
YOU MEAN I HAVE TO L I V E  UP THERE? 

HUiYAN FACTORS I N  SPACE 

Rani  L u e d e r  

The r e c e n t  Space Shuttle f l i g h t  has reawakened us t o  t h e  enormous 

p o t e n t i a l  t h a t  can be tapped f rom f u t u r e  miss ions  r e q u i r i n g  manned space 

c r a f t ,  The Space T r a n s p o r t a t i o n  System can a c t  as a suppo r t i ng  vehicle 

f o r  numerous f u t u r e  programs such as space s t a t i o n s ,  space manufactur ing 

f a c i l i t i e s ,  power sa te l l i t e  systems, space set t lements,  and o t h e r  concepts 

t h a t  we may have y e t  t o  formulate.  As science uncovers new techno log ies  

o r  new a p p l i c a t i o n s  t o  o l d  t echno log ies  t h a t  a r e  advantageous i n  space, a 
probable s h i f t  w i l l  occur  i n  which t h e  impetus f o r  space u t i l i z a t i o n  w i l l  

be p rov ided  l e s s  by t h e  r e g u l a t o r y  block (NASA) and i n c r e a s i n g l y  on t h e  

p a r t  of t h e  p r i v a t e  sector .  

Th i s  s h i f t  wil l  r ep resen t  a co r respond ing l y  g r e a t e r  d i ve rsS ty  o f  types and 
s i z e s  o f  space s t r u c t u r e  con f igura l . ions  and requ i re  a broad spectrum o f  

personnel d u t i e s  and r e q u i  rements t o  suppor t  t h e  va r i ous  miss ions.  

Furthertirore, t h e  r a p i d  t e c h n o l o g i c a l  growth o f  i nfor tnat ion systems 

promises  a reduced dependence on massive ground s t a t i o n s  and a 

correspondingly  g r e a t e r  opera t ional  p o t e n t i a l  f o r  f u t u r e  personnel i n  

space. These d u t i e s  may j n c l u d e  i nspec t i ng ,  ma in ta in ing ,  beam b u i l d j n g ,  

upda t i ng  o r  a c t u a l l y  l i v i n g  and wo rk i ng  i n  a space s t r u c t u r e .  Both s h o r t  

t e r m  and l o n g  te rm personned space ventures w i l l  be r e q u i r e d  and d i f f e r e n t  

l e v e l s  o f  r e q u i s i t e  s k i  11, t r a i n i n g  and m o t i v a t i o n s  w i l l  be evidenced. 

These cond-i t i o n s  w i  1 1  necess i  t a t @  a 1  t e r n a t i  ve des ign  s o l u t i o n s ,  Far 

example, a h i g h l y  mo t i va ted  crewmember on a s h o r t  t r i p  t o  r ep lace  a 

s a t e l l i t e  component w o u l d  n o t  r e q u i r e  a s  l a r g e  a l i v i n g  space i n  h i s  

habitability module as a beam b u i l d e r  on a long t e r m  s tay  i n  a space 

s t a t i o n ,  but more a t t e n t i o n  would be needed t o  m i n i m i z e  t h e  e f f e c t s  of  

space mot ion s ickness c h a r a c t e r i s t i c  o f  t h e  f i r s t  few days o f  space 

f l i g h t .  Therefore, a l though t h e r e  w S 1 1  p robab l y  not  be any one des ign  

s o l u t i o n ,  a number o f  i s sues  r e q u i r i n g  d i f f e r e n t  p r i o r i t i e s  f o r  each 

mission must be considered f o r  f u t u r e  successes i n  parsonned space 

a c t i v f t i e s .  T h i s  paper w i l l  desc r i be  a few o f  these issues  and how t h o  

U.S. space program has addressed them. 
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d.iscor:~fort a n d  f a t i g u e  f o r  t h e  S k y l a b  ast ronauts .  There was a s t r a i n  on 

t h e  stotr~ach w s c l e s  a s  they a t t e m p t e d  t o  ma in ta i n  t h e  l y  seated p o s i t i o n  

and on t h e  neck muscles i n  c o u n t e r a c t i n g  t h e  reduced l i n e  of s i g h t  f rom 

head droop, The foruard p o s t u r a l  s h i f t  a l s o  r e s u l t e d  i n  a greater reach  

envelope, Measureinents o f  t h e  pos tu re  were determined f r o m  Sky1 ab photos 

and implemented f o r  t h e  f i r s t  t i m e  i n  t h e  des ign o f  t h e  Space Shut t le .  

