s ,  a n d  
au tcmat i c  l c a d e r s  s h a l l  be  iw?lemented i n t o  t h e  MIUS desiqn 
such t h a t  an i n d i v i d u a l  o r  a g r o u ~  of measured o r  ssnscd  
q u a n t i t i e s  w i t h i n  a su tsys tem v i l l  ~ r c v i d e  ~ u f f i c i e n t  
informat ion  t o  t h e  c o n t r o l  c z n t e r  s c  t h a t  c c m ~ e n c a t i c r ;  can 
be made f o r  changing o ~ e r a t i o n a l  ~ i t a a t i c n s  such a s  f l c r  
d i v e r s i c n ,  ~ u m i  c c n t r o l ,  and sc f o r t h .  T h i s  r ~ q u i r e m e n t  
does not e l i r i n a t e  t h e  need f o r  r e g u l a r  maintenance crews 
t h a t  p e r i o d i c a l l y  s e r v i c e  t h e  c c n t r c l l e r r  and manuall! f i l l  
t h e  hoppzrs. 

A c . ? n t r a l l y  l c c a t e d  c o n t r o l  rccm w i l l  ~ r c v i d ~  space f o r  
a l l  c c n t r o l l i n q ,  ccmyutinq, and recordinq  equipm'nt, a s  w ~ l l  
a s   to^ o p e r a t c r  ~ e r s o n n e l .  A l l  s i q n a l s  s h a l l  be routed  t o  
t .he  c c n t r c l  rocm f o r  i n d i c a t i n q ,  r eco rd ing ,  and/or 



c o n t r o l l i n s  from one l c c a t i o n .  K o n c o n t r o l l ~ d  measuruaen!e 
s l ~ n l l  be a v a i l a b l e  f o r  monitor ing only i n  t h i s  room, I n  
a d d i t i c n  t o  hc t~s ing  c o n t r o l  aquipment, t h e  c o n t r o l  r o c r  
shculd  provide s u i t a b l d  and proper ( q u i e t )  s p a c e  f o r  
d i s c u s s i o n s  cf F ~ c ~ ~ Q I D s  a s  t h e y  may arise i n  t h e  MIUS 
f a c i l i t y .  

T h e  c o n t r c l  system s h a l l  b e  c a ~ a t l e  cf c ~ e r a t i c n  i n  
t h r e e  d i f t ~ r e n t  rc3es  f r o a  t h ~  c o n t r o l  c e n t e r :  (1 )  manual 
c o n t r c l  b y  t h e  o F e r a t o r s  from c o n t r o l  c s n t e r  valve 
p o s l t i o n e r s ,  ( 2 )  au tomat ic  c c n t r c l l e r  c ~ e r a t i c n  w i t h  e i q n a l  
c u t ~ u t  b a s e d  cn value cf s i q n a l  r ece ived ,  and ( 3 )  a u t c r a t i c  
s i g n a l  cu tpu t  k y  d i g i t a l  comruter  based on r ece ived  s i q n 3 l s  
and processed a s s o c i a t e d  va lues .  I r  a d d i t i c n  t c  thesf  
c c n s o l r  c ~ e r a t i o n s ,  manual p o s i t i o n i n g  of va lves  m u s t  be 
p c s s i b l e  a t  s e r v i c e  ~ o s i t i o n s  independent of t h e  c o n t r c l  
contor .  

Ccn t ro l  techniques  f o r  t h e  t y ~ e s  cf s u k s y s t e s s  use(1 b y  
t h e  !IIl!S a r e  advanced t o  d s t a t e  of computerized 
conven t i cna l  c c n t r o l .  Convent ional  analog c o n t r o l l ~ r s  
mcunted cn ~ a n ~ l k c a r d s  can be ad jus t ed  b y  t h e  o p s r a t o r  or  b y  
a computer. 

