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MASK BREATHING SYSTEM FOR THE 

APOLLO COMMAND MODULE 

By Donald F. Price and Roger N. Tanner 

1.0 GUIDELINES 

An aux i l i a ry  Mask Breathing System can provide sh i r t s l eeve  crewmen 
suff ic ient .  breathing t i m e  t o  don s u i t s  and conqect to the  s u i t  c i r c u i t  
i n  the event of cabin atmosphere contamination. The primary ground rules 
i n  the conceptual design of such a system are as follows: 

1. A cabin f i re  w i l l  be extinguished quickly leaving smoke and 
fumes i n  the  cabin. 

2. The Erlvironmental Control Unit (ECU) operation w i l l  not be im-  
paired by t h e  f i r e  (or o the r  atmospheric contamination problem). 

3 .  Ehergency procedures w i l l  e l iminate  suit c i r c u i t  in-leakage with 
a control led purge which w i l l  p ressur ize  the suit c i r c u i t  above cabin 
during emergency operation and su i t  donning. 

4. The Mask Breathing System m u s t  be readi ly  accessible  at a l l  
times with a minimum of crew operations,  f o r  ac t iva t ion .  

5 .  Spacecraft systems modifications required f o r  inclusion of  the 
Mask Breathing System m u s t  be minimal. 

6. The Mask Breathing System will provide protect ion f r o m  eye ir- 
r i t a t i o n .  

7 .  Mask opera$ion t i m e  should not be c r i t i c a l  t o  the design. 

2.0 SYSTEM DESCRIPTION 

The proposed Mask Breathing System cons is t s  of a Manifold Block 
containing a three-posit ion Mode Se lec tor  Valve, an Oxygen Purge Valve, 
a s u i t  hose connector t o  mate with t h e  ex i s t ing  s u i t  hoses, an aux i l i a ry  
connector t o  mate with the suit hose comector  on the  spacecraf t ,  two 
disconnects t o  mate with the mask hoses, and a quick disconnect f o r  
connection of a Purge U t i l i t y  L ine  Assembly. 
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The oxygen mask i s  a f u l l f a c e  tyle .  covering t h e  eyes and oral-nasal 
area, w i t h  a second s e t  of s u i t  hoses, clr a new set  of hoses of s u f f i -  
c ien t  l eng th  +r>  provide crewman mobili ty,  attached. 
quick don anu doff features .  Each crewmail would have a Manifold Block 
and mask (see f i g .  1). 

The mask must have 

The Purge U t i l i t y  L i n e  Assembly provides connection between the  
Portable Life Support System (PLSS) f i l l  p o r t  and manifold block during 
emergency s u i t  purge operations.  
0 min, a relief valve t o  prevent overpressurization, and quick discon- 

nect ends a re  incorporated i n  the  l i n e .  I?i'.y one P n g e  U t i l i t y  Line 
Assembly is provided t o  be used by t h e  as tmnau t s  sequent ia l ly .  

An o r i f i c e ,  t o  l i m i t  flow t o  0.42 lb 

21  

3.0 GENERAL OPERATIONAL DESCRIPTION 

During normal sh i r t s l eeve  o r  su i t ed  operation, the s u i t  hoses, 
breathing mask, and mask hoses would be connected t o  the  Manifold Block 
with t h e  Mode Se lec tor  Valve i n  a pos i t ion  which bould allow spacecraf t  
operation as present ly  planned. 
mask hoses could be disconnected i f  desired.  

During su i t ed  operation the mask and 

I n  t h e  event of  a f i re ,  the cabin pressure w i l l  probably r ise t o  
6.2 p s i s ,  the  relief s e t t i n g  on the cabin pressure relief valve. To 
prevent ccntamination of the  s u i t  loop during th i s  pressure r i s e  and 
subsequent operations with a contaminated cabin: 
Valve must be opened t o  allow purge and metabolic oxygen flow d i r e c t l y  
t o  the suit c i r c u i t ;  (2) the  s u i t  return a i r  check valve should be 
closed t o  prevent cabin a i r  from enter ing the  s u i t  c i r c u i t ;  (3)  the  
cabin depressurization shutoff  valve should be closed t o  disable  t h e  
cabin pressure and s u i t  demand regulators ;  and (4) the Mode Se lec tor  
Valve on the  Manifold Block m s t  be placed i n  a p o s i t i o r  t o  e s t a b l i s h  
s u i t  c i r c u i t  i n t e g r i t y ,  unless t he  mask i s  immediately donned. ' I n  t h i s  
instance,  the mode s e l e c t o r  must be placed i n . a  pos i t ion  t o  allow mask 
breathing. The crewmen have the option of breathing from the mask i m -  
mediately or  waiting u n t i l  a shor t  s u i t  c i r c u i t  purge has been achieved, 
during emergency operations.  

