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ABSTRACT 

A program was conducted in which an instrument system concept was 
studied to optimize the application of a mass spectrometer as a sensor far 
monitoring the primary atmospheric constituents, as well as atmospheric con- 
taminants, on board a manned spacecraft. The program was divided into six 
individual studies representing the primary system parts complementing the 
spectrometer: a Carbon Monoxide Accumulator Cell (Volume l), an Ion Pump 
(Volume 2), an Ion Pump Power Supply (Volume 3 ) ,  an Inlet Leak (Volume 4 ) ,  
an Ion Source (Volume 5), and an Undersea Atmospheric Analyzer (Volume 6), 
The principal goal of the combined study program was the achievement of an 
instrument concept of minimum power, weight and size without compromising 
the minimum detection limits of the instrument. 
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This report describes an Undersea Atmospheric Sensor System w n i c h  laas 
been designed to monitor and display the atmospheric constituents of nitro- 
gen, oxygen, carbon dioxide, water vapor, and argon during at-sea opera- 
tional deployment of a test vehicle. Data recorded during a five-day 
sea-trial and during a subsequent 62-day (continuous) sea deployment bas 
indicated unusually stable long-term operation. In addition, data recorded 
by crew members of the U,S.S, Hammerhead is presented which compares the 
Perkin-Elmer Undersea Atmospheric Sensor System with other analyzer systems 
aboard ship - the Mark V and a portable Model D-2 Oxygen Analyzes, 

INTRODUCTION 

Under the general scope of contract NASl-9469, the Perkin-Elner Cor- 
poration, Aerospace Division, performed the effort necessary to modify a 
Government-furnished two gas atmospheric sensor system for use as an 
Undersea Atmospheric Sensor System. The intent of the experiment was to 
monitor the atmospheric constituents of nitrogen, oxygen, carbon dioxicie,  
water vapor and argon during operational deployment of a test vehLcLe, 
The operation of the Undersea Atmospheric Sensor was to be essentiaily 
automatic providing visual display of the atmospheric constituent partial 
pressures. Trouble free, long term, reliable operation and ease of mainte- 
nance were the key system requirements. 

During the period 25 September through 3 October, the Undersea Atno- 
spheric Sensor operated continuously under in-use environment conditions, 
providing continuous output data and maintaining calibration. The results 
of the five-day sea trial were published in a Perkin-Elmer disclosure 
"Results of Five-Day Sea Trial on the Undersea Atmospheric Sensor - U p f i t e "  
dated October 1970 and submitted to NASA Langley Research Center, NASA con- 
tract NASl-9469, Perkin-Elmer SPO 30006. (Reference: Appendix 1,) 

Between 2 October and 6 October Perkin-Elmer personnel performed addi- 
tional field calibration and final system adjustments in preparation f o r  a 
long-term, at-sea deployment of the test vehicle with the Underses i\tmo-- 
spheric Sensor on board, After final calibrations and adjustments, the 
instrument was operating within 1.0 torr of theoretical values on all chan- 
nels and within 1.0 torr of the total barometric pressure, The calibration 
gas sample utilized prior to and at the conclusion of the five-day sea trial 
was the same sample that was utilized for all subsequent ca1ibrati.o~~~ The 
calibration gas sample consisted of 74.8% nitrogen, 20,ll% oxygen, 2,13% 
carbon dioxide, and 3.0% argon, Water vapor calibrations were achieved 
utilizing relative humidity and temperature at the sample point, 
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From 1001, 6 October through 0900 6 December, a t o t a l  of 62 cont inuous 
days,  t h e  Undersea Atmospheric Sensor System performed wi thout  func t iona l  
i n t e r r u p t i o n  o r  c a l i b r a t i o n ,  w i th  t h e  except ion  of  8 i n s t a n c e s ,  when l i n e  
power was i n t e r r u p t e d  i n t e n t i o n a l l y  f o r  va r ious  d r i l l s .  During t h e s e  l i n e  
power i n t e r r u p t i o n s  t h e  Undersea Atmospheric Sensor was i n o p e r a t i v e  f o r  a 
t o t a l  o f  110 minutes .  Each t i m e  l i n e  power w a s  r e s t o r e d  t h e  system auto- 
m a t i c a l l y  r e s t a r t e d  and r e s t a b i l i z e d .  

Between 0900 hours  and 1100 hours on 6 December t h e  sample t r a n s p o r t  
pump, a commercially procured a u x i l l a r y  pump u t i l i z e d  t o  move t h e  a i r  sample 
t o  p o i n t  of a n a l y s i s ,  ceased func t ioning .  The non-operating cond i t i on  of 
t h i s  pump precluded a new a i r  sample from being t r anspor t ed  t o  t h e  ana lyze r ,  
At-sea r e p a i r  of t h e  t r a n s p o r t  pump was not  a t tempted due t o  impending ar- 
r i v a l  of t h e  U.S.S. Hammerhead a t  p o r t .  

On 15  December a Perkin-Elmer r e p r e s e n t a t i v e  performed replacement of  
t h e  sample t r a n s p o r t  pump and c a l i b r a t i o n  of t h e  system. Comparing t h e  
Undersea Atmospheric Sensor System output  a f t e r  t h e  sample t r a n s p o r t  pump 
had been rep laced  and t h e  system had s t a b i l i z e d  showed t h a t :  1 )  t h e  n i t rogen  
output  w a s  w i t h i n  4 t o r r  of a s tandard  l a b o r a t o r y  a i r  sample; 2) oxygen was 
w i t h i n  1.1 t o r r ;  3) argon w a s  w i t h i n  0.11 t o r r ;  and 4) carbon d iox ide  was 
w i t h i n  0.06 t o r r .  The p r e s s u r e  t ransducer  ou tpu t ,  u t i l i z e d  a s  a p r e s s u r e  
r e f e r e n c e ,  w a s  w i t h i n  2.0 t o r r  of  t h e  l o c a l  barometr ic  p re s su re .  

F i n a l  system c a l i b r a t i o n  on t h e  c a l i b r a t i o n  gas sample showed t h a t  t h e  
n i t r o g e n  channel was w i t h i n  6.0 t o r r  of  t h e  t h e o r e t i c a l  587 t o r r  va lue  and 
a l l  o t h e r  channels  were w i t h i n  1 . 0  t o r r  of t h e i r  t h e o r e t i c a l  va lues .  

The Undersea Atmospheric Sensor System was i n i t i a l l y  c a l i b r a t e d  f o r  
long t e r m  s e a  deployment such t h a t  i t  w a s  w i t h i n  0.5% on a l l  channels  except  
argon,  a low-level channel ,  was w i t h i n  3.0% of  t h e  t h e o r e t i c a l  va lue .  Upon 
completion of  t h e  long  term sea  deployment of t h e  system, c a l i b r a t i o n  showed 
t h a t  t h e  ins t rument  was w i t h i n  1% on a l l  channels  except  f o r  argon,  which 
w a s  w i t h i n  2.5% of t h e  t h e o r e t i c a l  va lue .  

Table l a ,  l b ,  and l c  a r e  cop ie s  of  t h e  engineer ing  d a t a  recorded dur ing  
t h e  long term s e a  deployment by members of t h e  U.S.S. Hammerhead's crew, 
This  d a t a  w a s  t aken  p e r i o d i c a l l y  f o r  purposes of  eva lua t ing  t h e  systems 
i n t e r n a l  performance by Perkin-Elmer. Table I d ,  l e ,  and If a r e  copies  of 
engineer ing  d a t a  taken  by Perkin-Elmer personnel  dur ing  system c a l i b r a t i o n  
a t  t h e  conclus ion  of  long t e r m  s e a  deployment. The l a s t  t h r e e  l i n e s  of 
d a t a  a r e  f i n a l  system c a l i b r a t i o n  o r i g i n a l l y  recorded i n  Perkin-Elmer Labo- 
r a t o r y  Log Book #2599, Page 122. 

Table 2a through 2hh a r e  copies  of comparison d a t a  between t h e  Under- 
s e a  Atmospheric Sensor System, t h e  Mark V and a p o r t a b l e  Model D-2 Oxygen 
Analyzer. This  d a t a  was a l s o  recorded by U.S.S. Hammerhead crew members. 
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PERFORMANCE SUMMARY 

F i n a l  system c a l i b r a t i o n  p r i o r  t o  deployment of t h e  Undersea Ktmsspheric 
Sensor was achieved a t  1001 on 6  October 1970. A s p e c i a l l y  prepared gas mix- 
t u r e  from Matheson S c i e n t i f i c ,  c o n s i s t i n g  of 74.8% n i t r o g e n ,  20,Pl.X oxygen, 
2.13% carbon d ioxide  and 3.0% argon,  w a s  u t i l i z e d  both  dur ing  calibrations 
f o r  t h e  five-day s e a  t r i a l  and t h e  f i n a l  s ea  deployment. This  standard mix 
now r e s i d e s  a t  NASAILangley Research Center.  F igure  1 i s  a g raph ica l  pre- 
s e n t a t i o n  of t h e  system c a l i b r a t i o n s  be fo re  and a f t e r  t h e  62-day deployment 
of t h e  Undersea Atmospheric Sensor.  Also, as a  c o r r e l a t i o n  t o  t h e  s y s t e m  
c a l i b r a t i o n ,  s tandard  s h i p s  a i r  d a t a  be fo re  and a f t e r  t h e  deployment i s  a l s o  
presented .  Water vapor c a l i b r a t i o n ,  o r i g i n a l l y  achieved u t i l i z i n g  re la t ive  
humidity and temperature a t  t h e  sample p o i n t ,  has remained s t a b l e  during the 
sea  deployment. 

The v a r i a t i o n s  i n  t o r r  between t h e o r e t i c a l  ou tput  and system o u t p u t s  
be fo re  and a f t e r  s e a  deployment a r e  a s  fol lows:  

C a l i b r a t i o n  Before Gas Ca l ib ra t ion  A f t e r  
Sea Deployment Cons t i tuent  Sea Deployment 

Comparing t h e  instrument  c a l i b r a t i o n  p r i o r  t o  t h e  deployment with the 
c a l i b r a t i o n  v e r i f i c a t i o n  a f t e r  deployment, i t  can be seen  t h a t  all para- 
meter ,  except  argon,  have remained w i t h i n  1.0% of t h e i r  t h e o r e t i c a l  va lues ;  
and argon,  a  low-level c o n s t i t u e n t ,  has  s h i f t e d  l e s s  than  0.6% from the 
o r i g i n a l  c a l i b r a t i o n  dur ing  t h e  62-day t e s t .  

F igures  3a through 3e a r e  g raph ica l  p r e s e n t a t i o n s  of t h e  carbon diox%de 
output  from t h e  Undersea Atmospheric Sensor dur ing  sea  deployment, Abso lu te  
carbon d ioxide  ou tpu t s ,  r a t h e r  than  d e l t a  va lues ,  a r e  p l o t t e d  i n  an e f f o r t  
t o  draw c o r r e l a t i o n  between shipboard a c t i v i t i e s  and l e v e l s  of carbon d ioxide  
experienced.  I n  t h e s e  f i g u r e s  i t  i s  p o s s i b l e  t o  c o r r e l a t e  t h e  r educ t ion  i n  
C02 sc rubbe r s ,  v e n t i l a t i o n ,  sno rke l ,  and va r ious  a i r  b l eeds .  
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It has  been r epor t ed  t h a t  t h e  ope ra t ing  e f f i c i e n c y  of shipboard 602 
scrubbers  improved a s  t h e  C02 l e v e l  i n c r e a s e s  above a  nominal l % , s u c h  t h a t  
t h e  h igher  t h e  carbon d iox ide  l e v e l  t h e  more e f f i c i e n t  t h e  scrubbers .  F i n a l  
system c a l i b r a t i o n ,  however, showed t h a t  C02 w a s  w i t h i n  1% of t h e  t h e o r e t i c a l  
va lue .  This  r e s u l t s  i n  a  + O . 1 1  t o r r  e r r o r  ou t  of  a  nominal 7.6 t o r r  c o n t r o l  
l e v e l .  C lea r ly  t h i s  level-of u n c e r t a i n t y  i s  of  l i t t l e  o r  no concern r e l a t i n g  
t o  a  d e c i s i o n  t o  start C02 scrubbers  o r  n o t .  

F igures  4a through 4e a r e  comparisons of t h e  Mark V carbon d iox ide  out- 
p u t s  w i t h  t h e  Perkin-Elmer Undersea Atmospheric Sensor taken  a s  a r e f e r e n c e ,  
A +5.7% f u l l - s c a l e  e r r o r  band o r  +0.95 t o r r  based on 16.74 t o r r  f u l l  s c a l e  
hag  been shown f o r  purposes of d a t a  eva lua t ion .  This  e r r o r  band r e l a t e s  to 
previous  t h e o r e t i c a l  worst  c a s e  a n a l y s i s  performed on t h e  mass spectrometer  
a t t r i b u t e d  t o  system performance c h a r a c t e r i s t i c s  occu r r ing  s imul taneous ly ,  

F igures  5a through 5e r e p r e s e n t  t h e  summation of t h e  p a r t i a l  p re s su re  
o u t p u t s  dur ing  s e a  deployment of t h e  Undersea Atmospheric Sensor.  S ince  
n i t r o g e n ,  oxygen, carbon d iox ide  and water  vapor were t h e  four  atmospheric 
c o n s t i t u e n t s  d i sp layed  and argon c o n s t i t u t e s  approximately 1% of t h e  nominal 
atmosphere,  7.4 t o r r  has  been added t o  t h e  recorded d a t a  ou tpu t s  f o r  t h e  
c o n t r i b u t i o n  of  argon,  i n  o r d e r  t o  more c l o s e l y  approximate t h e  ambient pres-  
su re .  From 0200, 25 October through 1000, 5  November, and from 0200, 
27 November through 2400, 27 November, t h e  Tes t  Mode S e l e c t  swi tch  was l e f t  
i n  a  p o s i t i o n  o t h e r  than  Hz0 ou tpu t .  During t h e s e  pe r iods  10.0 t o r r ,  a 
nominal water  vapor output  l e v e l ,  has  been added t o  t h e  summation of  t h e  
d a t a  o u t p u t s  recorded.  The r e s u l t i n g  summation of  t h e  p a r t i a l  p r e s s u r e s  i s  
assumed t o  be w i t h i n  +0.25% of t h e  a c t u a l  d a t a  o u t p u t s  dur ing  t h e  pe r iods  
when t h e  Tes t  Mode s e l e c t  swi t ch  was i n  t h e  wrong p o s i t i o n .  During t h e  
remainder of t h e  d a t a  i t  i s  expected t h a t  t h e  summation of  t h e  p a r t i a l  p res -  
s u r e s  i s  w i t h i n  - +0.1% of  t h e  a c t u a l  summation i f  argon would have been 
recorded. 