Cont.inuous monitar inq f r o a  a  c c n t r o l  rcca  cf the  YIOS 
S U ~ S Y S ~ S R E  a ~ d  the  i n t o r t a c e s  among suhsystems s h a l l  b? 
~ r o v i d p d  a s  a   art of t h e  MIUS i n s t a l l a t i o n .  S u f f i c i e n t  
i n s t r u m s n t a t i c n  s h a l l  b e  included a s  a p a r t  of e a c h  
subsys+.cm an4 on t h e  i n t e r f a c e s  among s u b n y s t e m ~  so a s  t o  
p r o v i d ~  n c o n t i c u c a s  s t a t u s  t o  t h e  c p e r a t c r  i n  the c e n t r a l  
c c n t r c l  r c c r .  O ~ e r a t i c n  of t h e  HItlS s h a l l  b e  conducted 
without. t h e  n e c e z s i t v  cf t h e  o p e r a t o r  h a v i n , ~  t o  r o u t i n e l y  
r r a d  qagex, a e t e r s ,  and c t h e r  i n d i c a t c r s  a r c u r d  t h e  
e q u i t r e n t  r ccs  f l c c r .  The equipment room environvcnt  f c r  
t h e  RIUS, l i k e  t h \ ~ t  of s i m i l a r  system i n s t a l l a t i o n s ,  is  
expected t o  Ce such t h a t  r o u t i n e  manual o p e r a t i o n s  c 3 n  he 
performed without the  need f o r  e x t e r s i v e  ~ h y s i c a l  ~ r o t r c t i o n  
f o r  eyes, e a r s ,  a n d  s o  f o r t h .  

T h e  HIrJS c o n t r o l  and r o n i t o r i n q  e q u i r a e n t  s h a l l  b c  
c a ~ a k l e  cf l cgqing  and recording  s e l e c t e d  measur2ments. 
C e r t a i n  c ~ o r a t  i o n a l  Faramzters t h a t  a r e  of i n t e r s s t  f c r  
l o n q - t e r r  s t a t u s  r e p o r t s  and t h a t  a r e  cf d a i l y  o r  even 
hour ly  i n t e r e s t  t o  o p e r a t o r  personnel  s h a l l  b e  lcqged. 
S t r i p - c h a r t  r eco rde r s  and a  ~ r i n t e r  ou tpu t  s h a l l  scrvG a s  
t h e  loqqinq d6vic:s. S e l e c t i o n  o t  da ta  t c  be lcqqed s h a l l  
be by patch  ane el c r  kevhoard i n p u t  s t  t h e  c o n t r o l  cor!scle. 
Automatic loqginq cf paramet?ts  t h a t  vary unusual ly and cf 
alarm c o n d i t i o n s  s h a l l  k r  a f u n c t i c n  cf t h e  d i g i t a l  
s u p e r v i s o r  and its i n t f r f a c c  t o  t h e  p r i n t e r .  Daily o p e r a t o r  
l c q s  can t e  supplemented o r  f u l l y  furnishes b y  t h e  d i a i t a l  
s u p e r v i s c r y  c o t ~ u t  t o  tho p r i n t e r .  



Performance of a LTUS suhsys teu  s h a l l  be  mcn i t c r t a  and 
controlled w i t h  s e n s o r s  and c o n t r o l  techniques  t h a t  3 r s  
convent icna;  i r  c c n t r o l  systems f o r  u t i l i t y  and 
petrocb?mical  i n d u s t r i e s .  Ths measurinq a n d  c o n t r o l  
t echn iquss  d i s c ~ ~ c s e d  i n  t h e  fo l lowing s x t i o n s  s h a l l  k c  
usell* 

Tbr r rncccu~ les  s h a l l  b e  used t o  sense  t;mFera+ures i n  
hea t inq  and coo l inq  water  l i n e s  and a c r c s s  heat  ~ x c b a r q e s  i n  
?nyines ,  p u m p s ,  i n c i ~ e r a t o r s ,  and process  tan11 where 
t e m r e r a t u r o  c c n t r c l  4nhances t h e  o p s r a t i o n .  A m t l i t i e r s ,  
c c n t r c l l o r s ,  a n d  t r a n s m i t t e r s  s h a l l  h e  implem~ntzd  a s  
npcessary f o r  the c c n t r o l l e d  responsGs t o  va lves ,  pumps, and 
sc f c r t h ,  such t h a t  t h s  optimur range of tempers turc  i s  
ea in ta in2d .  

F l u i d  pressure sensor  t r a n s l r i t t o r s  w i t h  l o c d l  readout  
s h d l l  b e  used t o  d s t ? r r i n e  F res su re  i n  t he  var icun 
ccpycnents  of the  PIUS.  A 4 -  t o  20-inilliampere s i s n a l  t h i t  
i s  ~ ; r c ~ o r t i c n i l l  t o  t h e  sense:l  pressure s h a l l  t e  t . r a n s m i t t ~ d  
t o  t h c  c o n t r c l  rocm. C c n t r c l l c r s  a r -  r$qui red  f o r  those  
p a r a r e t e r s  f o t  which tho Fressure  m u s t  b s  r e q u l a t c d  w i t h i n  
hiqh-low limits, a t  a s p ~ c i f i e d  r a t e  cf change, c r  f o r  c t h e r  
~ r ~ d e t + r a i n e d  c o n d i t i o n s .  

