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ABSTRACT 

This r epor t  descr ibes  the  app l i ca t ion  of a mass spectrometer, a s  t h e  
primary transducer i n  a two gas atmosphere sensing system, t o  the  monitoring 
and c o n t r o l  of the  oxygen and ni t rogen p a r t i a l  pressures  wi th in  a manned 
spacecraf t  s imulator .  The successful  app l i ca t ion  of t h i s  system w a s  made 
i n  conjunction with t h e  McDonnell-Douglas Ninety-Day Manned Test  under 
Contract NAS1-8997, 
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SUMMARY 

Th i s  Two G a s  Atmosphere Sensor System w a s  t h e  second m a s s  spectrom- 
e t e r  ins t rument  t o  have been used i n  conjunct ion  wi th  t h e  McDonnell- 
Douglas Space S t a t i o n  Simulator  program and, a s  a whole, must be con- 
s i d e r e d  a complete success .  The Two Gas Atmosphere Sensor System has  
been shown t o  be capable  of monitor ing t h e  atmosphere of space  s imu la to r s  
whi le  be ing  used a s  t h e  atmosphere c o n t r o l  t ransducer  of t he  experiment.  
The a d d i t i o n a l  ou tpu t s ,  carbon d i o x i d e  (C02) and water  (H20), a l s o  provide  
u s e f u l  in format ion  f o r  o t h e r  atmosphere c o n t r o l  func t ions ,  carbon d iox ide  
scrubbers ,  dehumidi f ie rs ,  e t c .  The problems t h a t  d i d  occur  were e n t i r e l y  
a t t r i b u t a b l e  t o  i n i t i a l  system c a l i b r a t i o n  and c a l i b r a t i o n  gas  a n a l y s i s  
inaccuracy.  

INTRODUCTION 

Under Cont rac t  NAS1-6387, Development of a Two Gas Sensor (Mass 
Spectrometer) ,  a Two Gas Sensor System was developed t h a t  provided f o r  
t h e  monitor ing of n i t r o g e n ,  oxygen, wa te r  vapor ,  and carbon d ioxide .  An 
Engineering Tes t  Model (ETM) was upgraded t o  f l i g h t  p ro to type  s t a t u s  f o r  
NASA/Langley Research Center  and i n  e a r l y  1968 was t e s t e d  w i t h  t h e  McDonnell- 
Douglas Space Cabin Simulator  f o r  a pe r iod  of s i x t y  (60) days. The Mass 

, Spectrometer  System was mounted e x t e r n a l l y  t o  t h e  s imu la to r ,  and sampled 
1 t h e  s imu la to r  atmosphere v i a  a bypass c a p i l l a r y  i n l e t  system (Figure  1 ) .  

The test demonstrated t h a t  t h e  system would func t ion  r e l i a b l y  f o r  extended 
pe r iods  of t ime. The ins t rument  was p laced  i n  c o n t r o l  of t h e  oxygen and 
n i t r o g e n  p a r t i a l  p re s su re s  dur ing  t h i s  test and func t ioned  s a t i s f a c t o r i l y  
i n  t h i s  capac i ty  u n t i l  t h e  t e s t  was completed. The mass spec t rometer  
demonstrates i t s  a b i l i t y  t o  a c t  a s  t he  primary atmosphere monitor and t o  
measure t h e  p r i n c i p a l  c o n s t i t u e n t s  wi th  s u f f i c i e n t  accuracy f o r  c o n t r o l  
purposes.  (Refer  t o  NAS1-6387, F i n a l  Tes t  Report.)  

Continued development r e s u l t e d  i n  t h i s  system be ing  adapted f o r  use  
i n  monitor ing t h e  atmosphere i n  e l e v a t e d  p r e s s u r e  environments,  such a s  
t h a t  f o r  NASAlLangley Research Center  on t h e  T e k t i t e  undersea experiment.  
(Refer  t o  NAS1-8631, T e k t i t e  1 F i n a l  Report.)  For t h i s  a p p l i c a t i o n  t h e  
system was coupled wi th  a v a r i a b l e  i n l e t  l e a k  and c a l i b r a t i o n  system, 
i n t e g r a t e d  w i t h  close-coupled i o n  pumping and s u i t a b l y  packaged f o r  use 
i n  an  e l e v a t e d  p r e s s u r e  environment of two and one-half (2.5) atmos- 
pheres  and f i f t y  (50) pe rcen t  humidity a t  e igh ty - f ive  p lus  o r  minus f i v e  
degrees Fahrenhei t  (85 +5"F). Add i t i ona l  p e r i p h e r a l  equipment t o  suppor t  
t h e  system dur ing  p o w e r s h o r t a g e  w a s  a l s o  provided. 

The b a s i c  Two Gas Sensor System has  now been n o d i f i e d  f o r  cont inuous 
use  as t h e  atmospheric  monitor  and p a r t i a l  p r e s s u r e  c o n t r o l l e r  i n  t h e  
Ninety-Day Space S t a t i o n  S imula tor  test  a t  McDonnell-Douglas, Huntington 
Beach, C a l i f o r n i a ,  under McDonnell-Douglas c o n t r a c t  NAS1-8997. This  



experiment was s i m i l a r  t o  t he  above mentioned sixty-day test i n s o f a r  as 
t h e  atmoshpere p a r t i a l  p re s su re  i s  concerned. The cab in  p r e s s u r e  was 
10 l b f l i n 2  abs  ( p s i a ) ,  w i t h  an  oxygen p a r t i a l  p re s su re  of  3 .1 l b f  / i n 2  a b s  
and t h e  ba lance  n i t r o g e n  (N2), w i t h  a  t r a c e  of carbon d iox ide  (C02). The 
r e l a t i v e  humidity ranged from t h i r t y  (30) t o  f i f t y  (50) pe rcen t ,  w i t h  
t he  temperature range  of seventy-f ive p l u s  o r  minus f i v e  degrees  Fahren- 
h e i t  (75 +5"F). This  f i n a l  r e p o r t  d e s c r i b e s  t h e  mod i f i ca t ion  e f f o r t  of 
t h e  Two G ~ S  Sensor f o r  t h e  Ninety-Day Space S t a t i o n  Simulator  a p p l i c a t i o n  
and p r e s e n t s  t h e  o p e r a t i o n a l  d a t a  dur ing  t h e  Ninety-Day Space S t a t i o n  
Simulator  test a t  McDonnell-Douglas. (See F igures  2 and 3 . )  

SYSTEM REQUIREmNTS 

The requirements of t h e  Ninety-Day Space S t a t i o n  Simulator  app l i -  
c a t i o n  was t o  provide  a  modified Two Gas Atmosphere Sensor System t o  
monitor t h e  p a r t i a l  p re s su re s  of n i t r o g e n ,  oxygen, carbon d iox ide ,  and 
wa te r  vapor w i t h i n  t h e  s imu la to r .  The inco rpora t ion  of a  c losed  loop 
emission c o n t r o l  system was a l s o  provided. The i n i t i a l  p re l imina ry  
requirements  a r e  descr ibed  b r i e f l y  i n  Table 1. The most s i g n i f i c a n t  
f e a t u r e  of t h e  des ign  requirements  was the  need t o  have a r e l a t i v e l y  
compact system w i t h  a  se l f -conta ined  c a l i b r a t i o n  system t h a t  could sample 
from and o p e r a t e  w i t h i n  t h e  environment of t h e  Space S t a t i o n  Simulator .  
Extensive mod i f i ca t ion  of t he  i n l e t  system was not  r equ i r ed ,  however, t h e  
des ign  of a n  enc losu re  t o  house t h e  Mass Spectrometer System was 
necessary .  

SYSTEM DESIGN 

Mass Spectrometer  

The Mass Spectrometer  from t h e  T e k t i t e  experiment w a s  eva lua t ed ,  and 
then  r e fu rb i shed  f o r  a p p l i c a t i o n  on t h e  Ninety-Day Space S t a t i o n  Simulator  
t e s t .  (See F igures  4 and 5 . )  The refurbishment  included i o n  sou rce  clean- 
i ng ,  f i l amen t  replacement and real ignment  of t h e  c o l l e c t o r s  a s  requi red .  

Vacuum Sys t e n  

The h igh  vacuum requ i r ed  f o r  mass spec t rometer  ope ra t ion  was provided 
by an e i g h t l e l e v e n  (8111) liters pe r  second commercial i o n  pump (Ultek) 
D-I  shown i n  F igures  6 ,  7 and 8 )  c l o s e  coupled t o  t h e  mass spectrometer .  
The i o n  pump power supply i s  descr ibed  i n  t h e  E lec t ron ic s  Subsystem Design 
Sec t ion ,  Page 4. A roughing system i s  n o t  provided f o r  evacuat ing  t h e  
system t o  i o n  pump s t a r t i n g  p r e s s u r e s  from an  atmospheric v e n t  because 
t h i s  was n o t  a r e a l i s t i c  requirement  f o r  ope ra t ion  w i t h i n  t h e  Space S t a t i o n  
Simulator .  A va lve  i s  provided f o r  roughing through, a s  t h i s  w a s  t o  be 
done p r i o r  t o  i n s t a l l a t i o n  of t h e  system. 



TABLE 1. PRELIMINARY REQUIREMENTS FOR 90-DAY SPACE STATION 
SIMULATOR ATMOSHPERIC ANALYZER SYSTEM 

Item 
No. 

1 

2 

3 

Program I n t e n t  

Monitor and provide  o u t p u t s  f o r  c o n t r o l  of  crew environment 

General Environment 

Ambient p r e s s u r e  
R e l a t i v e  humidity 

2 

Two Gas System 

Air  + N2 a t  10.0 l b f l i n 2  a b s  
N2 p a r t i a l  p r e s s u r e  500 t o r r  f u l l  s c a l e  
02 p a r t i a l  p r e s s u r e  200 t o r r  f u l l  s c a l e  
C02 p a r t i a l  p r e s s u r e  20 t o r r  f u l l  s c a l e  
H20 p a r t i a l  p r e s s u r e  20 t o r r  f u l l  s c a l e  
Length of t e s t  90 days ,  p l u s  5-day shakedown t e s t  

Required 

10.0 l b f / i n 2  a b s  
30 t o  50% w i t h  tempera ture  range  of 75 5 ° F  

General MS System Requirements 

Conf i g u r a r i o n  

Svstem c o n f i g u r a t i o n  t o  be i n  
keeping wi th  weight  and volume 
of  p r e s e n t  Two Gas Sensor System. 
L i m i t a t i o n  on r e d u c t i o n  of  weight 
and volume t o  be  c o n s i s t e n t  wi th  
a v a i l a b i l i t y  of  commercial hard- 
ware and economic l i m i t a t i o n s .  

Conf igura t ion  c o n t r o l l e d  by 
good d e s i g n  t o  mainta in  a s t h e t i c  
va lue .  

No m i l i t a r y  o r  NASA s p e c i f i -  
c a t i o n s  imposed: good p r a c t i c e  
should c o n t r o l  workmanship and 
m a t e r i a l s .  System c a l i b r a t i o n  
requi red:  Gas sample equiva- 
l e n t  t o  expected atmosphere. 

System Opera tor  Not Required Except For: 

S p e c i a l  System Considera t ions  

E l e c t r i c a l  

No l i m i t a t i o n  an  power 
consumption: l i m i t e d  by 
good d e s i g n  p r a c t i c e  
Avai lable  power: 110 Vac, 
60 cycle ;  Four-channel con- 
t inuous  l o c a l  v o l t m e t e r  
readout: Accuracy: 22 .0  
t o r r  on 02 and N2 o u t p u t ,  
and 5 . 0 %  on COq and H20 
o u t p u t ;  Commercially a v a i l -  
a b l e  meters  suppl ied  
Four channel  remote readout :  
0 t o  5.0 V f o r  each f u l l  
s c a l e  o u t p u t  
Anode c u r r e n t  and i o n  pump 
c u r r e n t  readout  l o c a l  
Buffer a m p l i f i e r s  w i l l  be  
provided f o r  remote and 
l o c a l  readout .  

System Monitoring 

C a l i b r a t i o n  moni tor inp  ( s e e  Appen- 
d i x  A, Opera t ion  Manual; Emission 
r e g u l a t o r  c u r r e n t ;  I o n  pump c u r r e n t  
o u t p u t  meters ;  02, N2, COZ, and 
Hz0 p a r t i a l  p r e s s u r e  

System I n l e t  

Varian l e a k  modified t o  i n c l u d e  
c a l i b r a t i o n  system i n l e t  and 
v a l v i n g  
Heater and tempera ture  con- 
t r o l l e r  requi red  
Flowneter r e q u i r e d  t o  c o n t r o l  
i n l e t  p r e s s u r e s ,  nominal i n l e t  
p r e s s u r e  suppl ied  a t  3 i n  H20 

Minimum Maintenance 

F i l t e r  system replacement emer- 
gencv s h u t d o m  i n  c a s e  of power 
f a i l u r e  

Closed Loop Emission Contro l  System 

Summation o f  p a r t i a l  p r e s s u r e s  s h a l l  be 
compared t o  t o t a l  p r e s s u r e  t r a n s d u c e r .  
I o n i z a t i o n  c u r r e n t  changed t o  keep 
summation of  p a r t i a l  p r e s s u r e s  equal t o  
t o t a l  p r e s s u r e  
System t o  i n c l u d e  over  p r e s s u r i z a t i o n  
p r o t e c t i o n  f o r  f i l a m e n t s .  

Ion Pump 

Commercially a v a i l a b l e  8 / 1 1  e l s e c  (Ultek) 
Magnetic s h i e l d i n g  may be  r e q u i r e d  due 
c l o s e  coupl ing  w i t h  a n a l y z e r  

A-685A 

Power Supply 

Power supply  t o  p r o v i d e  3.2 kV and o p e r a t e  from 
28 Vdc 
Emergency dc  power s o u r c e  f o r  i o n  pump supply 



Sample I n l e t  System 

A Sample I n l e t  System w a s  designed t o  i n t e r f a c e  wi th  the  m a s s  spec- 
t rometer .  The Sample I n l e t  System cons i s t ed  of a  temperature c o n t r o l l e d  
v a r i a b l e  l e a k  (Varian) as shown i n  F igure  9 ,  a sample flowmeter,  v a r i o u s  
va lves ,  f i l t e r s ,  and tub ing  a s  shown i n  F igure  8. A flow schematic  i s  
shown i n  F igure  10. The system i n t e r f a c e d  wi th  a  one-eight (118) i nch  out- 
s i d e  d iameter  s t a i n l e s s  s t e e l  t r a n s p o r t  l i n e  t h a t  sampled a n  a i r  cond i t i on ing  
duc t  wi th  a  head p r e s s u r e  of about  t h r e e  (3)  inches  of water .  

The Sample I n l e t  System is  a l s o  connected t o  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  system, which w i l l  admit a c a l i b r a t e d  sample gas t o  t h e  Mass Spec- 
t rometer  System f o r  c a l i b r a t i o n  v e r i f i c a t i o n .  

E l e c t r o n i c s  Subsystem Design 

The E l e c t r o n i c s  Subsystem (Figure 11)  f o r  t h e  mass spec t rometer  was 
a  b lend  of c i r c u i t s  from t h e  previous  T e k t i t e  a p p l i c a t i o n  and new des igns  
r e c e n t l y  developed by Perkin-Elmer Aerospace Div is ion  (ASD). The ana lyze r  
used f o r  t h e  Ninety-Day t e s t  was provided w i t h  a  f u l l  s e t  of e l e c t r o n i c  
c i r c u i t  boards,  however, va r ious  of t h e s e  were rep laced  f o r  t h e  c losed  
loop mode of o p e r a t i o n  and o t h e r s  were added as new designs t o  s a t i s f y  t h e  
requirements  of t h i s  p a r t i c u l a r  a p p l i c a t i o n .  

The T e k t i t e  u n i t s  t h a t  were used a r e  t h e  e l e c t r o d e  b i a s  supply and 
b i a s  s t r i n g ,  e l ec t rome te r s  and t h e  e l ec t rome te r  power supply.  

The e l e c t r o d e  b i a s  supply and b i a s  s t r i n g  were modified a s  a  r e s u l t  
of r e f u r b i s h i n g  of t h e  ana lyzer  assembly. New output  vo l t ages  from both 
t h e  s u p p l i e s  and b i a s  s t r i n g  were requi red .  The s e l e c t - a t - t e s t  (S.A.T.) 
r e s i s t o r s  i n  both t h e  supply and s t r i n g  were changed t o  achieve  t h e s e  new 
outputs .  Add i t i ona l  work was n o t  r equ i r ed  on these  u n i t s .  

The T e k t i t e  e l ec t rome te r s  were modified by changing t h e  feedback 
r e s i s t o r s  t o  match t h e  expected gas composition of t h e  s imu la to r .  Each 
e l ec t rome te r  was then  checked f o r  frequency response t o  a s s u r e  a  smooth 
s i x  (6) d e c i b e l s  p e r  oc tave  r o l l o f f .  This  d e t a i l  is  very necessary  f o r  
p rope r  ope ra t ion  of t h e  c losed  loop system. The zero ' s  of each electrom- 
e t e r  were checked and, where neces sa ry ,  r ead jus t ed .  No o t h e r  modi f ica t ions  
were made t o  t h e s e  u n i t s .  

The e l ec t rome te r  power supply  was checked f o r  ou tput  r e g u l a t i o n  w i t h  
vary ing  l i n e  and load  parameters .  The supply was found t o  be  w i t h i n  s p e c i f i -  
c a t i o n  and no f u r t h e r  work was performed. 



The fo l lowing  new c i r c u i t s  were incorpora ted  i n  t h e  instrument:  

a .  Ion  pump power supply  

b.  I n l e t  l e a k  h e a t e r  and c o n t r o l l e r  

c. B a t t e r y  pack and charger  

d. Emission r e g u l a t o r  

e. P r e s s u r e  t r ansduce r  and a m p l i f i e r  

f  . Output b u f f e r  and s c a l i n g  a m p l i f i e r s  

g. Timing o s c i l l a t o r .  

The i o n  pump power supply is a s e l f - e x c i t e d  DC/DC conve r t e r  which was 
o r i g i n a l l y  used on NAS8-24712 ins t ruments .  This  supply is  adequate  t o  
s t a r t  t h e  e i g h t  (8)  l i t e r  i o n  pump a t  p re s su res  of about  10-3 t o r r .  The 
system is equipped wi th  a pump c u r r e n t  monitor  t o  h e l p  measure i o n  pump 
p res su re .  The range  swi tch  f o r  t h i s  meter a l s o  c o n t r o l s  d r i v e  t o  t h e  
chopper t r a n s i s t o r s  i n  t h e  pump supply t o  r a i s e  t h e  supply e f f i c i e n c y  
a t  low pump c u r r e n t s  and reduce i n t e r n a l  h e a t i n g  of t h e  instrument .  

