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ABSTRACT 

R e s u l t s  of t h e  Gemini EVA program have sugges t ed  

t h a t  man's f u n c t i o n a l  performance i n  w e i g h t l e s s n e s s  may b e  

s e v e r e l y  l i m i t e d .  

d a t a  a r e  ana lyzed ,  and d i s c u s s e d .  i n  t h e  l i g h t  of environmental  

and  systems c o n s t r a i n t s .  

I n  t h i s  paper ,  t h e  a v a i l a b l e  p h y s i o l o g i c a l  

This  anaLys i s  revea led .  t h a t  t h e  

u n r e s t r a i n e d  a s t r o n a u t  had t o  work h a r d e r  t o  perform t h e  same 

t a s k  i n  a w e i g h t l e s s  environment t h a n  on e a r t h .  

t he  

can  be  over loaded  a t  h e a t  o u t p u t s  e q u i v a l e n t  t o  t h o s e  

prod.uced by a man i n  a p r e s s u r i z e d  space  s u i t  walking a t  on ly  

one m i l e  per  hour ,  t h e r e f o r e  a lmos t  a s s u r i n g  s a t u r a t i o n  

d u r i n g  E1,'A. 

s h o u l d  i n c r e a s e  manls e f f i c i e n c y  and u t i l i t y  d u r i n g  f u t u r e  EVA. 

However, 

h e a t  exchange c a p a c i t y  of  t h e  Gemini space  s u i t  system 

Recommendations a r e  made which, i f '  implemented, 
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MEMORANDUM FOR FILE 

INTRODUCTION 

The importance of EVA for t h e  f u t u r e  of manned space  
f l i g h t  needs  l i t t l e  e l a b o r a t i o n .  Yet two of t h e  f o u r  EVA a t t e m p t s  
by U . S .  a s t r o n a u t s  were ended p rema tu re ly  because of c o n d i t i o n s  
which became p h y s i c a l l y  i n t o l e r a b l e .  A v a i l a b l e  p h y s i o l o g i c a l  

t r i a l  have i n d i c a t e d  that l i f e  under  t h e s e  c i r cums tances  was, 
a t  least ,  s t r e n u o u s .  S i n c e  t h e  p h y s i o l o g i c a l  r e s p o n s e  of t h e  
a s t r o n a u t  d u r i n g  EVA r e l a t e s  to h i s  o p e r a t i o n a l  e f f i c i e n c y ,  
s p e c i a l  a t t e n t i o n  must be devoted to under s t and ing  t h e  causes  
of t h e  Gemini d i f f i c u l t i e s . *  

data from t h e  o t h e r  two U.S. space  walks and t h e  s i n g l e  U.S.S.R. '. 

In view of t h e  more t h a n  2000 h o u r s  combined U . S .  and 
U.S.S.R. o r b i t a l  e x p e r i e n c e ,  the d i f f i c u l t i e s  encountered  d u r i n g  
EVA should  not be cons ide red  to be the r e s u l t  of some i n t r i n s i c  
i n t o l e r a b i l i t y  of l i f e  to space f l i g h t .  The e x p l a n a t i o n  must be  
sought  i n s t e a d  i n  l i m i t a t i o n s  e x i s t i n g  i n  t h e  space  s u i t  system, 
the  o p e r a t i o n a l  p rocedures ,  t h e  m i s s i o n  p l ann ing ,  or the  e a r t h  
based  s i m u l a t i o n  e i t h e r  i n d i v i d u a l l y  o r  c o l l e c t i v e l y .  

The purpose  of t h i s  memorandum i s  to a t t e m p t  to a n a l y z e  
t h e  problem and to recommend remed ia l  hLeasures .  

RESULTS OF PHYSIOLOGICAL INVESTIGATIONS 

The p h y s i o l o g i c a l  data ob ta ined  d u r i n g  FVA which a r e  
a v a i l a b l e  to u s  a r e  summarized i n  Tab le  I. O f  s p e c i a l  i n t e r e s t  
are t h e  h i g h  s u s t a i n e d  h e a r t  r a t e s ,  - v e n t i l a t i o n  r a t e s  and t h e  
p h y s i c a l  s e n s a t i o n s  ( f a t i g u e ,  sweat ing ,  e t c . )  exper ienced  i n  a l l  
EVA t r i a l s .  These m a n i f e s t a t i o n s ,  as  exp la ined  below, appear  
to be  a t t r i b u t a b l e  to a combined mechanical  and thermal s t r e s s  
( h i g h  work l o a d  p l u s  l i m i t e d  ea  a b i l i t y  of the EVA l i f e  suppor t  
sys tem to remove h e a t  and water? upon which i s  probably  super -  
imposed a n  emot iona l  component. 