Flow 

The flow cf wat-r i n  va r ious  loops  of t h e  FI!lS s h a l l  b~ 
monitorcd w i t h  ra te-ok-f lcw d e v i c e s  such a s  c r i f i c e s  c r  
f lcw,  v e n t u r i ,  o r  F i t o t  tubes .  D i f f e r e n t i a l  F res su r?  c e l l s  
t h a t  t r a n s m i t  U- t o  23-milliampsre s i q n a l s  r e p r e s ~ n t a t i v ~ :  af  
the flow r a t e  s h a l l  he used t o  provide t h e  s i q n a l  f ron  the  
dovice t o  t h s  c c n t r c l  K O C F .  

The &lcw c t  conduct ive  m a t e r i a l s  t h a t  a r c  t h i c k ,  
c c r r o s i v s ,  t u r b u l e n t ,  o r  s o l i d s - h e a r i n g  (such a s  s l u d g e )  
s h a l l  b e  mcnitcred w i t h  magnetic sensor s .  These s e n s c r s  
s h a l l  F K O ~ U C ~  m i l l i v c l t  s i q n a l s  t h a t  a r ?  t ransduced t o  a 
4- t o  2 0 - m i l l i a m p ~ r e  c u r r e n t  cu tpu t  ~ r c ~ c r t i c r a l  t o  the  f l o v  
ratG. 
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C o n t r o l l e r s  f c r  b a t h  c a t e q c r i e s  cf  f l c w - r a t e  s e n r c r s  
s h a l l  h e  used whcre t h e  f l c v  i s  t o  h e  modulated o r  d i v e r t e d ,  
based  on p r e l e t e r m i n e d  f a c t o r s  a s s c c i a t e d  w i t h  t h e  r a t e .  
f h e  v a l v e s  o r  F U I ~ I F E  t h a t  a l t a r  t h e  flow s h a l l  c o n t a i n  
interfaces t.hat  w i l l  a ccep i  a s i g n a l  frcm t h e  c c n t r c l l e r  f o r  
p o s i t i o n  o r  s t a r t l s t o p  c o n t r o l .  

L i q u i d  l e v e l s  i n  t a n k s  s h a l l  be monitored b y  u s i n g  
f l o a t ,  buoyancy, c r  d i f f e r e n t i a l  p r e s s u r e  s o c s c r s  t c  
t r a n s m i t  either the  v o l u ~ e  on a c o n t i n u o u s  b a s i s  c r  an 
i 3 d i c a t i o n  o f  t i q h  o r  low l e v e l s  a s  a larm s i g n a l s .  The 
t r a n s m i t t ~ c  o c t ~ u t  s h a l l  then  be used t o  t u r n  p u m r s  cn c r  
o f f  o r  t c  p c s i t i c n  v a l v e s  a s  neces sa ry  t o  a d j u s t  t h c  l e v e l  
L O  t h e  proper  volume. 

water  O u a l i t y  

I n s t r u f r e n t a t i c n  f o r  de te rmin inq  t h e  c f f c c t s  o f  a n d  t h e  
r equi rements  f c r  tr-.atmer?t of b a s t e  ~ a t e r  and p o t a b l e  water 
s h a l l  h~ inclul led i n  t h e  RIUS.  E x a u ~ l e c  cf s s n s o r s  t h a t  a r e  
t o  he used t o  d c t e r m i n ~  t h e  q u a l i t y  cf such wa t f r  fo i l cw .  

1. C h l c r i n e  - I c n  probes  f o r  c h l o r i d e  d ~ t ~ c t i o n  a c 3  
t c t a l  c h l c r i n e  mcni tor ing ,  u s i n g  r eaqon t s  such a s  
o r t h c t o l i d i n e ,  ~ r o v i d ?  c o n t i n u c u s  c h l o r i n e  l e v e l s  i n  t t e  
s t r e a c  C L  tank. 

2. Carbon - A t o t a l  o r q n n i c  ca rkcn  ('TOC) a n a l y z ~ r  
s h a l l  b e  used a s  a con t inuous  monitor inq dev ice  t c  d z t e c t  
t h e  inmedia te  c r q a n i c  load inq .  

3. Conduc t iv i ty  - T h e  moni tor ing of t o t a l  d i s s o l v e d  
s o l i d s  i n  c o o l i n q  towers  and b o i l e r s  s h a l l  b e  r e q u i r s d .  A 
con t jnuous  blcwdcwn r rocedure  t h a t  uses a  c o n d u c t i v i t y  ~ € 1 1 ,  
a  t r a n s m i t t e r ,  and a c c n t r c l l a r  t o  o p e r a t e  t h e  duma v a l v e s  
s h a l l  b e  i rplemonted.  