The supply was modified s l i g h t l y  t o  al low t h e  use  of a twenty-eight 
(28) v o l t  b a t t e r y  pack (F igure  11)  i n  t h e  event  of a power l i n e  f a i l u r e .  

1 
This  involved  t h e  a d d i t i o n  of one t e rmina l  on t h e  p r i n t e d  w i r i n g  board and 
rearrangement of t h e  c o n t r o l  r e l a y  wir ing .  Otherwise, t h e  supply  remains 
t h e  same as u n i t s  de l ive red  on previous  m a s s  spec t rometers .  

A s p e c i a l  b a t t e r y  pack was designed f o r  t h i s  system t o  s u s t a i n  i o n  
pump o p e r a t i o n  dur ing  power f a i l u r e s  and t r a n s p o r t a t i o n .  During normal 
o p e r a t i o n  t h e  b a t t e r y  pack is charged according t o  t h e  cond i t i on  of t h e  
b a t t e r i e s .  Consequently, f r e s h  b a t t e r i e s  w i l l  be  sus t a ined  a t  t h e i r  peak 
v o l t a g e  and b a t t e r i e s  p a r t i a l l y  d ischarged  w i l l  be  recharged a t  a r a t e  
determined by t h e i r  condi t ion .  This  approach al lows b a t t e r i e s  t h a t  have 
been used f o r  an  extended pe r iod  of t ime t o  be  charged a s  r a p i d l y  a s  pos- 
s i b l e  i n  p r e p a r a t i o n  f o r  t h e  next  usage. 

Changeover from l i n e  o p e r a t i o n  t o  b a t t e r y  ope ra t ion  i s  automat ic ,  w i th  
no p o s s i b i l i t y  of s h o r t i n g  t h e  b a t t e r i e s  t o  t h e  twenty-eight v o l t ,  d i r e c t  
c u r r e n t  (dc) supply.  The system w a s  capable of b a t t e r y  ope ra t ion  f o r  a t  
l e a s t  twelve (12) hours ,  w i th  a s u c c e s s f u l  recharge,  and longe r  pe r iods  
of t i m e  i n  emergency s i t u a t i o n s  where system i n t e g r i t y  was more impor- 
t a n t  t han  recharg ing  t h e  b a t t e r i e s .  

A h e a t e r  c o n t r o l l e r  and l i n e  h e a t e r  were incorpora ted  f o r  thermal  con- 
t r o l  of t h e  i n l e t  l e a k  and l i n e  between t h e  l e a k  and mass spec t rometer .  
The l e a k  temperature is  c o n t r o l l e d  t o  some p r e s e l e c t e d  temperature regard- 
l e s s  of ambient condi t ions  o r  power i n p u t  v a r i a t i o n s .  Temperature s ens ing  



is  accomplished wi th  a bead the rmis to r  a t t a c h e d  t o  t h e  va lve  body. A second 
the rmis to r  w a s  inc luded  f o r  monitor ing purposes dur ing  system t e s t i n g .  The 
c o n t r o l l e r  was a b l e  t o  ho ld  t h e  va lve  temperature cons t an t  t o  w i t h i n  one- 
t e n t h  of a degree  c e n t i g r a d e  (O.l°C) under normal l a b o r a t o r y  cond i t i ons .  

The l i n e  h e a t e r  was thermal ly  uncon t ro l l ed ,  t h e  f i n a l  temperature 
be ing  s e t  by a d j u s t i n g  a series r e s i s t a n c e .  The a c t u a l  temperature of t h i s  
l i n e  is  of l i t t l e  consequence a s  long as t h e  temperature is above t h e  p o i n t  
where water  hang-up is  e l imina ted .  Temperature v a r i a t i o n s  above t h i s  l e v e l  
have no n o t i c e a b l e  v a r i a t i o n  on ins t rument  performance. 

The emission r e g u l a t o r  c i r c u i t r y  is  an  adap ta t ion  of c i r c u i t r y  devel- 
oped f o r  t h e  ASD f l i g h t  mass spec t rometer  (under c o n t r a c t  No. NAS1-6387). 
This  c i r c u i t  is  t h e  h e a r t  of t h e  ASD c losed  loop system. This  system is  a 
p r e s s u r e  r e f e renced  system where t h e  ou tpu t s  of t h e  mass spec t rometer  a r e  
weighted and summed toge the r .  I f  t h e  proper  weight ing f o r  each channel  i s  
used, then  t h e  sum i s  an analog of t o t a l  p ressure .  A comparison of t h i s  
analog a g a i n s t  t h e  t r u e  ana log  of  t o t a l  p re s su re  is  used t o  c r e a t e  an e r r o r  
s i g n a l  f o r  t h e  emission r e g u l a t o r .  The r e g u l a t o r  then  d r i v e s  t h e  mass spec- 
t rometer  i o n  sou rce  f i l amen t  t o  achieve  a ba lance  between t h e  two s i g n a l s .  
A s  long  a s  t h i s  ba lance  is  maintained t h e  e l ec t rome te r  ou tpu t s  a r e  a l l  
r e l a t e d  t o  p a r t i a l  p re s su re s  by cons t an t s .  Consequently, s imple s c a l i n g  of 
t h e  ou tpu t s  i s  a l l  t h a t  is  r equ i r ed  t o  make t h e  ins t rument  read d i r e c t l y  i n  
p a r t i a l  p r e s s u r e  f o r  each measured gas. 

The emission r e g u l a t o r  is  made up of t h e  summing a m p l i f i e r  and a switch-  
i n g  system f o r  d r i v i n g  t h e  mass spec t rometer  f i lament .  The summing a m p l i f i e r  
accep t s  s i g n a l s  from t h e  e l ec t rome te r  ou tpu t s  and t h e  p r e s s u r e  t r ansduce r  
ampl i f i e r .  The e r r o r  s i g n a l  developed h e r e  i s  used t o  d r i v e  a swi tch ing  
r e g u l a t o r ,  whose duty cyc l e  is  dependent on t h e  e r r o r .  The output  of t h i s  
r e g u l a t o r  is  a p p l i e d  t o  t h e  f i l amen t  t ransformer  and, consequent ly,  t h e  
f i l amen t  r e c e i v e s  a s i g n a l  t h a t  v a r i e s  according t o  t h e  e r r o r .  I n  t h i s  
manner, a cons t an t  r e l a t i o n s h i p  i s  maintained between t h e  t r u e  p a r t i a l  p res -  
s u r e  and e l ec t rome te r  ou tputs .  

It is  convenient  t o  have t h e  ins t rument  readout  c a l i b r a t e d  i n  u sab le  
engineer ing  u n i t s ;  consequent ly,  a s c a l i n g  adjustment  is  provided f o r  bo th  
output  meters  and remote v o l t a g e  monitors .  This  p a r t i c u l a r  ins t rument  was 
provided wi th  i n t e r n a l  meters  c a l i b r a t e d  d i r e c t l y  i n  t o r r  and a remote 
v o l t a g e  readout  c a l i b r a t e d  f o r  f i v e  (5) v o l t s  f u l l  s ca l e .  Sepa ra t e  readouts  
were provided f o r  each monitored channel.  

Various o t h e r  c i r c u i t s  were provided f o r  t h e  ope ra t ion  of t h e  i n s t r u -  
ment, b u t  f o r  t h i s  r e p o r t  a d e s c r i p t i o n  of t h e s e  func t ions  o r  des ign  i s  
n o t  p r a c t i c a l .  General ly  however, t h e  c i r c u i t s  were of proven des ign  from 
o t h e r  s u c c e s s f u l  Mass Spectrometer  Systems, and t h e i r  performance on t h i s  
a p p l i c a t i o n  tends t o  bea r  t h i s  ou t .  



Sys t e m  Packaging 

Th i s  system has  been packaged i n  a good commercially a v a i l a b l e  bench 
cab ine t ,  a s  shown i n  F igure  12. A l l  packaging of  components i s  t o  b e s t  
commercial p r a c t i c e .  The system is d iv ided  i n t o  two modules t h a t  a r e  
mounted on drawer s l i d e s ,  p rov id ing  easy  access  f o r  r e p a i r  and maintenance. 

The mass spec t rometer  i s  close-coupled t o  t h e  e i g h t  (8) l i t e r  p e r  sec- 
ond i o n  pump through a bypass manifold and both  u n i t s  a r e  then  f i r m l y  
mounted t o  a basep la t e .  The temperature c o n t r o l l e d  v a r i a b l e  l e a k  va lve  
i s  a l s o  a t t a c h e d  t o  t h e  b a s e p l a t e  and connected t o  t h e  i n l e t  f l a n g e  of t h e  
mass spec t rometer .  This  a l lows  complete t e s t i n g  of t h e  ins t rument  p r i o r  
t o  i ts i n t e g r a t i o n  w i t h  t h e  t o t a l  package. The e l ec t rome te r s  a r e  plugged 
i n t o  an  i n t e r f a c e  s h i e l d  connected d i r e c t l y  t o  t h e  c o l l e c t o r  f l a n g e  of  
t h e  ins t rument .  

The ins t rument  and b a s e p l a t e  assembly a r e  mounted t o  t h e  ana lyze r  module 
c h a s s i s ,  which has a recessed  f r o n t  pane l  covered by a hinged door ( s ee  Fig- 
u re  13 ) .  On t h i s  pane l  a r e  mounted t h e  flowmeter ( I ) ,  needle  va lves  ( 2 ) ,  
shu to f f  va lve  ( 3 ) ,  and i n l e t  l e a k  va lve  adjustment  ( 4 ) ,  f o r  c o n t r o l  of t h e  
sampled gases  t o  t h e  instrument .  There a r e  two bulkhead f i t t i n g s  on t h e  
r i g h t  s i d e  of t h e  f r o n t  panel .  One of t h e s e  permi ts  connect ion of a one- 
f o u r t h  (114) i nch  sample i n l e t  gas l i n e  ( 5 ) ;  t h e  o t h e r  is  an  exhaus t  l i n e  
( 6 ) ,  from t h e  ana lyzer .  The sample s e l e c t  va lve  (7) i s  l o c a t e d  i n  t h e  
upper c e n t e r  of t h e  panel .  

The c a l i b r a t i o n  gas  sample b o t t l e  and p r e s s u r e  r e g u l a t o r  is  mounted 
on t h e  l e f t  hand s i d e  of  t h e  ana lyze r  module c h a s s i s  and i s  plumbed i n t o  
the  ana lyze r  sample i n l e t  system f o r  c a l i b r a t i o n  v e r i f i c a t i o n .  

The ana lyze r  e l e c t r o n i c s  a r e  mounted on p r i n t e d  wi r ing  boards and 
t e rmina l  boards ,  conformal coated and mounted i n t o  connectors  and r e t a i n e d  
by b r a c k e t s  i n  t h e  ana lyzer  module chas s i s .  

The ana lyze r  c o n t r o l  c h a s s i s  i s  drawer s l i d e  mounted w i t h  an a t t ached  
f r o n t  pane l  t h a t  provides  f o r  mounting of t h e  readout  d i s p l a y  meters ,  sup- 
p o r t  e l e c t r o n i c s  c o n t r o l  swi tches  and f u n c t i o n a l  i n d i c a t i n g  meters .  A 
b a t t e r y  pack, t r i c k l e  charger  and twenty-eight (28) v o l t  power supply ,  p l u s  
o t h e r  suppor t  e l e c t r o n i c s  a r e  mounted t o  t h e  c h a s s i s  as shown i n  F igure  14. 

There is  a connector  pane l  a t t a c h e d  t o  t h e  lower back p o r t i o n  of t h e  
c a b i n e t ,  a s  shown i n  F igure  15,  w i t h  a 115 v o l t ,  a l t e r n a t i n g  c u r r e n t  (ac)  
power connector  and a connector  f o r  e x t e r n a l  readout .  The upper back por- 
t i o n  of t h e  cab ine t  c o n s i s t s  of one l a r g e  removable pane l ,  which completes 
t h e  t o t a l  enc losu re  of t h e  cab ine t .  

A f t e r  t h e  p r o j e c t  was w e l l  underway i t  was requested t h a t  we des ign ,  
i n  p a r t ,  t o  t h e  Space S t a t i o n  Simulator  Phase I V  Tes t  requirements 1T33501. 



To f u l f i l l  flame propogat ion requirements ,  a l l  meta l  j o i n t s  of t h e  
cab ine t  w e r e  designed wi th  over lapping  s u r f a c e s  t o  c r e a t e  a somewhat 
s e a l e d  package. A l l  pa in t ed  s u r f a c e s  a r e  a c r y l i c  baked enamel. I n t e r n a l  
b r a c k e t s  a r e  aluminum chemical f i l m  coated i n  accordance wi th  MIL-C-5541, 
Type 1, Grade C,  Class  2,  o r  steel cadmium p l a t e d  i n  accordance w i t h  GQ- 
P-416, Type 1, Class  2. 

A l i s t  of a l l  components, e l e c t r i c a l  and mechanical, t h e i r  m a t e r i a l s  
and f i n i s h e s  , w a s  generated and submit ted t o  McDonnell-Douglas f o r  approval .  
Some of t h e  components were ques t ionab le ,  b u t  w e r e  approved due t o  t h e  s h o r t  
d e l i v e r y  d a t e  of t h e  f i n i s h e d  system. There was no t  enough time t o  r e o r d e r  
and w a i t  f o r  s u i t a b l e  replacement p a r t s ,  some of which would n o t  be i n t e r -  
changeable. This  would have n e c e s s i t a t e d  redes ign ,  r e f a b r i c a t i n g ,  reassem- 
b l i n g  new p a r t s ,  and t h e  scrapping  of o l d  p a r t s  which t h e  schedule  and 
budget could n o t  s tand .  A l l  w i r i n g  used i n  t h e  system i s  Tef lon  s leeved .  

The system d id  no t  conform t o  McDonnell-Douglas s a f e t y  and q u a l i t y  
assurance  requirements  b u t  was approved. 

SYSTEM TESTS 

Analyzer T e s t s  

The ana lyze r  refurbishment  followed t h e  normal procedures  t h a t  have 
been followed i n  e a r l i e r  t e s t s  on t h e  Two Gas Sensor.  The ana lyze r  was 
disassembled,  c leaned and new f i l amen t s  of ninety-seven pe rcen t  t ungs t en ,  
t h r e e  percent  rhenium (97% W - 3% Re) were i n s t a l l e d .  The ana lyze r  was 
pumped down and t h e  f i l amen t s  burned i n  s lowly f o r  maximum l i f e .  The 
e l e c t r o n  guns were then  turned  up f o r  maximum e l e c t r o n  beam t ransmiss ion  
t o  t h e  anodes. The i o n  c u r r e n t  peaks were measured and a f t e r  a p p r o p r i a t e  
t un ing  t h e  peak shape and r e s o l u t i o n  became acceptab le ,  b u t  t h e  m/e 1 8  peak 
w a s  n o t  a l i gned  wi th  r e s p e c t  t o  t h e  m/e 28, m/e 32 ,  o r  m/e 44 peaks. A f t e r  
a p p r o p r i a t e  r e p o s i t i o n i n g  of t h e  m/e 1 8  c o l l e c t o r ,  t h e  alignment was brought 
t o  an  accep tab le  degree. (See F igure  16.)  

A f t e r  t h e  peak alignment process  was completed, i o n  focus ing  was tuned 
up and t h e  i o n  sou rce  s e n s i t i v i t y  was measured and found acceptab le .  A 
f i n a l  set of i o n  source  v o l t a g e s  was ob ta ined ,  which allowed t h e  proper  
e l e c t r o d e  v o l t a g e  d i v i d e r  s t r i n g  t o  be s e t  up. 

Ion  Pump T e s t s  

The pumping speed of t h e  e i g h t l e l e v e n  (8111) l i t e r s  pe r  second i o n  
pump (Ultek 220-519-01) was t e s t e d  t o  a s s u r e  i t s  performance on t h e  intended 
a p p l i c a t i o n .  F igu re  1 7  shows a schematic  of t h e  test se tup .  



The i o n  pump power supply was designed t o  provide  3,200 v o l t s  over  t h e  
o p e r a t i n g  p r e s s u r e  range of less than  lov8 t o  10'~ t o r r .  The r e s u l t s ,  a s  
shown i n  F igure  18 ,  i n d i c a t e  t h a t  t h e  speed i s  above e i g h t  (8)  l i ters p e r  
second over  t h e  p r e s s u r e  range of 3 x t o  3 x t o r r ,  which i s  ade- 
qua te  f o r  t h i s  a p p l i c a t i o n .  

E l e c t r o n i c  Subsys t e m  T e s t s  

E l e c t r o n i c  Subsystem T e s t s  cons i s t ed  of each e l e c t r o n i c  module be ing  
c a r e f u l l y  t e s t e d  f o r  adequate  performance under  expected o p e r a t i n g  condi- 
t i o n s .  Uni t s  were checked f o r  o p e r a t i o n  under vary ing  loading  cond i t i ons ,  
i n p u t  v o l t a g e  f l u c t u a t i o n s  and where c r i t i c a l  thermal  v a r i a t i o n s  were 
expected. 

P a r t i c u l a r  a t t e n t i o n  w a s  pa id  t o  t h e  e l ec t rome te r s  f o r  proper  response  
and zero  s t a b i l i t y .  S ince  t h e s e  u n i t s  a r e  t h e  h e a r t  o f  t he  readout  and 
c losed  loop system, s p e c i a l  a t t e n t i o n  w a s  given t o  t h e i r  f requency response 
r o l l o f f  and i n p u t  zero s t a b i l i t y .  S p e c i a l  respohse networks a r e  provided 
i n  each e l ec t rome te r  t o  t a i l o r  t h e  frequency c h a r a c t e r i s t i c s .  Each elec-  
t rometer  was a d j u s t e d  f o r  a band pas s  of  one (1.0) c y c l e  pe r  second and a 
r o l l o f f  of s i x  (6) d e c i b e l s  pe r  oc tave .  Input  zero compensation was 
checked on each u n i t  i n  an  environmental  chamber t o  a s s u r e  t h e  h i g h e s t  
p o s s i b l e  accuracy. 