MSC i s  p r e s e n t l y  r e p a r i n g  a p o s i t i o n  paper  on e x t r a -  
v e h i c u l a r .  a c t i v i t y  (EVA P . 

., J 
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The i n f l a t e d  space  s u i t  i m p a i r s  performance and a d d s  
to t h e  me tabo l i c  e x p e n d i t u r e  d u r i n g  t h e  performance of normal 
t a s k s .  T h i s  i s  due to p h y s i c a l  i n t e r f e r e n c e ,  l i m i t e d  bending 
c a p a b i l i t y  of t h e  t h i g h  and knee r e g i o n s ,  r i g i d i t y  of the waist, 
and to t h e  e f f o r t  to overcome t h e  s u i t  r e s i s t a n c e  to f l e x u r e  
caused by t h e  d i f f e r e n t i a l  gas  p r e s s u r e . *  A s  a r e s u l t ,  even 
t h e  mere bending of t h e  ex t r emLt ie s  and the maintenance of such 
p o s t u r e  can be s t r e n u o u s .  For example, a g r e a t  d e a l  of p h y s i c a l  
e f f o r t  was r e q u i r e d  by  Gordon to keep h i s  l e g s  g r i p p i n g  t h e  
Agena for t e t h e r i n g  o p e r a t i o n s  d u r i n g  t h e  Gemini 11 f l i g h t .  

A s  s een  i n  Table  11, t h e  r a t e  of h e a t  p r o d u c t i o n ,  a 
measure of p h y s i o l o g i c a l  e f f o r t ,  i s  g r e a t l y  i n c r e a s e d  when a 
p r e s s u r i z e d  space  s u i t  i s  worn d u r i n g  a n  o p e r a t i o n  as  compared 
to t h e  r a t e  ob ta ined  d u r i n g  t h e  same o p e r a t i o n  w i t h  t h e  s u b j e c t  
u n s u i t e d .  For example, du r ing  normally m i l d  e x e r c i s e  (0 .8  mph 
on a t r e a d m i l l ) ,  t h e  presence  of t h e  i n f l a t e d  Gemini space  s u i t  
would have r e q u i r e d  t h e  e q u i v a l e n t  of about  8 4  p e r c e n t  of the 
t o t a l  working c a p a c i t y  of t h e  EVA l i f e  suppor t  system (1400 
BTU/hr nominal,  and 2000 BTU/hr. f o r  p e r i o d s  of s h o r t  d u r a t i o n ) * * .  
Under c o n d i t i o n s  of more s t r e n u o u s  e x e r c i s e ,  i t s  nominal work- 
i n g  c a p a c i t y  would have  been exceeded.  

A s  r e p o r t e d  by t h e  a s t r o n a u t s ,  t h e  work l o a d  r e q u i r e d  
d u r i n g  EVA was f a i r l y  s t r e n u o u s ,  and e a r t h  based s i m u l a t i o n s  
f a i l e d  to prov ide  them w i t h  t h e  n e c e s s a r y  e x p e r i e n c e .  The 
u n r e s t r a i n e d  a s t r o n a u t  n o t  only can no l o n g e r  u t i l i z e  h i s  body 
weight  for mechanica l  advantage  d u r i n g  task performance i n  
w e i g h t l e s s n e s s ,  b u t  he a l s o  e x p e r i e n c e s  f o r c e s  of r e a c t i o n  which 
make h i m  l o s e  h i s  dynamic s t a b i l i t y .  Con t inua l  s t r i v i n g  to 
m a i n t a i n  h i s  body p o s i t i o n  du r ing  t a s k  performance f :ur ther  
i n c r e a s e s  h i s  energy expendi ture .*** Thus, t h e  i n h e r e n t  l imi t a -  
t i o n s  of t h e  space  s u i t  s y s t e m  p l u s  t h e  l a c k  of adequa te  pro-  
v i s i o n s  of r e s t r a i n t  (handholds ,  f o o t h o l d s ,  h a r n e s s e s ,  p o s i t i o n -  
i n g  d e v i c e s ,  e t c . )  are r e s p o n s i b l e  f o r  i n c r e a s i n g  t h e  amount of 
work r e q u i r e d  f o r  e f f e c t i v e  performance i n  w e i g h t l e s s n e s s .  I n  a d d i t i o n  
s t r e n u o u s  and l e n g t h y  pre-EVA p r e p a r a t i o n s  could a c c e l e r a t e  t h e  
o n s e t  of the observed p h y s i o l o g i c a l  m a n i f e s t a t i o n s .  As t ronaut  
Gordon, f o r  example, noted t h a t  he was t i r e d  even b e f o r e  he l e f t  
the  s p a c e c r a f t .  