4. FH - C n - l i n e  c o n t r o l  cf  t he  p E  of t r e a t e d  water 
s h a l l  bz i m y l e s e n t ~ d  through + h ?  use of o l ~ c t r o d s s ,  
t r a n s m i t t e r s ,  a n d  c o r i t r o l l ~ r s  t o  3 d d  a c i d ,  carhon d i o x i d e ,  
o r  c t h + r  ~ u b s t a n c e s  t o  change t h e  pH a s  i t  v a r i e s  a t o v e  cr 
below t h e  optimum l e v e l  f c r  prcFer  t r e a t r e a t .  

Subsgstcm I n s t r u m e n t a t i o n  Summary 

The i n s t r u m e n t a + i o n  t echn iquzs  s ~ e c i f i e d  i n  t h i s  
s e c t i c n  have teen F ~ O V ? ~  throuqh t h e i r  u se s  i n  i n d u s t r i a l  



chemica l  a n d  r e f i n i n q  o ~ s r a t i o n s  d n d  An u + i l i t i s s  o k e r a t i c n s  
l lur inq t h e  t a s t  1' pars. T h e  q + n a r a l  o v e r d l l  a c c c f t a n c e  cf  
t h e s e  t y F e s  of i n s t r u m e n t a t i o n  t e c h n i q u e s  a t  s u c h  major 
i n d u s t r i a l  i n s t a l l a t i o n s  q u a l i f i e s  t h e r  a r  hs ing  e q u a l l y  
a c c ~ p t a b l ~  f o r  HIUS i n s t a l l a t i c n s .  Pla j c r  hardmare 
s u ~ ~ l i z r s ,  a r c h i t c c t u r a l  and e n q i n e e r i n q  t i r r s ,  an3 
r + c h d n i c d l  r c n t r a c t o r s  w i l l  h a v e  no d i f f i c u l t y  i n  s u ~ k c r + i n q  
t h o  ~ r o j ? c t  s f f o r t s  wi th  resFect t c  t h e  i n s t r u n r n t a t i c n  
c n l l c d  fo r  i n  t h i s  s p a c i f i c a t i c n .  I n  a d d i t i c n ,  t h s  ~ E F ~ C ~ F  
c t  c ~ n r a t i c r  a r d  t ra in tananc+ m i l l  b,? i I ~ ~ 0 m ~ l i ~ h e d  w i t h  
r e l a t i v e  e a s s  because  t h ?  t o c h n i q u s s  a r e  u n i v e r s a l ,  

SYSTEI A C C I I F A C Y  

T h c  i n s + . r u a e n t d t i c r i  f o r  t t ~  HIfIS c c n t r c l / m c n i t c r i n q  
. i y s t € m  s h a l l  h d v e  an o v n r d l l  a c c u ~ a c y  c t  a t  l e a s t  + 7  Forc+nt  
c t  f u l l  ~ c a l c .  ? h ~  t u l l c w i n q  d c c u r a c i c s  ( r raxi rua  c r r c r e  
d l l c u c  1 )  f ~ j s  t h e  v a r i o u s  comi.or:?n+s of t h e  c o n t r o l  an, ]  
m o n i t o r i r g  in : t rumont3t ion s h a l l  t:e n P t  a s  a m i n i r u ~  
r e g u i r e r = n t .  

S J I : S O L S  +C.5 p ; ? r c C n t  of  f u l l  seal,: 
' I r a ~ ~ n i t t e r s  3C.5 p ~ r c e n +  of f u l l  s c a l c  
Fdnel  F C  t ~ r ~  t 2  p e r c a n t  o f  f u l l  s c a l e  
Mul+i l .c i l l+  r e?dou t  

(I*! v i c e s  *C.5 p e r c e n t  ~t f l ~ l l  s c a l e  

I t t - t h e - s h e l f  i n s t r u v ~ - 2 n t s  p r o v i j e  thnss a c c u r a c i ~ s  i n  
s t d n d a r d  c o n f i a u r a t i o n s .  

T h n  R I n S  i ~ s t r u m e n t a t i o ~ i  s h a l l  i ~ r ~ l c m e n t ~ d  
r edunddn t l y  i n  a c c o r d a n c ~  w i t h  the f c l l c w i n q  q u i d e l i n e l  
( r i n i r u n  redundancy r e q u i r ~ m e n t s )  . 

