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ABSTRACT

A Solid State Readout  Dev ice  (SSRD) to  op er a t t  w i t h  t he  W i l k s

In f r a r e d  Anal y z e r  was des i gned , developed , and d e l i v e r e d .  The SSRD ,

in con junc t ion  wi th  the Wi lks  In f r a r e d  Anal y z e r , ompart s a gas  of in k n o w n

con taminan t  levels to a p rese t  s t anda rd  and p r o v i d e s  a di g ital a c c ep t / r e j e c t

d i splay. The device p rov ides  for  s impl i f ied  o p e r a t i o n , the (a p a bi l i t y  of

± 0 .  4~ measurement a c c u r a c y ,  and d i rec t  readout  of the c o m p a r i s o n  r e s u l t s .
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I .  PURPOSE

r h e  pu rpose  of the 12-month  p rog ram desc r ibed  h e r e i n  was t o

desi gn , dev e l op ,  t e s t , and de l iver  one ( 1~ each  a u t o m a t i c  A v i a t o r ’ s ~r ea th i ni~

O x y gen  (A 130) c o n t a m i n a n t  de tec to r  solid s ta te  r eadou t  d ev i  c (SSRI)) .  The

d ev i c e  i -  i n t e r f a c e d  to a Wi lks  I n f r a r e d  A b s o r p t i o n  A n a i y -i.er w h i c h  r n a ~~u r e~

contaminant  c oncen t ra t  ion by means of i n f r a r e d  a b s o r p tI o n  ~riea su rc in e n  t .

The SwR I con t aminan t  readout  d e v i ce  c o n t i n u o u s ly s i in rn !es  and di g it  i~~es

the Wi lks  anal y z e r  analog ou tpu t  over  each of t h r e e  s canned  w a v e l e n g t h

i n t e r v a l s .  Each  a b s o r p t i o n  sample is d i g i t i z e d  b y the cI ’v i c e  and c o mp a r e d

to sto red  use  l imi t  v a l ue s .

The  r e s u l t s  of the  c o m p a r i s o n s  a r e  d i s p layed on f r o n t  panel l i gh t

i n d i c a t or s  as  l e s s  tha n, equal  to , or gr e a t e r  than  the  s to red  use  l i m i t s . The

use of the  SSRD wi th  the  \ V i l k s  ana l y z e r  e l i m i n a t e s  the r e q u i r e m e n t  fo r

ob tain ing  ana log  a b sor p t i o n  level c u r v e s  and v i s u a l  c o mp a r i n g  to u se  l imi t

c u r v es  to d e - t e  r m i n e ’  a c c e p t ; e b i l i t y  of unknown gas  samples 
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II. PROGRA M DESCRIPTION

The p r o g r a m  was divided into t h re e  phase s  as fo l l o w s :

( 1 )  De sign , b r eadboa rd , and par t s  p r o c u r e m e n t .

l~~l F ab r i ca t i on  and assembl y.

( 3 )  Test  and ad jus tmen t .

E a c h  phase  is b r i e f l y summar i zed  below:

A. Phase  1 - Desi gn, Breadboard,  and P a r t s  P r o c u r e m e n t

The ini t ial  design e f f o r t  was to de te rmine  the r equ i r ed  n u m b e r  of

di g ita l samples needed to i n s u r e  total compar i son  of the Wilks analy z e r

analog ou tpu t  to s tored  u s e  l imi ts .  S i x t y - f o u r  (64)  samp les for  each of

the th ree  scan in t e rva l s  provide  adequa te  r e s o l u t i o n .

A f i l t e r  wheel mask  which a t t ache s to the f i l t e r  wheel  s h a f t  in the

Wilks anal y ; -e r  was developed to i nsu r e  equally spaced s amp les of the

absorp t ion  levels in each  of the  t h r e e  wave leng th  scan i n t e r v a l s . T he

method of f i l te r wheel  de tec t ion  is d e s c r i b e d  in detail in Sec t ion  IV . T he

b i n a r y  mask  was chosen  r a t h e r  than a pos i t ive  pos i t ion  s h a f t  e ncode r  to

reduce development cost.