(1) t h e  Manual Oxygen 

Oxygen flow t o  the  breathing mask i s  l i e i t e d  t o  4 ac tua l  c 3 m  by a 
r e s t r i c t o r  i n  the  Manifold Block. The remainder o-? the  flow from the 
ECU i s  bypassed through the normal s u i t  bypass valve i n  the s u i t  c i r -  
c u i t .  
operations,  crewmen u t i l i z i n g  the  breathing mask w i l l  have t o  "pressure 
breathe.  
water above cabin, depending on the  s u i t  demand pressure regulator  re- 
l i e f  mode operation and the  purge flow rate. 

Due t o  the  pos i t i ve  pressure i n  t he  suit  c i r c u i t  during emergency 

The pressure i n  the  mask w i l l  range from 5 t o  12 inches of I 1  
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FEMALE END Q.D. 

MANIFOLD BLOC 

Figure 1.- Mask Breathing System 
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The Manual Oxygen Valve i s  a new wmponent which i s  present ly  
planne3 f o r  i n s t a l l a t i o n  i n  t h e  spacecraf t ,  withoQt respect t o  t h e  mask 
i n s t a l l a t i o n ,  for s u i t  c i r c u i t  purge. The demand pressuitl regula tor ' s  
normal function of mairltaining the s u i t  c i r c u i t  3 inches of water less 
than cabin  a t  the  compressor i n l e t  i s  ceased during s u i t  c i r c d t  purge. 
Only the  r e l i e f  port ion of the regulator  which w i l l  maintain the  s u i t  
c i r c u i t  a maximum of' 3 inches of water above cabtn a t  t h e  compressor 
i n l e t  would be u t i l i z e d ,  thus preventing possible  in-leakage. The Man- 
ua l  Oxygen Valve should provide a high flow r a t e  (withir, t he  capabi l i -  
t i e s  of the oxygen supply system) s u f f i c i e n t  ti, purge the  suit c i r c u i t  
quickly before the mask i s  donne.:. 
metabolic oxygen consumption plus  leakages. 

Normal flow r a t e  requirebents a re  

4 .0  SYSTEMS INTEGRATION CONSIDERATIONS 

Ehergency s u i t  donning and purge capab i l i t y  i s  provided by the  
Manifold Block while maintainipg the  s u i t  c i r c u i t  a t  a pos i t i ve  pressure 
with respect t o  cabin. 
Purge U t i l i t y  Line Assembly f r o m  the  spacecraf t  surge tanks. Each surge 
tank w i l l  provide a t  l e a s t  8 minutes of purge flow a t  a maximum rate of 
0.42 l b  0, min. The second surge tank should be accessible  i f  required 

for contingencies. 

S u i t  and helmet purge flow i s  obtained via the 

c I 

Af+.er the crewmen have suited and reconnected t o  the  s u i t  circw'.t,  
t h e  spacecraft  cabin could. be cleared of contamination by depressuriza- 
t i o n  i f  desired.  

During emergency operations with t h e  Manual Oxygen Valve open, 
oxygen i s  flowing d i r e c t l y  i n t o  the s u i t  loop from t h e  spacecraf t  surge 
tanks. This could a f f e c t  surge-tank pressure which determines avai lable  
suit-purge t i m e  during s u i t  donning (provided t h a t  t h e  installed valve 
could flow more oxygen than could be resupplied from the  spacecraf t  
cryogenics). Therefore, a f t e r  the  i n i t i a l  p ressur iza t ion  and purge of 
s u i t  c i r c u i t ,  the  flow t o  the s u i t  c i r c u i t  m u s t  be metered by the  Manual 
Oxygen Valve, such that  the surge-tank pressure i s  not  affected.  
2.5 t o  9.0 lb 0 hr  a r e  ava i lab le  frotr the  cryogenic system without. 

a f fec t ing  surge-tank. pressure,  depending on t h e  t i m e  requirement. Ex- 

the  cryogenic t ank  pressure and surge-tank pressure.  