1. Nc pr imary -11-ment o r  a s s o c i a t e a  h a r r j w a r ~  
re3undancy i s  r e a u i r d d  f o r  f l ow  measuremanta. Failure o t  a 
g iven  i n ~ t r u n s n t  b i l l  not  r e s u l t  i n  d+qrdded  s y s t F a  
performance a s  lonq ;IS r e l a t e d  F r t s s u r e  d ~ d  t c a ~ e r a t u r c  
p n r a a e + ? r s  a r e  s t i l l .  a v a i l a k l e .  

2. A l l  t c c p e r d t u r ?  m e a s u r s r e n t s  t h a t  a r e  t r a n = n i t t k : l  
t o  ind iv i t lua  1  i n d i c a  t o r s ,  r 3co r i1~? r s ,  OL. c u n t r o l l e r s  s h a l l  
o r i g i n a t e  frcm a d u p l i c d t e  st?t of t empera t t i r e  p r o t c s .  
3 -dund~ia t  1 r c b ~ s  s h a l l  h e  mounted i n  t h e  s a n e  t h ? r v o u c l l  3 s  

t h e  t e m p e r a t u r e  s c n s o r s  t h a t  s u p p l y  mEacureaects  f c r  
logging, m u l t i p o i n t  r e d d c o t ,  and d i g i t a l  s a ~ ~ r v i s i o n .  
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3. No primdry :;.?nsor ? l amant  o r  a s s o c i d t e d  h a r d w a ~ c  
redunldticy i s  required f ; r  p r + s ~ u r e  a n d  l e v a 1  mcasurcrrcrt+:. 
However, l c c a l  g a q c s  s h a l l  b e  i r p l e m e n t e d  t o  ~ r o v i d c  s y s t e u  
1.4ckul. 

4. Fcr t r a n ~ m i s s i o n  uire, 15 to  2C perct'rit. of 
r ~ d u n d a n t  ( s rare )  h i r e  p a i r s  s h a l l  b e  i n c l u d e d  i n  a l l  
r u i t i c o n ~ j u c t o r  c d b l + : ;  i n  c o n d u i t  c r  t r a y s  t h a t  l e a d  f r o e  t h +  
c o n t r o l  c e n t e r  t b r n i q a l  bca rd s  t c  j u n c t i c n  b o x e s  i n  t h e  
su t sy s t em e q u i p p e n t  d t c 3 .  

5. A l l  c p s t r e a v  u a t c r  analysis i n s t r u r e r t s  n c s t  b c  
t n c k ~ d  u r  b y  l a b c r a t o r y  c a v a h i l i t i e s  f o r  ~ e r i o ~ ? i c  
v t ? r ~ t i c d * i o n  cf c a l i k r a t i c n ,  p ? r f c r r a n c t ,  and mGacurznent 
d a t a .  

T h * s n  r e c c m r ~ n d a t i c n s  t c r  backup c r  redundan t  
i n s t r u a s n t a t i c n  d r c  t h t z  ~ i n l n u m  r c q u i r e m e r ~ t s  t o r  e f f e c t i v e  
can t . inucuc  c ~ e r a ? i c n ~ .  

A s p d r 3  ~ d t t s  l n v i l ~ t c r y  of t h e  c c n t r c l  d n d  v c n i t c r i n q  
s y s t e n  l r ~ f d ~ d ~ ~  sh411 t r  s a i  ~ t a i n e d .  T h e  f c l l c h i a q  a i r i t r u n  
q u J r i t i t i r c  o f  S F ~ ~ F S  sh0111d b e  k e p t  In s t o c k .  

1. Spdrr? p a n c l  v e t c r s  w i t h  ~srcect-full-scale i a c c s  
s h a l l  t c  k c ~ t  i n  i c v o n t o r y  t c  r e l . r p s e n t  5 t o  1C percent c r  
t h e  t o t a l  nunbcr o f  !meters i l l  use. 

2. Ana l c j  c c n t r c l l ~ r s  ( t h r e e  rrndl) s h a l l  kc s y ~ a r ~ i i  a +  
a  l e v e l  c f  1 C  Fercent.  

3. O n e ,  three-r:-.n s t r i p - c h a r t  r ? c o r d c r  shou ld  iti k e 1 : t  
a s  a s n a r p  f o r  e v e r y  f i v e  used i n  t h . >  c o c t r o l  cer:tFr. 

4. Y u l t i ~ c i n t .  t . e r rp?rd t~r -?  i r i d i ~ a t o r s  s h a l l  t t  i n s t a l l = : i  
r e d u n d d r ~ t l  y. hc s1:arinq i s  required. 