I n  F igure  5 a ,  from 1 3  October through 23 October,  t h e  summation of t h e  
p a r t i a l  p r e s s u r e s  increased  approximately 9.5 t o r r  from a  nominal l e v e l  
which w a s  6.5 t o r r  lower t han  t h e  barometr ic  p re s su re .  This  p o s i t i v e  sys- 
t e m  d r i f t  i s  b a s i c a l l y  a t t r i b u t e d  t o  system thermal  s t a b i l i t y .  Fac to r s  
c o n t r i b u t i n g  t o  long  term system i n s t a b i l i t y  are thermal  c o e f f i c i e n t s  of 
system e l e c t r o n i c  components and t h e  p re s su re  t ransducer  u t i l i z e d .  The 
Undersea Atmospheric Sensor experienced an  ambient temperature change f rom 
54OF t o  28OF, o r  a d e l t a  change of  26OF dur ing  s e a  deployment. Re la t ing  
t h i s  thermal  v a r i a t i o n  t o  system d r i f t ,  a  0.37 t o r r / " F  system thermal  s h i f t  
was observed. The Undersea Atmospheric Sensor w a s  o r i g i n a l l y  developed f o r  
use  i n  a r e l a t i v e l y  cons t an t  ambient atmosphere, and thus  r igo rous  considera-  
t i o n  of  thermal  v a r i a t i o n  was no t  made. Future  a p p l i c a t i o n s  would be 
addressed t o  s a t i s f y i n g  more s t r i n g e n t  ambient cond i t i ons .  
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A +I%, 7.6 t o r r  e r r o r  band h a s  been added f o r  purposes  o f  system evalua- 
t i o n ,  tz F i g u r e  5a  th rough  5 e ,  abou t  a nominal +2.5 t o r r  assumed thermally 
s t a b l e  sys tem p a r t i a l  p r e s s u r e  summation. It can b e  s e e n  t h a t  t he  majority 
of  t h e  summation o f  t h e  Undersea Atmospheric Sensor  o u t p u t s  f a l l  well within 
t h i s  +I% e r r o r  band. - 

Major p e r t u r b a t i o n s  below t h e  nominal p a r t i a l  p r e s s u r e  s 
a t t r i b u t e d  t o  p o s s i b l e  r e d u c t i o n  o f  i n l e t  l e a k  conductance.  Since Fngineer- 
i n g  d a t a  was n o t  r ecorded  d u r i n g  t h e  p e r i o d s  when t h e  summation of the  pa r -  
t i a l  p r e s s u r e s  were  s i g n i f i c a n t l y  below t h e  b a r o m e t r i c  r e a d i n g ,  i t  i s  
i m p o s s i b l e  t o  p o s i t i v e l y  i d e n t i f y  t h e  s o u r c e  of t h e  nonconformance, Zf, 
however, one were  t o  sum t h e  p a r t i a l  p r e s s u r e s  recorded  i n  Tab les  l a ,  L b ,  
and l c  on 17  November a t  1400 h o u r s ,  one would s e e  t h a t  t h e  sunmat icn o f  
t h e  p a r t i a l  p r e s s u r e s  was e q u a l  t o  736 t o r r ,  w h i l e  t h e  p r e s s u r e  t r a ~ s d u c e z  
o u t p u t  was 771 t o r r  - a  v a r i a t i o n  o f  -35 t o r r .  As t h e  i n l e t  v a l v e  conduce- 
ance i s  reduced ,  t h e  anode c u r r e n t  i n c r e a s e s  i n  a n  a t t e m p t  t o  mainta.in 
s t a b l e  c losed- loop  o p e r a t i o n .  Closed-loop o p e r a t i o n  o f  t h e  Urldersea Atmos- 
p h e r i c  Sensor  h a s  been l i m i t e d  t o  35.0 microamperes anode c u r r e n t ,  If the  
sys tem demands more anode c u r r e n t  - due t o  change i n  i n l e t  l e a k  eoaauctance - 
t h a n  can be  s u p p l i e d  by t h e  p r e s e t  l i m i t a t i o n  o f  35 microamperes anode cur- 
r e n t ,  t h e  sum of  t h e  p a r t i a l s  w i l l  s ta r t  t o  d e v i a t e  from t h e  barometric 
p r e s s u r e .  I n  a l l  i n s t a n c e s  t h i s  w i l l  be  a n e g a t i v e  d e v i a t i o n  f rom the 
b a r o m e t r i c  p r e s s u r e .  

The r e a s o n  f o r  i n l e t  l e a k  conductance v a r i a t i o n  i s  n o t  obvious  from t h e  
d a t a  a v a i l a b l e .  A t h e r m a l  t r a n s i e n t  i n  t h e  i n l e t  v a l v e ,  o r  a v i b r a t i o n  
t r a n s i e n t ,  seems t o  b e  t h e  most r e a s o n a b l e  e x p l a n a t i o n .  However, a discrete 
contaminant  o r  p a r t i c u l a n t  w a t e r  i n  t h e  i n l e t  l e a k  area might a l s o  p r o v i d e  
similar b e h a v i o r .  The d a t a  d o e s ,  however, i n d i c a t e  t h a t  i n l e t  conductan-e 
does  r e c o v e r  t o  t h e  o r i g i n a l  v a l u e  w i t h i n  two h o u r s .  

Major p e r t u r b a t i o n s  above t h e  nominal p a r t i a l  p r e s s u r e  summation are  
a t t r i b u t e d  i n  most c a s e s  t o  b a r o m e t r i c  p r e s s u r e  r e a d i n g  e r r o r ,  It should 
be  n o t e d  t h a t  i n  many i n s t a n c e s  when t h e  summation o f  t h e  p a r t i a l  pa-essures 
i s  h i g h e r  t h a n  t h e  b a r o m e t r i c  p r e s s u r e ,  t h e  d e v i a t i o n  between the two i s  
approx imate ly  1 i n c h  o f  mercury.  While t h i s  does  n o t  appear  indicative of 
a l l  t h e  b a r o m e t r i c  p r e s s u r e  r e a d i n g s ,  i t  was determined t h a t  accurate read- 
i n g  o f  t h e  a v a i l a b l e  ba romete r  does  r e q u i r e  more f a m i l i a r i t y  t h a n  shou ld  
normal ly  b e  r e q u i r e d ,  T h i s  c o n c l u s i o n  was reached  d u r i n g  predeployment 
c a l i b r a t i o n  when members o f  t h e  s h i p ' s  crew were  asked f o r  barometr3.c pres- 
s u r e  r e a d i n g s  and ,  when once  t a k e n ,  were found t o  be  i n  e r r o r  by a s i g n i f i -  
c a n t  amount. 
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A comparison of t h e  major per turbat ions  i n  t h e  summation of p a r t i a l  
pressures ,  Figures 5a through 5e ,  and the  oxygen p a r t i a l  pressure  output ,  
Figures 2a through 2e, r evea l s  no cor re la t ion .  I f  t h e  major per turbat ions  

a t i o n  of p a r t i a l  pressures  a r e  accepted f o r  what they are, i t  i s  
found t h a t  t h e  maximum e r r o r  i n  Figure 5 is  approximately +6% of 760 t o r r ,  
This same e r r o r  r e l a t e d  t o  the  oxygen output o r  carbon dioxide output would 
produce approximately +9.6 t o r r  e r r o r  i n  oxygen based on 160 t o r r  nominal. 
l e v e l  and +0.67 t o r r  e r r o r  i n  carbon dioxide based on 11.1 t o r r  maximum 
l e v e l .  ~ e g a t i v e  per turbat ions  can be el iminated i n  t h e  fu tu re  by thermal 
and v i b r a t i o n a l  i s o l a t i o n  of the  i n l e t  l eak  valve,  add i t iona l  sample f i l t r a -  
t i o n  and higher anode cur ren t  set point .  Pos i t ive  e r r o r s  can be el iminated 
through add i t iona l  ca re  i n  observing and recording barometric pressure  
readings. 

SAMPLE TRANSPORT PUMP FAILURE 

On 6 December, between 0900 hours and 1100 hours, the  sample transpiart 
pump, a commercially procured a u x i l i a r y  pump u t i l i z e d  t o  move t h e  a i r  sample 
through t h e  sample l i n e ,  ceased functioning.  This f a i l u r e  resu l t ed  i n  t h e  
absence of new gas sample a t  t h e  i n l e t  t o  t h e  mass spectrometer. The trans-  
por t  pump has been replaced and a f a i l u r e  ana lys i s  performed. The r e s u l t s  
of the  f a i l u r e  ana lys i s  a r e  shown i n  Figures 6 and 7. The Gast pump, Msdel 
0531-102347, has four carbon vanes inse r t ed  i n t o  a s t e e l  r o t o r  hub which, i n  
t u r n ,  is  mounted i n  a c a s t  housing (with eccen t r i c  cav i ty ) .  These carbon 
vanes a r e  designed such, t h a t ,  a s  t h e  r o t o r  r o t a t e s ,  the  vanes s l i d e  i n  and 
out  of t h e  r o t o r  hub following t h e  contour of the  eccen t r i c  housing and 
moving a gas sample through t h e  system. The mechanical f i t  between the  
r o t o r  and vanes is  such t h a t  abrasion of t h e  vane r e s u l t s .  Continuous 
opera t ion of t h i s  pump eventual ly  produces f a i l u r e  of t h e  vane which, when 
f rac tu red ,  tends t o  jam the  motion of t h e  r o t o r  and subsequently causes t he  
pump fuse  t o  blow. Future systems u t i l i z i n g  a s i m i l a r  sample t r anspor t  
scheme must provide access t o  t h e  r o t o r  a rea  of t h e  pump and adequate re- 
placement vane spares  t o  insure  considerably longer system operat ion.  

CONCLUSIONS 

The Undersea Atmosphere Sensor System, described i n  Appendix 3, Opera- 
t i o n  and Maintenance Manual, Undersea Atmospheric Sensor, has proven t o  be 
a r e l i a b l e ,  automatic and accura te  t o o l  f o r  monitoring t h e  atmospheric 
cons t i tuen t s  of n i t rogen,  oxygen, carbon dioxide,  water vapor and argon 
under in-use undersea environment condit ions.  



Virtually maintenance-free operation was provided during 62 con.tinuuus 
days of sea deployment. Calibrations were performed at the beginning and. 
end of sea deployment, the results of which indicate unusually stable  long 
term operation. During the period of sea deployment, the readings provided 
by the Undersea Atmospheric Sensor were in close agreement with other atmo- 
spheric analyzing equipment, both fixed and portable. By observing atmo- 
spheric trends, carbon dioxide scrubber operation, ventilation and air bleed 
modes, the operational reliability of the Undersea Atmospheric Sensor can be 
verified. This close agreement with other on-board equipment and the s t a b i b -  
ity of system calibration indicate that, with the addition of o t h e r  rnonltor- 
ing functions - not presently included in the Undersea Atmospheric Sensor, - 
the requirement for total atmospheric constituent monitoring can be provided 
in a compact, reliable, automatic configuration. 
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RESULTS OF FIVE DAY SEA TRIAL 
ON THE UNDERSEA AmOSPIIERIC SENSOR 

INTRODUCTION 

Under t h e  gene ra l  scope of Cont rac t  MSl-9469, t h e  Perkin-Elmer Co~rpora t ion ,  
Aerospace Div is ion ,  undertook a s  Cont rac t  Item 11, the  e f f o r t  necessary  to 
modify a  Government-Furnished Two Gas Atmospheric Sensor System f o r  continuous 
use a s  an Undersea Atmospheric Sensor System, The i n t e n t  of  t h e  experinen$ 
was t o  monitor t h e  atmospheric c o n s t i t u e n t s  of n i t rogen ,  oxygen, d iox ide ,  
water  vapor ,  and argon over  an  extended per iod  of t ime, i n  a n  undersea c a b i n  
atmosphere. The o p e r a t i o n  of t h e  Undersea Atmospheric Sensor was t o  b e  
e s s e n t i a l l y  automatic  w i th  v i s u a l  d i s p l a y  of t h e  n i t rogen ,  oxygen, carbon 
d iox ide ,  and water  vapor atmosphere c o n s t i t u e n t s .  Ease of maintenance and 
t roubleshoot ing  and r e l i a b l e  long-tern ope ra t ion  of t he  instrument  were t h e  key 
requirements ,  

On 25 September 1970, t h e  Undersea Atmospheric Sensor System, UPTI:TE, was de- 
l i v e r e d ,  placed i n  ope ra t ion ,  and c a l i b r a t e d  f o r  a  pre l iminary  f i v e  day sea 
t r i a l .  Table 1 - l a ,  1 - lb ,  and 1 - l c  a r e  copies  of t h e  engineering data recorded 
during t h e  f i v e  day sea  t r i a l  by a  member of t h e  Naval Research Laboratory 
s t a f f .  This d a t a  was taken p e r i o d i c a l l y  f o r  purposes of monitoring the system's 
i n t e r n a l  performance by Perkin-Elmer. 