About 

21 
tend.ed withdrawal t-imes a t  rates i n  excess of 2.5 lb h r  w i l l  a f f ec t  

The proposed concept requires  no spacecraf t  modifications. How- 
ever,  a var iable  s u i t  purge flow w i l l  result i f  the proposed o r i f i c e  i n  
the  Purge U t i l i t y  L i n e  Assembly is  used (rather than a pressure regula- 
t o r )  ,during surge-tank pressure decay with high oxygen withdrawal. This 
appl icat ion shoulc! be acceptable s ince the  i n i t i a l  high flow w i l l  a f f e c t  
the tox ic  gas sveep-out i n  t h e  s u i t  with t h e  subsequently lower flow 
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providing a continuous pos i t ive  pressure purge fo r  f i n a l  suit buttoning- 
up. Should the flow va r i a t ion  prove undesirable,  a regulator  could be 
subs t i tu ted  f o r  t h e  o r i f i c e ;  o r  a new lirle, shutoff valve, and discon-. 
nect could be i n s t a l l e d  downstream of t h e  ex is t ing  4.24, io0 p s i a  regu- 
l a t o r  f o r  attachment of the  Pwge U t i l i t y  Line Assembly. 

5.0 SPACECRAFT OPERATIONAL MODF-, 

The following s i tua t ions  i l l u s t r a t e  t h e  various modes of spacecraft  
operation, both noma1 and emergency. 
which relate t o  t he  ECU and Mask Breathing System are considered. 
t r a n s i t i o n  from mode t c  node w i l l  be procedurally explained i n  t h e  fo l -  
lowing sec t  ion. 

Only those valves and cont ro ls  
The 

1. Normal Shir ts leeve Operation, figure 2. 

a. The Cabin Depressurization Shutoff Valve (4.28) is open, 
allowing O2 flow t o  the cabin pressure regulator  and s u i t  clemand regu- 

l a t o r  . 
b. The Manual Oxygen Valve (X.XX) i s  closcd, preventing d i r e c t  

O2 flow i n t o  t h e  s u i t  c i r c u i t .  

The Su i t  Ci rcu i t  is  3 inches of water less than cabin pres- 
sure at the compressor inlet ,  control led by the  demand regulator .  

c .  

d. The Manifold Block assembly i s  connected t o  the s u i t  c i r -  
c u i t  hoses and spacecraft  s u i t  hose connector w i t h  t h e  Mode Selector  
Valve i n  the "Normal" pos i t ion  allowing s u i t  c i r c u i t  flow t o  t h e  cabin. 

e. The Sui t  Ci rcu i t  Return A i r  Check Valve (1.3) is open, 
allowing cabin air t o  be drawn i n t o  s u i t  c i r c u i t  f o r  CO removal and 

cooling . 2 

f .  P-e  breathing mask and mask hoses are connected t o  t h e  
Manifold Block, with no flow through t h e  mask. 

2, Su i t  Loop Operation, figure 3. 

a. The 
preventing cabin 

b, The 
allowing O2 flow 
la t  or  . 

Sui t  Ci rcu i t  Return A i r  Check Valve (1.3) is closed, 
air  from enter ing t h e  sui1 c i r c u i t .  

Cabin Depressurization Shutoff Valve (4.28) i s  open, 
t o  the cabin pressure regulator  and s u i t  demand regu- 
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ENVISJD-ML CON'IROL 
W T  

L 

Figure 2.- Normal shirtsleeves operation. 
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E N v I R o ~ M L  CONTROL 
I m5IT 

e l i  

1 '+ I 

1 
i 

i i  
i 

c. - Clocled 
0. -Open 

figure 3.-  Suit loop operation. 
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c.  

d.  The Su i t  Ci rcu i t  i s  1 t o  3 inches of water below cabir 

The Manual Oxygeri Valve (X.XX) is  closed. 

pressure a t  the compressor i n l e t  (Sui ts  s l i g h t l y  pos i t i ve ) .  

e. The ManiTold Se lec tor  Valve is i n  t h e  '%onaal" pos i t ion ,  
allowing ECU flow t o  and from the suit. 

f. The mask and mask hoses are valved off an.l/or disconnected. 

3. Emergency Mask Operation (Cabin Atmosphere CG: aminated), f i g -  
ure 4. 

a. The 
preventicg cabin 

J .  The 
stopping O2 flow 

l a t o r .  

c.  The 
the suit c i r c u i t  

d. The 

S u i t  Ci rcu i t  Return Air Check Valve (1.3) is  closed, 
air from enter ing the  suit circuit. 

Cabin Depressurization Shutoff Valve (4.28) is closed, 
t o  the cabiri pressure regulator and suit demand regu- 

Manual Oxygen Valve (X.XX) is open t o  meter oxygen t o  
to maintain pos i t i ve  pressure. 