Required A/D c o n v e r t e r , control  c i r c u i t , ROM s t o r a g e , and ou tpu t

s torage  were  desi gned as d e s c r i b e d  in Section IV . No m a j o r  d i f f i c u l t i e s

were encountered .

B. Phase 2 - Fabrication and Assemb ly

Fabrication and assembly were accomplished during the second phase.

The light mask was mounted to the f i l te r  wheel  and AID converte r s c a l i n g
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ampl i f i e r  c i r c u i t  and opt ical  de tec tor  c i r c u i t  were  c o n s t r u c t e d  and l o c a ted

inside the Wi lks  analy z e r . The remaining c i r c u i t r y  was cons t ruc ted  and

ins ta l led  in a separa te  c h a s s i s .

The f i l t e r  wheel  of the Wilks anal y z er  was found not to ro ta t e  in t

f i x e d  plane wi th  r e f e r e n c e  to the c h a s s i s  base . The f i l t e r  whee l  was re -

moved and the mount ing machined  to a bet ter  f l a tness . This  improved  t h e

“ out of plane ” rotat ion and allowed the optical detecto r c i r c u i t  to sen s e  the

at tached f i l t e r  wheel  mask .

No se r ious  problem was encoun te red  in the c o n s t r u c t i o n  and a ss em b l y

of the SSRD.

C. Phase 3 - Test ing  and A dj u s tm e n t

Dur ing  the tes t ing phase , d i f f i cu l ty  was e n c o u n t e r e d  due to the  d r~ .t

in absorpt ion  level of the  Wi lks  anal y z e r  a b so r p t i o n  level  ana log  ou tpu t . It

was n e c e s s a r y  to reduce  the A / D  co n v e r t e r  a c c u r a c y  in o r d e r  to  he c o m p a t i b l e

with the  analyze r  dr i f t  problem. This was a c c o m pl i shed  b y o m i t t i n g  the four

l eas t  si g n i f i c a n t  bi ts  f ro m  the A / D  c o n v e r t e r .  At one t ime the  W i lk s  a na l y z e r

was r e t u r n e d  to the sponsor for  reali gnmen t  of the  op t ica l  c i r c u i t .

D u r i n g  this p hase , the ROMs w e re  p r o g r a m med  and ( u mp ar i s on  made

to v a r i o u s  gas m i x t u r e s  provided by the  sponso r . 1 ina l  use  1 im i t  ~ w er e  p r o —

grammed and t e s t ed  a g a i n s t  the  f u r n i s h e d  use  l i m i t s . The m o d i fi e d  \ V i l k s

Analy z e r , the SSRD , power  c o n ver t e r , and t h e  ROM p r o g r a m mer  w e re  d e l i v e r e d

to the sponsor  a f t e r  completion of t e s t i n g .

— — -~~~ — -. -~~-- — - .. — . - - .- - - -
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The line item 0001 (Solid State Readout Device) was 
delivered on

13 F e b ru a r y  1975. The system was demonst ra ted  and opera ted  success-

f ully. The de liverable  items a re  pic tu red  in F igu re s  1 , 2 , and 3 . The

entire system includir .g the Wilks analyzer  is shown in F i g u r e  4.
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I I I .  SYSTEM DESCRIPTION

The Solid State’ Readou t  Device  (SSRD) c o n t i n u o u s ly samples ,

di g i t i ze s , and c o m p a r e s  to s to red  use  l i m i t s  the  ABO c o n t a m i n a n t  d e t e ct or

ana log  ou tpu t  over each of t h r ee  scanned wave leng th  i n t e r v a l s .

Each  of the  t h r ee  w a v e l e n g t h  scans (2 . 5 to 4 . 5A , 4 . 5-8 . OA , and

8-14 .  5A) have been d iv ided  into ei g ht (8) s e g m e n t s .  Ei ght  (8) s amples  a r e

d ig i t i zed  for  each segment  r e s u l t i n g  in sixty - f o u r  (64 i  data samples per

wave leng th  in terva l . Each sample of the gas  being analyzed  is di g i t a l l y

compared  to the u se  l imit  s to rage  as less  than ,  equal  to, or gr e a t e r  than

value . Each  segment  li g ht g r o u p  d i sp lays  the hi g hest  va lue  of the e i g h t  (8)

samples . The less  tha n li g hts a r e  g reen , the equal  to li g h t s  a r e  yel low ,

and the g r e a t e r  than li ghts a re  red.  Note that  each of the  64 samples per

wavelength  i n t e r v a l  occur  at g iven pos i t ions  of the  anal y z e r  f i l t e r  wheel .