Table 1-2a, 1-2b, 1-2c a r e  cop ie s  of d a t a  forms maintained during the f i v e  
day s e a  t r i a l  by the  same NRL s t a f f  member t h a t  recorded the  da t a  on Table 6-123 
through 1 - l c ,  The d a t a  i n  Table I-2a through 1-2c would normally be recorded 
by members of t h e  crew dur ing  each watch per iod .  

As  t he  i n s t r m e n t  was i n i t i a l l y  c a l i b r a t e d  on a  s p e c i a l  Perkin-Elmer gas mixture 
of 74 .8% n i t rogen ,  20.11% oxygen, 2,13% carbon d iox ide  and 3.0% argon,  each 
readout  parameter was w i t h i n  2.0 t o r r  of t h e  t h e o r e t i c a l  va lue ,  The summation 
of t h e  p a r t i a l  p re s su re s  was w i t h i n  5.0 t o r r  of the  barometr ic  p re s su re ,  The 
performance of t h e  system on s tandard  a i r  was such t h a t  t h e  readout  parameters 
were w i t h i n  1.5 t o r r  of t h e o r e t i c a l  va lues ,  and t h e  summation of the  p a r t i a l  
p re s su re s  was w i t h i n  2.0 t o r r  of t h e  barometr ic  p re s su re .  Throughout the f i v e  
day s e a  t r i a l  t h e  system performed s t e a d i l y ,  r e t a i n i n g  t h e  l e v e l  of calibration 
i n i t i a l l y  observed, C a l i b r a t i o n  v e r i f i c a t i o n  performance a t  t h e  conclusion 
of t h e  f i v e  day s e a  t r i a l  showed t h a t :  I )  n i t r n g e n  was w i t h i n  2 - 8 4  t o r r  ~f the 
563,17 t o r r  t h e o r e t i c a l  va lue ;  2)  oxygen was w i t h i n  2 ,4  t o r r  of the  1531-1: torr 
t h e a r e t i c a l  va lue ;  3) carbon d iox ide  was w i t h i n  0.14 t o r r  of t h e  L6-04 t o r r  
t h e o r e t i c a l  va lue ;  4 )  argon was w i t h i n  0.62 t o r r  of t he  22,58 tor]: theoretical: 
va lue ;  and 5) t h e  s a t i o n  of t h e  p a r t i a l  p re s su re s  was w i t h i n  0,822 of the 
barometr ic  p re s su re .  
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PERFORMANCE STJMMARY 

Fina l  system c a l i b r a t i o n  was achieved j u s t  p r i o r  t o  0927, 27 September 1990 
on a Perkin-Elmer supplied c a l i b r a t i o n  gas sample containing 74.8% ni t rogen,  
20.11% oxygen, 2.13% carbon dioxide and 3.0% argon. Cal ibra t ion of the water 
vapor output  was  achieved using the  e x i s t i n g  r e l a t i v e  humidity and tempera- 
t u r e  a t  the  sample point.  The system outputs  were a s  follows i n  t o r r  (M Hg), 

Theoret ica l  outputs  i n  t o r r  a r e  a s  follows: 

The v a r i a t i o n s  between t h e o r e t i c a l  output  and t h e  instrument outputs  (er ror)  
a r e  a s  follows: 

N2 + 1.4 Torr out  of 563.6 t o r r  

O2 + 2.0 Torr ou t  of 151.5 t o r r  

C02 + 0.33 Torr out  of 16.05 t o r r  

A r  9 0.70 Torr ou t  of 22.6 t o r r  

H20 0.00 Torr -- 
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Figure  8 is a g raph ica l  r e p r e s e n t a t i o n  of t he  d a t a  presented  i n  Tables 1-2a, 
1°2b, and 1-2c. For c l a r i t y ,  i t  should b e  noted t h a t  on 30 September 1970, 
s h o r t l y  a f t e r  1145 and p r i o r  t o  1334 hours ,  a l i n e  of d a t a  was take11 with a 
t i m e  of 0015 hours .  It has  been assumed t h a t  t h e  t ime w a s  a c t u a l l y  1215 hours, 
It should a l s o  be  noted t h a t  a t  1143,2 October 1970,a l i n e  of da ta  w a s  taken 
which would i n d i c a t e  t h a t  1584.4 t o r r  of oxygen was p re sen t .  Since the d i g i t a l  
vo l tmeter  can p h y s i c a l l y  d i s p l a y  only  3 112 d i g i t s ,  199.9 being the Largest* i t  
has been assumed t h a t  t h e  oxygen d a t a  was en tered  on t h e  l o g  sheet incorrectly, 

The f i r s t  and l a s t  sets of d a t a  presented  on t h e  graph, F igure  8 , were taken 
by Perkin-Elmer personnel  and a r e  c i r c l e d  f o r  i d e n t i f i c a t i o n .  

A t  1029 on 3 October 1970, t h e  Undersea Atmospheric Sensor System was recalf- 
b r a t e d  on Perkin-Elmer c a l i b r a t i o n  gas .  The c a l i b r a t i o n  sample w a s  the sane 
t h a t  w a s  used p rev ious ly ;  74.8% n i t rogen ,  20.11% oxygen, 2.13% carbon dioxide,  
and 3.0% argon. The system ou tpu t s  were a s  fo l lows:  

T h e o r e t i c a l  ou tpu t s  i n  t o r r  a r e  a s  fol lows:  
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The v a r i a t i o n s  between t h e o r e t i c a l  outputs  and a c t u a l  outputs  a f t e r  the  five 
day s e a  t r i a l  are a s  follows: 

N2 + 2.84 Torr o u t  of 563.17 t o r r  

O2 + 2.4 Torr ou t  of 151.4 t o r r  

CO + 0.14 Torr ou t  of 16.04 t o r r  2 

A r  + 0.62 Torr out  of 22.6 t o r r  

H20 0.00 Torr -- 

'TOTAL 
6.28 Torr out  of 759 t o r r  

Comparing the  instrument c a l i b r a t i o n  p r i o r  t o  t h e  f i v e  day s e a  t r i a l  with the 
c a l i b r a t i o n  v e r i f i c a t i o n  a f t e r  t h e  s e a  trial,  i t  can be  seen t h a t  the  instru-- 
ment performance has remained wi th in  1% on a l l  parameters. 
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APPENDIX 2 

EVALUATION OF A FOUR GAS PIASS SPECTROWTER 

USED FOR AmOSPBERIC CONTROL DURING- THE 

NINETY DAY TEST 

By Michael R. Ruecker 

The des ign  and performance of a Mass Spectrometer Atmospheric Sensor System 
which was u t i l i z e d  f o r  monitor ing and c o n t r o l  of t h e  atmosphere of a manned 
space  s t a t i o n  s imula tor  during a 90 day t e s t  i s  reviewed. The instrument 
was a modified Two Gas Atmosphere Sensor System which was opera ted  w i t h  a 
new c losed  loop e l e c t r o n i c s  c o n t r o l  system f o r  improved long tern s t a b l l ~ t y ,  
Based upon c a l i b r a t i o n  v e r i f i c a t i o n  d a t a  taken dur ing  t h e  5-day and 98-day 
runs  t h e  ins t rument  was demonstrated t o  hold i t s  c a l i b r a t i o n  wi thFn one per-- 
cen t  f o r  n i t rogen ,  two pe rcen t  f o r  oxygen and t h r e e  percent  f o r  carbon d i o x i d e  
f o r  a per iod  of 132 days. It a l s o  monitored water  vapor p a r t i a l  pressuze, The 
output  s i g n a l  from t h e  oxygen channel  was employed by a n  atmosphere con t ro l  
system f o r  main ta in ing  t h e  oxygen p a r t i a l  p re s su re  of t h e  Space Station SLnau- 
l a t o r .  The ins t rument  demonstrated i t s  a b i l i t y  t o  p e r f o m  r e l i a b l y  and 
p o t e n t i a l  va lue  a s  equipment f o r  ECS a p p l i c a t i o n s .  

INTRODUCTION 

I n  1965 a phased program was i n i t i a t e d  wi th  Langley Research Center afmea. ac 
t h e  development of a mass spectrometer  system f o r  monitor ing the major con- 
s t i t u e n t s  of a bu f fe red  two gas atmosphere a s  we l l  a s  t h e  primsry metabolic 
products  of r e s p i r a t i o n ,  The Two Gas Atmosphere Sensor System, a single 
focus ing  magnetic s e c t o r  mass spec t rometer ,  evolved from t h i s  program, whdca 
was capable  of cont inuous ly  monitor ing n i t rogen ,  oxygen, carbon di&x3.de, anl 
water  vapor. An engineer ing  t e s t  model and fou r  p ro to type  u n i t s  were fabri- 
ca t ed  on t h i s  program. One of t h e s e  u n i t s  i s  shown i n  F igure  5 ,  These 
ins t ruments  have been employed i n  s e v e r a l  a p p l i c a t i o n s  f o r  atmospheric and 
r e s p i r a t o r y  measurements i n  v a r i o u s  l a b o r a t o r i e s ,  a space station simulator 
and two undersea h a b i t a t s .  One of t hese  a p p l i c a t i o n s  was i n  c o n j u r e t i o n  nnri:k 
t he  60-Day Manned Space Cabin Simulator  Tes t  i n  1968, A t  t ha t  time the TPwo 
Gas Atmosphere Sensor System was opera ted  e x t e r n a l l y  t o  t h e  Space Cabin 
Simulator  w i t h  a l a b o r a t o r y  vacuum system, and sanrpled the  cab in  a t m o s p h e ~ e  
through a capi l la ry-bypass  i n l e t  system. 



NASA CR-1118960 

I n  the  most r ecen t  app l i ca t ion ,  the  sub jec t  of t h i s  paper, one of the  o r i g i n a l  
instruments was refurbished,  equipped wi th  updated e l e c t r o n i c s ,  repackaged 
with a c l o s e  coupled ion  pump and a d i r e c t  e n t r y  sample i n l e t  system, and 
mounted i n s i d e  the  Space S t a t i o n  Simulator where i t  monitored the  p a r t i a l  
pressures  of oxygen, n i t rogen,  carbon dioxide,  and water vapor. The output  
s i g n a l  of the  mass spectrometer 's  oxygen channel was provided a s  t h e  inpu t  t o  
t h e  atmospheric con t ro l  system which con t ro l l ed  t h e  oxygen p a r t i a l  pressure .  
The performance of the  combined system was more than adequate t o  hold t h e  
oxygen p a r t i a l  pressure  wi th in  t h e  l i m i t s  requi red  f o r  constant  physio logica l  
funct ioning of the  crew. 

PRINCIPLES OF OPERATION 

The Two Gas Atmosphere Sensor System i s  a s i n g l e  focusing magnetic s e c t o r  
mass spectrometer t h a t  i s  designed t o  provide four  simultaneous outputs  
t h a t  a r e  propor t ional  t o  the  p a r t i a l  pressures  of N2, 02, C02 and H20. 
The fundamentals of the  opera t ion  of the  mass spectrometer a r e  diagrmmed 
i n  F i g u r e l o .  A small  quan t i ty  of the  gas sample t o  be analyzed i s  con- 
t inuously  introduced t o  the  mass spectrometer through a molecular i n l e t  
leak.  The c h a r a c t e r i s t i c s  of t h i s  l e a k  al low each cons t i tuen t  of  t h e  sample 
t o  flow through t h e  l e a k  independent of the  o the r  components. The r e s u l t i n g  
p a r t i a l  p ressu res  wi th in  the  ion  source a r e  propor t ional  t o  the  corresponding 
p a r t i a l  pressures  i n  the sample environment. 

The ion  source performs t h e  func t ion  of ion iz ing  p a r t  of t h e  gas t o  form 
charged p a r t i c l e s  which a r e  then ac ted  upon by t h e  e l e c t r o s t a t i c  and 
m g n e t i c  f i e l d s  wi th in  the instrument. Ion iza t ion  is  accomplished by 
bombardment of an  e l e c t r o n  beam which i s  derived from a ho t  w i r e  f i lament.  
The ions  a r e  r epe l l ed  from the  ion iz ing  region,  focused by an  e l e c t r o s t a t i c  
l e n s  and passed through the  i o n  source e x i t  s l i t  i n t o  the  magnetic s e c t o r .  
A permanent magnet provides a u n i f o m  magnetic f i e l d  through which the  ion  
beam passes wi th in  t h e  vacuum envelope. The ions  a r e  de f l ec ted  i n t o  
c i r c u l a r  a r c s  by t h e  magnetic f i e l d ,  t h e i r  r a d i i  being propor t ional  t o  the  
square r o o t  of the  mass t o  charge r a t i o s  of  the  ions.  Since a l l  of  the  ions  
of i n t e r e s t  a r e  s i n g l y  charged, the  r a d i i  a r e  propor t ional  t o  m3. Conse- 
quent ly ,  t h e  ions  a r e  d ispersed a s  they l eave  the  magnetic f i e l d  and co l l ec ted  
by four  Faraday cage type c o l l e c t o r s  located  along a foca l  plane. The 
c o l l e c t o r s  a r e  a t tached t o  s i n g l e  p i n  feedthroughs t h a t  pass the  cu r ren t  
through the  vacuum envelope t o  four  e lec t rometer  ampl i f i e r s  t h a t  amplify 
the  small c u r r e n t s  t o  provide output  vo l t ages  which a r e  propor t ional  t o  t h e  
ion  cu r ren t s .  The output  s i g n a l s  a r e  the re fo re  propor t ional  t o  t h e i r  
r e spec t ive  p a r t i a l  pressures .  The i n t e r n a l  vacuum necessary f o r  opera t ion  
of t h e  analyzer  i s  maintained by a s u i t a b l e  high vacuum pump which is 
connected t o  t h e  mass spectrometer by means of a pump tube. 