The design was subsequent ly t e s t e d  i n  Neutral Buoyancy Water Tanks t o  

s u b s t a n t i a t e  i t s  adequacy. 

On e a r t h  one ' s  o r i e n t a t i o n  i s  taken  f o r  granted because down i s  i n  t h e  

d i r e c t i o n  o f  t h e  g r a v i t a t i o n a l  f o r c e  and ma in ta ined  by our  v e s t i b u l a r  

system o f  balance and v i s u a l  cues. Under c o n d i t i o n s  o f  weightlessnes$, 
o n l y  the  v i s u a l  system p rov ides  i n f o r m a t i o n  rega rd ing  up and down, and 

down i s g e n e r a l l y  cons idered wherever t h e  f e e t  a re  1 ocated. Consequently, 

i n  m ic rog rav i  t y  c o n d i t i o n s  d i s o r i e n t a t i o n  i s 1 ikely t o  occur  and c u r i o u s  

perspec t i ves  o f  normal surroundings o f t e n  emerge. O r i e n t a t i o n  t o  one 's  
surrounding can be augmented by des ign ing  a s t r o n g l y  de f i ned  l o c a l  

v e r t i c a l  i n t o  t h e  c ra f t .  A local v e r t i c a l  i s  c rea ted  by p r o v i s i o n  of a 

c l e a r  up/down r e fe rence  i n  des ign co r re rpand ing  t o  t h a t  normal1.y found on 

ea r th ,  A un i f o rm  re fe rence  may improve performance because i t  i s  e a s i e r  

t o  t r a i n  i n  and p resen ts  inore f a m i l i a r  and less confus ing i n f o r m a t i o n  i n  
an env i  ronlnent 1 a rge l y  i n t e r p r e t e d  f r o m  v i s u a l  cues b u t  p resen ts  t h e  

obvious d i  sadvantage o f  i n e f f i  c i e n t  use o f  very va luab l  e space, 

Sky lab was t h e  f i r s t  U,S. space c r a f t  ' large enough f o r  des ign o f  local  

v e r t i c a l  to be consequent ia l ,  NASA i n t e n t i o n a l l y  designed Sky lab w i t h  

th ree  o r i e n t a t i o n s .  A l though t h e  workshop where crew members l i v e d  and 

worked was deslgned w i t h  a s tandard  lg o r i e n t a t i o n ,  t h e  Docking Adapter i t  

was a t tached t o  p rov ided  no l o c a l  v e r t i c a l  w i t h  f i x t u r e s  p r o t r u d i n g  f rom 

'the e n t i r e  w a l l  and t h e  Command and S e r v i c e  Module which mated w i t h  t h e  

Dock ing Adapter had a s t r o n g  v e r t i c a l  o p p o s i t e  o f  t h e  workshop. P r o v i d i n g  

two oppos i t e  o r i e n t a t i o n s  d i d  n o t  appear t o  p resent  a g r e a t  i m p o s i t i o n  f o r  

crew members b u t  much f r u s t r a t i o n  was expressed over  t h e  Docking Adapter, 



which ruost as t ronau ts  never  became accustomed to .  Even w i t h  a s t r o n g l y  

def ined l oca l  v e r t i c a l  i n  t h e  ' l i v i n g  q u a r t e r s  o f  Sky lah  o r i e n t a t i o n  was 

d i f f f  c u l L  and t h e  r e  would accasionaly get l o s t ,  p a r t i c u l a r l y  by 

e n t e r i n g  a room sideways o r  upside-down. Confusion would d isappear  w i t h i n  

t h i r t y  t o  f i f t y  degrees o f  t h e  normal v e r t i c a l  and t h e  surrounding would 

rega in  i t s  p r e d i c t i  ve q u a l i t y .  