— . - ~ - ._ . 4 —,-~~~ — — ----—— — -—— - — - - - - — 



10

S pe c i f i c a t i o n  for  the  SSRD a re  as fo l lows:

Power  R e q u i r e d :  42 wa t t s
1 1 5  Vac , 0 . 408 a m p s

\ \ e i g ht : 1 1 . 8 lb s

A c c u r a c y :  ± 0. ~~~~

N u m b e r  of Samples per
Wave leng th  Scan Segmen t :  ( 4

N u m b e r  of Samples per
Li g ht Level I n d i c a t o r :  8

Swi tches :  (1)  Power O n — O f f  — T o gg l e  tw o  p o s i t i o n

(2)  M a s t e r  R e s e t  - Pu s h b u t t o n

(3)  A2 . 5 — 4 .5  R e s e t  - Pu s h b u t ton

(4) A4 . 5-8 R e s e t  - P u s h b u t t o n

(5 ) A 8- 14 . 5 Rese t  - P u s h b u t t o n

F r o n t  Panel I n d i c a t o r s  ( I )  G rea t e r  Than - Red , 24 total
E qual To - Yel low , 24 total
Less  Tha n - Green , 24 t o t a l

(2)  Scan a d d r e s s  li gh t s  (b ina ry , I each
for  a d d r e s s e s  f rom 0 — 6 1 )

( 3 )  B i n a ry  a n a l o g - t o - d ig ita l c o n v e r t e r
o u t p u t  (8 each  for  8 b i t s )

*Uni t  a c c u r a c y  set at ± 2 . ~1YO to allow for W i l k s  anal yzer  and operato r

v a r i a t i o n .

— .—_- —.-- .—.— -. -. -,t -_ .’—. ,- —-.- -; - _____ __ • . 5 - --——a-’~ — C — - —— — —— - - — — - —
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I V .  THEORY OF OPE RATION

A.  Genera l

The SSRD is  depend ent on ana log  i n f o r m a t i o n  r e c e i v e d  f rom the

\ V i lk s  gas  ana l y z e r .  T h i s  i n fo rma t ion  c o n s  i s ts  of the  f i l t e r  wheel  pos i t  iof l

w h i c h  d e t e r m i n e s  the w a ve l e ng t h  of the gas b e i n g  ana l y z e d  and the a s soc i a t ed

absorp t ion  level of the  in f r a r e d  de tec tor . T h i s  comb m e d  i n f o r m at i o n  is

compared  to  p r e - r e cor d ed  use  l i m i t s  data and the  r e s u lt s  i n d i c a t e  a l e s s

tha n, equal to ,  or gr e a t e r  t h a n  condi t ion .  A block d i a g r a m  of the  sy - ~t e t n

is shown in F i g u re  5 . The deta i led  d i s c u s s i o n  wi l l  be b r o k en  down i n to  g r o up s

c o r r e spond ing  to th is  block d i a g r a m .

B . Optical  D - t e c t i o n  Sy s t e m

In o rder  to d e t e r m i n e  t i n -  f i lt e r  wheel p o s i t i o n  of t h e  W ilk s a n a l y z e r ,

an opt ical  mask  is m o u nt e d  to t he  f i l t e r  wheel . This  mask  is shown in

F igu r e  6 . An op t ica l  d e t e c t o r  shown  in F u t u r e -  7 and  i - i c l i e r n a t i c a l l y in