The f i l amen t  emission c o n t r o l  system was checked wi th  t h e  u s e  of a 
dummy diode  t o  s imu la t e  t h e  a c t i o n  of t he  mass spec t rometer  i o n  source.  
I o n i z a t i o n  c u r r e n t  r e g u l a t i o n  was of  prime importance h e r e ,  as w e l l  a s  
s t a b i l i t y  of e l e c t r o n  c u r r e n t  w i th  thermal  changes. 

The remainder of t h e  c i r c u i t s  were checked on test equipment normally 
used t o  check product ion  equipment. These t e s t s  were mainly f u n c t i o n a l  i n  
na tu re .  

System I n t e g r a t i o n  T e s t s  

The ana lyze r ,  i o n  pump and i n l e t  system were assembled and l e a k  checked 
p r i o r  t o  pumpdown. A f t e r  t h e  systems vacuum i n t e g r i t y  was v e r i f i e d  t h e  i o n  
pump was s t a r t e d  and t h e  system allowed t o  pump down p r i o r  t o  a f i n a l  bakeout.  

A two day bakeout a t  250 degrees cen t ig rade  was accomplished wi th  com- 
p l e t e  succes s ,  i. e . ,  no l eaks .  The mechanical assembly of t h e  ba lance  of 
t h e  system proceeded wi th  no major problems. The system was then  opera ted  
and a recheck of t h e  ana lyze r  parameters  performed and found acceptab le .  
An alignment check was made, F igure  19,  due t o  t h e  p o s s i b i l i t y  of  misal ign-  
ment t h a t  could be caused by t h e  mechanical assembly. The alignment check 
showed t h a t  no f u r t h e r  alignment was necessary  and, t h e r e f o r e ,  t h e  f u l l  
e l e c t r o n i c  subsystem i n t e g r a t i o n  t e s t i n g  could begin.  



Af te r  t h e  i n t e g r a t i o n  of t h e  e l e c t r o n i c s  w i th  t h e  mass spec t rometer ,  
t e s t s  were run  t o  e s t a b l i s h  t h e  va lues  of t h e  c losed  loop summing r e s i s t o r s  
and s c a l i n g  r e s i s t o r s  on t h e  ou tpu t s .  These va lues  were then  checked by 
e x e r c i s i n g  t h e  ins t rument  w i th  va r ious  c a l i b r a t i o n  gasses .  Such c ros s  
checking v e r i f i e d  t h e  c o r r e c t  va lues  of  t h e s e  s e l e c t e d  components. 

As a  f i n a l  system test ,  v a r i o u s  expected o p e r a t i o n a l  condi t ions  were 
s imula ted  t o  check o v e r a l l  ins t rument  performance. These included power 
f a i l u r e  t o  v e r i f y  b a t t e r y  changeover ope ra t ion ,  opening and c l o s i n g  of 
t h e  e l e c t r o n i c  bay drawers t o  check thermal  r e g u l a t i o n  of t h e  sample i n l e t  
va lve  and va ry ing  l i n e  v o l t a g e s ,  e t c .  The ins t rument  was a b l e  t o  cope wi th  
t h e  s imula ted  cond i t i ons  a f f e c t i n g  o v e r a l l  ope ra t ion  o r  accuracy. 

INSTALLATION AND CHECKOUT DURING FIVE-DAY RUN 

On 24 March 1970 t h e  system was d e l i v e r e d  t o  McDonnell-Douglas, Hunt- 
i ng ton  Beach. The system was s e t  up and an o p e r a t i o n a l  checkout performed. 
McDonnell-Douglas performed an e l e c t r i c a l  and mechanical i n s p e c t i o n  and 
no th ing  of major consequence turned  up. 

The f i r s t  Space S t a t i o n  Simulator  crew and s tandby crew were i n s t r u c t e d  
i n  t h e  p r i n c i p a l s  of .opera t ion  and t h e  ope ra t ing  procedures  ( s ee  Appendix A) 
of t h e  ins t rument .  

On 1 5  A p r i l  1970 t h e  system was i n s t a l l e d  i n t o  t h e  Space S t a t i o n  Simu- 
l a t o r  i n  p r e p a r a t i o n  f o r  t h e  i n i t i a l  five-day shakedown run. Except f o r  a  
few minor i n t e r f a c e  problems, t h e  checkout was performed wi thout  i n c i d e n t .  

The five-day run s t a r t e d  on 29 A p r i l  1970. The ou tpu t s  of t h e  Atmos- 
p h e r i c  Sensor System a r e  shown i n  F igure  20. 

OPERATION DURING NINETY-DAY MISSION 

From t h e  end of t h e  five-day run u n t i l  two days be fo re  t h e  beginning 
of t h e  ninety-day run t h e  system was s h u t  down, however, t h e  i o n  pump 
remained on. Two days be fo re  t h e  ninety-day mission s t a r t e d  a  quick  opera- 
t i o n a l  checkout of t h e  system was made, p r i m a r i l y  t o  check some changes 
t h a t  were made i n  t h e  i n t e r f a c i n g  d a t a  a c q u i s i t i o n  equipment. 

On 1 3  June 1970 a t  0935, t h e  ninety-day mission was s t a r t e d  and a t  
1102 t h e  Atmospheric Sensor System was turned  on. A t  1230 t h e  f i r s t  
c a l i b r a t i o n  v e r i f i c a t i o n  was made. The r e s u l t s  i n d i c a t e d  t h a t  t h e  Cpp 
were w i t h i n  one (1.0) pe rcen t  of t h e  t o t a l  p r e s s u r e  as r ead  on t h e  primary 
cab in  p r e s s u r e  gauge. Severa l  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 made dur ing  t h e  



1 f i r s t  few weeks of the  mission and they a l l  i n d i c a t e  t h a t  t h e  Cpp was 
wi th in  one (1.0) percent  of the  t o t a l  pressure.  A l l  t he  system c a l i -  
b r a t i o n  v e r i f i c a t i o n s  a r e  summarized i n  Table 2. 

A complete curve of the  system performance is shown i n  Figure 21. 
The d a t a  f o r  these  curves was taken from the  d a t a  reduction of the  McDonnell- 
Douglas Low Speed Data Acquisi t ion System a t  1800 hours. This time was 
chosen because it was considered t h e  most normal, with the  l e a s t  unpro- 
grammed a c t i v i t y ,  and should g ive  a more represen ta t ive  p i c t u r e  of t h e  
cabin atmosphere from day t o  day. 

A few comments have been added t o  t h e  ninety-day t e s t  curves a t  po in t s  
where d e f i n i t e  c o r r e l a t i o n  t o  known a c t i v i t i e s  have occurred. 

CONCLUSIONS 

Five-Day Run 

The purpose of t h e  five-day run was t o  opera t ional ly  check out  a l l  
systems under a c t u a l  operat ing pressures  (10.0 lb f  / in2  abs) . The Atmos- 
phere Sensor System performed very w e l l  during t h e  five-day run,  but  the re  
w e r e  severa l  i n t e r f a c e  problems i n  the  e l e c t r i c a l  readout systems ( i . e . ,  
open leads ,  crossed leads ,  and ground loops) which w e r e  correc ted  p r i o r  t o  
t h e  ninety-day test. Therefore, t h e  p l o t  (Figure 21) of the  Atmospheric 
Sensor System performance i s  from manually taken data ,  off  the  instrument 
metered outputs ,  from i n s i d e  of the  Space S t a t i o n  Simulator. 

Ninety-Day Run 

A review of the  da ta  i n  Figure 20 shows t h a t  the  summation of the  
p a r t i a l  pressures ,  a s  measured by t h e  Atmosphere Sensor System, agrees 
with the  cabin pressure  to  about minus two and one-half (-2.5) percent ,  
constant ly  over the  e n t i r e  ninety-days. This constant  minus two and one- 
hal f  (-2.5) percent  e r r o r  can be a t t r i b u t e d  pr imar i ly  t o  the  carbon 
dioxide and water vapor channels. A d e t a i l e d  d iscuss ion of t h e  e r r o r  
a t t r i b u t a b l e  t o  the  water vapor channel i s  given i n  Appendices B and C 
and w i l l  not  be presented here. The e r r o r  caused by t h e  carbon dioxide 
channel was due t o  an e r r o r  i n  t h e  c a l i b r a t i o n  gas ana lys i s  by West Coast 
Technical. The o r i g i n a l  ana lys i s  (Appendix D) was used t o  set up t h e  ins t ru -  
ment and a t  t h e  end of the  Ninety-Day test, McDonnell-Douglas s e n t  t h e  gas 
back f o r  r eana lys i s  because they had a l s o  used i t  f o r  c a l i b r a t i o n .  The 
second ana lys i s  (Appendix E) showed a p lus  twenty-five (+25) percent  d i f -  
ference i n  the  carbon dioxide content .    he evaluat ion of a Four Gas Mass 
Spectrometer, used f o r  atmospheric con t ro l  during the ninety-day t e s t ,  i s  
presented i n  Appendix F and, the  r e s u l t s  of the  180-day test a t  ASD a r e  
presented i n  Appendix G. 



TABLE 2. - CALIBRATION VERIFICATION 

Date 

6-13-70 

6-13-70 

6-14-70 

6-18-70 

6-18-70 

6-20-70 

6-26-70 

7-8-70 

7-8-70 

7-11-70 

7-13-70 

7-13-70 

7-18-70 

7-25-70 

9-9-70 

9-9-70 

Time 

1232 

1315 

1405 

1814 

1902 

0322 

0510 

1059 

1135 

0450 

1245 

1346 

1853 

1430 

0205 

0250 

Cabin 
P r e s s  

519.5 T 

521.9 

525 T 

512.5 T 

514.2 T 

519 T 

518 T 

521.5 T 

521.5 T 

516.5 T 

516 T 

515 T 

526 T 

514.5 T 

513.3 T 

512.5 T 

O2 

149 T 

171 T 

153 T 

144 T 

167.8 T 

155.8 T 

155.3 T 

154 T 

170.5 T 

154.8 T 

155 T 

169 T 

156 T 

155.6 T 

155.4 T 

169.6 T 

N2 

352 T 

340 T 

348 T 

342 T 

334 T 

340 T 

325.5 T 

337 T 

338 T 

322.2 T 

328 T 

334 T 

337 T 

331.5 T 

334 T 

333 T 

C02 

3.05 T 

12.9 T 

5.06 T 

5.72 T 

12.6 T 

5.14 T 

10.0 T 

7.46 T 

12.9 T 

5.10 T 

6.7 T 

12.7 T 

4.41 T 

4.88 T 

6.98 T 

12.9 T 

H20 

8.1 T 

1.86 T 

9.22 T 

10.3 T 

2.38 T 

9.0 T 

12.3 T 

10.5 T 

20.5 T 

14.4 T 

12.3 T 

2 T 

13.0 T 

10.46 T 

10.1 T 

~r 

ZPP 

512.15 

525.76 

515.28 

502.02 T 

516.78 T 

509.44 T 

503.1 T 

509.0 T 

521.5 

496.5 

502.0 

517.7 T 

510 T 

502.44 T 

508.48 T 

515.5 T 

Remarks 

-1.4% e r r o r  i n  Epp CABIN 

+1.O% e r r o r  i n  Epp - CAL MIX 
N2 - 65.2% = 340 T % 0% e r r o r  
O2 - 32.4% - 169 ~r -1.0% e r r o r  
C02 - 2.45% = 12.8 T 2. 1% e r r o r  

-2.0% e r r o r  i n  Zpp - CABIN 
-2.0 % e r r o r  i n  Epp - CABIN 
+l.O% e r r o r  i n  Zpp - CAL MIX 
Np - 65.2% - 334 T 2. 0% e r r o r  
02 - 32.4% - 166 T 2. t1.0% e r r o r  
C02 - 2.45% = 12.5 T ?. +1.O% e r r o r  

-2% e r r o r  i n  Epp - CABIN 
-3% e r r o r  i n  Zpp - CABIN 
-2.5% e r r o r  i n  Zpp - CABIN 
0% e r r o r  i n  Epp - CAL MIX 
N2 = 65.2% - 340 T 2. +0.6% e r r o r  
02 - 32.43 - 169 T s +1.O% e r r o r  
C02 = 2.45% = 12.8 T 2. +1.O% e r r o r  

-4% e r r o r  i n  Zpp - CABIN 
-3% e r r o r  i n  Epp - CABIN 
+1% e r r o r  i n  Epp - CAL MIX 
N2 - 65.2% - 336 T 2. -1% e r r o r  
02 - 32.4% - 167 T 2. +1% e r r o r  
C02 - 2.45% = 12.6 T I. 1% e r r o r  

-2.5% e r r o r  i n  Zpp - CABIN 
(meters )  

-2.5% e r r o r  i n  Epp - CABIN 
-1% e r r o r  i n  Zpp - CABIN 
+1% e r r o r  i n  Zpp - CAL MIX 
N2 - 65.2% - 334 T s -0.4% e r r o r  
02 - 32.9% = 169 T 2. 0.3% e r r o r  
C02 - 2.45% - 12.6 T 1. 2.3% e r r o r  



The c l o s e  l i a i s o n  between ASD and McDonnell-Douglas g r e a t l y  con t r ibu ted  
t o  smooth i n s t a l l a t i o n ,  ope ra t ion  and d a t a  a c q u i s i t i o n .  This  was t h e  f i r s t  
o p e r a t i o n a l  a p p l i c a t i o n  of t h e  c lo sed  loop mode of  ope ra t ion  and t h e  r e s u l t s  
show t h a t  no c a l i b r a t i o n  v e r i f i c a t i o n  a t  a l l  would l e a d  t o  a s  good, i f  no t  
b e t t e r ,  r e s u l t s  s i n c e  t h i s  mode of o p e r a t i o n  w i l l  au toma t i ca l ly  c o r r e c t  f o r  
t h e  ma jo r i t y  of v a r i a t i o n s  w i t h i n  t h e  system, provided t h a t  t h e  i n i t i a l  
c a l i b r a t i o n  i s  c a r r i e d  ou t  c o r r e c t l y  u s ing  a  r e l i a b l e  a n a l y s i s  of  t h e  c a l i -  
b r a t i o n  gas t o  be  used. 

The Two Gas Atmosphere Sensor  System has demonstrated t h a t  mass spec- 
t rometer  i n s t rumen ta t ion  has  a  d e f i n i t e  p l a c e  i n  t h e  f i e l d  of c losed  
environment atmosphere monitor ing and c o n t r o l ,  where a  l i f e - suppor t  atmo- 
sphere  i s  e s s e n t i a l .  The o p e r a t i o n  of a  mass spec t rometer  w i t h i n  a  c losed  
environment was demonstrated, a s  w e l l  a s  t h e  a b i l i t y  t o  sample cont inuously 
from w i t h i n  such a  c losed  environment. Long term ope ra t ion  of a mass spec- 
t rometer  a tmospheric  ana lyzer ,  under r e l a t i v e l y  unat tended cond i t i ons ,  w a s  
a l s o  shown t o  b e  f e a s i b l e .  The cont inuous and s imultaneous monitor ing of 
t h e  major atmospheric  c o n s t i t u e n t s ,  which could then  be d isp layed  w i t h i n  t h e  
h a b i t a t  and a t  a  remote l o c a t i o n ,  was a l s o  demonstrated. The f e a s i b i l i t y  of 
p e r i o d i c  c a l i b r a t i o n  of  a  mul t ichannel  mass spec t rometer ,  u s ing  a  c a l i b r a t e d  
gas mixture ,  was proved and i t  was shown t h a t  r e l a t i v e l y  un t r a ined  personnel  
could c a r r y  ou t  t h i s  t a sk .  

The f l e x i b i l i t y  of  t h e  Two Gas Atmosphere Sensor would a l low i t  t o  be  
app l i ed  t o  a  wide range of p o t e n t i a l  c losed  environment a p p l i c a t i o n s .  The 
monitor ing and c o n t r o l  of t h e  major atmospheric  c o n s t i t u e n t s  w i t h i n  many 
types of h a b i t a t s ,  a t  va r ious  p r e s s u r e s ,  could be  c a r r i e d  out .  By i n c r e a s i n g  
t h e  number of i o n  c u r r e n t  c o l l e c t o r s  o t h e r  lower l e v e l  c o n s t i t u e n t s  such a s  
hydrogen, methane, Freons, and t o t a l  hydrocarbons can be  monitored and wi th  
t h e  a d d i t i o n  of an accumulator c e l l  i n l e t  system, which i s  now under develop- 
ment f o r  NASAILangley Research Center ,  carbon monoxide monitor ing can be  
incorpora ted .  I n  a d d i t i o n  t o  atmospheric  monitor ing,  t h e  Two Gas Sensor 
can be  app l i ed  t o  b i o l o g i c a l  measurements, such a s ,  measuring t h e  metabol ic  
r a t e  of crewmen under va r ious  cond i t i ons  of  stress. It i s  ev iden t  t h a t  
many p o s s i b i l i t i e s  e x i s t  f o r  t h e  a p p l i c a t i o n  of t h e  Two Gas Atmosphere 
Sensor  i n  c lo sed  environments.  
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1. PRINCIPLE OF OPERATION 

The Atmosphere Analyzer System can be divided roughly i n t o  four  p a r t s .  
These are :  1 )  the  i n l e t  system; 2) the  c a l i b r a t i o n  system; 3) t h e  mass 
spectrometer, and 4)  necessary support equipment f o r  the  above. 

The i n l e t  system performs severa l  functions,  t h e  most important of which 
i s  t h e  reduction of the  pressure  of sample gas from an ambient of t e n  
l b f / i n 2  abs t o  2 x 10-4 t o r r .  This pressure  reduct ion is accomplished 
with a s p e c i a l  va lve  which has a p rec i se ly  ad jus tab le  l eak  r a t e .  The 
balance of t h e  i n l e t  system c o n s i s t s  of f i l t e r s  t o  e x t r a c t  a l l  dus t  
p a r t i c l e s  and o the r  contamination from t h e  a i r  of l a r g e r  s i z e  than approxi- 
mately one micron, and metering valves  and a flowmeter t o  c o n t r o l  the  
sample gas flowing through the  l e a k  valve. A schematic of the  i n l e t  and 
vacuum systems i s  shown i n  Figure 22. 

The c a l i b r a t i o n  system provides a gas mixture of p rec i se ly  known compo- 
s i t i o n  which makes poss ib le  the absolute  c a l i b r a t i o n  of t h e  instrument. 
The c a l i b r a t i o n  system c o n s i s t s  of a pressure  b o t t l e  containing c a l i b r a t i o n  
gas, a pressure  regu la to r ,  and a metering valve.  