Suit Circui t  is  9 inches of water, maximum, above cabin 
pressure at t h e  compressor i - J e t ,  control led by the demand regulator 
relief function. 

e. The Mode Selec tor  Valve is i n  t h e  'kask" pos i t ion ,  provid- 
ing 4 cfm t o  tne mask and shut t ing  o f f  flow t o  the cabin. 

The proposed mask system will allow a creman, with ass i s tance  as 
required, t o  don the  suit and connect 20 a ?urged suit c i r c u i t  w h i l e  it 
i s  maintained 9 inches of water, maximum, above cabin pressure.  
i s  required t o  prevent ccntaminated cabin a i r  f r o m  enter ing the suit 
c i r c u i t .  
shirLsleeve operation ( f ig .  2 )  are as follows: 

TMs 

The general ercergency and suit donning procedues  frm normal 

1. a. Upon atmaspheric contamimtion, i n i t i a t e  suit c i r c u i t  purge 
by opening the  Manual Oxygen Valve (X.XX). 
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F i g w e  b . -  5ergerlcy Fisk operation. 
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b. Place t h e  Manifold Block, Mode Selector  Valve t o  t h e  "Off" 
l pcs i t i on  t o  i s o l a t e  t h e  ECU. 

c. Manually shut off t h e  Sui t  Ci rcu i t  Return A i r  Check Valve 
(1.3) and t h e  Cabin Depreasur,zation Shufoff Valve (4.28). (See f ig .  5.) 

2. m-en reaey t o  d m  mask, place t h e  Manifcld Block, Mode Selector  
(See f i g .  4 . )  Valve t o  h e  ffMasktf pos i t ion  and a f f l x  mask. 

3.  When readj- t o  don s u i t s  
bly beti-hen t h e  Ycnifcld Alack and t h e  Thee-Way Oxygen Valve Lssembly 
(4.31:) (PLSS P i l l  Valve). (See f i g .  6 . )  

c o n c x t  t h e  P n g e  U t i l i t y  Line Assea- 

2 4. a. Don s u i t  except g l w e s  m C  heluet.  

b. Connect sui+. inlet and o u t l e t  -,ioscs f-om t h e  manifold biock 
t o  t h e  s u i t  hose inlet and o u t l e t  hose cmnectors  on th?  s u i t .  

5 .  )2Den t h e  Oxygex Purge Valve on t h e  Lnf.fo1.d Block and slowly 
open t h e  Three-way Oxygen Valve (4.34)  t o  start s u i t  pvrge r'l-ow. 
f i g .  6 . )  F'urge mi5 1 t o  2 minutes with su i t  d i v e r t e r  v d v e s  i n  t h e  
h x i z o p t a l  pos i t ion  (flow s p l i t  3etween s u i ~  t o r s c  and helmet ducc). 

(See 

/ 
G .  I n s t a l l  purge f i t t i n g  ir, t h e  Wergency Cxyge3 Supply (EOS) 

connection on helmet. 

7. ilon wit gloves. 

8. a. Eold breath;  place Xanifold Blcck Mode Selector  Valve t o  
the "3ff" posi t ion;  remove mask and lock hzlmet In  place. 

b. The crewmali m y  begin breathing after a fev seconds of 
helmet purge. 
t h e  horlzontal  pos i t ion  t o  maintain flow from s u i t  and out helmet purge 
va-lve sa as t o  not ccn tmina te  t h e  s u i t  while p a g i n g  t h e  helmet.) 
f i g .  7.) 

(Note: The sui; flow diver+,er valve should be left  i n  

(See 

9. a. Remove purge f i t t i n g  from h e l i e t ;  p lsce llanifold block 
Selector Valve t o  "Normal" and stop purge flow by clo3ing t h e  Three-Way 
0 x y - e ~  Valve ( I,. 34 1 

- -- - -- 
If desired,  t h e  aask may he affi.:ed immediately, i n  which case the  1 

Elanifold Block, Mode Se lec tc r  Valqe should be placed to t h e  "Mask" 
posi t ion.  

*I3 t h e  s u i t  doming procedure, t k e  m p s k  muqt  be mome1.taril-y removed 
t o  allow t h e  head t c  pass through t h e  neck r ing .  
?.solated from t h e  LCU 3crir.g t h i s  operaticn.  

The uask should Le 



c* = 
0. = 

Figure 5 .- Suit loop purge. 