F i g u r e  8 de tec t s  the  t r a n s i t i o n  f ro m  clark to  t i g ht spaces  or l i g h t  to d a r k

spaces . Each  t r a n s i t i o n  in i t i a t e s  an a n a l o g — t o — d i g i t a l  e. Of l\  e-  r s i o n  of t h e

a b s o r p t i o n  level  and i n i t u i , t s a c o mp a r i s o n  of the -  r e s u l t s  w i t h  t he  s t o r e d

us e  l im i t s . A coun t  is m a d e -  fo r  each  t r an  i t  ion . T h i s  o u n t  i s  ca l l ed  t i n -

wave length  a d d r e s s . The a d d r e s s  r ep r e s en t s  the  waveleng th of t he g a s  at

that  i n s t an t  the  a b s o rp t i o n  I c - v t - i  is di g i t i z e d . T h i s  address  a l so  i n d i c a tes

~‘Oxygen C o n t a m i n a n t  D e tec t ion :  P r o c e d u r e s  for  F ie ld  Ana l y s i s  of A v i a t o r ’ s

Brea th ing  Oxygen,  C row , W .  L. and Ikels , N - ( . , USA F School of A c  r ospac e-

M e d i c i n e  Rep or t  S A M-T R - 7 4 -2 4 .
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TI
t o  lie n I e - I n e ry  t i n  i t  w h i c h  w a v e l e - n g t h  of t h e  s to red  u s e -  l imi t  shou ld  be i s - c l

tn t he  ~ ~) 11i15t i~ j  i-I

1 l i e ’  I nt i c a l  - iv s tern  i s  dep e n den t  on t h e -  s e q u e n t i a l fo r ward f l i O V e f l i t f lt

e e l  t h e  t i t t e r w h e e l .  ~t does not  se ’f ls ( ’  d i r e c t i o n , i . e . ,  w h e t h e r  the  f i l t e -r

v h s - c - i  rnot  ion i s  f o r w a rd  or r e v e r s e - . A s  the  W i lk s  anal y z e r  is u sed  in t h e

. - t l t I ) n t d t i C  - -~~ a n  mode , t ~1 I w I iy s  p r oc e - e e l s  in  a f o r w a r d  d i r e c t i o n  a n d  the

a d d r e -~~s i s  r e - c o r d e d  in t h e  p rope r d i r e c t i o n .

The opt ica l  d e te c t c , r  c onta ins t h e  Li Li :t  s e c u r e  e -  and seri s ing  len~ent

in a common h o l d e r . The - s t - n s i n g  ‘ - 1 . - n i -n t  l t p L t  i s  d~ - t -  t~-d b y a 5 h r n i t t

t r i g g e -r  t o  p r o v i de  a sh a rp  v o l t a g e  t r a n s i t io n  ‘ e u t n i t . Two l e n t — s h e e t  m u l t i —

v i b r a t o r s  a i- c u s e d  to ge - n e  r a t , -  a p o s i t i v e -  \ I dl  a i i , -  p u l s e - t o  r e d (  Ii p o s it  v -

and n e ’ga t i \  e - v o l t a g e - t r a n s i t  ion of t h e ,  Sc bin it t  t r i g g e - r  o u tp u t . T h e  t \ \  c i  I e f l e  —

shot  o u t p u t s  a r e -  ( -oup le -d  t ! r e n : g h  i t  L i l t ’  ( i r c t i i t  to a e. ( )f l 1 i f lOf l  o u tp u t .  Th i s

( ) I i t p l t  is t i e  I ( i n v e r t  c o m man d  i n p u t  to  t h e -  A / I )  c o n v e r t e r .

C . A n a l o g — t o — D i g  t . ~ l ( n \  e - r t e - r

f h e  a n , t l e e i i f — t o — d i g I t 1 e i i \ - e - r t e r  r e - q u i i  - - s  two  i n p u t s . T h e  f i r s t  i n p u t

is t h e e  a n a b e L ’  i n f o r r n a t i e e n  ~~h i e  h is t o  b~- d i g i t i z e d . Ti n- s -  e ind  i n p u t  is t h e

C O f l V t  r t  e i u r i i i i a n d  . A n  up s r at  t on Ic  I arn p l i f i e -  r is used  t e e  ~ (-ale the-  W i iks

anal y z e -  r It csor p t  iofl  h - \  -1 e e u t  p u t  t e e  be c o mp a t i b l e  wit  Ii t he  0 t o 10 volt A / D