The Two Gas Atmosphere Sensor mass spectrometer analyzer  assembly is  shown 
i n  Figure 11, The vacuum envelope, permanent magnet, s i n g l e  p in  feedthroughs 
and t h e  pump tube a r e  c l e a r l y  v i s i b l e .  The mul t ip in  feedthroughs t h a t  a r e  
v i s i b l e  i n  t h e  ion  source housing provide the  vo l t ages  t h a t  ope ra te  the ion  
source f i lament  and focusing e l ec t rodes .  



REQUIREMENTS FOR TWE 90-DAY TEST 

The requirements  f o r  t h e  90-Day Space S t a t i o n  Simulator  (SSS) a p p l i c a t i o n  
were t o  monitor t h e  p a r t i a l  p re s su res  of n i t rogen ,  oxygen, carbon dioxide, 
and water  vapor us ing  a  modified Two Gas Atmosphere Sensor. The p r inc ipa l  
requirements  a r e  s u m r i z e d  i n  Table 2-1. 

The instrument w a s  t o  be loca t ed  wi th in  a  s p e c i f i e d  volume wi th in  the SSS 
and t o  g ive  continuous ou tpu t s  w i t h i n  a  s p e c i f i e d  to l e rance  f o r  t he  en t i re  
90-day per iod  wi thout  r e q u i r i n g  r e c a l i b r a t i o n .  I n  o r d e r  t o  provide infon-snan- 
t i o n  f o r  engineer ing  eva lua t ion  of the  instrument" performance, a  method 
of making c a l i b r a t i o n  v e r i f i c a t i o n  was requi red .  The instrument was t o  be 
provided wi th  t h e  necessary  suppor t  equipment t o  main ta in  i t s  i n t e r n a l  
vacuum through a  power f a i l u r e .  Dual ou tpu t s  were necessary f o r  i n t e r n a l  
s i g n a l  monitoring by meters  a s  w e l l  a s  vo l t age  ou tpu t s  t o  be monitored by 
the  coomputer system e x t e r n a l  t o  t h e  SSS. 

TABLE 2-1 

Requirements f o r  90-Day SSS Atmospheric Sensor 

Monitored Species:  N20, N2, 02 and C02 

Monitored Masses: m/e 18 ,  m/e 28, m/e 32, and m/e 44 

F u l l  Sca l e  Ranges: 20 t o r r ,  500 t o r r ,  200 t o r r  and 120 torr 
r e s p e c t i v e l y  

To ta l  Pressure :  Nominally 10 l b f / i n 2  abs  o r  517 t o r r  

Configurat ion:  Limited s i z e  c o n s i s t e n t  wi th  a v a i l a b l e  space 
and commercial suppor t  components 

Operat ing Contro ls :  None f o r  normal opera t ion .  I n l e t  system 
valv ing  f o r  i n i t i a l  s e tup  and c a l i b r a t i o n  
v e r i f i c a t i o n .  Power on-off,  i o n  pump and 
emission cu r ren t  a d j u s t s .  

Maintenance: None 

Outputs: I n t e r n a l :  fou r  meters  
Remote: f o u r  bu f fe red ,  l i n e a r ,  zero to 

5  v o l t  

Performance Monitors: Anode c u r r e n t ,  i on  pump c u r r e n t ,  and 
b a t t e r y  vo l t age  

Sample I n l e t :  Sample t r a n s p o r t  l i n e  w/3 inch  N20 head 

Nominal Accuracy: - +2% of f u l l  s c a l e  f o r  N2 and 02 
+3% of f u l l  s c a l e  f o r  C02 - 
+5% of f u l l  s c a l e  f o r  W2O - 

Enviroment  : Compatible wi th  ope ra t ion  i n  t h e  Space 
S t a t i o n  Simulator 
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SYSTEM DESCRIPTION 

The d e s c r i p t i o n  of  t h e  90-Day SSS Atmospheric Sensor i s  f a c i l i t a t e d  by 
cons ider ing  i t s  major system components which a r e :  f i r s t ,  t h e  sample i n l e t  
and c a l i b r a t i o n  i n l e t  system; second, t h e  m a s s  spectrometer  subsystem 
inc lud ing  i ts  vacuum pump; and t h i r d ,  t h e  suppor t  e l e c t r o n i c s  subsystem 
which inc ludes  t h e  e l e c t r o n i c s  r equ i r ed  t o  o p e r a t e  t h e  ana lyze r  and ion  pump 
a s  w e l l  as t h e  output  c i r c u i t s .  A block diagram of t h e  system i s  shown i n  
F i g u r e l 2 a n d  can be used f o r  r e f e r e n c e  i n  t he  fo l lowing  d i scuss ion .  The 
sample and c a l i b r a t i o n  i n l e t  system shown i n  t h e  upper l e f t  hand co rne r  of 
Figure  1 2 i s  shown i n  g r e a t e r  d e t a i l  i n  F i g u r e 1 3 w i t h  t h e , f r o n t  pane l  of the 
system shown i n  F igure  14.  

To s i m p l i f y  t h e  system d e s c r i p t i o n ,  each p a r t  of t h e  system r e f e r r e d  t o  has 
been ass igned  an index number a s  shown i n  F i g u r e s 1 3 a n d 1 4 .  Sample gases  
e n t e r  t h e  i n l e t  system from the  one-eighth inch  sample l i n e  a t  t h e  sample inlet 
p o i n t  (1) .  The sample gas  t hen  pas ses  through a need le  flow c o n t r o l  va lve  
on t h e  f r o n t  pane l  of t h e  ins t rument  (2) .  Af t e r  pass ing  through the  flow 
c o n t r o l l i n g  va lve  t h e  sample gas  goes t o  t h e  mode s e l e c t o r  va lve  (3) which 
determines the  mode of ope ra t ion ,  t h a t  is ,  ope ra t ing  i n  t h e  c a l i b r a t i o n  
mode o r  t he  normally ope ra t ing  sample mode. Af t e r  pass ing  through t h e  mode 
s e l e c t o r  v a l v e  t h e  gas i s  f i l t e r e d  by a two s t a g e  i n l i n e  f i l t e r  (4) .  On 
t h e  sample o u t l e t  corresponding sets of f i l t e r s  (5) a r e  p re sen t .  The gas  
mixture  t hen  p a s s e s  through a sample flowmeter ( 6 ) ,  which measures t h e  rate 
of gas  f low through t h e  ins t rument ,  and t h e r e f o r e ,  a l lowing  t h e  p re s su re  drops 
through t h e  i n l e t  system t o  b e  checked, A f t e r  pass ing  through t h e  f l o m e t e r  
t h e  sample t r a v e l s  p a s t  a t o t a l  p r e s s u r e  t ransducer  (16) and o u t  t h e  sample 
ven t  (17). Between t h e  double f i l t e r s  t he  gas  pas ses  through t h e  v a r i a b l e  
l e a k  va lve  (7) .  This  v a r i a b l e  l e a k  va lve  i s  f i t t e d  w i t h  a temperature 
c o n t r o l  system. The h e a t e r  swi tch  (8) c o n t r o l s  the  h e a t e r  f o r  t he  i n l e t  
valve.  The c a l i b r a t i o n  gas  mixture  i s  s t o r e d  i n  a p r e s s u r e  tank  (9) w i th  
r e g u l a t o r  (10).  Pass ing  through t h e  r e g u l a t o r  t h e  sample gas  goes t o  a 
p r o t e c t i o n  shutof f  va lve  (14),  and then  t o  a needle  f low c o n t r o l  va lve  (151, 
then  t o  t h e  s e l e c t o r  v a l v e  (3).  P a r t  of t h e  gas  t o  b e  sampled ( e i t h e r  i n  
t h e  sample gas  o r  t h e  c a l i b r a t i o n  gas )  passes  through the  r e s t r i c t i o n  i n  
t h e  l e a k  v a l v e  and through a smal l  diameter  l i n e  (11) i n t o  t h e  mass spee t ro-  
m e t e r  (121% and f i n a l l y  t o  t h e  i o n  puiinp (13). There is  a roughing va lve  
(25) l oca t ed  w i t h i n  t h e  ana lyze r  c h a s s i s  f o r  i n i t i a l l y  pumping down t h e  
i n s t r m e n t .  The conductance of t h e  v a r i a b l e  l e a k  va lve  can  b e  a d j u s t e d  
by means of a s l o t t e d  screw a d j u s m e n t  (28) on t h e  f r o n t  panel .  The i o n  
c u r r e n t s  coming o u t  of t h e  mass spectrometer  are de t ec t ed  and ampl i f i ed  by 
f o u r  e l ec t rome te r s .  The e l ec t rome te r  ou tpu t s  go t o  t h e  ou tpu t  meters  (26) 
and a l s o  t o  bu f fe red  outputs .  The zero l e v e l s  of t he  e l ec t rome te r s  can be 
checked by p r e s s i n g  the  p r e s s  t o  t e s t  b u t t o n  (27) which c u t s  o f f  t h e  i o n  
beams. The main power t o  t h e  mass spec t rometer  i s  provided by a 28 Vdc 
power supply,  r e q u i r i n g  a 115 v o l t  a c  input .  
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There i s  a  f r o n t  pane l  swi tch  (18) t h a t  c o n t r o l s  the ope ra t ion  of the 28 v o l t  
power supply. Other i t ems  on the  f r o n t  pane l  a r e  t h e  ion  p m p  meter switch 
(19) and t h e  ion  pump c u r r e n t  meter (20).  These monitor t h e  curreni: flowing 
t o  t he  i o n  pump from t h e  h igh  v o l t a g e  supply,  and t h e r e f o r e ,  indirectly 
monitor t h e  ana lyzer  pressure .  There a r e  two o t h e r  meters  on the f r s n t  peae l  
of t h e  Analyzer Control  Module. One of t h e s e  i s  the  b a t t e r y  vo l t age  ind~ca- 
t o r  (21). This  i n d i c a t e s  t h e  s t a g e  of r ead ines s  of t h e  emergency batteries 
t h a t  a r e  used f o r  powering t h e  i o n  pump i n  a  power o f f  s i t u a t i o n ,  75-e other 
f r o n t  pane l  meter i s  t h e  anode c u r r e n t  meter (22).  This meter measures t3c 
anode c u r r e n t  and g ives  a n  i n d i c a t i o n  of the  s e n s i t i v i t y  a t  which the scurce 
i s  be ing  operated.  The anode c u r r e n t  may be  ad jus t ed  only  in o p e c - i m p  moce 
by t h e  anode c u r r e n t  a d j u s t o r  po ten t iometer  (23).  The mode oE oper;etlon, 
open o r  c losed  loop ,  i s  c o n t r o l l e d  by a  s e l e c t o r  switch (24) on eke f r c n t  
pane l ,  

An important  f e a t u r e  of t h e  system i s  the  c losed  loop mode of ope ra r ion  
which au toma t i ca l ly  Compensates f o r  any common mode v a r i a t i o n s ,  The four 
e l ec t rome te r  ou tpu t s  a r e  s ca l ed  t o  provide  s i g n a l s  t h a t  a r e  all propa r t f t s aa i  
t o  p re s su re  w i th  t h e  same v o l t  p e r  t o r r  s e n s i t i v i t y  and sumed to g i v e  a 
" t o t a l  p ressurev '  s i g n a l .  Since t h e  f o u r  components of i n t e r e s t  comprise 
e s s e n t i a l l y  a l l  of t h e  atmosphere t h i s  s i g n a l  can be compared w i t h  the sut- 
p u t  of a  t o t a l  p re s su re  t ransducer ,  which i s  r e f l e c t i n g  t h e  true pressure 
seen  by t h e  sample i n l e t  system. The r e s u l t i n g  e r r o r  s i g n a l  I-epresents the  
s e n s i t i v i t y  e r r o r  of t he  mass spectrometer .  This  s i g n a l  i s  fed  bacl  t o  the 
emission r e g u l a t o r  t h a t  c o n t r o l s  t he  l e v e l  of i o n i z i n g  e l e c t r o n  current I n  
the  i o n  source  and, thereby ,  t he  l e v e l s  of t h e  i o n  c u r r e n t s  whrcb are 
de tec t ed  a t  t he  c o l l e c t o r s .  I n  t h i s  way t h e  summation of the partiai. 
p r e s s u r e s  i s  he ld  a t  t h e  p r e v a i l i n g  ambient p re s su re  l e v e l  and, eonsequentLy, 
common mode v a r i a t i o n s  due t o  such f a c t o r s  a s  changes i n  the i n l e t  leak 
conductance o r  i on  source  s e n s i t i v i t y  a r e  e l imina ted .  Piis method of  
ope ra t ion  r e p r e s e n t s  a  s i g n i f i c a n t  improvement i n  mass spectrometer  d e s i g s  
and a l lows  a  h igh  l e v e l  of accuracy t o  be maintained f o r  a  long p e r i o d  sf 
t ime, 

Other elements of t h e  system, which a r e  shown i n  Figure 1 2 ,  a r e  "_he pcwer 
s u p p l i e s  t h a t  provide  v o l t a g e s  t o  t h e  ion  source ,  the i o n  pump and i t s  h igo  
v o l t a g e  power supply,  t he  power supply system, the f r o n t  panel ccvntroi and 
monitor ing func t ions ,  and t h e  output  b u f f e r  a m p l i f i e r s .  