The mass spectrometer is  the  c e n t r a l  p a r t  of t h i s  atmosphere analyzing 
system. A m a s s  spectrometer is an instrument which analyzes a chemical 
compound o r  mixture according t o  i ts  atomic m a s s  number. The mass spectrom- 
eter used i n  t h e  Atmosphere Analyzer is  a s i n g l e  focusing magnetic sec to r  
instrument. The mass spectrometer c o n s i s t s  b a s i c a l l y  of t h r e e  p a r t s .  These 
are :  1 )  the  i o n  source; 2) the  analyzer sec t ion ;  and 3) t h e  c o l l e c t o r  and 
readout e l e c t r o n i c s .  The ion  source takes  the  incoming low pressure  gas 
mixture and passes an e l e c t r o n  beam through i t  causing ionizat ion.  Ions 
a r e  charged molecules o r  atoms and a r e  s e n s i t i v e  t o  e l e c t r i c  and magnetic 
f i e l d s .  The ions a r e  accelera ted  by f i e l d s  of severa l  hundred v o l t s  t o  
f a i r l y  high v e l o c i t y  a t  which po in t  they en te r  the analyzer  s e c t i o n  of t h e  
mass spectrometer which, reduced t o  i ts  bas ic  function,  c o n s i s t s  of nothing 
more than a magnet. This magnet d e f l e c t s  t h e  ions  from t h e i r  normal 
s t r a i g h t  paths  i n t o  paths descr ib ing a r c s  of var ious  r a d i i  of curvature. 
The heavier  t h e  ion,  o r  t h e  higher the  mass number of t h e  ion,  t h e  less 
i t  w i l l  be de f lec ted  by t h e  magnetic f i e l d ,  therefore ,  ions  of l a r g e  mass 
w i l l  move i n  a r c s  of l a r g e  rad ius  while ions  of low mass w i l l  move i n  
small rad ius  a rcs .  This w i l l  produce separa t ion  of the  var ious  ions  
produced by ion iz ing  the  given gas mixture. The ions  now proceed t o  a 
series of c o l l e c t o r s  which a r e  pos i t ioned t o  i n t e r c e p t  t h e  d i f f e r e n t  
masses. I n  the  Atmosphere Analyzer, t h e r e  a r e  four c o l l e c t o r s  which a r e  
used t o  d e t e c t  four  p a r t i c l e  masses. These are m / e  18, o r  water ,  m / e  28, o r  
n i t rogen,  m / e  32, o r  oxygen, and m / e  44, o r  carbon dioxide.  The ions ,  
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upon h i t t i n g  the  c o l l e c t o r s ,  w i l l  cause an e l e c t r i c  cur ren t  t o  flow through 
an ex te rna l  c i r c u i t .  These cur ren t s  a r e  extremely small ,  on t h e  order of 
10-l2 amperes, theref  o re ,  very s e n s i t i v e  electrometer  ampl i f iers  a r e  used t o  
amplify these  cur ren t s  f o r  f u r t h e r  processing. The outputs  of these  ampl i f i e r s  
a r e  then propor t ional  to  t h e  cur ren t s  t h a t  pass  through the  c o l l e c t o r s ,  which 
i n  tu rn  a r e  propor t ional  t o  t h e  r e l a t i v e  p a r t i a l  pressures  of t h e  p a r t i -  
cu la r  cons t i tuen t  i n  t h e  incoming gas mixture. 

The four th  s e c t i o n  of the  Analyzer System is the support equipment required 
f o r  the  o the r  th ree  sec t ions ;  t h i s  inc ludes  t h e  ion  pump t h a t  maintains a 
low pressure  i n  t h e  analyzer,  power supp l ies ,  and var ious  o t h e r  a u x i l l a r y  
equipment . 

SYSTEM DESCRIPTION 

The following is  a b r i e f  func t iona l  d e s c r i p t i o n  of the  Atmosphere Analyzer. 
To simplify the  system desc r ip t ion ,  each p a r t  of t h e  system r e f e r r e d  t o  has 
been assigned an index number a s  shown i n  Figures 23 and 24. Sample gases 
en te r  the  i n l e t  system from the  one-eighth sample l i n e  a t  the sample i n l e t  
point  (1).  The sample gas then passes through a needle flow con t ro l  va lve  
on the  f r o n t  panel of the  instrument (2). Af te r  passing through t h e  flow 
con t ro l l ing  valve,  t h e  sample gas goes t o  t h e  mode s e l e c t o r  valve  (3) which 

j determines the  mode of operat ion,  t h a t  is ,  operat ing i n  t h e  c a l i b r a t i o n  
mode o r  the  normally operat ing sample mode. After  passing through the  mode 
s e l e c t o r  valve,  the  gas is  f i l t e r e d  by a two s tage  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  present .  The gas mix- 
t u r e  then passes through a sample flowmeter (6) which measures t h e  r a t e  of 
gas flow through t h e  instrument and the re fo re  allowing t h e  pressure  drops 
through t h e  i n l e t  system t o  be checked. After  passing through t h e  flowmeter 
the sample t r a v e l s  p a s t  a t o t a l  pressure  transducer (16) and out  the  sample 
vent (17). Between the  double f i l t e r s  t h e  gas passes through t h e  va r iab le  
leak valve (7).  This v a r i a b l e  l e a k  valve  is  f i t t e d  with a temperature con t ro l  
system. The hea te r  switch (8) con t ro l s  the  hea te r  f o r  t h e  i n l e t  valve. 
The c a l i b r a t i o n  gas mixture i s  s to red  i n  a pressure  tank (9) with regu la to r  
(10). Passing through t h e  regu la to r ,  t h e  sample gas goes t o  a p ro tec t ion  
shutoff  va lve  (14) and then to  a needle flow con t ro l  va lve  (15) then t o  the  
s e l e c t o r  valve  (3). P a r t  of the  gas t o  be sampled ( e i t h e r  the  sample gas 
or  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  the  l e a k  valve 
and through a small  diameter l i n e  (11) i n t o  t h e  mass spectrometer (12) 
located  wi th in  t h e  analyer chass i s  f o r  i n i t i a l l y  pumping down t h e  instrument. 
THIS SHOULD NEVER BE TOUCHED BY OPERATING PERSONNEL. The conductance of 
the  va r iab le  l eak  valve  can be adjus ted  by means of a s l o t t e d  screw adjustment 
(28) on t h e  f r o n t  panel.  The ion  cur ren t s  coming ou t  of the  mass spectrometer 
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a r e  detec ted  and amplif ied by four  electrometers.  The electrometer  out- 
puts  go t o  t h e  output  meters (26) and a l s o  t o  buffered outputs .  The zero 
l e v e l s  of t h e  e lec t rometers  can be checked by press ing the  press-to-test  
but ton (27) which c u t s  off  t h e  i o n  beams. The main power t o  the  mass 
spectrometer i s  provided by a 28 Vdc power supply, r equ i r ing  a 115 v o l t  
ac  input .  

There is  a f r o n t  panel  switch (18) t h a t  con t ro l s  the  opera t ion of t h e  28 
v o l t  power supply. Other i t e m s  on the  f r o n t  panel a r e  t h e  i o n  pump meter 
switch (19), and the  ion pump cur ren t  meter (20). These monitor t h e  
cur ren t  flowing t o  t h e  ion  pump from the  high vol tage  supply and, therefore ,  
i n d i r e c t l y  monitor the  analyzer pressure .  There a r e  two o the r  meters on 
the  f r o n t  panel of the  Analyzer Control Module. One of these  i s  the  
b a t t e r y  vol tage  ind ica to r  (21). This ind ica tes  the  s t age  of readiness  of 
the  emergency b a t t e r i e s ,  which a r e  used f o r  powering the i o n  pump i n  a 
power off  s i t u a t i o n .  The o the r  f r o n t  panel  meter is  the anode cur ren t  
meter (22). This meter measures t h e  anode cur ren t  and gives  an 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 source i s  being operated. The anode cur ren t  
may be adjus ted  only i n  the  open loop mode by the anode cur ren t  ad jus to r  
potentiometer (23). The mode of opera t ion,  open o r  closed loop, is 
control led  by a s e l e c t o r  switch (24) on the  f r o n t  panel.  

3. NORMAL OPERATING INSTRUCTIONS 

3.1 START-UP PROCEDURE 

a. With 115 Vac applied t o  u n i t  check t h a t  the  I O N  PUMP CONTROL 
switch (19) i s  i n  t h e  0.1 mA pos i t ion .  Reading should be 
nominally < 10 PA ( the  f i r s t  d i v i s i o n ) .  

b .  Check BATTERY VOLTAGE (21). The vol tage  should be 27 V o r  above. 

c .  Check pos i t ions  of the  following con t ro l s  p r i o r  t o  any f u r t h e r  
changes : 

(1) I O N  PUMP CONTROL SWITCH (19) t o  0.1 mA. 

(2) SAMPLE/CLOSED/CALIBRATE valve (3) t o  CLOSED pos i t ion ,  
FLOWMETER (6) a t  zero. 

(3) SYSTEM POWER switch (18) t o  OFF. 

( 4 )  FIL 1/FIL 2 switch (29) t o  FIL 1. 
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(5) ANODE CURRENT ADJUST (23) t o  zero ( f u l l  CCW) . 
(6) HEATER switch (8) t o  OFF. 

(7) VARIABLE LEAK ADJUST (28) t o  OFF pos i t ion  ( f u l l  CW). 

(8) LOOP MODE switch (24) t o  OPEN. 

Set  HEATER POWER switch (8) t o  ON. It takes  about one hour f o r  the  
i n l e t  l eak  valve  t o  reach t h e  f i n a l  temperature. 

Set  SYSTEM POWER switch (18) t o  ON. 

Output meters (26) w i l l  show some d e f l e c t i o n s  a t  t h i s  time, however, 
they should a l l  drop t o  zero o r  low l e v e l s  a f t e r  a minute o r  two. 
Do not  a d j u s t  any of t h e  meters a t  t h i s  time. 

Release lock on ANODE CURRENT ADJUST knob (23)'by turning ou te r  
r i n g  CCW. The ANODE CURRENT ADJUST is  turned slowly clockwise 
u n t i l  the  ANODE CURRENT meter reads  10 PA. The output  meters w i l l  
show some def lec t ions ,  expecia l ly  on H20 and C02 channels, due t o  
background. 

Watt 90 minutes f o r  warm-up of valve  hea te r ,  electrometers,  and 
i o n  source. 

NOTE 

A i r  condit ioner blower must be on 
i n  order  t o  ob ta in  sample. 

Admit sample of atmosphere by turning SAMPLE/CLOSED/CALIBRATE 
valve t o  SAMPLE. Open sample needle valve (2) u n t i l  flow i s  
maximum f o r  a t  l e a s t  30 seconds then a d j u s t  flow u n t i l  a reading 
of 0.015 i s  obtained on the  flowmeter (observing black b a l l  through 
flowmeter). 

Hold the  ANALYZER i n  t h i s  condi t ion  f o r  a one hour s t a b i l i z a t i o n  
period. A t  t h e  end of t h i s  t i m e  some nominal readout f o r  each 
gas w i l l  be noted, f o r  example, 1 .5  t o  2 t o r r  f o r  N2 and 02 
respec t ive ly  and about 0.5 t o r r  f o r  H20 and C02. 

A sample may now be admitted t o  the  ATMOSPHERIC ANALYZER. 
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The sample i s  introduced by turning the  i n l e t  l e a k  (28) a d j u s t  
screw CCW looking from the  f r o n t .  About 2-114 revolut ions  w i l l  
be required  with the  l a s t  revolut ion very c a r e f u l l y  applied.  
The I O N  PUMP CURRENT (20) should be c a r e f u l l y  watched during 
t h i s  process. The I O N  PUMP CONTROL switch (18) must be  i n  t h e  
1 mA posi t ion .  A t  about 2-118 tu rns ,  the  I O N  PUMP CURRENT w i l l  
increase.  Carefully a d j u s t  t h e  INLET LEAK valve u n t i l  t h e  sum 
of t h e  outputs  ( i n  t o r r )  equals  the i n l e t  pressure.  

R. The system may now be switched t o  CLOSED loop opera t ion with t h e  
LOOP MODE switch and t h e  f i n a l  adjustment of t h e  l eak  made u n t i l  
t h e  anode cur ren t  i s  10.0 PA. 

3.2 VERIFICATION PROCEDURE 

a. Turn SAMPLE/CLOSED/CALIBRATE flow-switching valve from SAMPLE t o  
CALIBRATE. Open CAL GAS SHUTOFF valve (14). Adjust needle 
c o n t r o l  valve (15) on t h i s  panel  u n t i l  t h e  b a l l  i s  about f u l l  
scale, hold f o r  15 t o  30 seconds then slowly c lose  needle c o n t r o l  
valve u n t i l  a flow of 0.015 on the  black b a l l  i s  obtained. 

b. Leave ANALYZER i n  t h i s  condi t ion  f o r  15 t o  30 minutes f o r  s t a b i l i -  
zat ion.  

c. I n  p a r t i c u l a r  note  the  drop i n  the  H20 output. 

d. While wait ing,  note  and record the  cabin pressure.  Compute the  
t r u e  p a r t i a l  pressure  of the  N2, 02 and C02 i n  the  p a r t i c u l a r  
c a l i b r a t i o n  gas sample being used. H20 is  a minute value and 
can be disregarded. 

e. Before making any f u r t h e r  c a l i b r a t i o n  adjustment, note  and 
record a l l  m e t e r  outputs  a s  w e l l  a s  the  CABIN t o t a l  pressure.  

f .  I f  the  outputs  do not  agree wi th in  52% of the  ca lcu la ted  compo- 
s i t i o n ,  t h e  Perkin-Elmer represen ta t ive  should be contacted f o r  
f u r t h e r  i n s t r u c t i o n s .  

4. MAINTENANCE 

The only maintenance required f o r  the Atmosphere Analyzer is  the  v e r i f i -  
ca t ion  check, as ou t l ined  i n  Paragraph 3.2 above, once every 14 days and a 
once a day reading of a l l  meters, i. e. , anode cur ren t  (2 mA/div) , ion  pump 
current  (.05 mAIdiv, i n  1 mA p o s i t i o n ) ,  b a t t e r y  vol tage  (2 Vldiv), 
02 output ,  N2 output ,  C02 output  and Hz0 output. 
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5. EMERGENCY PROCEDURES 

5.1 EXTERNAL EmRGENCIES 

External  emergencies are those r e l a t i n g  t o  abnormali t ies  ou t s ide  the  ins t ru -  
ment proper. These include power f a i l u r e  and power shortage.  I n  a power 
f a i l u r e  s i t u a t i o n ,  the  analyzer w i l l  shut  off  and the  ion  pump w i l l  automati- 
c a l l y  switch over t o  b a t t e r y  opera t ion,  preventing contamination of the  
vacuum system. The l e a k  valve should be closed i n  any prolonged power 
f a i l u r e ,  a s  t h i s  w i l l  reduce t h e  pressure  i n  the  analyzer and extend the  
l i f e  of t h e  emergency b a t t e r i e s .  

5.2 INTERNAL EMERGENCIES 

I n t e r n a l  emergencies a r e  those r e l a t i n g  t o  abnormal opera t ion of t h e  ins t ru -  
ment i t s e l f .  

I f ,  f o r  some reason, t h e  ion  pump cur ren t  goes p a s t  0.5 mA i n  the  1 mA 
pos i t ion  and remains t h e r e  f o r  more than f i v e  minutes, the  l eak  valve should 
be closed. I f  t h e  ion  pump cur ren t  goes off -scale  i n  the  s t a r t  pos i t ion  f o r  
more than one minute, the  pump should be shu t  down. Res ta r t  of the  system 
a f t e r  shutdown w i l l  r equ i re  a so rp t ion  roughing pump. Perkin-Elmer 

z Aerospace Division should be consulted,  i f  necessary, t o  r e s t a r t  the  pump. 
?' 
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WATER (H20) ANALYSIS 

By Michael R. Ruecker 
Perkin-Elmer Corporation 

Aerospace Division 
Pomona, California 

The output region of the Mass Spectrometer Atmospheric Sensor is shown 
below: 

BUFFER AMPLIFIERS 

ELECTROMETERS 

H2° 

N 2  P~ 

SUMMING TOTAL PRESSURE 
AMPLIFIER TRANSDUCER 

COLLECTORS SUMMING 
RESISTORS 
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I n  a normal c a l i b r a t i o n ,  which occurs a t  the  t i m e  the  system i s  i n i t i a l l y  
tuned up, the summing r e s i s t o r s  a r e  adjus ted  s o  t h a t  the  gain  of each 
channel i s  the  same. I f  GI, G2, G3, and Gq a r e  the gains of the  mass 
spectrometer ( includes i n l e t  l eak  conductance, ion  source s e n s i t i v i t y ,  
analyzer t ransmission e f f i c iency ,  and electrometer  gain)  f o r  H20, N2, 02, 
and C02, r espec t ive ly ,  then the  above s t a t e d  condit ion i s  given by: 

Furthermore, t h e  individual  channel gains a r e  a l s o  matched t o  the  gain  of 
the  t o t a l  pressure  transducer,  a s  i s  shown by the  following expression: 

Rs R(S1) Gi = GT = constant  

This equation must be  s a t i s f i e d  i n  order t o  have the closed loop opera te  i n  
a manner t h a t  produces outputs  such t h a t  the  sum of t h e  p a r t i a l  pressures  
is  equal  t o  t h e  t o t a l  pressure.  When these  adjustments a r e  made t h e  ins t ru -  

1 
i ment can be operated i n  the  closed loop mode. 

The outputs  of t h e  e lec t rometers  are a t tached t o  buf fe r  ampl i f i e r s  t h a t  
have ad jus tab le  gains.  These outputs  go t o  the  atmosphere c o n t r o l  system. 
They a l s o  go through v a r i a b l e  r e s i s t a n c e s  t o  output  voltmeters,  which a r e  
sca led  t o  read pressure  i n  t o r r .  The buf fe r  ampl i f ier  gains a r e  adjus ted  
t o  g ive  output  l e v e l s  t h a t  a r e  compatible with the  e l e c t r o n i c  i n t e r f a c e ,  
and f i n a l l y ,  the  va r iab le  r e s i s t o r  i s  adjus ted  t o  g ive  the  c o r r e c t .  meter 
readings.  