( On Vt  r t e -  r an a l o g  i n p u t  r e - r i  i i  r e - i nc -n t . Th is  ampl  i f i e - i  r e - c e  i V e  s the a b s o r p t i o n

level outpu t  of the W c i k s  ana l y z e - r and p r o v id e-s a ga in  of 10 . An ei g ht  d i g it

ou tput  r e - p r e s e n t s  t h e  i n v e r ted  ana log  s i g n a l  in b i n a ry  fo rm . In o r der  t e e
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m a t c h  th . - ac - c cira  cy e e l  the  A / I) con v e r t  e - r to b e-  e- cern pa t ib lc  w i t h  the r e d u c e d

a c c u r a cy  of the W i lk s  a n a l y z e -  r onl y ,  t he  f o u r  m os t  s ign i f i c a n t  di g i t s  a re-

used in t h . - ~ orn p ar i s on  roe de -  . T h i s  a l lows an  a c c u r a cy  of anp r o x i r n a t e - l y

± ‘~ - 1
~~eJ . A s t a t  u s  u ’ i t  put  of t h e e  A / D ~ ( l f l  VI  n e -  r i n d i ca t e - s  when  a conve r s o n

is in p roc  r e -s s . A t  the~ c -n d  of t h e -  conve  rs ie ,n com mand , the  A a d d r e s s  is

up d a t e -d - A i t e -r a sh o r t  do ’l ay  ( p r o v i d e d  by t h e -  c o n t r o l  c i r (  c i i i )  , a c o mp a r i s o n

is m ade-  . th e -  d i g i t i zed a b s o rp t i o n  le - v e l  e l f  t i l e  unknown gas  b e i n g  the  A ID

conve r te r o u tp u t .  The- s c h e m a ti c  d i agr a m  ~cf t he  A ID co n v e r t e r  and op era-

t iona l  a m p l i f i e r i s  show n in Fi g u r e  ~.
D. ROM C i r c u i t

The ROM s n e c e s s a r y  to s t o r e -  t h e e d t g i t i z e d  u s e -  l im i t  i n f o r m a ti o n  a r e

con ta ined  on the t e ) p  c i r c u i t  b o a rd .  Th o -  I~~~eM s a r e located in plug — i n  typ e

s o c l - i e - t s  fo r  ease of removal  and i ns t a ll a t i o n . This  a l lows o the r  ROMs pro-

g r a m m e d  for d i f f e r e n t  u se  l i m i t s  to be u s e d  w i t h o u t  c ir c u i t  m o f i d i c a t i o n .

Two ROM 1 6 p in in - l ine  i n t e g r a t e d  c i r c u i t  p ackages  a r e -  u sed  for  each of the

t h r e e -  wave length scans ( s i x  t o t a l  r e cj u i r e - d ) .  This  p r o v i d e s  for  s to rage  of

64 e i g h t  b i t  words  per w a v e - l e n g t h  s can .  The f ron t  pan e-I  A re  set p u s h b u t t o n

con t rol s  wh ich  s e t  of ROMs a re  e t n a i ) l e - d . The a ck l r e s s  c o u n t e r  then  con t ro l s

w h i c h  8 h i t  word i s  ava ilable to t h e -  compara to r  of the  c o n t r o l  c i rc u i t . T he

s c h e m a t i c  d i a g r a m  of th~ ROM c i r - e i i t  is s hown in Fi g u r e  10 .

E. S t o r a g e  C i r c u i t

Tin ’ s t o r a g e -  c i r c u i t  c o n s i s t s  of t h r e e -  iden t ica l  boa rds . These  b oa rds

store  the  hi g h e s t  li v e - I  r e - c e i v e - d  f r om  the  con-~pa i- et o r . V u - h  board is

a s s en  ia ted w i t h  one - of th e -  t h r e e ’  w a v e - l e n g t h  scan i n t e r v a l s  and e ontte  in e i ght

- -,w_1-- -~~~~~~ — _•—•p~
_,_ - -  - - - ,  - - -. - ••

~5
-
~~- 

-.. -• -—--- --- .- . - - . -  - -  _i_- - -- _
_~~~~~~

- _ .