5. D i n c r c t e  i n , l i c a t c r s  ( a l a r m s  ant1 l i q h t s )  h a i l  t e  
s p d r e d  a t  a 1C-percent  l e v e l .  

6 .  ? ~ n  ? c  t h e n t y  t c r c e n t  s r a r e s  3r d t  l ~ i i s t  One o f  =dch 
t y ~ c  o t  ~ l u q - i ~  c i r c u i t  hsdrd  f o ~  ?11 f i e l d - r i p l a c € a b l €  
d i q i t a l  hatdwdre s h a l l  b e  r ~ q u i r e j  t c  k c  kept i s  c t c c k .  

1 1 1 s t a l l 4 t l c n  o t  t h e s e  t y p e s  o f  s ~ a r c s  can t e  pcrfcrscd 
a s  a p a r t  o t  the ncrea! a u t i c c  cf t h r  c F e r a t c r .  



C C N I G O L  C E N T E 6  C L S F L A Y  

The c c n t r c l  c e n t e r  s h a l l  con ta in  s u f  f i c f e n t  lanelkoard 
space for  t h e  d i s ~ l a y  cf the  sensed Peasurements and t h c i r  
a s s o c i a t e d  c o n t r c l l e r s .  ?he c o n t r c l  c e n t e r  s h a l l  yrcvida 
d i s ~ l a y  f c r  aE many a s  150 tamFerature measurements. So 
more than tuo cf these  measurements need bc d i sp layed  
s i m u l t a n ~ o o s l y .  S e l e c t i o n  of the   articular t e e ~ e r a t u r e  
medEutements t c  b e  d i s ~ l a p e d  s h a l l  be made from t h e  c c n t r o l  
panel. T e m p e r a t u r e  rsasurements  t h a t  a r e  ccn t inucus ly  
d i s ~ l a y e d  cn i n d i c a t i n q  c c n t t o l l e r s  s h a l l  a l s c  t e  included 
redundant ly bn  t h e  s e l e c t a h l f  d i s ~ l a y .  

P L P S I F U T - F ,  f l c u ,  d n d  l p v p l  i n d i c a t i o n s  s h a l l  t c  
d i ~ ~ l d v ~ 6 d  on i n d i v i d u a l  panel meters o r  on i n l i c a t i n g  
c o n t r c l l e r s .  Cans1 space s i r a l l  b e  a l l c c a t e d  f o r  a s  man1 a s  
12C such meters. 

Ind iv idua l  d i s c r e t e  measurements ( o n / o f f ,  hiqh/lcw) 
s h d l l  be i n d i c a t e d  Oti dedica ted  c o n t r o l  panel  l i q h t s ,  
c c n t r c l l e r s ,  and alarms. The changing s t a t u s  o r  alarm 
ccnd i t ion  s h a l l  be r eccqn izah le  from t h e  o p e r a t o r ' s  s t a t i c n .  
A u  acknowlrdqment cf a n  aldrm o r  a d i s c r f t e - l e v e l  change 
s h a l l  be i n i t i a t e d  by t h ?  o p e r a t o r  C y  ~ u s h : ~ u t t c n  c r  k r y t ~ a r d  
c o n t r o l .  Pdnel s p a c t  for  SC snch d i s c r e t e  i n d i c a t c r s  s h a l l  
t e  includ+d i n  t h e  c o n t r o l  c e n t e r .  

Analcq c c n t r c l l e r s  w i t h  i n d i c a t i n g  m p t ~ r s  and d i s c r e t e  
l i g h t s  s h a l l  LE a par: of t h o  c c n t r o l  c e n t e r  equipment. 
Panel space s h a l l  be res+rved  f c r  a s  many a s  13C 
c o n t r c l l o r s .  As ~ c i n t e d  out  p rev ious ly ,  t h e s o  c c n t r o l l e r s  
w i l l  , l e l e t e  t h e  nccb3ssit.y a t  some of t h e  panel meters a n ?  
f1iscret.e 1  i q h t s  m ~ n t i c n e d  e a r l i e r .  

Digital-supervisor-proc~ss~d d a t a  ( d a t a  ~ r o c c s s c d  t y  
t h e  computer s y s t a a )  s h a l l  b e  d i s ~ l a y e d  on a covputer -  
o u t p u t - c c a p a t i k l e  e l t ? c t r o n i c  d i s ~ l a y  screen.  Ccnt rc l  c c n t e r  
space a l l c c d t i c n  f c r  a s i n g l e  such dev ice  is requ i t ed .  
Format s ~ l ~ c t i c n  b y  41khanurneric o r  f u n c t i o n a l  keytoard w i l l  
allow mul t ip l e  usage i n  v a r i o u s  o ~ e r a t i c n a l  rcdes .  