I n  t h e  p a r t i c u l a r  ca se  of GT-9, t h e  ELSS @Extravehicular  
L i f e  Suppor t  System) evapora tor /condenser  cou ld  n o t  keep pace 

*Current Apo l lo  space  s u i t  c o n f i g u r a t i o n s  a r e  a n t i c i p a t e d  
to reduce  t h i s  problem. P e r t i n e n t  i n v e s t i g a t i o n  i s  c u r r e n t l y  
und.erway a t  MSC. 

**Presen t ly  MSC i s  e v a l u a t i n g  t h e  thermal  c h a r a c t e r i s t i c s  of 
t h e  Apol lo  backpack. Tests completed i n d i c a t e  a c a p a b i l i t y  for 
h a n d l i n g  a nominal thermal  l o a d  o f  1600 BTU/hr f o r  3 h r s  and thermal  
t r a n s i e n t s  between 3,000 t o  4,000 BTU/hr for s e v e r a l  minu te s .  

***This e f f e c t  i s  n o t  expec ted  to be p r e s e n t  d u r i n g  the Apollo 
l una r  EVA s i n c e  t h e  r e q u i r e d  s t a b i f i t y  w i l l  p robab ly  be  p rov ided  
b y  l u n a r  g r a v i t y .  
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w i t h  t h e  t h e r m a l  load  and p reven t  f o g g i n g  of t h e  s p a c e  s u i t  
v i s o r ?  Fur thermore  fogg ing  was p r o b a b l y  enhanced b y  t h e  h i g h  
r e s p i r a t i o n  r a t e s  observed  d u r i n g  EVA. T h i s  b r e a t h  r a t e  c o u l d  
have s a t u r a t e d  t h e  g r e a t e r  p a r t  of t h e  t o t a l  oxygen f l o w  to t h e  
he lment ,  s i m u l t a n e o u s l y  a c c e l e r a t i n g  t h e  c o n d e n s a t i o n  p r o c e s s  
to a l l o w  f o g g i n g  a t  normal v i s o r  o p e r a t i n g  t e m p e r a t u r e s  and  
a l s o  i n h i b i t  c l e a r i n g  of t h e  v i s o r .  ** 

I n  t h e  p a r t i c u l a r  c a s e  of GT-11, o v e r e x e r t i o n  
a p p a r e n t l y  caused  o v e r l o a d i n g  o f  t h e  EVA l i f e  s u p p o r t  system. 
T h i s  c o u l d  have l e d  to t h e  observed  f u n c t i o n a l  d.egrad.ation 
( - f a t i g u e  and  v i s i o n  impairment caused. by e x c e s s i v e  s w e a t i n g ) ,  
n e c e s s i t a t i n g  e a r l y  a b o r t  o f  t h e  EVA phase .  

F i n a l l y ,  one must a l s o  c o n s i d e r  t he  p o s s i b i l i t y  of 
a number of m i s c e l l a n e o u s  f a c t o r s  which cou ld  have c o n t r i b u t e d  
to t h e  observed  d i f f i c u l t i e s ,  namely: 

1. The a d d i t i o n  of t h e  c h e s t p a c k  adds  to t h e  p h y s i c a l  
i n t e r f e r e n c e  problem d u r i n g  EVA. 

2. High m o t i v a t i o n  could. obscu re  t h e  p e r c e p t i o n  of 
d i s c o m f o r t  and impending s t ress .  