Once t h i s  complete c a l i b r a t i o n  process has been accomplished i t  should not  
be d is turbed.  Cal ibra t ion v e r i f i c a t i o n  may be run, but  i f  t h e  instrument 
is  found t o  be i n  e r r o r  no adjustments can be made i n  the output  e l e c t r o n i c s  
without ad jus t ing  t h e  summing r e s i s t o r s .  A s  w i l l  be shown, the  v i o l a t i o n  
of t h i s  r u l e  r e s u l t e d  i n  the  e r r o r s  experienced i n  t h e  atmospheric analyzer 
t h a t  was operated a t  McDonnell-Douglas i n  t h e  Space S ta t ion  Simulator. 

During c a l i b r a t i o n  a t  ASD before the  90 day test, the  N2, 02, and C02 
channels w e r e  c a l i b r a t e d  u t i l i z i n g  an analyzed gas mixture and an i n l e t  
system which allowed a pressure  of 517 t o r r  (10 l b f / i n 2  abs)  t o  be es- 
tabl ished.  The instrument was operated i n  t h e  open loop mode with a nominal 
anode cur ren t  of t e n  microamperes, and a l l  outputs  w e r e  allowed t o  s t a b i l i z e  
f o r  s e v e r a l  hours t o  insure  t h a t  the  cor rec t  values were obtained. The i n l e t  



APPENDIX B 

system w a s  n o t  capable  of handl ing  water  vapor i n  a q u a n t i t a t i v e  manner, 
and t h e r e f o r e  t h e  w a t e r  c a l i b r a t i o n  was accomplished by sampling labora-  
t o r y  a i r  a t  ambient p r e s s u r e  and c l o s i n g  down t h e  v a r i a b l e  i n l e t  l e a k  va lve  
t o  g i v e  t h e  proper  output  va lue  f o r  n i t rogen .  Af t e r  wa i t i ng  f o r  a pe r iod  
of two hours  f o r  t h e  H 2 0  channel  t o  s t a b i l i z e  t h e  m/e 18 e l ec t rome te r  
ou tput  was r ead ,  t h e  ambient r e l a t i v e  humidity was read  w i t h  a l a b o r a t o r y  
dry bulb  - wet bulb  R.H. i n d i c a t o r ,  and the  ambient H 2 0  p a r t i a l  p r e s s u r e  
was computed. From t h i s  d a t a  t h e  mass spec t rometer  ga in  f o r  the  H z 0  channel 
was computed and t h e  inpu t  r e s i s t o r  was s e l e c t e d .  No f u r t h e r  t e s t s  on t h e  
water  vapor  channel  were conducted. 

The summing r e s i s t o r  va lues  r e s u l t i n g  from t h e  c a l i b r a t i o n s  a r e  reviewed be- 
low. The c o r r e c t n e s s  of t h e i r  v a l u e s  can  b e  checked approximately by 
apply ing  t h e  c o n s t r a i n t  : 

R; 1 
c = -  - = cons t an t  f o r  a l l  i 

R: S: 

where : 

i 
Rf = e l ec t rome te r  feedback r e s i s t o r  f o r  ith channel 

R: Summing r e s i s t o r  f o r  ith channel  

S: = R e l a t i v e  s e n s i t i v i t y  f o r  t h e  ith channel 

The t a b l e  below shows t h e  a p p l i c a t i o n  of t h i s  r e l a t i o n s h i p :  

Cons t i t uen t  

t Measured 
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Consti tuent  C 

From t h i s  data ,  note  t h a t  the  value of C f o r  N2, 02, and C02 is  wi th in  t en  
percent ,  while the  value  f o r  H20 i s  d i f f e r e n t  by a f a c t o r  of three .  Had 
t h i s  computation been done a t  the  time t h e  Hz0 channel was c a l i b r a t e d ,  i t  
would have been questioned, and perhaps a b e t t e r  c a l i b r a t i o n  would have 
resul ted .  

The water c a l i b r a t i o n  and the  associa ted  computations has been reviewed with 
the  following r e s u l t s .  P l o t t i n g  the  d a t a  revealed t h a t  the  water output  
had not  f u l l y  s t a b i l i z e d  a t  the  end of the two-hour period;  however, i t  
appeared t h a t  t h e  output was not  f a r  from a s t a b l e  value ,  perhaps t e n  per- 
cent  low. The data  i s  shown i n  Figure 22. This would not account f o r  the  
observed f a c t o r  of t h r e e  e r r o r .  The ca lcu la t ions  were a l s o  checked and 
found t o  be s u b s t a n t i a l l y  cor rec t .  The following equation was u t i l i z e d :  

The percent  N2 t h a t  was used f o r  the  Hz0 c a l i b r a t i o n  was found t o  be 
i n c o r r e c t ,  a c a l i b r a t i o n  gas valve being used ins tead of the  percentage f o r  
a i r .  Using a c o r r e c t  valve would have increased the  water channel summing 
r e s i s t o r  by a f a c t o r  of 0.6617, giving a value of 1080 f o r  C. 

0.7803 

This i s  s t i l l  a f a c t o r  of two and one-half high. Apparently t h e  water 
channel output  was low during the  c a l i b r a t i o n .  This caused too small  a 
value of H 0 t o  be se lec ted ,  and t h i s  caused too high a value  f o r  t h e  

Rs2 
feedback gain,  H. 

The reason f o r  the  low water output  i s  not  now understood. Water is  known 
t o  hang up on su r faces ,  but  t h e  d a t a  i n  Figure 25 shows t h a t  the  output  
appeared t o  be s t a b i l i z i n g .  Further,  t h e r e  was no apparent e f f e c t  of water 
on t h e  o ther  channel s e n s i t i v i t i e s .  Data taken on t h e  system a t  McDonnell- 
Douglas shows t h a t  the  water output  s t a b i l i z e s  almost f u l l y  i n  approximately 
one hour. 

* CEC d a t a  
1 
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Examining the  da ta  from t h e  four  t o  f i v e  day t e s t ,  the  following i s  ob- 
served. A t  t h e  c a l i b r a t i o n  where t h e  buf fe r  ampl i f i e r s  were set the  sum 
of the  outputs  agrees  wi th  the  observed t o t a l  pressure  wi th in  0.2 percent.  
On a l a t e r  c a l i b r a t i o n  the  agreement i s  worse, 0.8 percent .  (This d a t a  
is  tabula ted  i n  Table 3 . )  I n  both cases ,  however, the re  i s  a water back- 
ground from t h e  cabin atmosphere, which was previously sampled. A water 
background w i l l  have the  e f f e c t  of making the  o the r  channels read low 
when sampling a dry  c a l i b r a t i o n  gas i n  t h e  closed loop mode, provided 
t h a t  t h i s  background i s  i n  t h e  mass spectrometer high vacuum region and 
not  i n  the  i n l e t  system, i . e . ,  t h e  sample t r anspor t  l i n e s  and i n l e t  l e a k  
valve. S u f f i c i e n t  information i s  not  p resen t ly  a v a i l a b l e  t o  make 
t h i s  determination;  however, t h e  f a c t  t h a t  the  sum of the  indicated  
p a r t i a l  pressures  i s  low when t h e  water  background is  higber i n d i c a t e s  
t h a t  the  background i s  i n s i d e  the  mass spectrometer. I f  t h i s  is  t r u e ,  

TABLE 3 . -  FOUR TO FIVE DAY CALIBRATION DATA 

P 523.7 t o r r  525 

Po, 
cor rec t  169.4 
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TABLE 3. - (Concluded) 

342 

P ~ 2  
c o r r e c t  

Vco2 

I P ~ ~ 2  c o r r e c t  

'H 0 c o r r e c t  
2 
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then t h e  f a c t  t h a t  the re  was a 0.5 v o l t  output  on the  water channel a t  the  
t i m e  t h e  buf fe r  ampl i f i e r s  were set i n d i c a t e s  t h a t  the  outputs  on the  o the r  
channels were set too high. They should have been set low by a combined 
t o t a l  of about 2.5 t o r r .  Since i t  was n o t ,  subsequent readings w i l l  be i n  
e r r o r  by t h i s  amount. 

There i s  another problem with  t h e  da ta ,  i n  t h a t  when the  mass spectrometer 
outputs  read zero the  telemetered outputs  read between +0.15 and +0.19 v o l t s .  
While zero l e v e l s  w e r e  correc ted  f o r  by sub t rac t ing  a nominal 0.18 v o l t s  
from t h e  outputs ,  t h e r e  i s  s t i l l  an  uncer ta in ty  of +0.02 v o l t s  i n  t h i s  l e v e l ,  
which corresponds t o  a +2 t o r r  e r r o r  i n  the  n i t rogeT channel ( l e s s  i n  t h e  
o the r  channels).  This Tepresents  about a ha l f  percent  e f f e c t .  

When t h e  system was run on the  cabin  atmosphere the  outputs  read low by 
about three-quarters  of a percent ,  although the  exact  v a l u e \ v a r i e d  from 
t h i s  average. The d a t a  i s  shown i n  Figure 26. The reason f o r  the  low 
summation of p a r t i a l  pressures  is  not  f u l l y  understood. It i s  poss ib le  t h a t  
the  buf fe r  ampl i f i e r  f o r  t h e  water channel was not  properly set a t  the  t i m e  
of c a l i b r a t i o n .  I n  f a c t ,  comparing the  H20 meter outputs  t o  the  correspond- 
ing  buf fe r  outputs  i t  appears t h a t  i t  was s e t  f o r  f i v e  t o r r / v o l t  ins tead  of 
four  t o r r l v o l t  a s  was planned. Adjustments were made on the  o ther  buf fe r  
ampl i f i e r s  while the  instrument was i n s i d e  the  SCS and i t  i s  poss ib le  t h a t  
t h e  H20 buf fe r  was erroneously adjus ted .  I n  o the r  words, the  H20 buf fe r  may 
not  have properly compensated f o r  t h e  i n c o r r e c t  va lue  of the  H20 e lec t ro-  
meter output .  Since t h e  electrometer  outputs  a r e  not  ava i l ab le ,  i t  is  
poss ib le  t h a t  both t h e  water channel buf fe r  and i t s  output  meter were i n  
e r r o r ,  so t h a t  t h e  apparent value of four  t o r r / v o l t  is  not c o r r e c t .  I n  any 
event ,  the  e r r o r  i n  the  sum of the  p a r t i a l  pressures  i s  always less than 
one percent  (except f o r  one apparently spurious point  near t h e  beginning 
of t h e  test ,  and the l a s t  point  which s h a l l  be discussed p resen t ly ) .  

During t h e  five-day test a t  McDonnell-Douglas i t  was found t h a t  the  water 
vapor channel was reading high compared wi th  the  Cambridge Dewpoint Indi- 
ca to r .  The Dewpoint ind ica to r  was reading 11.3 t o r r  while t h e  mass spec- 
trometer was reading 23.1 t o r r ,  wi th  a buf fe r  ampl i f i e r  output  of 4.68 v o l t s .  
Mcdonnell-Douglas personnel adjus ted  the buf fe r  ampl i f ier  t o  g ive  an out- 
put of 2.82 v o l t s  based upon an 11.3 t o r r  p a r t i a l  pressure  and a des i red  
system gain  of 20 t o r r l f i v e  v o l t s .  This cor rec t ion  gave the  proper water 
output ,  but  i t  did  - not  cor rec t  the  f a c t  t h a t  the  summing r e s i s t o r  f o r  the  
water channel was apparently i n  e r r o r .  One e f f e c t  of t h i s  adjustment is  
seen i n  the  d a t a  presented i n  Figure 23. This shows the  e r r o r  between the  
sum of t h e  p a r t i a l  pressures  a s  ind ica ted  by the  mass spectrometer, and the  
t o t a l  cabin pressure  a s  measured by the  Wallace-Tiernan gauge. Referring 
t o  the  lower s e t  of da ta ,  which i s  computed from the  d i g i t a l  outputs ,  note  
t h a t  during the  five-day run the  sum of the  p a r t i a l  pressures  agreed with 
t h e  t o t a l  pressure  wi th in  one percent  o r  b e t t e r  except f o r  the  f i n a l  
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reading, which was 2.9 percent  low. This a d d i t i o n a l  two percent  e r r o r  
amounts to  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  pressure ,  which i s  very 
nea r ly  equal  t o  the  11.8 t o r r  e r r o r  t h a t  ex i s t ed  i n  the  water output  p r i o r  
t o  adjustment of the  b u f f e r  ampl i f ier .  

From t h e  ana lys i s  i n  Appendix C ,  Page 39, note  t h a t  t h e  e r r o r  i n  t h e  water 
channel i s  given by Equation (26), Page 43. Assuming t h a t  t h e r e  may be an 
a d d i t i o n a l  e r r o r  i n  the  buf fe r  ampl i f i e r  (s ince  i t  was only s e t  once and 
never rechecked), the  expression f o r  the  water output  e r r o r  is: 

Looking a t  the  de r iva t ion  of Equation (30) of Appendix C ,  Page 44, observe 
t h a t  t h e  inc lus ion  of the  added buf fe r  e r r o r  produces a n  e r r o r  i n  t h e  t o t a l  
pressure ,  which is  given by: 

where T = t o t a l  pressure ,  I = indica ted ,  and i = i n i t i a l  ( i .e . ,  before  the  
adjustment of t h e  buf fe r  ampl i f i e r ) .  

After  t h e  adjustment of t h e  buf fe r  ampl i f i e r  t o  g ive  the  c o r r e c t  water output ,  
t h e  t o t a l  pressure  w i l l  be i n  e r r o r  a s  given by Equation (33) of Appendix C,  
Page 44- 

where f = f i n d  ( i . e . ,  a f t e r  tweeking the  b u f f e r ) .  
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I Combining t h e s e  t h r e e  equat ions  t o  f i n d  ( A P ~ I P ~ ) ~ ,  t h e  r e s u l t  i s :  

The observed va lues  f o r  t h e s e  parameters  a r e :  

The r e s u l t s  of t h e  computation a r e :  

The observed v a l u e  f o r  t h e  e r r o r  i n  t h e  t o t a l  p r e s s u r e  was -2.9 p e r c e n t ,  which 
is  i n  b e t t e r  agreement t han  should be  expected. 



S-Y AND CONCLUSIONS 

While t h e r e  were some assumptions made i n  t h i s  ana lys i s  they a r e  very l i k e l y  
v a l i d ,  s i n c e  the  f a c t  remains t h a t  the  instrument c a l i b r a t e s  w e l l  on a dry 
c a l i b r a t i o n  gas,  but  has an  e r r o r  when monitoring a wet cabin gas. It 
should be noted t h a t  t h e  value  of AH/H predic ted  by the  last ca lcu la t ion  
does no t  f u l l y  agree  with t h e  value  predic ted  by the  comparison i n  Table 3. 
This may suggest t h a t  although t h e  mass spectrometer was r e g i s t e r i n g  more 
near ly  c o r r e c t  electrometer  output  l e v e l s  a t  McDonnell-Douglas, i t  is s t i l l  
not  giving values t h a t  should be expected from r e l a t i v e  ion  source sensi-  
t i v i t y  data .  The b u f f e r  ampl i f i e r  was adjus ted  from 4.87 v o l t s  t o  3.01 
vo l t s .  P a r t  of t h i s  change was t o  go from an assumed f i v e  t o r r / v o l t  gain 
f a c t o r  (based upon output  meter information) t o  four t o r r / v o l t ,  which was 
the  o r i g i n a l  goal.  Taking t h i s  i n t o  account, t h e  change i n  t h e  buf fe r  
ampl i f i e r  f o r  o the r  reasons was 0.495, which i n d i c a t e s  i t  was o r i g i n a l l y  a 
f a c t o r  of 2.02 high. Looking a t  t h e  values of AH/H and AB'B,  t he  predic ted  
value f o r  AB/B i s  1.78, which i s  i n  f a i r  agreement. 

I n  conclusion, i t  appears t h a t  the  i n c o r r e c t  c a l i b r a t i o n  of t h e  water 
channel accounts f o r  the  f a c t  t h a t  the sum of the  p a r t i a l  pressures  is  
reading low. I n  order  to  cor rec t  the  readings note from Equation (35) of 
Appendix C ,  Page 45, t h a t  i t  is only necessary t o  mult iply each of the  
outputs  by the  r a t i o  of the  c o r r e c t  t o t a l  pressure  t o  the  sum of the  
i n c o r r e c t l y  indicated  p a r t i a l  pressures .  While o the r  v a r i a t i o n s  a l s o  e x i s t  
i n  the data ,  these  a r e  somewhat smaller .  Fully analyzing t h e  performance 
of the  mass spectrometer w i l l  n a t  be poss ib le  u n t i l  i t  is  re turned t o  ASD. 
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ANALYSIS OF A CLOSED LOOP MASS SPECTROMETER SYSTEM 
WITH AN INCORRECTLY CALIBRATED CHANNEL 

By Michael R. Ruecker 
Perkin-Elmer Corporat ion 

Aerospace Div is ion  
Pomona, C a l i f o r n i a  

The c losed  loop o p e r a t i o n  of  t h e  m a s s  spec t rometer  may b e  modeled a s  shown 
below. 

A s i n g l e  channel system i s  shown b u t  o t h e r  channels would appear  s i m i l a r l y  and 
sum at  t h e  summation p o i n t .  The symbols are: 

Pi = I n l e t  p a r t i a l  p r e s s u r e  of t h e  ith channel 

B = Var iab le  ga in  f a c t o r  i n  t h e  emission r e g u l a t o r  

G i  = Mass spec t rometer  ga in  f o r  t h e  ith channel 

Bi = Buffer  a m p l i f i e r  ga in  f o r  t h e  ith channel 

PT = T o t a l  p r e s s u r e  

GT = T o t a l  p r e s s u r e  t r ansduce r  ga in  

H i  = Feedback element ga in  f o r  t h e  ith channel  

Vi = Elec t rometer  a m p l i f i e r  ou tpu t  of t h e  ith channel 

O i  = Mass spec t rometer  ou tpu t  of t h e  ith channel.  
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When t h e  gains a r e  balanced: 

GiHi = GT and B = 0 

By d e f i n i t i o n  : 

The equations of opera t ion f o r  a two channel system are:  

Combining Equations (3)  and (4) : 

(1 + p1G1H1) 
(13) 

p2G2H1 ( 1  + p2G2H2) 
i 

Solving these  equations gives : 

These r e s u l t s  may be  extended t o  a system with n channels: 

Assume t h a t  t h e r e  i s  an e r r o r  i n  t h e  gain  of t h e  feedback element of the  kth 
channel,  i . e . ,  
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where t h e  ' c '  supersc r ip t  r e f e r s  t o  a value  es tab l i shed  during ca l ib ra t ion .  
Then s u b s t i t u t i n g  Equation ( 1 6 ) i n t o  Equation(15)and making use of Equations 
(9) and (10) gives:  

I n  order f o r  t h e  closed loop system t o  properly compensate f o r  common mode 
e r r o r s  i t  i s  required t h a t  PTGT >> 1. Assuming t h a t  pk&AHk << PTGT then: 

which by t h e  use of Equation (9) may be  w r i t t e n  as:  

The above expression is  v a l i d  f o r  a l l  i including i = k ,  s i n c e  t h e  only e r r o r  
is  presumed t o  be i n  t h e  feedback element. However, t h e r e  w i l l  be an a d d i t i o n a l  
e r r o r  i n  t h e  k channel because t h e  b u f f e r  ampl i f ier  f o r  t h i s  channel i s  sca led  
incor rec t ly .  