T h e  arrangement of t h e s e  d i s ~ l a v  meters ,  i n d i c a t o r s ,  
and c c n t r c l l e r s  cn t h o  c o n t r o l  p a n e l  s h a l l  be organized such 
that. r e l a t e ?  co rpcnsn t s  c t  subsystems of the  HLUS hardware 
can be  monitored t y  cbserv iny  a c s r t a i n  s e c t i c n  o t  thc  
c c n t r c l  panel r a t h e r  than t h e  e n t i r e  p a n e l .  



The d i q i t a l  s u p e r v i s c r y  e q u i ~ n e n t  s h a l l  . c u ~ ~ o r t  t h c  
p r o j e c t  manageman* i n  kt lrforming + h *  a d w l n i ~ t r , - t  t i v e  d u t i e s  
p e r t a i n i n q  t c  l o g i s t i c s ,  ~ a y r o l l ,  r e n t a l  s v a i l a E i l i t y ,  3 n i  
s i o i l d r  f a c t c t s  t h a t  Fromot? mote ;conomicsl  o p ? c a t i o n  c t  
t h e  o v e r a l l  ~ r c j c 2 c t .  I 1 1 t b  cc,mputor sys tem s h a l l  c o n t a i n  
a n x i l l a r y  ramcry and Froqrams t h a t  S U [ J ~ O ~ ~ .  t h e  consumat l e s  
usaqo antj r+=s'd€r e f f c r t  f o r  f u s l ,  c i l ,  t rGatment  c h e m i c a l s ,  
arid f i 1 t s r . c .  I h e  re1.ctiv.r. ~ a l u o s  of en s rqy  qenerdte1.l i n  t h e  
form o r  e l e c t r i c i t y  nnd h e n t / c o o l i n q  d n d  t h e  v a l u r  o f  
b a t c r / w a s t e - t r e a t m e n t  k r o c e s s  c y t r n t i c n s  a: c f ~ c s c 4  t o  f u e l  
consuapt ion s h a l l  bc cca;rutecl r e q u l a r l y .  T h e  a d d i t i c n s l  
equipment r + q u i r c d  t c  cerform t h o s l  s ~ e c i f i ? d  t u n c t i o n s  is 
no t  e x t e n s i v e  i n  t h . 3 t  c n l y  a d d i t l c n a l  rsccry r c d u l s ~  d r e  
n e c e s s a r y  t o  a l l ow  t h e  c c m ~ u t a t i c r i s  t c  be run s c n c ~ ~ r r c n t l )  
w i t h  ttlz ro ta i l ;  c F e r ' l + i c n s  o t  tile c o n t r c l  systam, 

T h n  r + s u l t s  cf t h e  i n i t i a l  sarvGy of c o n t r c l  a n 3  
rncni tor ing + t c h n i a u + s  a p l l i c a h l c  t o  t h e  XIUS have r e v c d l c 3  
c n l y  cne F,? j c r  hardware  d + v c l o ~ m e n t  r e q u i r ~ c s n t :  t h e  
au"omat ic  mon i to r i ng  of w d t e r  and waste  t r c a t u ~ n t  ~ r c c ~ ~ s ~ s .  
C rqan i c ,  c h e n i c a l ,  and b i 0 1 0 j i c d l  measurinq t . ~ c n n i q u a s  
r e q u i r l  s l cw,  d c t a i l c d  a n a l y s i s  procedures t.hat a r e  no t  
rend11 y a t l d p t a b l ~  t o  au t cmd t ion  because  L ~ s u l t s  I r e  T I C +  

c b t a i ~ ? h l o  f c r  a s  long 3 s  5 ( lays  a f t e r  s a a  : : c c  a r c  t , s k c n .  
Fence, + l e c t r c n i c  t e c h n i q u e s  of d s t e c t i n q  ~ ~ n d  a n a l y z i n s  t h e  
c o n s t i t . u + n t s  c f  F K O C + S S ~ ~  water  a n d  t t ? a t s d  wa:itc e f f l u ~ n t  
nced t o  b e  ~ U ~ S U E J .  ?here  a r c  s c v e r d l  cand idd t .  c c r c e ~ t r  
t h a t  ~ r o v i d a  a t r c h n o l c q y  b a s e l i n e  f o r  t h e  e f f c r t .  