3. Emotions a s  a r u l e  worsen t h e  p h y s i o l o g i c a l  
m a n i f e s t a t i o n s  and the re f  o r e  cou ld  p l a c e  a d d i t i o n a l  
demands on t h e  space  s u i t  sys tem.  

4. The pulmonary oxygen p a r t i a l  p r e s s u r e  of t h e  a s t r o n a u t  
d u r i n g  EVA cou ld  drop to a subnormal l e v e l  i n  t h e  
even t  of a b u i l d u p  i n  H20 vapor  p r e s s u r e  and  C02. *** 
The combinat ion of a low oxygen p a r t i a l  p r e s s u r e  and  
a n  enhanced ambient C 0 2  can i n c r e a s e  p u l s e  and 
resp i ra : ion  r a t e s ,  d e c r e a s e  t h e  p h y s i o l o g i c a l  r e s e r v e s  
f o r  muscular  a c t i v i t y  and l e a d  to premature  e x h a u s t i o n .  
H y p e r v e n t i l a t i o n  i t s e l f  can a l s o  l e a d  to s i m i l a r  
p h y s i o l o g i c a l  r e sponses  and performance decrements  
th rough p r o g r e s s i v e  pulmonary C02 d e p l e t i o n .  

*There i s  ev idence  i n d i c a t i n g  t h a t  t h e  evapora to r / condense r  
per formance  was degraded  due to d r y o u t  o c c u r r i n g  sometime d u r i n g  
t h e  mis s ion ,  presumably a t  o r  n e a r  t h e  t ime of i n g r e s s ,  Dryout 
i s  a t t r i b u t a b l e  to h i g h e r  t h a n  a n t i c i p a t e d  m e t a b o l i c  l o a d .  

problem a s  ev idenced  i n  GT-11. However, t h e  p h y s i c a l  b a s e s  for 
i t s  o r i g i n  a r e  s t i l l  p r e s e n t .  

**The u s e  of a n  a n t i - f o g  compound h a s  e l i m i n a t e d  t h e  f o g g i n g  

***For t h i s  r e a s o n  t h e  t o t a l  p r e s s u r e  provided  by  t h e  Apollo 
backpack  h a s  been i n c r e a s e d  r e c e n t l y  t o  3.9+ 0 .1  p s i  
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. 
5. Russ i an  d a t a  i n d i c a t e  t h a t  modera te  p h y s i c a l  a c t i v i t y  

d u r i n g  space  f l i g h t  can cause  h igh  p u l s e  r a t e s ,  s w e a t i n g  
and e a r l y  f a t i g u e .  According t o  Russ i an  p h y s i o l o g i s t s  
(Gazenko e t  a l . )  these  o b s e r v a t i o n s  s u g g e s t  s h i f t s  i n  t h e  
r e g u l a t i o n  and  dynamics of  t h e  c i r c u l a t o r y  sys tem t h a t  
cou ld  a f f e c t  performance.  However, p h y s i o l o g i c a l  
r e a c t i o n s  t o  m i l d  e x e r c i s e  i n  Gemini m i s s i o n s  have f a i l e d  
t o  produce simllar e f f e c t s .  

CONCLUSIONS A N D  RECOMMENDATIONS 

It i s  concluded t h a t  t h e  p o o r  performance of t h e  Gemini 
a s t r o n a u t s  i n  EVA is  r e a d i l y  e x p l a i n e d  by  t h e  combina t ions  of a 
l i f e  s u p p o r t  sys tem w i t h  low work l o a d  margins ,  t h e  r e s t r a i n t  
f rom t h e  i n f l a t e d  s u i t ,  and a n  unexpec ted ly  s t r e n u o u s  work l o a d  
due t o  z e r o  G e f f e c t s .  
oxygen p a r t i a l  p r e s s u r e ,  h y p e r v e n t i l a t i o n  r e sponse  and c a r d i o v a s c u l a r  
s h i f t s  - may a l s o  b e  involved  b u t  a r e  n o t  c o n s i d e r e d  to b e  of 
p r imary  impor tance .  With a view to i n s u r i n g  e f f e c t i v e  EVA opera-  
t i o n s  f o r  Apol lo  and AAP, t h e  f o l l o w i n g  recommendations a r e  made: 