During c a l i b r a t i o n  t h e  gain of t h e  mass spectrometer is  determined: 

and t h e  gain f o r  t h e  feedback element is  es tab l i shed  from Equation (9): 

The b u f f e r  ampl i f ier  i s  then set t o  give a s p e c i f i e d  f u l l  s c a l e  output:  

C 
This assumes t h a t  Bk i s  determined while the  instrument i s  i n  t h e  open loop 
mode. The e r r o r s  i n  h i  and ~g may then be  r e l a t e d  from Equations (21) and 
(22) s i n c e  both a r e  due t o  an e r r o r   in,^;. 
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where Equation (16) and B& = Bk + ABk have been u t i l i z e d .  The r e s u l t i n g  e r r o r  
i n  t h e  mass spectrometer  outputs  is  t h e  combination of the  e r r o r s  a t  t h e  
electrometer  outputs  and the  e r r o r  i n  t h e  gain of t h e  b u f f e r  ampl i f iers :  

U t i l i z i n g  t h e  above r e s u l t s :  

AOi - - - - -  Pk A% i f k  
O i  PT % 

The r e s u l t  shows t h a t  t h e  output of t h e  channel with t h e  feedback gain e r r o r  

j w i l l  be  high and t h e  outputs  of t h e  o the r  channels w i l l  be low (assuming 
AHk > 0). The foregoing ana lys i s  assumes t h a t  t h e  c a l i b r a t i o n  has been c a r r i e d  
out  open loop,  i. e.  , t h a t  t h e  c a l i b r a t i o n  e r r o r  i n  t h e  k channel does not  cause 
a c a l i b r a t i o n  e r r o r  i n  t h e  o t h e r  channels. It w i l l ,  however, cause an e r r o r  
i n  t h e  subsequent readings as indica ted .  

The ind ica ted  p a r t i a l  pressures  a r e  then: 

and t h i s  i s  v a l i d  f o r  a l l  channels inc luding i = k.  It might not  be  expected 
t h a t  t h e  above expression would be v a l i d  f o r  i = k but  i t  i s  due t o  Equation 
(23), i. e. , t h e  e r r o r  i n  the  gain,  % i s  correc ted  f o r  by ~i s o  t h a t  the re  i s  
no n e t  e r r o r  i n  the  d a t a  reduction.  That is  solving t h e  equation: 

does no t  give an add i t iona l  e r r o r  due t o  the  denominator when i = k. 
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When t h e  ind ica ted  p a r t i a l  pressures  a r e  summed the  r e s u l t  is: 

n  
I AOi '= c - A"k 

P~ Pi = P~ + ' Pi oi + P -  i = 1  i f k  Ok 

Subs t i tu t ing  Equations (25) and (26) i n t o  Equation (29) gives : 

which says t h a t  i n  s p i t e  of t h e  e r r o r s  i n  the indicated  p a r t i a l  pressure ,  
the re  w i l l  be no e r r o r  i n  t h e  ind ica ted  t o t a l  pressure.  

To carry  the  ana lys i s  f u r t h e r ,  suppose t h a t  a  l a t e r  c a l i b r a t i o n  of t h e  instrument 
i s  performed which r e s u l t s  i n  t h e  de tec t ion  of t h e  e a r l i e r  e r r o r .  Let i t  be  
assumed t h a t  t h i s  c a l i b r a t i o n  i s  done i n  t h e  closed loop mode of opera t ion,  and 
t h a t  only t h e  erronious ch nne l  is  reca l ib ra ted .  When t h e  e r r o r  is  found the  
b u f f e r  ampl i f i e r  of t h e  kt' channel i s  adjus ted  t o  give t h e  cor rec t  output:  

where t h e  primes r e f e r  t o  the  values obtained a t  the  reca l ib ra t ion .  From 
Equation (19) 

Then from (32) and (24) : 
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and Equation (25) i s  s t i l l  v a l i d  f o r  i # k s i n c e  no adjustment has been made 
i n s i d e  of t h e  loyp o r  t o  t h e  b u f f e r  ampl i f iers  of t h e  o the r  channels. Note 
t h a t  when pk = pk, AOk = 0, which says t h a t  the  cor rec t  value f o r  t h e  k channel 
output w i l l  be  obtained a t  t h i s  po in t  as  i t  should be. U t i l i z i n g  Equations 
(251, (27) and (33) the  summation of t h e  ind ica ted  p a r t i a l  pressures  is  found 
t o  be: 

but  

pt/pT << 1 giving:  

which says t h a t  although the closed loop i s  i n  balance i n s o f a r  a s  t o t a l  pres- 
sure  i s  concerned, the  sum of t h e  indicated  p a r t i a l  pressures  is  no longer 
equal to  the  c o r r e c t  t o t a l  pressure  due t o  the adjustment of the  k channel 

! buf fe r  ampl i f ier .  

Comparing Equation (34) and Equations (25) and (27) (which a r e  s t i l l  v a l i d  f o r  
a l l  channels where i # k) note  t h a t  the  outputs  of t h e  channels i # k may 
be correc ted  t o  g ive  c o r r e c t  va lues  by mult iplying them by PT/P$. I n  o the r  : 
words : 

Therefore,  t h e  outputs  may be read i ly  correc ted  t o  g ive  cor rec t  values.  I n  
t h e  case of channel k i t s e l f ,  s o  long as  the  p a r t i a l  pressure  remains near  t h e  
c a l i b r a t i o n  va lve ,  the  e r r o r  w i l l  not  be l a rge .  
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ASD CALIBRATION GAS TEST REPORT 

REPORT 

PREPARED FOR: l'hc Pcrkin-Ill~ncr Corporntj 011 DATE: 1/30/70 
2855 h2ctropol itnn T'lncc 
Pomona, Cal ifornia 91767 JOB NO: lg21 

Attn: Mr. Bill Ilartman 

PURCHASE ORDER NO: 09740-11 

The contents of thc two cylindcrs of gas submitted by you 
have been analyzed by mass spcctromctry. The composition of the 
gases was found to be as follows: 

Constituent 7130P - DL27742 

Nitrogen 66.166 65.154 

Oxygen 31.271 32.376 

Argon 0.019 0.022 
Carbon dioxide 2.544 2.448 

If we can bc of further assistance, please do not hesitate 
to contact us. 

Respectfully submitted, 

WEST COAST TXI1NICAL SERVICE INC. 

This rcport pcrtainr cnly to lhc sa l~ ly l r r  invcrlip..~lc~l and durr not nprr..rartly apply lo  o t l ~ r r  apl~r l rnl ly IIIPIIIICJ! 01 simtlllr rtlat~111.11s 11115 IcpDlt 15 

~ l lb ln i l tad  lot lltc er~lu:~vc u:c of  Ih r  clit:al lo  n h u n ~  11 I? mId~~.:.t.d Ally ~ P ( I I O C ~ I K ~ ~ ~ ~  of  lhts r c p u ~ l  01 UIC 01 1111s LdI~or.t1oti~~: n.lnlr lu l  adirrl~'.~ttl: r.1 
p u l ~ l ~ c l l y  p~~r lwsr ,  w i l l~ou l  w r l t l r ~ i  a u l l ~ o r ~ r r : ~ o ~ l  is prohlbllcd. 
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McDONNELL-DOUGLAS S CALIBRATION GAS TEST REPORT 

WEST COAST - ~ E C ~ ~ N I C A L  SERVICE 1 1 4 ~ .  

1049 SOUTll S A N  GABRIEL BLVD. SAN GABRIEL. CALIF. 91778 (213) 287-0926 

R E P O R T  

P R E P A R E D  F0R:McDonnell 1)ouglas A s t r o n a u t i c s  Co. D A T E :  8-21-70 
5301 Bolsa  Avcnue 
Hunti1i~:ton Hcach, C a l i f .  JOB N O :  2206 

A t t n :  G .  l l a r t  CH-A3-275 x3614 

PURCHASE O R D E R  N O :  91-OI1-'394!)09-I; 

The t h r e e  gas  c y l i n d e r s  submi1:tcd by you have been ana lyzed  
t o  d c t e r ~ r i i n e  thcj.1- compos i t ions .  The r e s u l t s  o f  t l iesc  a n a l y s e s  
a r e  a s  f o l l o w s :  

Low Span H / C  Span P . E .  Gas 
02 Span 

C y l i n d c r  

# 1 # 2  # 3 

Water 0.00 3  PPm 15 PPm 
Oxygcn 0.005 28.843 31.632 

Argon 0.002 0.059 0.020 

Carbon Dioxide  0.784 5  PPm 2.0;12 

Carbon Monoxide 161  ppm 0  0  

Heptane 0  280ppm 0  

N i t r o g e n  Balance Balance Balance 

I f  we can be o f  f u r t h e r  a s s i s t a n c e  p l e a s e  c o n t a c t  u s .  

R e s p e f i f u l l y  s u b m i t t e d ,  

HDF : dee  

Thls report pertains only to the umples investigated and does not necessarily apply to othar apparently identical or r lni lar materials. This report it 
submitted for the exclusive use of the client to whom it  is addressed. Any reproduction of this report or uae of This L&bor&tories name for advertising or 
publidty purposes without wrilten authorization is prohibited. 
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EVALUATION OF A FOUR GAS MASS SPECTROMETER 
USED FOR ATMOSPHERIC CONTROL DURING THE 

NINETY DAY TEST 

By Michael R. Ruecker 
Perkin-Elmer Corporation 

Aerospace Division 
Pomona, Ca l i fo rn ia  

SUMMARY 

The design and performance of a Mass Spectrometer Atmospheric Sensor System 
(M.A.S.S.), which was u t i l i z e d  f o r  monitoring and con t ro l  of the  manned 
Space S t a t i o n  Simulator (SSS) atmosphere during a Ninety-Day T e s t ,  i s  
reviewed. The instrument was a modified Two Gas Atmosphere Sensor System, 
which was operated with a new closed loop e l e c t r o n i c s  con t ro l  system f o r  
improved long t e r m  s t a b i l i 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  da ta ,  
taken during t h e  five-day and ninety-day runs,  t h e  instrument demonstrated 
t h a t  i t  could hold i t s  c a l i b r a t i o n  wi th in  one percent  f o r  n i t rogen,  two 
percent  f o r  oxygen and t h r e e  percent  f o r  carbon dioxide f o r  a period of 
132 days. The instrument a l s o  monitored water vapor p a r t i a l  pressure  during 
these  tests. The output  s i g n a l  from the  oxygen channel was employed a s  the  
input  t o  the atmospheric con t ro l  system f o r  maintaining the  oxygen p a r t i a l  
pressure  of t h e  SSS. The instrument demonstrated i t s  a b i l i t y  t o  perform 
r e l i a b l y  and i ts  p o t e n t i a l  value a s  equipment f o r  Environmental Control 
System (ECS) appl ica t ions .  

INTRODUCTION 

I n  1965 a phased program was i n i t i a t e d  wi th  Langley Research Center aimed a t  
the  development of a mass spectrometer system f o r  monitoring the  major con- 
s t i t u e n t s  of a buffered two gas atmosphere a s  wel l  a s  the  primary metabolic 
products of r e s p i r a t i o n .  The Two Gas Atmosphere Sensor System, a s i n g l e  
focusing magnetic s e c t o r  mass spectrometer, evolved from t h i s  program, which 
was capable of continuously monitoring ni t rogen,  oxygen, carbon dioxide,  and 
water vapor. An engineering test model and four  prototype u n i t s  w e r e  f ab r i -  
cated on t h i s  program. One of these  u n i t s  i s  shown i n  Figure 4. These 
instruments have been employed i n  severa l  app l i ca t ions  f o r  atmospheric and 
r e s p i r a t o r y  measurements i n  var ious  l a b o r a t o r i e s ,  a space s t a t i o n  simulator  
and two undersea h a b i t a t s .  One of these  app l i ca t ions  was i n  conjunction wi th  
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t h e  Sixty-Day Manned Space Cabin Simulator Tes t  i n  1968. A t  t h a t  t i m e ,  t h e  
Two Gas Atmosphere Sensor System was operated ex te rna l ly  t o  the  Space Cabin 
Simulator with a labora tory  vacuum system, and sampled the  cabin  atmosphere 
through a capillary-bypass i n l e t  system. 

I n  the  most r ecen t  app l i ca t ion ,  t h e  sub jec t  of t h i s  paper, one of t h e  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 ,  repack- 
aged wi th  a close-coupled i o n  pump and a d i r e c t  en t ry  sample i n l e t  system, 
and mounted i n s i d e  t h e  SSS where it monitored t h e  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  the  input  t o  the  
atmospheric c o n t r o l  system, which control led  the  oxygen p a r t i a l  pressure.  
The performance of the  combined system was more than adequate t o  hold the  
oxygen p a r t i a l  pressure  wi th in  the  l i m i t s  required f o r  constant  physiological  
functioning of the crew. 

PRINCIPLES OF OPERATION 

The Two Gas Atmosphere Sensor System i s  a s inge1 focusing magnetic s e c t o r  
mass spectrometer t h a t  i s  designed t o  provide four  simultaneous outputs  
which a r e  propor t ional  t o  t h e  p a r t i a l  pressures  of n i t rogen (N2), oxygen 
(02), carbon dioxide (C02), and water vapor (H20). The fundamentals of 
mass spectrometer opera t ion a r e  shown i n  Figure 27. A small quan t i ty  of 
the  gas sample t o  be analyzed i s  continuously introduced t o  the  mass spectrom- 
e t e r  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 eak  
allow each cons t i tuen t  of the  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  pressures  wi th in  t h e  ion  
source a r e  propor t ional  t o  t h e  corresponding p a r t i a l  pressures  i n  t h e  
sample environment. 

The funct ion of the  i o n  source i s  t o  ion ize  p a r t  of the  gas t o  form charged 
p a r t i c l e s ,  which a r e  then ac ted  upon by the  e l e c t r o s t a t i c  and magnetic 
f i e l d s  wi th in  t h e  instrument. Ion iza t ion  i s  accomplished by bombardment 
of an e l e c t r o n  beam, which i s  derived from a hot  wire f i lament ,  The ions  
a r e  repe l l ed  from t h e  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  ion source e x i t  s l i t  i n t o  the  magnetic sec to r .  A 
permanent magnet provides a uniform magnetic f i e l d  through which t h e  ion  
beam passes wi th in  the  vacuum envelope. The ions a r e  de f lec 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 roo t  of t h e  mass-to-charge r a t i o s  of t h e  ions.  Since a l l  of t h e  ions 
of i n t e r e s t  a r e  s ing ly  charged, t h e  r a d i i  a r e  propor t ional  t o  m&. Conse- 
quently,  the  ions  a r e  dispersed a s  they leave  t h e  magnetic f i e l d  and co l l ec ted  
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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 in  feedthroughs t h a t  pass the  cur ren t  
through the  vacuum envelope t o  four  e lec t rometer  ampl i f iers  which amplify 
the  small  cu r ren t s  t o  provide output  vol tages  t h a t  a r e  propor t ional  t o  the  
ion  cur ren t s .  The output  s i g n a l s  a r e  the re fo re  proport ional  t o  t h e i r  
respect 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 is  maintained by a s u i t a b l e  high vacuum pump, which is  
connected t o  the mass spectrometer by means of a pump tube. 

The Two Gas Atmosphere Sensor mass spectrometer analyzer assembly is  shown 
i n  Figure 28. The vacuum envelope, permanent magnet, s i n g l e  p in  feedthroughs 
and t h e  pump tube are c l e a r l y  v i s i b l e .  The mul t ip in  feedthroughs, which 
a r e  v i s i b l e  i n  the ion  source housing, provide the  vol tages  t h a t  opera te  
the  i o n  source f i lament and focusing e lec t rodes .  

REQUIREMENTS FOR THE NINETY-DAY TEST 

The requirements f o r  the  Ninety-Day Space S ta t ion  Simulator (SSS) appli-  
ca t ion  were t o  monitor the  p a r t i a l  pressures  of n i t rogen,  oxygem, carbon 
dioxide, and water vapor using a modified Two Gas Atmosphere Sensor. The 
p r i n c i p a l  requirements a r e  summarized i n  Table 4. 

The instrument was t o  be located  wi th in  a spec i f i ed  volume wi th in  the SSS 
and was to  provide continuous outputs  wi th in  a spec i f i ed  to lerance  f o r  t h e  
e n t i r e  ninety-day period without r equ i r ing  r e c a l i b r a t i o n .  I n  order t o  
provide information f o r  engineering evaluat ion of t h e  instrument's* per- 
formance, 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 required.  The 
instrument was t o  be provided wi th  the  necessary support equipment t o  maintain 
i t s  i n t e r n a l  vacuum through a power f a i l u r e .  Dual outputs  were necessary 
f o r  i n t e r n a l  s i g n a l  monitoring by meters a s  we l l  a s  vol tage  outputs  t o  be 
monitored by t h e  computer system e x t e r n a l  t o  t h e  SSS. 