The complete 90-Day SSS Atmospheric Sensor i s  s h o w  i n  F igure15and che 
i n t e r n a l  cons t ruc t ion  of t h e  upper and lower bays i s  shown in F i g u r e s E 6 a n d  1 7  
r e s p e c t i v e l y .  The upper bay con ta ins  t he  mass spec t rometer ,  i c a  pump, t h e i r  
support  e l e c t r o n i c s ,  t he  sample i n l e t  and c a l i b r a t i o n  i n l e t  systems, an3 t p e  

c a l i b r a t i o n  gas supply. The lower module houses t h e  main power supp l  v , rr;e 
b a t t e r y  pack and charger ,  t h e  b u f f e r  a m p l i f i e r s ,  o u t p u t  and m o ~ ~ ~ i t o r i n g  neLers, 
and the  b u f f e r  a m p l i f i e r s  and p r e s s u r e  t ransducer  power s u p p l i e s ,  
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CALIBUTION 

The Atmospheric Sensor was c a l i b r a t e d  using a  c a l i b r a t e d  gas mixture of N2, 
02 and C02. I n  order  t o  c a l i b r a t e  t h e  instrument a s  c l o s e  a s  poss ib le  t o  
the  expected opera t ing  condi t ions  the c a l i b r a t i o n  gas was admitted t o  a  
labora tory  i n l e t  system i n  which the  pressure  was held a t  10  l b f I i n 2  abs (ps ia )  
(517 t o r r )  and from t h i s  r e s e r v o i r  i t  was introduced i n t o  t h e  mass spectrometer 
I n l e t  system. The v o l t  per  t o r r  s e n s i t i v i t y  a t  the  electrometer ampl i f i e r  
output  of  each channel was computed and t h i s  information was u t i l i z e d  t o  
a d j u s t  the  summing r e s i s t o r s  so t h a t  t h e  cu r ren t  a r r i v i n g  a t  the  summing 
junct ion  of t h e  summing opera t iona l  ampl i f i e r  from each channel has the  same 
ampere p e r  t o r r  s e n s i t i v i t y .  Then the  gains  of the  buf fe r  ampl i f i e r s  are set 
so t h a t  t h e  proper f u l l  s c a l e  va lue  f o r  each channel is achieved a t  f i v e  v o l t s ,  
During t h e  dry gas c a l i b r a t i o n  the  pressure  was exercized between 400 and 634 
t o r r  t o  v e r i f y  t h a t  the  channels were t racking pressure.  This is a  k22.6 
percent  p ressu re  v a r i a t i o n  which i s  much g r e a t e r  than the  expected v a r i a t i o n  
of the  Space S t a t i o n  Simulator atmospheric pressure .  The f i n a l  c a l i b r a t i o n  
da ta  over t h i s  p ressu re  range is  shown i n  Table 2-2. 

TABLE 2-2 

Table of Ca l ib ra t ion  Errors  a t  F ina l  Cal ibra t ion  

The water vapor channel was c a l i b r a t e d  by al lowing t h e  i n l e t  system t o  sample 
l abora to ry  a i r  and comparing the  H20 e lec t rometer  output  wi th  t h e  p a r t i a l  
pressure ,  a s  computed from t h e  r e l a t i v e  humidity indica ted  by a  wet bulb - dry 
bulb Mason's form hygrometer. Since t h e  instrument was sampling a t  one atmos- 
phere during t h i s  test the  v a r i a b l e  i n l e t  l e a k  valve  was closed down t o  main- 
t a i n  t h e  normal i n t e r n a l  p a r t i a l  pressures .  The water s e n s i t i v i t y  was compared 
wi th  t h e  n i t rogen s e n s i t i v i t y  a s  determined from the  a i r  composition and t h i s  
d a t a  was u t i l i z e d  t o  s e t  the  water vapor channel summing r e s i s t o r  and buf fe r  
ampl i f i e r  gain. 

OPERATIONAL RESULTS 

During the  5-day test run the  c a l i b r a t i o n  of the  Atmospheric Sensor was 
v e r i f i e d  twice by admitt ing a  c a l i b r a t i o n  gas sample. During the  f i r s t  v e r L  
f i c a t i o n  the  ga ins  of the  buf fe r  ampl i f i e r s  f o r  the  dry  gas channels were 
r e s e t ,  The oxygen buf fe r  ampl i f i e r  ga in  had somehow s h i f t e d  during the  process 
of shipment, i n spec t ion  and i n s t a l l a t i o n .  The o the r  buf fe r  ampl i f i e r s  were 
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ve ry  c l o s e  t o  t h e i r  proper  va lues .  The d a t a  from t h i s  c a l i b r a t i o n  verifica- 
t i o n  and a second one taken  l a t e r  dur ing  t h e  run  i s  shown i n  Table 2-3, IL 
bo th  c a s e s  t h e  e r r o r  i s  l e s s  than  one percent  on a l l  dry  channels ,  

During t h e  5-day t e s t  i t  was found t h a t  t h e  water  vapor channel was reading 
high  compared wi th  t h e  Cambridge Dew P o i n t  Hygrometer, The dew p o i c t  Pcdica- 
t o r  w a s  r ead ing  11.3 t o r r  whi le  t h e  mass spectrometer  was reading  23,L sorr, 
wi th  a b u f f e r  a m p l i f i e r  ou tpu t  of  4,68 v o l t s .  J u s t  p r i o r  $0 t:he end of the  
run  t h e  b u f f e r  a m p l i f i e r  was ad jus t ed  t o  g i v e  an ou tpu t  of 2 - 8 2  volts bssed 
upon a n  11.3 t o r r  p a r t i a l  p re s su re  and a d e s i r e d  system g a i n  of 20 t a r r ;  
5 v o l t s .  This  c o r r e c t i o n  gave t h e  proper  water  ou tpu t ,  b u t  i t  d i d  not correct 
t h e  summing r e s i s t o r  f o r  t h e  water  channel ,  which w a s  a l s o  apparently il-, 
e r r o r .  One e f f e c t  of t h i s  adjustment  i s  seen  i n  t h e  d a t a  presented Cn rrgure 
18. This  shows the  e r r o r  between t h e  sum of t h e  p a r t i a l  p re s su re s  ss 
i n d i c a t e d  by the  mass spectrometer  and t h e  t o t a l  cab in  p re s su re  as reasurec 
by t h e  Wallace-Tiernan gauge. During t h e  5-day run  the  sum of the partial! 
p r e s s u r e s  agreed w i t h  t h e  t o t a l  p re s su re  w i t h i n  one pe rcen t  o r  better except 
f o r  t h e  f i n a l  reading  which was 2.9 percent  low. This  f i n a l  va lue  was takers. 
a f t e r  t he  water  vapor channel was r e a d j u s t e d .  This  a d d i t i o n a l  two  percent 
e r r o r  amounts t o  an e r r o r  of 10.5 t o r r  a t  525 t o r r  t o t a l  p re s su re ,  which i s  
very  n e a r l y  equal  t o  t h e  11.8 t o r r  e r r o r  t h a t  e x i s t e d  i n  t he  water output 
p r i o r  t o  adjustment  of t h e  b u f f e r  a m p l i f i e r .  

This  e r r o r  r e s u l t s  from t h e  a c t i o n  of t h e  closed-loop, which makes ~p f o r  
t he  e r roneous ly  h igh  Hz0 e l ec t rome te r  a m p l i f i e r  ou tpu t  by dropping the 
i o n i z i n g  c u r r e n t  t o  achieve  the  c o r r e c t  t o t a l  p re s su re .  Reduction c f  the F20 
b u f f e r  g a i n  l e d  t o  a low va lue  f o r  t h e  summation of t he  p a r t i a l  pressures, 

TABLE 2-3 

Resul t s  of C a l i b r a t i o n  V e r i f i c a t i o n  During t h e  5-Day T e s t  

During t h e  90-day t e s t  t h e  Atmospheric Sensor performed d t h o u t  malfunction, 
Five  c a l i b r a t i o n  v e r i f i c a t i o n s  were run  dur ing  t h e  course  of the test and che 
d a t a  from t h e s e  i s  presented  i n  Table 2-4. This  d a t a  shows that the  mass 
spectrometer  maintained i t s  c a l i b r a t i o n  w i t h i n  very  c l o s e   tolerance^+. The 
l a s t  adjustment  of t h e  ins t rument  was made on 30 Apr i l  1970,  Therefore, tlke 
ana lyzer  maintained i t s  c a l i b r a t i o n  on N2, 02,  and C02 w i t h i n  0,9, ;;',I and 
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2.7 percent  r e spec t ive ly  f o r  a  period of 132 days. The sum of the  dry gas 
p a r t i a l  pressures  remained wi th in  0.84 percent during the  same period. It is 
d i f f i c u l t  t o  evaluate  t h e  performance of the instrument by any means o ther  
than the  c a l i b r a t i o n  v e r i f i c a t i o n  data.  Typical output  da ta  f o r  the  ins t ru-  
ment i s  shown i n  Figures 19 through 21. This d a t a  was taken from the  cornparter 
reduced d a t a  obtained on the  MDAC Low Speed Data Acquisi t ion System a t  1800 
hours on each day of the test. This t i m e  was se lec ted  because i t  was consid- 
ered t h e  most "normal", with the  l e a s t  unprogramed a c t i v i t y ,  and should give 
a more represen ta t ive  p i c t u r e  of the  cabin atmosphere from day t o  day. 

Figure 19 shows t h e  v a r i a t i o n s  i n  the oxygen and ni t rogen p a r t i a l  pressures ;  
Figure 20,  the  v a r i a t i o n s  i n  t h e  carbon dioxide and water vapor p a r t i a l  
pressures ;  and Figure 21, the  v a r i a t i o n  the  cabin pressure,  the  sum of the  
p a r t i a l  pressures  and the  d i f fe rence  between these  two values.  A cursory 
review of the  d a t a  has indicated  t h a t  the f l u c t u a t i o n s  i n  the p a r t i a l  psrzssures 
a r e  usual ly  accounted f o r  by s p e c i f i c  known events t h a t  occurred wi th in  the 
SSS. The oxygen p a r t i a l  pressure  was control led  wi th in  a t o t a l  v a r i a t i o n  of 
2.9 t o r r  o r  b e t t e r  than 21 percent .  The t o t a l  pressure  v a r i a t i o n s  a r e  much 
wider pr imar i ly  due t o  a lower gain  i n  t h e  n i t rogen make up por t ion of the 
atmospheric con t ro l  system. The v a r i a t i o n s  i n  the carbon dioxide and water 
vapor p a r t i a l  pressures  r e f l e c t  changes i n  the  s t a t u s  of the s o l i d  amine and 
molecular s i eve  C02 scrubber systems. The summation of the  p a r t i a l  pressures  
i s  cons i s t en t ly  low because of the  incor rec t  summing r e s i s t o r  i n  the  watczr 
channel a s  predic ted  by the  last data  point  taken during the  5-day test run, 
This e f f e c t  from t h e  water channel i s  f u r t h e r  subs tan t i a ted  by comparing the 
c o r r e l a t i o n  between the  water vapor output  and the  e r r o r  i n  t h e  s 
the  p a r t i a l  pressures.  Note t h a t  whenever the  water vapor l e v e l  goes up the 
summation of t h e  p a r t i a l  pressures  goes down and v i s a  versa .  This i s  
exact ly  what was expected from a d e t a i l e d  ana lys i s  t h a t  was made of the  
in terchannel  e f f e c t s  of an i n c o r r e c t l y  es tab l i shed  summing r e s i s t o r ,  

TABLE 2-4 

Results  of Cal ibra t ion Ver i f i ca t ion  During the  90-Day Test 
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During t h e  course  of t h e  90-day t e s t  i t  was found t h a t  t h e  602 outpurr af the 
mass spectrometer  was n o t  i n  agreement w i t h  t h e  i n f r a r e d  ana lyze r ,  Conse- 
quent ly ,  on 21 August 1970 a  p o r t i o n  of  t he  gas u t i l i z e d  t o  make the initial 
c a l i b r a t i o n  of t h e  mass spectrometer  was s e n t  t o  t h e  l abo ra to ry  that made the 
o r i g i n a l  mix ture  a n a l y s i s .  The r e s u l t s  a r e  shown i n  Table 2-5, 

TABLE 2-5 

Comparison of C a l i b r a t i o n  G a s  Analyses 

Note t h a t  t h e  c a l i b r a t i o n  f o r  C02 changed by more than  20 pe rcen t ,  If the 
l a t e r  c a l i b r a t i o n  f i g u r e s  a r e  u t i l i z e d  the  agreement w i th  the infrared 
ana lyze r  i s  very  c lose .  There i s  no reason  t o  suspec t  t h a t  the calibration 
gas  changed dur ing  t h i s  pe r iod ,  and t h e r e f o r e ,  i t  must be  concluded that the 
o r i g i n a l  c a l i b r a t i o n  was i n  e r r o r .  

A t  t h e  conclus ion  of t h e  90-day test the  Atmospheric Sensor was s h u t  down and 
r e tu rned  t o  Perkin-Elmer Aerospace Div is ion  where i t  i s  now being operated on 
l a b o r a t o r y  ambient atmosphere f o r  a  per iod  of 180 days.  