Other  f a c t o r s  - h i g h  m o t i v a t i o n ,  emotions, 

1. Those of t h e  " o t h e r  f a c t o r s ' '  t h a t  cou ld  be  checked by 
ground s i m u l a t i o n  a t  h i g h  work l o a d  s h o u l d  b e  s o  
s t u d i e d  i f  such a n  e f f o r t  i s  n o t  underway. The f i rs t  
r e a s o n a b l e  o p p o r t u n i t y  f o r  f l i g h t  t e s t  would a p p e a r  t o  
b e  t h e  S-IVB work shop (AS- 209 and  subsequen t  r endezvous ) .  
No g r e a t  urgency i s  s e e n  for e a r l i e r  f l i g h t .  The 
proposed  experiment  pay loads  s h o u l d  be  reviewed f o r  
coverage  of these  f a c t o r s .  

2. Work l oad  margins  for s p a c e  s u i t  - l i f e  s u p p o r t  systems 
must be r e e v a l u a t e d .  The r e l a t i v e  f l e x i b i l i t y  of t h e  
Apollo Block  I1 s u i t  may wel l  o f f e r  adequa te  margin  
f o r  1/6 G o p e r a t i o n ;  c u r r e n t  MSC s t u d i e s  should  p r e s s  
f o r  h i g h  work l o a d  sLmula t ions .  

3. If p o s s i b l e ,  a d d i t i o n a l  EVA e x e r c i s e s  ove r  and  above 
GT-12 should.  be  perfomned b e f o r e  t h e  l u n a r  l a n d i n g  to 
p r o v i d e  o p e r a t i o n a l  e x p e r i e n c e  and demons t r a t e  t h e  
adequacy o f  t h e  Apollo space  s u i t  sys tem.  

4. A backpack w i t h  nominal and  t r a n s i e n t  t he rma l  c h a r a c t e r -  
i s t i c s  adequa te  to accommodate t h e  f u n c t i o n a l  work 
c a p a c i t y  of a t y p i c a l  a s t r o n a u t  s h o u l d  be c o n s i d e r e d  
for AAP. 

5. It shou ld  be  recognized. t h a t  z e r o  g r a v i t y  a c t i v i t i e s  
a r e  n o v e l  and  r e q u i r e  b o t h  s t u d y  b y  t h e  e n g i n e e r  
and l e a r n i n g  b y  t h e  a s t r o n a u t .  

a .  A v a r i e t y  of means t o  g i v e  t h e  a s t r o n a u t  s t a b i l i t y  
and  l e v e r a g e  (handholds ,  h a r n e s s e s  , f o o t h o l d s ,  
e t c . )  m u s t  be  t r i e d  to f i n d  which a r e  most 



SELLCOMM, I N C .  - 5- 

e f f i c i e n t .  Th i s  shou ld  b e g i n  on Gemini 1 2  and  
c o n t i n u e  ( even  i n t r a v e h i c u l a r l y  on e a r l y  Apol lo  
f l i g h t s )  a s  n e c e s s a r y  to s u p p o r t  off-nominal  
m i s s i o n s  ( e .g . ,  e x t r a v e h i c u l a r  crew t r a n s f e r ) .  
It should.  be a m a j o r  e f f o r t  i n  t h e  AAP. 

b .  EVA o p e r a t i o n  p rocedures  should.  b e  rescheduled .  to 
a l l o w  " a c c l i m a t i z a t i o n "  of t h e  a s t r o n a u t  and  
p r o v i d e  o p t i o n a l  work - re s t  p e r i o d s .  T h i s  s h o u l d  
p a r t i c u l a r l y  a p p l y  to t h e  s c h e d u l i n g  of  l u n a r  
s u r f a c e  a c t i v i t  i e s  . 

6 .  S u b s t a n t i a l  d i f f e r e n c e s  i n  a s t r o n a u t  r e sponse  a r e  
obse rved .  A s  a cont ingency  measure i t  may b e  p o s s i b l e  
to s e l e c t  a s t r o n a u t s  f o r  t h e  Apollo l u n a r  s u r f a c e  
m i s s i o n  who have shown lower  m e t a b o l i c  o u t p u t s  i n  
EVA and/or  s i m u l a t i o n s .  
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