C c u ~ ~ u t e r  r o d c l i ~ q  of Y I U S  subsys tems  s t a n d s  c u t  
s i g k i t i c d n  t l y  a s  t s a u i ~ 2 d  sof  cvare 3 e v e l o ~ m t n t .  l h ~  
a l q c r i t h a s  t f s v c l c p ~ e n t  f o r  d p p l i c a t i o n s  proqrams r c s u i r c l  t o  
o p e r a t s  the HICS ~ u s t  Fact t h e  t a r d w 3 r e  ~ r t d u c t i c n  F C ~ ~ S ~ J Z F .  
O n l y  th rouqh  a modelinq e f f o r t .  car1 t h p  o a r i q u s  expec t ed  
subsyst.cm c o n f i g u r a t i c n s  ke ana lyzed  i c  n i c i n a l  time and a +  
minimal 63xponsc s u c h  t h a t  t h ~  ? ~ v c l c p a + n t  cf  t h e  a l g c r i t h n , ~  
can  proceed, 

These i t e r s  c f  c o n t r o i / m o n i t o r i n q  t e chno l cqy  a r e  
sugqes t ed  a s  f i s c a l - y e c r  1 9 7 4  h u d q ~ t  itsfrs a n d  a r e  a p a r t  of 
t h e  o v d r a l l  FITS ~ lev~ lcp rnc r i t  prcqram. 



Rany o t  the ccnt  r c l / s c n i t c r i n g  system i n t e q r a t i c n  
problems t h a t  a r e  d i r e c t l y  r e l a t e d  t c  the i n t e g r a t i o n  cf 
a t h e r  nIuS s u k s y s t e r s  b i l l  be reso lved  dur ing  t h ?  nIuS 
i n t e g r a t i c n  and subsystem t e s t s  (PIST) development prograr .  
T h e  use cf the MIST a s  a tool t o r  fu r t . h s r inq  concepts  of 
systems i n t e g r a t i o n  w i l l  e s p e c i a l l y  enhance t h e  
c c n t r c l / ~ c n i  t c r i n q  t c c i ~ n i q u o s  dsvelcpment . 

In keekiaq b i t 1 1  t h e  H U D  d i r e c t i v e  f o r  use cf a r t i c l e s  
cf ccmmerce i n  t k r  .I-velopmsnt of tho a1US d e s i s n ,  * h i s  
survey h a s  shcrn t h a t  a wide ranqe of c a p a b i l i t i e s  e x i s t s  
t h a t  w i l l  1.rovidt t h - ?  PlIlJS i c c n t r c l / r c n i t c r i n q  system t o r  
which equipment f o r  sens ing ,  a c t u a t i c n ,  l c c a l  and remcte 
c c n t r c l ,  ~ r c c e s s i n g ,  anc? d i s ~ l a y  e x i s t  3s o f f  - the-sh2lf  
hardware. Enhanced, more au tomat ic  o p e r a t i o n  of water and 
l iqu id -  w a ~  t e  t r e a  t m e r i t  processes  s e p a s  a c h i e v a t l ~  w i t  ti a 
ccncent ra tcd  developcent cf t i c l c q i c a l  cr  t a c t e r i a l  censers. 
The monitorinq and c o n t r o l  techniques  f o r  o t h e r  s u t s y s t e r s  
have ~ , E S ~ I  u p 1 1  demcnstrated i n  c ~ s r a + i c n a l  systems 
thrcuahcut the Uni te l  S t a t e s .  

F a s c l i r e  systems f o r  the  RIUS c o n t r o l  and n a n i t o r i n q  
equipment have b e e n  s e l s c t e d  f c r  t h e  LurFcses of min i r i z inq  
ope ra to r  porscnnel  and okt imiz inq  ~ e r f  c r t a c c e .  T ~ c h n i q u e s  
e a ~ l c y e ( i  i n  everyday usage  i n  r e f i n e r i e s ,  petrochemical 
~ r o c e s c i n g  p lan t s ,  and u t i l i t i z s  i n s t a l l a + i a n s  have teen 
ccabinsa and z ~ e c i t i c a l l y  t a i l o r e d  to  me6t t h e  PItiS 
a p p l i c a t i o n s .  

Lycdcn 8 .  Jchncon Space Center  
National Aeronaut ics  and SFace Administrat ion 

Ilouston, Texas, Apr i l  12, 1974 
386-51-32-00-72 
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Tigure 3.- Block diagram of San Antonic wat3r d i s t r i bu t ion  cox,.-rol system. 
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