-
~ ~• 18

~~~ ~~~ 5’

oc~ ~~~

4
~~~~~~~~

c I  ~~~~~~~~~~~~~ I I

_ I 
~~~~ u-u-ui; ~~~ O ôó u~~uo O u

~~~~~~~~

~~~Q._ 
~~~~~~~~~~ a.~~~~$ p _

~ 2 O ? ~~~~
O O O O O

_____ ____

c~Z

~~~~

I

-

~~~~~~~~~~

Id

Le-~

0

- -
__

~
•
~~ I

- — -
~~~~~

— 
~~~~~~ . ~~,, 

- -5 - - — — - ~ _•, -‘ - - —-—,_ - .• -5 —— ‘- 5-  - - - —•- ——— -——-- —- — — — — _ 
—



19

— 

— —

_ __  

~~ 
i

i - 

t -—

‘~~~ .c ‘-i i- —
‘
~~ - 

-, 
—

j

;~
i •

~
i

•~~~• :

’
:

• r - -

e ‘d ~  ‘- •I
i 

~ 
,1• ~ i. I t t —II -

- - _ J - 0

-
~ Id-

~~ i ..i
-

5 -

-~ ‘~~ ‘~ - ( 
~~

- ~~ ~~ 
A - 0

~ 

(
__
~~~~~~

— -

-
~~~~ - - - • - - - - - 

-

I - - 
~ : - —

• ~~- 
- -: -

-

- - -T
~~~ 

(t) ~~ 
~I (

Z i

~ 
~- I ~

J (~J 
A

~~~~~~ i :~~ a ô -~~ .~

~. I (~ I J ~~l ( ( j f~t ~~ 
(~~

- .