TABLE 4 

Requirements For Ninety-Day SSS Atmospheric Sensor 

Monitored Species: 

Monitored Masses: 

H20, N2, 02, and CO2 

m/e 18,  m / e  28, m/e 32, and m/e 44 

F u l l  Scale Ranges: 20 t o r r ,  500 t o r r ,  200 t o r r  and 120 t o r r  
r e spec t ive ly  
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TABLE 4 (Concluded) 

Configuration: 

To ta l  Pressure:  

Limited s i z e  cons i s t en t  with a v a i l a b l e  space 
and commercial support components 

Nominally 10 l b f / i n 2  abs (ps ia)  o r  517 t o r r  

Maintenance: 

Outputs : 

Operating Controls: 

I n t e r n a l :  four  meters 
Remote: four buffered,  l i n e a r ,  zero t o  

5 v o l t s  

None f o r  normal operat ion.  I n l e t  system 
valving f o r  i n i t i a l  setup 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, ion  pump and 
emission current  a d j u s t s .  

Performance Monitors: Anode cur ren t ,  ion  pump cur ren t ,  and 
b a t t e r y  vol tage  

Sample I n l e t :  

Environment: I Compatible wi th  operat ion i n  the  SSS 

Sample t r anspor t  l i n e  w/3 inch Hz0 head 

Nominal Accuracy: 

SYSTEM DESCRIPTION 

- +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  Hz0 - 

The desc r ip t ion  of t h e  Ninety-Day SSS Atmospheric Sensor i s  f a c i l i t a t e d  by 
considering i t s  major system components which a re :  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, the  mass spectrometer sub- 
system, including i t s  vacuum pump; and t h i r d ,  t h e  support e l e c t r o n i c s  
subsystem, which includes  the  e l e c t r o n i c s  required t o  opera te  the  analyzer 
and ion  pump a s  w e l l  a s  the  output  c i r c u i t s .  A block diagram of the  
system i s  shown i n  Figure 22 and can be used f o r  reference  i n  t h e  follow- 
ing discussion.  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 corner of Figure 22, i s  shown i n  g r e a t e r  d e t a i l  i n  
Figure 23 and the  f r o n t  panel of t h e  system i s  shown i n  Figure 24. 
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To s impl i fy  t h e  system desc r ip t ion ,  each p a r t  of the  system re fe r red  t o  has 
been assigned an  index number a s  shown i n  Figures 23 and 24. Sample gases 
e n t e r  t h e  i n l e t  system from t h e  one-eighth inch sample l i n e  a t  the  sample 
i n l e t  point  (1).  The sample gas then passes through a needle flow con t ro l  
valve on the  f r o n t  panel  of the  instrument (2). After  passing through the  
flow con t ro l l ing  valve  t h e  sample gas goes t o  the  mode s e l e c t o r  valve  (3) 
which determines t h e  mode of operat ion,  t h a t  is ,  operat ing i n  the  c a l i b r a t i o n  
mode o r  the  normally operat ing sample mode. After  passing through the  mode 
s e l e c t o r  valve  t h e  gas i s  f i l t e r e d  by a two s tage  i n l i n e  f i l t e r  (4) .  On 
the  sample o u t l e t  corresponding sets of f i l t e r s  (5) a r e  present .  The gas 
mixture then passes  through a sample flowmeter (6),  which measures the  r a t e  
of gas flow through t h e  instrument, and therefore ,  allowing the  pressure  drops 
through the  i n l e t  system to  be checked. After  passing through t h e  flowmeter 
the sample t r a v e l s  pas t  a t o t a l  pressure  transducer (16) and out  the  sample 
vent (17). Between the  double f i l t e r s  the  gas passes through the  v a r i a b l e  
l eak  valve (7) .  This va r iab le  l e a k  valve i s  f i t t e d  with a temperature 
con t ro l  system. The hea te r  switch (8) con t ro l s  the  heater  f o r  the  i n l e t  
valve. The c a l i b r a t i o n  gas mixture is  s to red  i n  a pressure  tank (9) with 
regu la to r  (10). Passing through t h e  regu la to r  the  sample gas goes t o  a 
p ro tec t ion  shutoff  valve (14), and then t o  a needle flow c o n t r o l  va lve  (15), 
then t o  the  s e l e c t o r  valve (3). P a r t  of the  gas t o  be sampled ( e i t h e r  i n  
the  sample gas o r  the  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  
the  l eak  valve and through a small  diameter l i n e  (11) i n t o  t h e  mass spectrom- 
e t e r  (12), and f i n a l l y  t o  t h e  i o n  pump (13). There i s  a roughing valve  (25) 
located  wi th in  t h e  analyzer chass i s  f o r  i n i t i a l l y  pumping down t h e  instrument. 
The conductance of the  v a r i a b l e  l e a k  valve can be adjus ted  by means of a 
s l o t t e d  screw adjustment (28) on the  f r o n t  panel.  The ion  cur ren t s  coming 
out  of the  mass spectrometer a r e  detec ted  and amplified by four  electrometers.  
The electrometer  outputs  go t o  t h e  output meters (26) and a l s o  t o  buffered 
outputs .  The zero l e v e l s  of the  e lec t rometers  can be checked by press ing 
the  press-to-test  but ton (27) which c u t s  off  the  ion  beams. The main power 
t o  t h e  mass spectrometer i s  provided by a twenty-eight (28) v o l t ,  d i r e c t  
cu r ren t  (dc) power supply, r equ i r ing  a 115 v o l t ,  a l t e r n a t i n g  cur ren t  (ac) 
input .  

There i s  a f r o n t  panel  switch (18) t h a t  con t ro l s  the  opera t ion of t h e  twenty- 
e i g h t  v o l t  power supply, Other i t e m s  on t h e  f r o n t  panel  a r e  t h e  i o n  pump 
meter switch (19) and the  ion  pump current  meter (20), which monitor the  
current  flowing t o  the  i o n  pump from the  high vol tage  supply, and therefore ,  
i n d i r e c t l y  monitor t h e  analyzer pressure.  There a r e  two o t h e r  meters on t h e  
f r o n t  panel of the  Analyzer Control Module. One of these  i s  t h e  .ba t t e ry  
vol tage  ind ica to r  (21), which i n d i c a t e s  the  s t age  of readiness  of the  e m e r -  
gency b a t t e r i e s  t h a t  a r e  used f o r  powering the  ion pump i n  a power off  
s i t u a t i o n .  The o the r  f r o n t  panel  meter is  the  anode cur ren t  meter (22), which 
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measures the  anode cur ren t  and provides an ind ica t ion  of the  s e n s i t i v i t y  
a t  which the  source i s  being operated. The anode current  may be adjus ted  
only i n  t h e  open loop mode by t h e  anode current  ad jus to r  potentiometer (23). 
The mode of opera t ion,  open o r  closed loop, is  control led  by a s e l e c t o r  
switch (24) on the  f r o n t  panel.  

An important f e a t u r e  of the  system is the  closed loop mode of opera t ion,  
which automat ica l ly  compensates f o r  any common mode v a r i a t i o n s .  The four  
electrometer  outputs  a r e  sca led  t o  provide s igna l s  t h a t  a r e  a l l  propor t ional  
t o  pressure  wi th  t h e  same v o l t  per  t o r r  s e n s i t i v i t y  and a r e  summed t o  g ive  a 
11 t o t a l  pressure" s igna l .  Since the  four  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 with the  out- 
put  of a t o t a l  pressure  transducer,  which i s  r e f l e c t i n g  the  t r u e  pressure  
seen by the 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  r epresen t s  the  
s e n s i t i v i t y  e r r o r  of the  mass spectrometer. This s i g n a l  is  fed back t o  t h e  
emission regu la to r  t h a t  con t ro l s  the  l e v e l  of ioniz ing e l e c t r o n  cur ren t  i n  
the ion  source and, thereby, the  l e v e l s  of the  ion  cur ren t s  which a r e  
detected a t  t h e  c o l l e c t o r s .  I n  t h i s  way the  summation of t h e  p a r t i a l  
pressures  i s  held a t  the  p reva i l ing  ambient pressure  l e v e l  and, conse- 
quently,  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  t h e  i n l e t  
leak conductance o r  ion  source s e n s i t i v i t y  a r e  el iminated.  This method of 
opera t ion represen t s  a s i g n i f i c a n t  improvement i n  mass spectrometer design 
and allows a high l e v e l  of accuracy t o  be maintained f o r  a long period of 
time. 

Other elements of the  system, which a r e  shown i n  Figure 22, a r e  t h e  power 
supp l ies  t h a t  provide vol tages  t o  t h e  ion  source,  t h e  ion  pump and i t s  high 
vol tage  power supply, t h e  power supply system, t h e  f r o n t  panel  con t ro l  and 
monitoring funct ions ,  and t h e  output buf fe r  ampl i f iers .  

The complete Ninety-Day SSS Atmospheric Sensor i s  shown i n  Figure 12 and t h e  
i n t e r n a l  const ruct ion of t h e  upper and lower bays i s  shown i n  Figures 8 and 
11 respect ively .  The upper bay conta ins  t h e  mass spectrometer, ion  pump, 
t h e i r  support e l e c t r o n i c s ,  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  systems, 
and the  c a l i b r a t i o n  gas supply. The lower module houses t h e  main power 
supply, t h e  b a t t e r y  pack and charger, the  buf fe r  ampl i f i e r s ,  output  and 
monitoring meters, and the  b u f f e r  ampl i f i e r s  and pressure  transducer 
power suppl ies .  
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CALIBRATION 

The Atmospheric Sensor was ca l ib ra ted  using a ca l ib ra ted  gas mixture of 
n i t rogen (N2), oxygen (02) and carbon dioxide (C02). I n  order  t o  c a l i b r a t e  
the  instrument a s  c lose  a s  poss ib le  to  the  expected opera t ing condit 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 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  the  mass spectrometer i n l e t  system. The 
v o l t  pe r  t o r r  s e n s i t i v i t y ,  a t  t h e  electrometer  ampl i f ier  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  s o  t h a t  the  cur ren t  a r r i v i n g  a t  t h e  summing junction of 
the  summing opera t iona l  ampl i f i e r  from each channel has the  same ampere per  
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 iers  a r e  set so 
t h a t  t h e  proper f u l l  s c a l e  value f o r  each channel is  achieved a t  f i v e  v o l t s .  
During the  dry gas c a l i b r a t i o n  t h e  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 w e r e  t racking pressure.  This is  a p lus  
o r  minus twenty-two and s ix- tenths  (222.6) percent  pressure  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  SSS 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  pressure  range i s  shown i n  Table 5. 

TABLE 5 

Table of Cal ibra t ion Errors  a t  F inal  Cal ibra t ion 

The water vapor channel was ca l ib ra ted  by allowing t h e  i n l e t  system t o  sample 
labora tory  a i r  and comparing the  water vapor electrometer  output  wi th  the  
p a r t i a l  pressure ,  a s  computed from the  r e l a t i v e  humidity indicated  by a w e t  
bulb - dry bulb  aso on' s form hygrometer. Since 'the instrument was sampling 
a t  one atmosphere during t h i s  test, t h e  v a r i a b l e  i n l e t  l eak  valve was 
closed down t o  maintain 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  the  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 ier  gain. 

Pressure  

400 t o r r  

517 t o r r  

634 t o r r  

Error 

N2 

+0.37% 

-0.01% 

-0.29% 

O 2 

-0.85% 

+O. 01% 

+0.58% 

C02 

-2.86% 

+O. 31% 

+2.87% 
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OPERATIONAL RESULTS 

During t h e  five-day test run the  c a l i b r a t i o n  of t h e  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 t h e  
f i r s t  v e r i f i c a t i o n  t h e  gains of t h e  buf fe r  ampl i f i e r s  f o r  t h e  dry gas 
channels w e r e  reset. A t  t h i s  t i m e  i t  was discovered t h a 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, 
inspect ion and i n s t a l l a t i o n ,  however, the o the r  buffer  ampl i f iers  were 
very c lose  t o  t h e i r  proper values.  The d a t a  from t h i s  c a l i b r a t i o n  ver i -  
f i c a t i o n  and a  second one taken l a t e r  during t h e  run is shown i n  Table 6. 
I n  both cases the  e r r o r  i s  less than one percent  on a l l  dry channels. 

During the  five-day t e s t  i t  was found t h a t  the  water vapor channel was 
reading high compared with t h e  Cambridge Dew Point  Hygrometer. The dew 
point  i n d i c a t o r  was reading 11.3 t o r r ,  whi le  t h e  mass spectrometer was 
reading 23.1 t o r r ,  wi th  a  buf fe r  ampl i f ier  output  of 4.68 v o l t s .  J u s t  
p r i o r  t o  the end of the run the  buf fe r  ampl i f ier  was adjus ted  t o  provide an  
output of 2.82 v o l t s  based upon an 11.3 t o r r  p a r t i a l  pressure  and a  
des i red  system gain  of 20 t o r r / f i v e  v o l t s .  This cor rec t ion  provided the  
proper water output ,  but  i t  d id  not c o r r e c t  the summing r e s i s t o r  f o r  the  
water channel, which was a l s o  apparently i n  e r r o r .  One e f f e c t  of t h i s  
adjustment i s  seen i n  the  d a t a  presented i n  Figure 26, which shows t h e  
e r r o r  between the  sum of t h e  p a r t i a l  pressures ,  a s  indica ted  by the  mass 
spectrometer, and the  t o t a l  cabin pressure ,  a s  measured by t h e  Wallace- 
Tiernan gauge. During the five-day run t h e  sum of the  p a r t i a l  pressures  
agreed with t h e  t o t a l  pressure  wi th in  one percent  o r  b e t t e r  except f o r  the  
f i n a l  reading,  which was 2.9 percent  low. This f i n a l  value was taken a f t e r  
the water  vapor channel was readjus ted  and the  add i t iona 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  pressure ,  which is  
very nea r ly  equal  t o  the  11.8 t o r r  e r r o r  t h a t  ex i s t ed  i n  the  water output 
p r i o r  t o  adjustment of the buf fe r  ampl i f ier .  

This e r r o r  r e s u l t s  from the  a c t i o n  of the  closed loop, which makes up f o r  
the  erroneously high water vapor electrometer  ampl i f i e r  output  by dropping 
the  ion iz ing  cur ren t  t o  achieve t h e  c o r r e c t  t o t a l  pressure. Reduction of the  
water vapor buf fe r  ga in  l ed  t o  a  low value f o r  t h e  summation of t h e  p a r t i a l  
pressures.  



TABLE 6 

Results  of Cal ibra t ion Ver i f i ca t ion  During t h e  Five-Day Test  

During the  ninety-day test t h e  Atmospheric Sensor performed without mal- 
function.  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 during t h e  course of the  
t e s t  and t h e  d a t a  from these  is  presented i n  Table 7. This da ta  shows t h a t  
the  m a s s  spectrometer maintained i t s  c a l i b r a t i o n  wi th in  very c lose  to lerances .  
The l a s t  adjustment of the  instrument was made on 30 Apri l  1970. Therefore, 
the  analyzer maintained i t s  c a l i b r a t i o n  on ni trogen,  oxygen, and carbon 
dioxide wi th in  0.9. 2.1 and 2.7 percent ,  respect ively ,  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 per- 
cent 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 the r  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  d a t a  f o r  the  instrument i s  shown i n  Figure 21, Sheets 1, 2 
and 3. This da ta  was taken from t h e  computer reduced da ta  obtained on t h e  
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 it was considered t h e  most "normal", with t h e  
l e a s t  unprogrammed a c t i v i t y ,  and should g ive  a more represen ta t ive  p i c t u r e  
of the  cabin atmosphere from day t o  day. 

INITIAL 

FINAL 

Figure 21, Sheet 1 of 3, shows the  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 21, Sheet 2 of 3, 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 ;  and Figure 21, Sheet 3 of 3, 
the  v a r i a t i o n  i n  t h e  cabin pressure ,  t h e  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 t h e  da ta  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  pressures  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 +1.0 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  the  n i t rogen make up por t ion  of t h e  
atmospheric c o n t r o 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  carbon dioxide 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  water channel, a s  predic ted  by the  l a s t  d a t a  point  taken 
during the five-day t e s t  run. This e f f e c t  from the  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 t h e  e r r o r  i n  the  summation of the  p a r t i a l  pressures.  Note t h a t  whenever 

ERRORS, PERCENT 

N2 

+0.23 

-0.91 

O2 

+0.23 

-0.71 

C02 

+0.47 

-0.70 

PP 

+O. 23 

-0.84 
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t h e  water  vapor l e v e l  goes up the  summation of t h e  p a r t i a l  p re s su res  goes 
down and v i s a  versa .  This  i s  e x a c t l y  what was expected from a d e t a i l e d  
a n a l y s i s  t h a t  w a s  made of t h e  in t e rchanne l  e f f e c t s  of an i n c o r r e c t l y  
e s t a b l i s h e d  summing r e s i s t o r .  

TABLE 7 

Resu l 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  Ninety-Day Tes t  

During t h e  course  of  t h e  ninety-day test i t  w a s  found t h a t  t h e  carbon 
d ioxide  output  of t h e  mass spectrometer  w a s  no t  i n  agreement wi th  t h e  
i n f r a r e d  ana lyzer .  Consequently, on 21 August 1970 a p o r t i o n  of t h e  gas 
u t i l i z e d  t o  make t h e  i n i t i a l  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 a b o r a t o r y  t h a t  made t h e  o r i g i n a l  mixture a n a l y s i s .  The 
r e s u l t s  a r e  shown i n  Table 8. 

TABLE 8 

DATE 

6-13 

6-18 

7- 8 

7-13 

9-9 

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

Er ro r ,  Percent  

TIME 

1315 

1902 

1135 

1346 

0250 

PP 

+0.4 

0.0 

0.0 

0.0 

+0.1 

I 

C02 

-1.5 

0.0 

+O. 8 

+O. 6 

+2.7 

O 2 

+1.1 

+0.7 

+0.9 

+1.3 

+2.1 

Mixture 7130P 

Component 

2 

+0.1 

-0.4 

-0.6 

-0.5 

-0.3 

Nitrogen 

1/ 301 70 

0x.Y gen 

Carbon Dioxide 

8/21/70 
I 

66.166 

31.271 

2.544 

66.336% 

31.632% 

2.012% 
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Note t h a t  t h e  c a l i b r a t i o n  f o r  carbon dioxide changed by more than twenty (20) 
percent.  I f  the  later 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  t h e  agreement wi th  
the  i n f r a r e d  analyzer is  very close.  There i s  no reason t o  suspect  t h a t  t h e  
c a l i b r a t i o n  gas changed during t h i s  period,  and therefore ,  i t  must be con- 
cluded t h a t  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  the  conclusion of the  ninety-day test the  Atmospheric Sensor w a s  shut  down 
and returned t o  Perkin-Elmer Aerospace Division,  where it is now being 
operated on labora tory  ambient atmosphere f o r  a  period of 180 days. 