CONCLUSIONS 

The Atmospheric Sensor was shown t o  be  a  r e l i a b l e  and a c c u r a t e  i n s t r w e n t  for 
monitor ing n i t rogen ,  oxygen, carbon d iox ide ,  and water  vapor during the 
course  of t h e  90-Day Manned SSS Tes t .  It demonstrated i t s  c a p a b i l i t y  not 
only  t o  monitor t h e s e  c o n s t i t u e n t s  b u t  t o  provide  ou tpu t s  t h a t  could be 
u t i l i z e d  by a n  atmospheric  c o n t r o l  system f o r  r e g u l a t i o n  of the  pr imary 
atmospheric c o n s t i t u e n t s  of a  c losed  environment. The closed-loop operatrwg 
mode c o n t r o l l e d  t h e  s e n s i t i v i t y  of t he  mass spectrometer  so  t h a t  it could  
o p e r a t e  f o r  a  pe r iod  of 132 days wi thout  a  c a l i b r a t i o n .  The accuracy o f  she 
o u t p u t s  was a f f e c t e d  by t h e  i n i t i a l  c a l i b r a t i o n  which was fouricj to be in er ror  
because of a  f a u l t y  c a l i b r a t i o n  technique i n  the  case  of water  vapor, and sa 
i n a c c u r a t e  c a l i b r a t i o n  gas mixture  i n  t h e  i n s t a n c e  of  carbon dioxide, These 
procedura l  m a t t e r s  have been r e c t i f i e d  and should a l low the  Atmospheric Sensor 
t o  perform t o  i t s  f u l l  c a p a b i l i t y  i n  f u t u r e  a p p l i c a t i o n s ,  
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The 90-Day Manned SSS Test was intended t o  prove out  equipment f o r  app l i ca t ion  
t o  f u t u r e  space s t a t i o n s .  It i s  the re fo re  important t o  assess  the f e a s i b i l i t y  
of reducing the  s i z e ,  weight and power of the  Atmospheric Analyzer t o  l e v e l s  
t h a t  a r e  compatible wi th  a f l i g h t  program. A con t rac t ,  under the  d i r e c t i o n  of 
NASA Manned Spacecraft  Center, i s  cur ren t ly  i n  progress fo r  the development of 
a f l i g h t  q u a l i f i e d  Mass Spectrometer Atmospheric Sensor System (MASS) a s  w e l l  
a s  a modified ve rs ion  t o  be  used a s  a r e s p i r a t o r y  gas analyzer a s  p a r t  o f  the 
M-171 Metabolic Analyzer which w i l l  be used i n  Skylab i n  1972. A photograph 
of the  instrument i s  shown i n  Figure 22.  

These u n i t s  a r e  f u l l y  self-contained,  requir ing only a sample i n l e t  and bypass 
l i n e ,  a small diameter vacuum l i n e  t o  ou te r  space f o r  i n i t i a l  roughing o f  the 
mass spectrometer, system power, and command functions f o r  the  ion  pump mass 
spectrometer e l e c t r o n i c s ,  open-loop/closed-loop con t ro l ,  and s e l e c t i o n  of one 
of t h e  dual  ion  source f i laments.  The system i s  f u l l y  protec ted  aga ins t  
opera t ion a t  excessive pressures  and provides s t a t u s  ind ica to r  outputs  on all 
important funct ions  t h a t  can change during operat ion.  The inputs  and outputs  
a r e  f u l l y  i s o l a t e d  and protected and the  instrument has sample i n l e t  hea te r s  
and ion source temperature con t ro l  f o r  improved performance. 

The design i s  f u l l y  compatible with Apollo and Skylab environments including 
a 38 l b f / i n 2  abs over-pressure requirement. The atmospheric monitoring 
vers ion of t h i s  instrument measures the p a r t i a l  pressures  of hydrogen, water 
vapor, n i t rogen,  oxygen, carbon dioxide, and hydrocarbons i n  the  mass range 
50 t o  120 u (amu). The f i n a l  conf igura t ion of t h i s  system weighs 21 pounds, 
r equ i res  19 wat ts  of power during normal opera t ion and has a c y l i n d r i c a l  
enclosure wi th  a diameter of 7.2 inches and a length  of 12.5 inches. The 
f i r s t  design v e r i f i c a t i o n  test u n i t  of the  MASS i s  scheduled f o r  del ivery  t o  
NASA/MSC i n  November 1970. 
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DESCRIPTION AND OPERATION 

The Undersea Atmospheric Sensor (F igu re ,  23) is  a mass spectrometer  system 
which cont inuously monitors t h e  fo l lowing  atmospheric  cons t i t uen t s :  water  
vapor,  n i t rogen ,  oxygen, argon, and carbon d ioxide .  A func t iona l  block d i a -  
gram of  t h e  system i s  shown i n  Figure 24. 

The fo l lowing  b r i e f  d i scuss ion  of  t h e  system is given a s  an o v e r a l l  famikiar- 
i z a t i o n  w i t h  t h e  instrument .  The sample t o  b e  monitored e n t e r s  t h e  sample 
i n l e t  when t h e  sample s h u t o f f  va lve  is  opened. It passes  through a  double 
f i l t e r  and then  through t h e  bypass l i n e  i n  an  i n l e t  l e a k  va lve .  It cont inues  
through a  flow meter ,  another  double f i l t e r  assembly, a  flow c o n t r o l  va lve ,  
and f i n a l l y  t o  t h e  sample t r a n s p o r t  pump where i t  i s  exhausted t o  t h e  atmas- 
phere.  A s m a l l  p o r t i o n  of t h i s  sample i s  admit ted t o  t h e  mass spectrometer  
( c a l l e d  t h e  ana lyzer )  when t h e  l e a k  va lve  i s  open. This  gas passes  i n t o  the  
i o n  source  where i t  i s  ionized  and t h e  r e s u l t i n g  charged p a r t i c l e s  a r e  resolved 
i n  t h e  magnetic f i e l d  of t h e  ana lyze r  magnet t o  form s e p a r a t e  beams of ion  cur- 
r e n t .  The i o n  c u r r e n t  s t r i k e s  i n d i v i d u a l  c o l l e c t o r s  l oca t ed  a t  t h e  proper 
p o s i t i o n s  f o r  t h e  masses of  i n t e r e s t .  This  ins t rument  monitors water  vapor a t  
mass 18 ,  n i t r o g e n  a t  mass 28 ,  oxygen a t  mass 32, argon a t  mass 40, and carbon 
d iox ide  a t  mass 44. The i o n  c u r r e n t  is converted t o  e l e c t r o n  c u r r e n t  i n  the  
l e a d s  a t t a c h e d  t o  t h e  c o l l e c t o r s .  These l e a d s  pass  through s ingle-p in  feed- 
throughs t o  e l ec t rome te r  a m p l i f i e r s .  The a m p l i f i e r s  amplify t h e  c u r r e n t s ,  
which a r e  i n  t h e  range of 10-14 t o  10-lo amperes, t o  provide f u l l - s c a l e  out- 
p u t  vo l t ages  of t h e  o rde r  of -10 v o l t s .  The ou tpu t  s i g n a l s  are s c a l e d  by a 
v o l t a g e  d i v i d e r  network and then  d isp layed  on d i g i t a l  vo l tmeters  which a re  
c a l i b r a t e d  i n  t o r r  (mm of  Hg). 

A c e n t r a l  f e a t u r e  of t he  mass spec t rometer  is i t s  c losed  loop e l e c t r o n i c  con- 
t r o l  system which au toma t i ca l ly  c o n t r o l s  t h e  ga in  of t h e  mass spectrometer  
a g a i n s t  any common-mode e r r o r s .  Th i s  is accomplished by s c a l i n g  each of the  
e l ec t rome te r  ou tpu t s  t o  g i v e  a n  output  vo l t age  which is p ropor t iona l  t o  torr 
( i .e . ,each channel  is  s c a l e d  t o  have t h e  same gain ,  s i n c e  1 t o r r  o f  oxygelz is 
t h e  same a s  1 t o r r  of  n i t rogen ,  e t c . ) .  A t  t h i s  p o i n t  t h e  ou tpu t s  a r e  s u m e d  
wi th  an  o p e r a t i o n a l  a m p l i f i e r  t o  g i v e  a t o t a l  p re s su re  s i g n a l .  This  s i g n a l  
i s  compared w i t h  t h e  output  of  a t o t a l  p r e s s u r e  t ransducer  which is loca t ed  
i n  t h e  sample i n l e t  l i n e ,  and t h e  e r r o r  s i g n a l  i s  f ed  back t o  t h e  emission 
r e g u l a t o r  where i t  i s  used t o  c o n t r o l  t h e  f i l amen t  d r i v e  and t h e  r e s u l t i n g  
i o n i z i n g  c u r r e n t .  

Other components of  t h e  e l e c t r o n i c s  subsystem a r e  t h e  power supply system esn- 
s i s t i n g  of t h e  fol lowing:  1 )  an  EMI f i l t e r  and t ransformer ;  2) an e l e c t r o d e  
b i a s  supply  and v o l t a g e  d i v i d e r  network, which provides  v o l t a g e s  t o  o p e r a t e  the 
i o n  source ;  and 3)  t h e  B+ and B- supply f o r  t h e  e l ec t rome te r  a m p l i f i e r s ,  sum- 
ming a m p l i f i e r ,  and t o t a l  p re s su re  t ransducer  ampl i f i e r .  
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I n  a d d i t i o n  t o  t h e  i n l e t  sys tem,  a n a l y z e r ,  and e l e c t r o n i c s  s u b s y s t e n  described 
above,  t h e r e  i s  a vacuum s u p p o r t  sys tem.  Most o f  t h e s e  components are located 
i n  t h e  upper  module, whereas  t h e  i n l e t  sys tem,  a n a l y z e r ,  and e l e c t r o n i c s  sub- 
sys tem are l o c a t e d  i n  t h e  lower module. A 20 l i t e r l s e c o n d  i o n  pump provides 
t h e  pr imary vacuum r e q u i r e d  f o r  t h e  o p e r a t i o n  o f  t h e  mass s p e c t r o m e t e r ,  'It 
i s  a t t a c h e d  t o  t h e  a n a l y z e r  by means o f  a vacuum a d a p t e r  which a l s o  xnter- 
f a c e s  t h e  thermocouple gauge,  t h e  roughing  l i n e ,  and t h e  i o n i z a t i o n  pressure 
gauge ( f o r  l a b o r a t o r y  u s e  o n l y ) .  The i o n  pump i s  o p e r a t e d  by 3 5 kil power 
s u p p l y ,  and i s  c o n t r o l l e d  by t h e  o u t p u t  o f  t h e  thermocouple gauge,  so t h s h  
i t  can on ly  t u r n  on when t h e  p r e s s u r e  is  below a p r e s e t  l e v e l ,  The Len Quncs 
c u r r e n t ,  which i n d i c a t e s  t h e  i n t e r n a l  p r e s s u r e ,  i s  sensed  by an overpressarc 
p r o t e c t i o n  c i r c u i t  which i n h i b i t s  t h e  mass s e c t r o m e t e r  e l e c r r o l i c s  :nless 
t h e  i o n  pump p r e s s u r e  i s  l e s s  t h a n  1 . 5  X l om9  t o r r  (500 PA) 

When t h e  p r e s s u r e  is  above t h e  p o i n t  a t  which t h e  i o n  pump can  turn oc, .it i s  
n e c e s s a r y  t o  rough down t h e  sys tem through t h e  roughing v a l v e .  This i s  accca-  
p l i s h e d  by a mechan ica l  rough pump which is  p r o t e c t e d  by a molecu la r  s i eve  
t r a p  t o  p r e v e n t  backs t reaming  o i l  vapors  from con tamina t ing  t h e  analyzer, 

1 ves t h e  Also housed i n  t h e  upper  module is a t empera tu re  c o n t r o l l e r  which dr-L 
h e a t e r s  on t h e  i n l e t  l e a k  v a l v e  and t h e  c o n n e c t i n g  l i n e  t o  t h e  analyzsr. 

The Undersea Atmospheric Sensor  i s  housed i n  t h r e e  modules: 

a. Disp lay  Module: Contains  f o u r  d i g i t a l  o u t p u t  m e t e r s ,  

b .  Upper Module: Conta ins  vacuum s u p p o r t  components and che  
i n l e t  l e a k  v a l v e  t e m p e r a t u r e  c o n t r o l ,  

c .  Lower Module: Contains  t h e  a n a l y z e r ,  mass s p e c t r o m e t e r  
e l e c t r o n i c s ,  i n l e t  sys tem,  and i o n  pump, 

The Upper and Lower Modules are covered w i t h  s e p a r a t e  p a n e l  covers whlch may 
be  removed w i t h  q u a r t e r - t u r n  f a s t e n e r s  ( F i g u r e  25) .  