~

~~~~~~~~~ ~~~~~~~

‘ c , .

~ 

~~~~~~~ I ~~~ 4 ~~~~~~~ 
- 

- ~~~~~~~~~~~~~ 5~~~~ - - ~~~~~~~~~~~~~~~~~~~~~~~~~~ -



(
~)

s e t s  of l e s s  than ,  equal to, and g re a t e r  than  s t o r ag e t  f l i p — f l o p s . h a (  h

s t e e r a g e  c i r c u i t  board is r e s e t  and se lec  t e d  b y t h e -  c - o r  r -  -i p e i n d  i ng  \ me s e t

p u s h b u t t o n  on the f r o n t  panel .  En a b l i n g  of t h e -  s e t  of 8 f l i p — f l o p s  is ( o n t r o l l e - c i

by t h e ~ a d d r e s s  c o u n t e r .  The ou tpu t  of t h e - i c -  f l i p — f l o p s  c o n t r o l s  t h e -  f r o n t

panel lamp ind ica to r s . Th i s  f ro n t  panel p u s h b u t t o n  swi tc h a l so  c o n t r o l s

which  set of ROMs a re  used fo r  c o m p a r i s o n  p u rp o s e s  - The sc h e m a t i c

d i a g r a m  of the s to rage  c i r c u i t  is shown in Fi g u r e  1 1.

F. Cont ro l  C i r c u i t

The con t ro l  c i r c u i t  c o n t a i n s  the  a d d r e s s  coun te r , the-  c o m p a r a t o r

c i r c u i t s , and gene ra t e s  the  pu l ses  which  update the d i s p lay .  k d d i t i on a l

c i r c u i t r y  n e c e s s a r y  to d i r e c t  t he  a d d r e s s  coun t e r  o u tpu t  to t h e -  p rope r

s to rage  board  and pulse  de l ays  a re  also conta ined in th e  con t ro l  c i r c u it .

Af t e r  comple t ion  of a scan sec to r , the con t ro l  c i r cu i t a u t o m a t i c a l ly

locks ” the data s t o r a g e  li g hts for  the s e c to r  s canned .

\ V h en  the  statu s command from t h e -  A ID co n v e r t e r  i n d i c a t e s  a com-

plet ion of the c o n v e r s i o n , the a d d r e s s  c o u n t e r  is i n c r e m e n t e d  one c o u n t  -

This  enab les  the ROM to d i s p lay the a s s o e. i a t e - d  u s e  l i m i t  abso rp t ion  le v e -l

to the compara to r . A f ter  a few mic r o s o - c e m d s  the  o u t p u t  of th e ’ co mp a r a t o r

c i r c u i t  is allowed to be r e c o r d e d  b y th e t  s t o r ag e  ci r c c i i t . °h~- 4ec lc !  r i -s s coun te r

also enables the a s soc ia ted  s to rage-  c i r c u i t  wh i c h  r e c o r d s  t h e- c o mp a r i s o n

level . The schemat ic  d i a g  ram of the  c on t ro l  c i  r c o i  i t  is sh i e ,w n  in Fi g u r e  12

and 13 .
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G. ROM P r ogr a m m e r

The -  ROM p rog  ramm e r  was  dc-s i gn s -c l  a s  spec ified by the  ROM mann  —

fa - t u r e r . It is a s e l f — c o n t a i n e d  package and i s  u s e -d  to p r o g r a m the -  d i g i t i z e c ]

u s c - 1 i n i i t  s - The s e q u e nc e -  e ) f  o p e r a t i o n  is deta i l e - c i  in  the  ope r a t i o n  and ni l e  in  —

t e - n a n c e -  m a n u a l .  A s c h e m at i c  d i a g r a m  of the - t i n  i t  is shown in Fi g u r e -  14 .

I I .  2 3 0  Vac to 115 Vac Adapte r

Th e  230 Vac to 115 Vac adap te r  is it s e - I f — c o n t a i n e d s t e - p — d o w n  t r a n s  —

fo rmer  shown in Fi g u r e  3. It is in tended  f o r  u s e -  whe- r e - onl y 2 10 \ - a c  p ’ •~’~- r

is a v a i l a b l e  - The u n i t ’ s ac powe r cord is p l u g g e d in to  t h e  230 Va c  o u t l e t

and the SSRD power cord is p l u g g e d  in to  the-  115  \ a c  o e i t l u - t .

I .  Y n i t  C o n s t r u ct i o n

The SSRD c h a s s i s  and c i r c u i t  a s s e m b l y is  c o n s t r u c t e d  for  easy  a c c e - s s

to each board . Wi re  connec t ions  between c i r c u i t  boa rds  a r e - s o lde red  r a t h e r

than p lug- type  in o r d e r  to i n s u r e  minimum opera t iona l p rob l ems . The  dis-

assembled  system is shown in Fi g u r e s  15 t h r o u g h  17,

3. ROM P r ogr a m m i ng

The ROMs were- p rog rammnet d  a c c o r d i ng  to t i c  c i sc - l i ni i t s  samp ict

p rovided by Brooks  AFB .  The f i r s t  set  of p r o g r a m m e d  ROMs were  in

e r r o r  due to ma l f u n c t i o n i ng  of the \Vl lks  anal y z e r . The a n a ly / c - r was

returned to Brooks Ar-’B for  real i gnment  and a n e w  sample of t l S c~ l i in i t s