12 

e S o p i 0  iraa 

clrogbnic mapply 

1.3 S u i t  C i r c u i t  Return 
A i r  C h k  Valve 

1.16 S u i t  Bypss V a l v e  
lr.24 O2 Press. Regulator 
4.34 3-way 0 valve 

5.24 Tank A.ees. C o n t r o l  

x.xxMarmal0 Valve 

4.28 Cabin Depressurisation 

(Rss dll) 

(Neu Cmbaent) 

Shutoff Valve 

C. = Cloeed 
0. 9-n 

Figure 6.- Shirtsleeves operation with mask while purging suit.. 
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Figure 7.- F i n a l  suit and helmet purge with mask removed. 
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b. Turn oxygen purge valve t o  " O f f "  (on the Manifold Block) 
and disconnect the F'urge U t i l i t y  Line Assembly from the Three-way Oxygen 

Valve (4.34) (PLSS F i l l  Valve) and Manifold Block. 3 

c. Mask and mask hoses may be disconnected, if desired 
( f i g .  3 ) .  

10. The next crewman may begin t h e  above procedure rpter t h e  surge 
tank has recharged su f f i c i en t ly .  

7.0 DEMONSTRATION TESTS 

The following tests were performed t c  evaluate t h e  f e a s i b i l i t y  of 
the proposed mask breathing system. 

1. Mask Flow Test - A  test was conducted t o  determine the flow 
requiredthrough a double-hose face  mask t o  provide breathing and car- 
bon dioxide l e v e l  control ,  w i t h  a steady-state mask i n l e t  pressure of 
12 inches of water. 
from the  spacecraft  ECU.) With a test  subJect working at  a metabolic 
rate of about 2000 Btu/hr, t h e  mask pressure during inha la t ion  w a s  2 t o  
3 inches of water pos i t i ve  w i t h  4 cfln, ind ica t ing  s u f f i c i e n t  f l o w  was  
being provided f o r  breathing. During exhalatioil, the  mask pressure w a s  
13 t o  1 4  inches of water pos i t i ve  which simulated spacecraft operation. 
It was  shown tha t  flows as low as 3 cfm control led the carbon dioxide 
l e v e l  i n  t h e  mask t o  less than 1 percent;  however, there was not su f f i -  
c i en t  flow available f o r  breathing. 
t i o n  was -6 inches of water.) 

(This would be the maximum condition when breathing 

(The mask pressure during inhala- 

2. Helmet Donning Tests -An.Apollo A-5-L s u i t  was tested under 
various configurations and flows t o  determine i f  t h e  helmet could be 
donned with flow to t h e  s u i t .  The following tests were conducted with 
t h e  s u i t  o u t l e t  vented t o  ambient and i n l e t  flow provided by a su i t  
checkout console: 

a. Flow of 12 scf'm air t o  e n t i r e  Pressure Garment Assembly 
(PGA) w i t h  an EOS probe inser ted  i r i  t h e  helmet. 
onds . Donning time <15 sec- 

b. Flow of 12 scfm air t o  heimet only with an EOS probe in- 
se r ted  i n  helmet. Donning t i m e  < l 5  seconds. 

Dvring s u i t  purge operations,  t he  crewman should monitor surge- 3 
tank pressure. 
s u i t  donnings . The tanks may have t o  be allowed time t o  r e f i l l  between 



c.  Flow of 12 sc fh  a i r  t o  helmet only with no EOS probe i n  
helmet. Donning time <15 seconds. 

d .  Flow of 12 scf’m a i r  t o  e n t i r e  PGA with no EOS probe i n  
helmet. Donning time <15 seconds. 

e. Flow of 16.5 scf’m a i r  t o  helmet only with no Em probe i n  
helmet. Donning time <lo seconds. 
ches of water). 

Su i t  pressure was 0.75 ps ig  (20 in- 

8.0 COMNENTS 

A t  6.2 p s i a ,  12 cfh3 i s  equal t o  0.42 lb/min oxygen which i s  the  
recommended suit purge rate f o r  t h e  proposed Mask Breathing System. 
duration of  the  donning time was a function of  t he  ease of locking t h e  
helmet i n  place.  The flow rate and resultant suit pressure did not 
a l te r  the  performance of the subjec t  i n  donning t h e  helmet as much as 
the ac tua l  locking of the  helmet neck ring. For these tests an EOS 
prabe was used ins tead  of a purge valve due t o  the  unava i l ab i l i t y  o f  a 
purge valve f i t t i n g  at. t h i s  t i m e .  However, t h e  opening through the 
purge valve w i l l  be about the same s i z e  as t h e  EOS probe; therefore ,  the 
test results were not s i g n i f i c a n t l y  affected.  

The 