Table  3-1 a l o n g  w i t h  F i g u r e s  26 (a-c) i d e n t i f y  a l l  sys tem c o n t r o l s  whiclk w l - L  
be d i s c u s s e d  i n  t h i s  manual.  
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UNDERSEA ATMOSPHERIC SENSOR OPERATING PROCEDURES 

INITIAL PUMP DOWN PROCEDURE (Refe rence  Paragraph  2-1) 

a .  Remove t h e  f r o n t  cover  p a n e l .  

b ,  Check t h e  f o l l o w i n g  s w i t c h e s .  They shou ld  b e  i n  t h e  p o s i t i o n s  
i n d i c a t e d :  

System power 

MIS power 

I o n  pump c o n t r o l  power 

Rough pump 

Loop mode 

Fi lament  s e l e c t  

I o n  pump, s t a r t - r u n  

Ion  pump range  s e l e c t o r  

Emission a d j u s t  

T e s t  moni to r  s w i t c h  

Check t h e  f o l l o w i n g  c o n t r o l s .  
i n d i c a t e d  : 

0 FF 

OFF 

O FF 

OFF 

OPEN 

FIL i!l o r  ij.2 

ST ART 

200 mA 

F u l l  CCW 

H2° 

They shou ld  b e  i n  t h e  positions 

1. Sample s h u t  o f f  Closed 

2. V a r i a b l e  l e a k  v a l v e  Closed 

3.  Roughing l i n e  v a l v e  Closed 

d .  S e t  t h e  SYSTEM POWER c i r c u i t  b r e a k e r  s w i t c h  t o  ON. T h i s  energizes 
t h e  f a n s  and t h e  thermocouple gauge c o n t r o l  ( a n a l y z e r  pressure). 

e .  Allow t h e  Thermocouple Gauge t o  warm up f o r  a  few minutes  and 
observe  t h e  r e a d i n g .  I f  t h e  r e a d i n g  i s  l e s s  t h a n  o r  equa l  to 
1 0  microns ,  t h e  i o n  pump may b e  s t a r t e d  immediate ly .  (See S t e p  i,) 
I f  t h e  p r e s s u r e  remains  above 10 microns ,  c o n t i n u e  t o  t h e  next  step, 

f .  S e t  t h e  ROUGH PUMP c i r c u i t  b r e a k e r  t o  ON.  T h i s  commences the  pump- 
down of t h e  roughing l i n e .  

g. Wait 10 minu tes  f o r  t h e  l i n e  t o  pump down. 

h .  Open t h e  ROUGHING LINE VALVE. This  b e g i n s  t h e  e v a c u a t i o n  of t h e  
a n a l y z e r .  
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i. Observe t h e  Thermocouple Gauge, and when t h e  p re s su re  approaches 
10 microns s e t  t h e  I O N  PUMP CONTROL power c i r c u i t  breaker  t o  O N ,  
The ion  pump c o n t r o l  w i l l  remain i n h i b i t e d  u n t i l  t h e  p re s su re  
reaches 10 microns, a t  which t i m e  i t  w i l l  t u r n  on au toma t i ca l ly ,  

CAUTION 

From t h e  t i m e  t h e  ope ra to r  t u r n s  on the  ion  pump 
c o n t r o l  power u n t i l  t h e  i o n  pump c o n t r o l  is switched 
t o  RUN, t h e  ope ra to r  must remain i n  a t tendance .  

j. Observe t h e  i o n  pump c o n t r o l  meter and watch f o r  a  cu r r en t  ind ica-  
t i o n  on t h e  200 mil l iampere range. When t h e  c o n t r o l  u n i t  swi tches  
ON t h e r e  w i l l  be  a n  i n d i c a t i o n  on t h e  meter .  Also t h e  power on 
(HIGH VOLTAGE) l i g h t  w i l l  i l l umina te .  

k. When t h e  ion  pump t u r n s  ON as ind ica t ed  above, immediately c l o s e  
t h e  ROUGHING LINE VALVE. 

CAUTION 

Prolonged ope ra t ion  of t h e  i o n  pump wi th  t h e  ROUGH- 
I N G  LINE VALVE open can damage t h e  i o n  pump. 

R. Continue t o  observe t h e  pumpdown of t h e  ana lyze r  on t h e  Ion  Pump 
Control  Meter. As  t h e  p re s su re  reduces,  t h e  i o n  pump cu r ren t  will 
go down and i t s  progress  can be  observed by t u r n i n g  t h e  RANGE SEE- 
ECTOR swi tch  as i n d i c a t e d  i n  t h e  t a b l e  below. The i o n  pump pres-  
s u r e  can be checked by r e f e r r i n g  t o  F igure  27 which g ives  t h e  
c o r r e l a t i o n  between p re s su re  and cu r ren t .  

RANGE RANGE SWITCH POINT NEXT RANGE 

m. When t h e  i o n  pump c u r r e n t  reaches 200 PA, t h e  MIS power toggle  s w i t c h  
may be turned ON. This  t u r n s  on t h e  mass spec t rometer  e l e c t r o n i c s .  
The ROUGH PUMP swi tch  may now be turned OFF and t h e  VALVE HEATER 
should now be turned ON. 
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n .  W a i t  5 minu tes  f o r  t h e  e l e c t r o n i c s  t o  warm up and t h e n  observe t n e  
o u t p u t s  as i n d i c a t e d  by t h e  f o u r  d i g i t a l  m e t e r s .  The outputs should 
b e  l e s s  t h a n  t h e  v a l u e s  i n d i c a t e d  i n  t h e  t a b l e  below, The Argon out- 
p u t  can  b e  checked by t u r n i n g  t h e  TEST MONITOR s w i t c h  Lo AR, 

CHmEL ACCEPTABLE ZERO LEVEL 
( I n  D i g i t s )  

Ni t rogen  (N2) 001. 

Carbon Dioxide (CQ2) 

Water Vapor (B20) - + 0 0 . 1  

Argon (AR) - + 0 0 , l  

o .  A f t e r  t h e  z e r o  l e v e l s  have been e s t a b l i s h e d  t h e  mass spectrometer 
background o u t p u t s  can b e  e s t a b l i s h e d .  Turn t h e  TEST MONITOR 
s w i t c h  t o  ANODE CUR, and t h e n  s lowly  t u r n  t h e  EMISSLOE ADJUST 
c lockwise  (CW), u n t i l  a r e a d i n g  i s  s e e n  on t h e  TEST FfOWITOR meter, 
Cont inue t u r n i n g  t h e  EMISSION ADJUST u n t i l  o u t p u t  o f  t h e  TEST S%ONI- 
TOR d i g i t a l  meter  r e a d s  20.0; t h i s  cor responds  t o  20 LA anode c u r r e n t .  

p .  When t h e  emiss ion  c u r r e n t  i s  s e t  t h e  o u t p u t s  as r e a d  on the a i g i t e i  
meters  w i l l  i n d i c a t e  t h e  background s i g n a l  e x i s t i n g  within t h e  ana- 
l y z e r ,  As t h e  a n a l y z e r  warms up due t o  t h e  h e a t  i n p u t  from the 
f i l a m e n t  and t h e  v a l v e ,  t h e  Water o u t p u t  may r i s e  but i t  shou ld  gc 
back down. A f t e r  t h e  v a l v e  h e a t e r  h a s  been on l h o u r ,  t h e  baek- 
ground l e v e l s  shou ld  b e  below t h e  v a l u e s  shown i n  t h e  f o l i o w i n g  
t a b l e ,  The VALVE TEMP p o s i t i o n  o f  t h e  TEST MONITOR selector s w i t c h  
s h o u l d  i n d i c a t e  20.0 t o  2 2 - 0 ,  Again Water and Argon a re  checked by 
o p e r a t i n g  t h e  TEST MONITOR s e l e c t o r  s w i t c h  t o  t h e  d e s t r e d  IccatPons, 

ACCEPTABLE 
OUTPUT BACKGROUND LEVELS 

(Tor r )  

Ni t rogen  (N ) 2 
000. 

Carbon Dioxide (60 ) 
2  00.1  

Water Vapor (H20) 00.5 

Argon (AR) 0 0 , 1  
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q.  Af te r  e s t a b l i s h i n g  t h e  background l e v e l s  t he  sample may be in t ro - -  
duced. Turn ON t h e  sample TRANS PUMP and t u r n  t h e  SAMPLE SHUT OFF 
va lve  t o  f u l l  OPEN. 

r .  Adjust t h e  FLOW CONTROL v a l v e  u n t i l  a  flow of 0.015 CFM i s  read on 
t h e  Flow Meter. 

s. Turn t h e  Ion Pump Cont ro l  RANGE SELECTOR switch t o  200 PA. 

t .  Admit t h e  sample t o  t h e  mass spectrometer  by opening t h e  I n l e t  Leak 
Valve (I tem 18 ,  Figure 26c ) . Turn t h e  double lock  knob counter- 
c lockwise (CCW); 1 112 r evo lu t ions  of  t h e  knob w i l l  be  r equ i r ed  
be fo re  t h e  va lve  s t a r t s  t o  open. A t  t h i s  p o i n t  t u r n  t h e  va lve  VERY 
CAUTIOUSLY t o  avoid over p r e s s u r i z a t i o n .  Watch t h e  ion  pump control 
meter and b r i n g  the  c u r r e n t  up t o  100 PA. 

u. Turn t h e  TEST MONITOR swi tch  t o  t h e  ANODE CUR p o s i t i o n .  

v. Adjust t h e  EMISSION ADJUST u n t i l  t h e  anode cu r ren t  i s  35.0 on t h e  
D i g i t a l  Panel  I n d i c a t o r  ( i . e . ,  35.0 PA anode c u r r e n t ) .  

w. P l ace  t h e  LOOP MODE swi tch  i n  t h e  CLOSED p o s i t i o n .  The anode cur-  
r e n t  should reduce t o  approximately 20 uA. 

x.  Readjust t h e  I n l e t  Leak Valve u n t i l  t h e  anode c u r r e n t  i s  20.0 PA. 
The i o n  pump c u r r e n t  should be very  n e a r l y  100 PA. 

y .  Turn t h e  TEST MONITOR s e l e c t o r  switch t o  H20. 

z.  The system i s  now o p e r a t i o n a l  and t h e  ou tpu t s  may be  read  on t h e  
D i g i t a l  Display w i t h  t h e  except ion  of  Argon (AR). 

a a .  Replace t h e  cover pane ls  and secu re .  

CALIBRATION VERIFICATION 

The purpose of t h e  Ca l ib ra t ion  V e r i f i c a t i o n  i s  t o  determine whether t h e  Under- 
s e a  Atmospheric Sensor i s  i n  c a l i b r a t i o n .  It should be r e a l i z e d  t h a t  i f  a 
c a l i b r a t i o n  gas mixture i s  used which does not  have c o n s t i t u e n t s  which a r e  
k n o w  t o  a  high degree of p r e c i s i o n ,  o r  which is  d i f f e r e n t  from t h e  mixture 
which was used t o  c a l i b r a t e  t h e  ins t rument ,  t hen  t h e  i n d i c a t e d  outputs  may 
d i f f e r  from t h e  expected outputs .  I n  t h i s  ca se  i t  i s  necessary  t o  considler 
t h e  ou tpu t s  only on a r e l a t i v e ,  day t o  day b a s i s .  To avoid t h i s  problem i t  
i s  recommended t h a t  t h e  c a l i b r a t i o n  v e r i f i c a t i o n  of t h e  lnstrument  be  c a r r i e d  
out  us ing  t h e  gas mixture supp l i ed  by Perkin-Elmer. 

a .  Attach t h e  C a l i b r a t i o n  V e r i f i c a t i o n  Gas Mixture t o  be used t o  t h e  
Sample I n l e t  Po in t .  
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b. S e t  a s m a l l  p o s i t i v e  p r e s s u r e  ( l e s s  t h a n  I pound) on the pressure 
r e g u l a t o r  and purge  t h e  i n l e t  sys tem f o r  abou t  30 seconds  by opec- 
i n g  t h e  FLOW CONTROL v a l v e  f u l l  CCW. Next,  a d j u s t  the sample f low 
w i t h  t h e  FLOW CONTROL v a l v e  t o  t h e  normal f low r a t e  o f  0,015 CFK as 
s e e n  on t h e  Flow Meter.  Cau t ion  must b e  used a t  t h i s  point not t o  
o v e r  p r e s s u r e  t h i s  i n l e t  sys tem.  Monitor t h e  t r a n s d o e e r  pressure 
on t h e  Hz0 D i g i t a l  P a n e l  Meter by s w i t c h i n g  t h e  TES'T MONITOR Switc%?c 
t o  PRESS ( p r e s s u r e ) .  Do n o t  exceed 80.0 (800 t o r r )  . It qay be  
n e c e s s a r y  t o  reduce  t h e  sample gas  p r e s s u r e  r e g u l a t o r  setting 

c .  Allow 2 t o  5 minu tes  f o r  t h e  c a l i b r a t i o n  gas  t o  s t a b i l i z e  w l t h i n  t h e  
i n l e t  sys tem and t h e  w a t e r  vapor  t o  be  removed from t h e  L d e t  sqstem, 
The WATER OUTPUT can b e  moni tored t o  de te rmine  when a nrninun output 
l e v e l  i s  reached  ( l e s s  t h a n  3 t o r r ) .  

d .  When s t a b l e  o u t p u t s  have been r e a c h e d ,  compare them wi:h prede ier -  
mined v a l u e s  a s  i n d i c a t e d  by t h e  f o l l o w i n g  computat ion,  It rs 
n e c e s s a r y  t o  know t h e  t o t a l  a p p l i e d  p r e s s u r e  i n  t o r r  4m.n Hg) en 
o r d e r  t o  make t h e  comparison.  T h i s  i s  o b t a i n e d  from the pressure 
t r a n s d u c e r  o u t p u t .  S e t  t h e  TEST MONITOR Switch on PRESS and rnuierplg 
by 10 ( i . e . ,  76.0 = 760 t o r r )  . I f  t h e  w a t e r  o u t p u t  i s  s b g r L f i c a n t  
( i . e . ,  g r e a t e r  t h a n  1 t o r r )  when moni to r ing  t h e  d r y  gas  a i x t u r e  LC 
i s  n e c e s s a r y  t o  c o r r e c t  t h e  T o t a l  P r e s s u r e  by t h e  fcllcwil-hg eornp~ta--  
t i o n  i n  o r d e r  t o  c o r r e c t  C a l i b r a t i o n  V e r i f i c a t i o n  Values, Correc ted  
T o t a l  P r e s s u r e  ( t o r r )  = Cabin P r e s s u r e  ( t o r r )  - H20 Pressure ( t o r r ) .  