Despite t h e  f a c t  t h a t  the  r e l a t i v e l y  sma l l e r  room helaw which was e a s i e r  

t o  i n t e r p r e t  was p r e f e r r e d  and most o f  t h e  as t ronau ts  were the  most  

comfor tab le  when o r i e n t e d  t o  t h e  v e r t i c a l ,  i t  was gene ra l l y  f e l t  t h a t  a 

s p e c i f i c  I g  o r i e n t a t i o n  should n o t  be t h e  prjmary design goal ,  Rather 

t r a f f i c  p a t t e r n s  and volume c o n s i d e r a t i o n s  shou ld  t a k e  precedence i n  

f o rmu la t i on  o f  c r i t e r i a ,  I t  was recommended t h a t  w i t h i n  a s p e c i f i e d  t a s k  

a f  1 o f  t h e  t a s k  elements (equipment, 1  i ght ing ,  r e s t r a i n t s )  be ar ranged 

around a  l o c a l  o r i e n t a t i o n  b u t  d i d  n o t  need t o  be cor respond ing ly  o r i e n t e d  

t o  o ther  tasks, F u t u r e  crew members, perhaps l e s s  h i g h l y  mo t i va ted  and 

t r a i n e d ,  may feel d i f f e r e n t l y  and more unders tand ing  needs t o  be ga ined on 
t h i s  phenomena. The Space S h u t t l e  i s  des igned w i t h  a l o c a l  o r i e n t a t i o n  

and p r o v i  des srnal l e r  qua r te r s ,  so o r i e n t a t i o n  shoul d n o t  represen t  a 

problem. 

P rov i s i ons  f o r  n o i s e  a t t e n u a t i o n  has represen ted  a  ma jo r  des ign problem 

because o f  s u b s t a n t i a l  r e s u l t a n t  we igh t  p e n a l t i e s  and t h e  l a r g e  number o f  

n o i s e  genera t ing  components. However, n o i s e  can cause performance 

decrements induced f r om psycho log i ca l  s t r ess ,  p a r t i c u l a r l y  s ince  some 

as t ronau ts  i n d i c a t e d  t h a t  s leep  was not  as r e s t f u l  i n  space. Qecibe l  

levels were cons ide rab le  u n t i l  n o i s e  abatement methods were implemented 

a f t e r  t h e  f i r s t  A p o l l o  Lunar Landing upon t h e  a s t r o n a u t s '  i n s i s t e n c e  t h a t  

they needed i t  f o r  sleep. Even w i t h  t h i s  p r o v i s o  i n  t h e  subsequent 

Sky lab ,  sound l e v e l s  reached 64 dSA a t  one po in t .  The Space S h u t t l e  

desi  gn d i  $con t inued  t h e  n o i  se a t t e n u a t i o n  because of  s t r i n g e n t  c o s t  and 



w e i g h t  demands, b u t  a d d i t i o n s  may be . incorporated i n  f u t u r e  P a l i g h t s  t o  

reduce no i se  levels. One o f  t h e  f a n s  i n  p a r t i c u l a r  p r o v i d e d  an extrcsrnely 

h i g h  n u i s e  l e v e l  and w i l l  r e q u i r e  a s o l u t i o n ,  These p r o v i s i o n s  appear 

p a r t i c u l a r l y  d e s i r a b l e  f o r  t hose  rn iss ions t h a t  s h i f t  work i s  designed for,  

MOBIL ITY /KESTRAIAT  SYSTEMS 

The i m p o s i t i o n  o f  we igh t lessness  p resen t s  obv ious problems i n  locomot ion  

and man ipu la t i on  o f  equipment, Crew rnerrtbers need t o  be c o n t i n u a l l y  

r e s t r a i n e d  t o  p reven t  f l o a t i n g  away. Once an a s t r o n a u t  s t a r t e d  moving 
a long  a p a t h  he war u n a b l e  t o  speed-up o r  slow-down o r  change d i r e c t i o n  on 

h i s  own. Consequently, i f  a crew member found h i m s e l f  d r i f t i n g  -From a 

w a l l  he o f t e n  had t o  r e s i g n  h imse l f  t o  f l o a t i n g  u n t i l  he touched t h e  

oppos i t e  w a l l  ( two hours  i n  one ins tance) .  Each f o r c e  exer ted created an 

equal and o p p o s i t e  force so i t ems  such as t h e  pushbuttons f o r  s q u i r t i n g  

w a t e r  i n  t h e  Sky lab  wardroom t a b l e  p r o v i d e d  exaspera t ion  when c r e w e n  

would f i n d  themselves pushed away if they hadn 't r e s t r a i n e d  t h e m e 1  ves, 