CONCLUSIONS 

The Atmospheric Sensor was shown t o  be a r e l i a b l e  and accura te  instrument 
f o r  monitoring ni t rogen,  oxygen, carbon dioxide,  and water vapor during the  
course of the  Ninety-Day Manned SSS T e s t .  It demonstrated i t s  c a p a b i l i t y  
not  only f o r  monitoring these  cons t i tuen t s ,  but  t o  provide outputs  t h a t  
could be u t i l i z e d  by an atmospheric con t ro l  system f o r  regula t ion of the  
primary atmospheric cons t i tuen t s  of a  closed environment. The closed loop 
operat ing mode control led  the  s e n s i t i v i t y  of t h e  mass spectrometer so  t h a t  
i t  could opera te  f o r  a  period of 132 days without c a l i b r a t i o n .  The accuracy 
of t h e  outputs  was a f fec ted  by the  i n i t i a l  c a l i b r a t i o n ,  which was found t o  be 
i n  e r r o r  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 an inaccura te  c a l i b r a t i o n  gas mixture i n  the  ins tance  of carbon dioxide.  
These procedural mat ters  have been r e c t i f i e d  and should al 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  appl ica t ions .  

The Ninety-Day Manned SSS Test was intended t o  prove out  equipment f o r  appli-  
ca t ion  t o  f u t u r e  space s t a t i o n s .  Therefore, assess ing the  f e a s i b i l i t y  of 
reducing the  s i z e ,  weight and power of t h e  Atmospheric Analyzer t o  l e v e l s  
t h a t  a r e  compatible with a f l i g h t  program i s  important. A con t rac t ,  under 
the  d i r e c t i o n  of NASA Manned Spacecraft  Center, is  cur ren t ly  i n  progress f o 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 (M.A.S.S.) a s  we l l  a s  a  modified vers 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  of the  M-171 Metabolic Analyzer, which w i l l  be used 
i n  Skylab i n  1972. A photograph of the  instrument is  shown i n  Figure 29. 

These u n i t s  a r e  f u l l y  self-contained,  r equ i r ing  only a sample i n l e t  and by- 
pass 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 
of t h e  mass spectrometer, system power, and command funct ions  f o r  t h e  i o n  
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 the  dual  i o n  source f i laments.  The system is f u l l y  



APPENDIX F 

protected  aga ins t  opera t ion a t  excessive pressures  and provides s t a t u s  
i n d i c a t o r  outputs  on a l l  important funct ions  t h a t  can change during 
operat ion.  The inpu t s  and outputs  a r e  f u l l y  i s o l a t e d  and protec ted  
and t h e  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 is  f u l l y  compatible wi th  Apollo and Skylab environments in- 
cluding a 38 l b f l i n 2  abs over-pressure requirement. The atmospheric 
monitoring vers ion of t h i s  instrument measures t h e  p a r t i a l  pressures  of 
hydrogen, water vapor, n i t rogen,  oxygen, carbon dioxide, and hydro- 
carbons i n  t h e  mass range 50 t o  120 u (amu). The f i n a l  conf igura t ion of 
t h i s  sytem weighs 21 pounds, r equ i res  19 wa t t s  of power during normal 
opera t ion and has a c y l i n d r i c a l  enclosure with 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  M.A.S.S. is  scheduled f o r  de l ive ry  to  NASAIMSC i n  November 1970. 
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TWO GAS SENSOR SYSTEM EXTENDED 180-DAY TEST REPORT 

By J.H. S t u a r t  
Perkin-Elmer Corporation 

Aerospace Division 
Pomona, Ca l i fo rn ia  

Upon r e t u r n  of the  instrument t o  Perkin-Elmer Aerospace Division (ASD), 
following the  ninety-day test a t  McDonnell-Dougals it  was set up and op.erated 
i n  t h e  standby mode while a c lose  v i s u a l  inspect ion was made t o  determine 
the  physica l  condi t ion  of the  instrument. 

The v i s u a l  inspec t ion  found t h e  genera l  appearance of the  instrument t o  be 
exce l l en t  with the  exception of the  Ion Pump Power Supply low vol tage  
assembly c i r c u i t  board and a power r e s i s t o r  suspended from t h e  Temperature 
Control c i r c u i t  board. Localized heat  d i sco lo ra t ion  was discovered on t h e  
ion pump c i r c u i t  board i n  t h e  v i c i n i t y  of two s e l e c t a b l e ,  f ixed base d r i v e  
r e s i s t o r s  and two switching t r a n s i s t o r s  (2N3716). Laboratory t e s t s ,  con- 
ducted p r i o r  t o  del ivery  of the  instrument t o  McDonnell-Douglas, d i d  not  
i n d i c a t e  any hea t  d i s s i p a t i o n  problems wi th  the  t r a n s i s t o r s  o r  d r i v e  
r e s i s t o r s .  The t r a n s i s t o r s  a r e  properly heat  sinked f o r  normal opera t ion 
and the  d r i v e  r e s i s t o r s  a r e  mounted d i r e c t l y  t o  the  c i r c u i t  board. 

An engineering ana lys i s  was conducted t o  determine the  probable cause of t h e  
high temperatures. From t h i s  ana lys i s  i t  was determined t h a t  the  Ion Pump 
Control switch, on t h e  f r o n t  panel  of the  instrument, had inadver tent ly  
been l e f t  i n  one of t h e  Filament I n h i b i t  pos i t ions  f o r  an excessive length  
of t i m e .  There a r e  s p e c i f i c  warnings aga ins t  operat ing i n  t h i s  mode f o r  
periods exceeding f i v e  (5) minutes i n  the  Operation Manual. However, 
immediately p r i o r  t o  and a f t e r  t h e  five-day t e s t  the  instrument was acci-  
d e n t a l l y  operated i n  an i n h i b i t  f i lament  mode f o r  s e v e r a l h o u r s .  

It was recommended t h a t ,  s ince  t h e  s p e c i f i c a t i o n  r a t i n g s  of these  power 
devices had not  been exceeded and only the  c i r c u i t  board was damaged, the  
extended l i f e  t e s t  be continued. It was a l s o  recommended t h a t  i n  the  f u t u r e  
any systems requ i r ing  t h i s  ion  pump low vol tage  assembly c i r c u i t  card use 
a modified c i r c u i t  card t h a t  provides a d d i t i o n a l  heat  s inking of these  
power devices. 

A c a l i b r a t i o n  v e r i f i c a t i o n  of the  system was conducted, wi th  the following 
r e s u l t s .  
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GAS SYSTEM OUTPUT (Torr)  CALCULATED OUTPUT* (Torr)  % DEVIATION - 

N2 482.0 479.0 (65.154%) +O. 6  

Amb P r e s s  = 735.9 

This  v e r i f i c a t i o n  w a s  a t  l o c a l  a tmospheric  p re s su re ,  sampling i n t e r n a l  c a l i -  
b r a t i o n  gas.  The c a l i b r a t i o n  w a s  a l s o  v e r i f i e d  wi th  the  ins t rument  sampling 
ambient a i r  as fol lows:  

GAS SYSTEM OUTPUT (Torr)  CALCULATED OUTPUT (Torr)  % DEVIATION - 

H2° 7.12 Approx 7.0 (55% RH @ 77OF) -- 

Amb P r e s s  = 734.4 
( Inc ludes  1% Argon, 
7.2 t o r r )  

The above r e s u l t s ,  when compared w i t h  the  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  of 
Table 2  from t h e  ninety-day t e s t  d i d  no t  compare favorably ,  which was 
f u r t h e r  evidence t h a t  t h e  system w a s  n o t  c a l i b r a t e d  p rope r ly  ve r sus  t o t a l  
p re s su re  v a r i a t i o n s .  

*Based on West Coast Technica l  Labora to r i e s  c a l i b r a t i o n  on Cylinder  
NO. DL27742 (1-30-70). 
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Attempts w e r e  made t o  r e c a l i b r a t e  the  water (H20) channel by t h e  method 
described i n  the Statement of Work*** without success. It was decided t o  
r e c a l i b r a t e  using ambient a i r ,  along with a r e l a t i v e  humidity ind ica to r ,  and 
th ree  new gas mixtures acquired from Precis ion Gas Products Co. a s  follows: 

Mixture No. Cylinder No. % N2 % O2 % CQ2 - % A - - - 
1 131510 68.74 29.4 1.86 < 2 0 0 p p m  

2 131495 65.76 31.7 2.54 < 200 ppm 

3 131413 63.12 33.7 3.18 < 200 ppm 

These sample gasses w e r e  a l s o  used t o  reset t h e  oxygen (02) and carbon dioxide 
(C02) summing and sca l ing  r e s i s t o r s .  The r e s u l t s ,  a s  follows, a r e  q u i t e  
s a t i s f a c t o r y .  

GAS SYSTEM OUTPUT (Torr) CALCULATED OUTPUT (Torr) % DEVIATION - 

-Amb Press = 734.2 -0.01 
( includes 1% Argon 

***I tem c ,  Statement of Work, the  water vapor channel w i l l  be reca l ib ra ted  
using a water ln i t rogen mixture of known r e l a t i v e  humidity and t h e  sca l ing  
and summation r e s i s t o r s  w i l l  be r e s e t .  
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MIXTURE No. 2  (131495) 

GAS - SYSTEM OUTPUT (Torr)  CALCULATED OUTPUT (Torr)  % DEVIATION 

C pp = 735.4 Amb P r e s s  = 736.0 

The system was then  s e t  up t o  sample ambient l a b o r a t o r y  a i r  f o r  t h e  
180-day l i f e  test and t h e  test commenced. Data w a s  taken on a  d a i l y  b a s i s  
and a c a l i b r a t i o n  v e r i f i c a t i o n  was conducted once weekly us ing  t h e  t h r e e  
sample gas  mixtures .  F igures  30 through 33 a r e  p l o t s  of t h e  d a i l y  d a t a ,  and 
Figures  34 through 36 a r e  p l o t s  of t h e  weekly c a l i b r a t i o n  v e r i f i c a t i o n .  

Since t h e  commencement of t h e  180-day test on 11 November 1970, t h e r e  have 
been a  few inc idences  which have i n t e r r u p t e d  t h e  c o n t i n u i t y  of t h e  180- 
day test. 

The f i r s t  occurred on day 31 of t h e  test when i n  making a  comparative 
check of  meter v o l t a g e s  a  test l e a d  was a c c i d e n t l y  sho r t ed  a c r o s s  t h e  i o n  
pump c i r c u i t r y  r e s u l t i n g  i n  t h e  l o s s  of f i l amen t  emission i n  t h e  ana lyzer .  

Evalua t ion  of t h e  ins t rument  e l e c t r o n i c s  i n d i c a t e d  t h e  fo l lowing  f a i l u r e s :  

a. Filament Transformer: The i n s u l a t i o n  between t h e  primary and 
s t a t i c  s h i e l d  had been punctured render ing  t h e  t ransformer  
u s e l e s s .  

b .  S e r i e s  Pas s  T r a n s i s t o r  (2N3720): The sho r t ed  f i l amen t  t r ans -  
former presented  a zero  ohm load  t o  t h i s  t r a n s i s t o r  r e s u l t i n g  
i n  f a i l u r e  by overhea t ing .  The f a i l u r e  mode w a s  a n  emi t t e r -  
c o l l e c t o r  s h o r t .  

c. Switching Regulator  Clamp T r a n s i s t o r  (1N3712): Apparently t h i s  
d iode  f a i l e d  from o v e r s t r e s s  i n  t he  r e v e r s e  d i r e c t i o n .  

d. M u l t i v i b r a t o r  T r a n s i s t o r  (2N2432): A t r a n s i s t o r  i n  t h e  mult i -  
v i b r a t o r  f o r  t h e  e l e c t r o d e  b i a s  supply f a i l e d  wi th  a c o l l e c t o r -  
e m i t t e r  s h o r t .  
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Since the  above i t e m s  a l l  r an  from the same twenty (20) v o l t ,  d i r e c t  cu r ren t  
(dc) power l i n e ,  it was assumed t h a t  the  test e r r o r  involved only these 
c i r c u i t s .  The discrepant  items were replaced and d a t a  was taken f o r  
comparison with previous runs. A discrepancy of p lus  th ree  percent  (+3%) 
i n  the  summation of the  p a r t i a l  pressures ,  compared t o  t h e  t o t a l  pressure  
was observed, so  f u r t h e r  ana lys i s  was made and the  d i f f i c u l t y  appeared t o  be 
a s h i f t i n g  zero po in t  i n  t h e  pressure  transducer.  The problem was f i n a l l y  
t raced t o  a f a u l t y  sca l ing  r e s i s t o r  i n  the  pressure  transducer summing 
c i r c u i t .  This r e s i s t o r  was replaced and the  instrument was operat ing 
normally again. This was day 41 of the  180-day t e s t .  

The second was the  l o s s  of the  i o n  pump cur ren t  meter sca l ing  r e s i s t o r .  
The r e s i s t o r  changed from the  designated value of 69.8 ohms t o  2.1 k ohms, 
showing v i s i b l e  physica l  damage. It is  believed t h a t  the  random ion  pump 
cur ren t  pulses  overs t ressed an RN55 r e s i s t o r .  It was replaced with a 68 
ohm, one wat t  carbon r e s i s t o r  and no problems have occurred since.  

The t h i r d  was a readjustment of the i n l e t  l eak  valve on day 63 of the 
180-day t e s t .  This was done to br ing the  anode current  back t o  i t s  nominal 
value 05 t e n  (10) microamperes. The anode current  d r i f t  was due t o  a 
d r i f t  i n  the  i n l e t  leak valve conductance. A t  t h i s  time, t h e  reason f o r  
the  conductance change can only be speculated s ince  the  conductance change 
i s  a physica l  change and a v i s u a l  inspect ion of the  valve s e a l ,  valve 
leak a c t u a t o r  mechanism, o r  hea te r  i s  required t o  determine the  t r u e  cause. 
The most l i k e l y  reason, though, i s  contamination bui ld  up a t  the  l eak  seat. 

The most se r ious  problem i s  the  ion  pump cur ren t  pulsing. The pulses  occur 
on a random b a s i s  and range from bare ly  not iceable  on the  100 microampere 
pump meter s c a l e  t o  such a l a r g e  magnitude t h a t  they ac tua te  the mass 
spectrometer f i lament p ro tec t ion  c i r c u i t  a t  over 900 microamperes. This 
problem, though, has not  i n t e r f e r e d  with o v e r a l l  system operat ion,  provided 
t h a t  da ta  i s  not  taken during o r  inmediately a f t e r  these  pulses.  Again, 
though t h i s  problem cannot be f u l l y  inves t iga ted  without disassembly of 
the  i o n  pump, and s ince  t h e  system performance i s  not degraded, i t  w i l l  
not be inves t iga ted  wi th in  the scope of t h i s  contrac t .  

The l a s t  and l e a s t  s i g n i f i c a n t  was the  l o s s  of c a l i b r a t i o n  mixture No. 3. 
It was l o s t  due to  an acc iden ta l  venting of the  b o t t l e .  This occurred 
about day 148 of the  180-day test and s ince  t h e  c a l i b r a t i o n  of t h e  system 
had been good t o  t h i s  po in t ,  i t  d i d  not  warrant the  replacement of the  
t h i r d  c a l i b r a t i o n  gas. The balance of the  c a l i b r a t i o n  da ta  from day 141 
is ,  the re fo re ,  f o r  only two c a l i b r a t i o n  gases,  a s  shown i n  Figure 30 (Sheet 2 of 



APPENDIX G 

CONCLUSIONS AND SUMMARY 

A review of t h e  d a t a  i n  Figure 30 shows t h a t  t h e  summation of t h e  p a r t i a l  
pressures,  a s  measured by t h e  Two Gas Atmospheric Sensor, agrees  with t h e  
l o c a l  ambient pressure  t o  wi th in  p lus  or  minus one percent  (+I%) con- 
s t a n t l y  f o r  over 180 days of the  test. The da ta  shown i n  ~ i g u r e s  34 
through 36, shows t h e  individual  channel c a l i b r a t i o n  points  a t  t h e  weekly 
i n t e r v a l s .  The d a t a  points  a r e  e a s i l y  wi th in  an e r r o r  band of p lus  o r  
minus one percent  (51%). 

The Two Gas Atmosphere Sensor has again been shown t o  be capable of 
monitoring t o  wi th in  p lus  o r  minus two percent  (22%) the  major atmospheric 
components f o r  an extended period of time, with very l i t t l e  o r  no main- 
tenance. The only t r u e  maintenance point  which occurred during t h e  
extended period was the  readjustment of t h e  i n l e t  l eak  valve and t h i s  
could have been l e f t  alone with no det r imenta l  e f f e c t  on o v e r a l l  system 
operation. 
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FIGURE 1.- Space Cabin S i m u l a t o r  (60-Day T e s t )  



FIGURE 2.- Installation of Two Gas Sensor 
For 90-Day Test (Sheet 1 of 2) 







FIGURE 4.- Two Gas Atmosphere Sensor System 



FIGURE 5. Two Gas Sensor Ion Source and Elect ronics  
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FIGURE 6.- Ultek 8 /11  L i t e r s  p e r  Second D-I Ion Pump 
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FIGURE 9.- V a r i a b l e  Leak Valve S e c t i o n  Drawing 
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FIGURE 12.- Two Gas Atmospheric Sensor Enclosure 



FIGURE 13.- Two Gas Atmospheric Sensor Enclosure 
(Recessed Panel Open) 
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FIGURE 14.- Two Gas Atmospheric Sensor Battery Pack I n s t a l l a t i o n  



FIGURE 15.- Two Gas Atmospheric Sensor Connector Panel 
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FIGURE 16.- Peak Alignment Check After Bakeout 



FIGURE 17.- Test S e t u p  Schematic 
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FIGURE 19.- F i n a l  Alignment Check With F u l l  E l e c t r o n i c s  
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FIGURE 22.- Two Gas Atmospheric Sensor 
Block Diagram 



FIGURE 23.- Sample and Calibration Inlet System 
Schematic Flow Diagram 
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FIGURE 24.- F r o n t  P a n e l  







FIGURE 27.- P r i n c i p l e s  o f  Mass Spec t romete r  O p e r a t i o n  



FIGURE 28.- Two Gas Atmosphere Analyzer Assembly 



FIGURE 29.- Flight Qualified Mass Spectrometer Atmospheric 
Sensor System for Atmospheric and Respiratory Monitoring 
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