gas was i n t roduced  into the -  anal y z e r . The- di g i t i - z e - d  data was obtained

using a dig itial storage and disp lay oscil lo scee p e . The r e - s u it s  a re  shown

- I~t C ’ ~ -_______________
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in F i g u r e  18 . The  f i r s t  fou r s i g n i f ic a n t  di g i ts  a r e -  locked in the log ic 1

s t a t e -  in o rde r  to re -d en.  e the  s e n s i t i v i t y  of t i n -  SSRD to that  of the  Wilks

a n a l v / e - r . - \s  th e -  d ig i t a l e e s c i l l e e s c o p e  r e - c e rded t he e  a -tua l A I D  c o n v e r t e r

ou tpu t , the  las t  fou r d i g  i t s  (LSB- - i i w e - r e -  r ounded  off and  the ne c e s s a r y

w e i g h i n g  f a c t o r  app li e -d to the  f i f t h  si g n i f i c a n t  d i g i t .

K ,  T e s t s

The SSRD was  te s ted at SwRI fo r  a I)er ~ od1 of t h r e - t -  d ays .  This  test

c o m p a r e d  th e u se l imi t  ga s f r o m  which  the ROMs  were  programmed to the

ROM s tored value . The SSRD con t inuous ly p r o v i d e d  the  d e s i r e d  r e su l t s

w h i c h  w e - r e  an equal  to i n d i c a t i o n  on the f r o n t  p a n e l .  The SSRD was the n

de l i ve red  to Brooks  A er o s p a ce~ Medic ine fo r  demons t r a t i on. The demon-

s t ra t ion  con t inued  to p r o v i de  d c - s i r e d  r e s u l t s .
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V. C O N CL U S I O N S

A re l iable  Sol i d  State R e - a d o u t  Dc -v  i ce  (SSRD) was deve loped .  The-

SSRD is capable of + 0 .  4~66~ a c c u r a c y  and a l lows  sim ple- op t - r a t i n g  proce-

d u r e s .  The di g ital output  wi th  l i ght d i s p lay produces  an easily under  ~ t e e u d

and repeatable condi t ion of the sampled gas  e l i m i n a t i ng  the  r e q u i r e m e n t  f o r

measured  in te rpre ta t ion. The d e v i c e  has been ope ra t ed  in e x c e s s  of 100

hour s  with no f a i l u r e s  and con t inues  s a t i s f a c t o r y  o p e r a t i n g  p e r f o r m a n ce - .
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\ I . R E C O M M E N D A T I O NS

In o r d e -r  t e e  p r e e v ~ dt -  a r n e , r e -  ~e c e i r a t e - e l - c - r a i l  s y s t e m , i l i e - ( J C C  1 in.

a b s o rp t i o n  l ev e l o u tp u t  e,f t he  \V i lk s  a n aL  V e r  5 h ( C I I I d ]  i c e  C e c r i - - e - t e - c J

D r i f t  in a b s o r p t i o n  h e -  ~t - l  o u t p u t  lea s , at  I irn e s . he  - e u  a r e - I l l  ~e s -
~ 2 -

- -

W h e n o b t a i n i n g  da ta  fo r  ROM p r o g r a n e n h i n g , if I - -  a n e ! y -z e 1r  i s  a t  ;t

— 2 e r r o r  and w h e n  an a l y z i n g  an un k n o w n  s a m ple - gas  t h e - a i i C t l y -t - r

is  - 2 1 , an ny c - r a I l  e - r r o r  of 4 t ou ld e e ~ C I t i ~ -

2 . A n  mp r o v e - d  m e - t hu d  of e b t a i n i n g  f t l l e - r  \ V I t e eI p ’ e s i t i e e n  I r e - l a t i n c  i

he -  wave - le-ng t le) shou ld  h e - e m p loyed - An inn p r e  e y ed  i i i  e - th oc l  w e e

se n s e  t h l e  a e -tua l  p o s i t i o n  of t h e  wh e el at a l l  t i e i i e ’~- r a t h e r than  be

(I ep e f l d e f l t  on the  f~ i t ~~ - \~- ! 1 c - e - 1  f o r w a r d  m o t i o n.  En i p l e  y m e n t  e e l  a

s h a f t  enc oder  can F e - o l ac  ~- t h e ’  e y-I i s  t in g  b ina  rv f i h t ~ -r  whe - e ’ Y m a s k

t h u s  a l lowing  the an a l y z e -  r scan to l ie -g in a t  a ny  1~~> nt  -

11 the ’  r e q u i r e m e n t  e x i s t s  for  mul t i  — d e -  p l o y i i e e  - i i i  of i n f r a  red cia s

anal y z e r s  ~v i t b  an  SSRD , m o d i f i c a t i o n  of t h e - SSRD can  i ) e  a c con - i —

u l i shed  t e e  a l l o w  op e ra t ion  wi th  a r e m o t e  1 e e c  I t t  e d  comnpc i t e r  .

m a n n e r  ma n y  type s of u s e - l imi t s  can be s t o r e - c l  in the c e n t r a l

co mp u t e r  fo r  v ar i o u s  g a s e - s  and c o nt a m i n a n t s  of n t t - r e s t .
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