PERCENTAGE CORRECTED TOTAL PART1 AL PRESSURE 
COMPONENT ( % I  PRESSURE ( t o r r )  ( :orx> 

N i t r o g e n  T B D * X 0 . 0 1  X - - 

TBD* X 0 . 1  X - 
Oxygen - 

Carbon Dioxide TBD* X 0 . 0 1  X - - 
pm-- 

TBD* X 0 . 0 1  X - 
Argon - 

-"--"'" 

*See p e r c e n t a g e  compos i t ion  a t t a c h e d  t o  c a l i b r a t i o n  gas  b o t t l e ,  

e. Then n o t e  t h e  p a r t i a l  p r e s s u r e s  as r e a d  on t h e  Disp lay  M~dule and 
compare them w i t h  t h e  computed v a l u e s  above.  

f .  I f  t h e  above comparison is  a c c e p t a b l e ,  d i s c o n n e c t  t h e  Calibration 
V e r i f i c a t i o n  Gas Mix ture  and r e t u r n  t o  normal a tmospher ic  sampling. 
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OPERATION 

The Undersea Atmospheric Sensor w i l l  o p e r a t e  f o r  extended per iods  of time 
wi thout  any monitor ing o r  adjustment.  The fo l lowing  procedure i s  given to 
al low an  ope ra to r  t o  check t h e  system ope ra t ion .  

a .  Record t h e  ou tpu t s  a s  g iven  by t h e  D i g i t a l  Display. 

b. Note any s i g n i f i c a n t  v a r i a t i o n s  from t h e  previous  readings .  

c. Add t h e  ou tpu t s  a s  g iven  by t h e  Display f o r  Nitrogen, Oxygen, Carbon 
Dioxide, and Water Vapor. 

d. Add 7 t o r r  f o r  t h e  Argon p a r t i a l  p re s su re .  

e. Compare t h i s  t o t a l  t o  t h e  t o t a l  p r e s s u r e  f o r  agreement. 

f .  I f  t h e  outputs  appear  t o  be normal based upon t h e s e  t e s t s ,  then  no 
f u r t h e r  check i s  necessary.  

g. I f  anyth ing  appears t o  be abnormal, a  f u r t h e r  check of t h e  ope ra t ion  
can be  made a s  i n d i c a t e d  i n  t h e  fo l lowing  s e c t i o n .  

OPERATION VERIFICATION 

a .  Verify t h a t  t h e  sample t r a n s p o r t  l i n e  i s  a t t ached  t o  t h e  SAMPLE INLET 
and t h a t  a l l  e x t e r n a l  va lv ing  o r  plumbing i s  c o r r e c t  ( i . e .  , no t  plug-  
ged o r  kinked) .  

b. Remove t h e  FRONT PANEL. 

c .  Check t o  s e e  t h a t  a l l  swi tches  and c o n t r o l s  l i s t e d  below a r e  i n  the  
p o s i t i o n s  ind ica t ed .  

1. System Power Switch ON 

2 .  MIS Power Switch ON 

3. Ion  Pump Cont ro l  Power Switch ON 

4. Rough Pump Switch OFF 

5. Loop Mode Switch CLOSED LOOP 

6. Filament S e l e c t  Switch FIL 1'12 

7.  Ion  Pump Start-Run Switch RUN 

8. Tes t  Monitor Switch H20 
9. Sample Shut Off Valve F u l l  CCW 



d .  Check t h e  fo l lowing  meter d i s p l a y s .  

READING T O L E W C E  

2. Ion Pump Current  100 PA 70 - 130 PA 

e. Turn t h e  T E S T  MONITOR s e l e c t o r  swi tch  through t h e  f i r s t  86 positions 
and observe t h e  va lues  on t h e  T E S T  MONITOR D i g i t a l  D i s p l a y ,  They 
should f a l l  w i t h i n  t h e  ranges s p e c i f i e d  i n  Table  3-2. 

f .  I f  any a r e  ou t  of  t o l e r a n c e ,  r e f e r  t o  t h e  fo l lowing  secticc 

TABLE 3-2 

--- 

ANODE CUR 

VALVE TEMP 

ACCELR CUR 
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ELECTRONIC SUBSYSTEM OPERATION AND MAINTENANCE 

GENERAL 

The Undersea Atmospheric Sensor System should not be subdivided i n t o  indepen- 
dent mechanical o r  e l e c t r i c a l  subsystem opera t ion  bu t  should be considered as 
an i n t e g r a l  system. Each subcomponent relies upon another f o r  proper perfor-  
mance. DURING SERVICE OF THE SYSTEM, NO POTENTIOMETER SHOULD BE MOVED OR 
READJUSTED. They have been previously set f o r  system c a l i b r a t i o n ,  and read- 
jus tment would des t roy c a l i b r a t i o n .  

ELECTRICAL SUBSYSTEMS 

The e l e c t r i c a l  subsystems can be c l a s s i f i e d  i n t o  two b a s i c  ca tegor ies :  t h e  
e l e c t r o n i c  subsystem, and t h e  a c  power d i s t r i b u t i o n  system. 

The e l e c t r o n i c  subsystem provides t h e  necessary conditioned voltages and 
s i g n a l s  t o  power t h e  atmospheric analyzer  and provide d a t a  outputs .  

The ac  power d i s t r i b u t i o n  system provides t h e  necessary power as we l l  a s  a 
measure of p ro tec t ion  f o r  a l l  o the r  remaining subsystems, both mechanical and 
e l e c t r i c a l .  The ac  power i n t e r l o c k  p ro tec t ion  system i s  primari ly housed i n  
t h e  upper module of the  Undersea Atmospheric Sensor. (Ref.: Figure 26c.) 

A very use fu l  a i d ,  t h e  Tes t  Monitor Switch (Item 33, Figure 26c) is  provided 
i n  the  lower module. This  switch allows the  opera tor  t o  quickly and pos i t ive ly  
i d e n t i f y  a ques t ionable  a rea ,  should i t  e x i s t ,  and lend t o  i t s  cor rec t ion  with 
a minimum amount of e f f o r t .  

The o the r  a i d s  f o r  determining proper instrument opera t ion  a r e  located  i n  the  
upper module, Figure 26b. 

Automt ic  Restart 

The Undersea Atmospheric Sensor System has been c a r e f u l l y  checked o u t ,  call.- 
b ra ted ,  and placed i n  s t a b l e  opera t ing  condit ion.  This instrument w i l l  remain 
i n  t h i s  s t a b l e ,  c a l i b r a t e d  condi t ion  as long a s  uninter rupted  115 Vac, 60 cps 
l i n e  power i s  appl ied  through t h e  s a f e t y  locked convenience o u t l e t  box pro- 
vided. Should l i n e  power be in te r rup ted  f o r  a s h o r t  per iod  - less than 30 
minutes - no a c t i o n  should be required on t h e  p a r t  of t h e  opera tor .  This 
i n s t r q e n t  has been provided wi th  adequate safeguards s o  t h a t  t h e  f i lament 
- w i l l  be  turned o f f ,  t h e  i n l e t  va lve  c losed,  and t h e  i o n  pump power supply 
turned o f f  automatical ly without degrading the  instrument performance o r  
c a l i b r a t i o n .  Once l i n e  power i s  res to red ,  t h e  instrument w i l l  r e s t a r t  auto- 
mat ica l ly .  I n  approximately 30 minutes a f t e r  l i n e  power is  res to red ,  t h e  
d i g i t a l  outputs  should again read a s  they d id  p r i o r  t o  t h e  power shortage.  
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I f  f o r  some reason ,  power t o  t h e  instrument  has  been i n t e r r u p t e d  longer  than 
30 minutes o r  t h e  thermocouple gauge readout  meter (black i n d i c a t o r  hand; 
Item 11, Figure 26b) reads  g r e a t e r  than  10 microns, automatic  restarting can- 
n o t  be accomplished. Manual r e s t a r t  w i l l  be  requi red .  (Ref.:  Page 79, Para 
2.1,  f o r  r e s t a r t i n g  t h e  system wi th  t h e  except ion  of 2 . 1 ~ ~  I and 2 , )  I f  the 
procedure of Paragraph 2.1 i s  r equ i r ed ,  and a f t e r  a l l  swi tches ,  knobs, Levels, 
e t c . ,  have been placed i n  t h e  proper  p o s i t i o n  f o r  s t a r t i n g ,  a  check o f  the 
t h r e e  fuses  should be made (Items 23, 24, and 34, Figure 26c). Once K t  h a s  
been determined t h a t  t h e s e  f u s e s  a r e  good, t h e  procedure on Pages 79 thrcug;? 
82, except  c ,  c .1 ,  and c .2  can be followed. 

E l e c t r o n i c  Component F a i l u r e  

An undersea atmospheric ana lyzer  engineer ing  d a t a  book has been p r o v i d e d  ~ch i ch  
should be maintained once a  day. Should t h e  d a t a  outputs  on t h e  data sheet 
vary beyond t h e  to l e rances  provided i n  Table 3-2 and t h e  summation o f  the 
p a r t i a l  p re s su re s ,  barometr ic  p re s su re ,  and p re s su re  t ransducer  output (pas:- 
t i o n  14)  not  co inc ide  any c l o s e r  than  1% ( 7  mm Hg) some e l e c t r o n i c  conponent 
has  poss ib ly  f a i l e d  o r  i s  i n  t he  process  of f a i l i n g .  Should t h i s  s e t  of 
c i rcumstances occur ,  t h e  i n s t a l l e d  s e t  of seven e l e c t r o n i c  c i r c u i t  Soards  
should be rep laced  i n  t h e  fo l lowing  manner. 

a .  Remove f r o n t  covers 

b .  Switch loop mode swi tch  (Item 31, Figure 26c) i n t o  open loop .  

c .  Turn emission c u r r e n t  potent iometer  (Item 30, Figure 26c) full C;ChT 

(counterclockwise) .  Monitor ou tput  w i t h  t e s t  monitor s w i t c h  i n  
ANODE CUR p o s i t i o n .  Output w i l l  b e  on t h e  water  d i g i t a l  ~oltmeter 
channel. This  should go t o  00.0. 

d. Turn mass spec t rometer  power swi tch  o f f  (Item 27, F i g u r e  26~)- 

A l l  seven e l e c t r o n i c  boards may now be rep laced .  

NOTE 

The s h i e l d  boards ( c l ad  on both s i d e s )  
do no t  r e q u i r e  replacement.  

Using t h e  card  e j e c t o r  a t  t h e  top  of each card  e j e c t  one card a t  a t i m e  
r ep l ac ing  i t  w i t h  i t s  coun te rpa r t  from t h e  spa re s  provided. Once all cards 
have been rep laced  and a r e  s ecu re ly  i n s t a l l e d  t h e  mass spectrometer  power 
switch can be switched t o  t h e  on p o s i t i o n ,  (Item 27, Figure 26~1, Turn 
emission a d j u s t  potent iometer  up u n t i l  35.0 i s  read on t h e  ANODE CUR pos i t ic tm 
[of t h e  TEST MONITOR swi tch .  Switch t h e  LOOP MODE swi tch  (Item 33., Figure 
2bc) i n t o  t h e  CLOSED p o s i t i o n .  The anode cu r ren t  should drop t o  approxi- 

mately 20.0. 
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Allow 1 5  minutes f o r  complete system warm up and record  a l l  d a t a  i n  Engineering 
Data Book. The system should once a g a i n  be  i n  c a l i b r a t i o n .  Cross check t h e  
Engineering Data w i th  t h e  pe rmis s ib l e  t o l e r a n c e  band provided i n  Table 3-2, 
according t o  t h e  board set be ing  used. 

CONTINGENCY PROCEDURES 

a .  Anode Current  o u t  of t o l e r ance :  

1. Check t h a t  i o n  pump c u r r e n t  i s  100 vA 520 PA. I f  n o t ,  
r ead j  u s  t l e a k  valve.  

CAUTION 

Extreme c a r e  should be  exe rc i sed  when 
a d j u s t i n g  t h i s  valve.  

2. Check E lec t ron  Acce le ra to r  c u r r e n t .  I f  ou t  of t o l e r ance ,  
swi tch  f i l amen t s .  

3 .  I f  none of  t h e  above c o r r e c t s  t h e  problem, swi tch  a l l  
e l e c t r o n i c  c i r c u i t  cards .  

b.  Ion  Pump Current  o u t  of t o l e r ance :  

1. Check va lve  temperature.  I f  ou t  of t o l e r ance ,  r e a d j u s t  
va lve  s e t t i n g  t o  make i o n  pump c u r r e n t  100 PA +20 UA. - 

2. Check p re s su re  t ransducer  ou tpu t  and compare t o  s h i p ' s  
ambient p re s su re  gauge. I f  they do no t  compare, check 
i n l e t  system f o r  proper  flows and no o b s t r u c t i o n s .  

c. Loss of e l ec t rome te r  ou tpu t  (H20, N2, 02, C02 o r  AR ou tpu t )  

1. This  would be  i n d i c a t e d  by a no s i g n a l  ou tput  ( a l l  z e ros )  
o r  a g r e a t e r  t han  f u l l - s c a l e  ou tpu t ;  and t h e r e f o r e ,  t h e  
CPP would no t  equal  t h e  t o t a l  p r e s s u r e  by a g ros s  amount. 

2. I n  t h i s  event ,  t h e  suspec t  a m p l i f i e r  should b e  rep laced  
wi th  i ts  s p a r e  coun te rpa r t .  

CAUTION 

U s e  extreme c a r e  i n  handl ing  t h e s e  
e l ec t rome te r s ,  s i n c e  they may be  
damaged by s t a t i c  charge. 
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FIGURE 8 



FIGURE 9 .  Basic Two Gas ATM Sensor 
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FIGURE 10. Principles of Mass Spectrometer Operation 
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FIGURE 11. Two Gas Atmosphere Analyzer Assembly 
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FIGURE 12. Atmospheric Sensor System Block Diagram 
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FIGURE 13. Sample and Calibration Inlet System 
Schematic Flow Diagram 
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FIGURE 14.  Atmospheric Sensor Front Panel 
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FIGURE 15. 90-Day Space Station Simulator Atmospheric Sensor System 
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FIGURE 16. Atmospheric Sensor - Upper Bay 
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FIGURE 1 7 .  Atmospheric Sensor - Lower Bay 
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FIGURE 22. Flight Qualified Mass Spectrometer Atmospheric Sensor System 
for Atrmospheric and Respiratory Monitoring 



FIGURE 23. Undersea Atmospheric Sensor (UAS) 
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FIGURE 24. Block Diagram - Undersea Atmosphere Sensor (UAS) 
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FIGURE 25. UAS (With Panel Covers Insta l led)  
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FIGURE 26a. Identification of System Controls 
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FIGURE 26b. Identification of System Controls 
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FIGURE 26c. Identification of System Controls 