Foot '  ~ e s t r a i n t  Systems 

The Mercury and Gemini space c r a f t  were t o o  smal l  t o  a l low mobility. 

Apol l o  Modules were slightly l a r g e r  bu t  f o o t  r e s t r a i n t s  were n o t  provided 

f o r  i n t r a - v e h i c u l a r  t r a v e r s a l ,  The much g r e a t e r  s i z e  o f  Skylab r e s u l t e d  

in a  v a r i e t y  05 f o o t  r e s t r a i n t  systems. The primary system was a 

t r i a n g u l a r  c l ea t  t h a t  c o u l d  be a t t ached  t o  shoes and inserted i n t o  

t r i a n g u l a r  g r i d s  t h a t  constituted the f l o o r  and ceiling of  most o f  t he  

crew q u a r t e r s  area and f o r w a r d  dome. The r e s t r a i n t s  were engaged by 

r o t a t i n g  t h e  shoes s l i g h t l y  and disengaged by r eve rse  r o t a t i o n .  An o p t i o n  

i n  Skylab was three s i z e s  o f  c o n i c a l  mushroom shaped c l e a t s .  The 

tr iangular c l e a t s  were found t o  be t i m e  consuming t o  opera te  and would 

p e r i o d i c a l  ly m a 1  f u n c t i  on, bu t  genera l  ly p r o v i  ded a stab1 e r e s t r a i n t  

system. Conica l  c l e a t s  were e a s i e r  t o  engage, b u t  t h e  a s t r o n a u t  had t o  

use con t inuous  p ressu re  i n  t he  g r i d  t o  keep them from disengaging. 

Flexible  velcro f i n e d  t o e  s t raps  were prov ided in f r o n t  o f  t h e  Waste 
Management Compartment and doughnut shaped r e s t r a i n t s  were p l aced  i n  t h e  

shower and c o u l d  be used bare foo t ,  Bo th  o f  t hese  system were found 

d e f i c i e n t  because f o o t  droop was n o t  accounted f o r  and e f f o r t  was r e q u i r e d  

f o r  use, 



Eva lua t i on  o f  t h e s e  and sirriilar r e s t r a i n t s  resulted i n  several 

reco~rlr;~ei.~dations, The use o f  a v a r i e t y  o f  t y p e s  o f  f o o t  r e s t r a i n t s  Nas 

undesi rab ' le  and o n l y  one k i n d  shou ld  be developed. T h i s  r e s t r a i n t  shou ld  

be pas5. i  ve, n o t  r e y u i  r e  concen t ra t ion ,  be q u i c k l y  and e a s i  ly en gaged and 

disengaged, f i r m l y  h o l d  t h e  user  a n d  a l l o w  f o r  i n s t a l l a t i o n  a t  temporary 

work s i t e s .  These c r i t e r i a  r e s u l t e d  i n  t h e  dec i s i on  t o  use a s u c t i o n  cup 

attachment on cunvent iona l  l e a t h e r  boots  t h a t  would cover  smooth surfaces 

o f  t h e  S h u t t l e  O r b i t e r  deck. Such a s o l u t i o n  i s  advantageous because i t  

i s  more ainenab'le t o  t h e  ank le  droop c h a r a c t e r i s t i c  o f  t h e  Neut ra l  Boqy 

Posture. 

Weight lessness presented many problems f o r  crew members a t t emp t i ng  t o  

l o c a t e  and use a r t i c l e s ,  Astronauts f r equen t l y  r epo r ted  opening 

con ta ine rs  and r e l e a s i n g  inumerable i t e m s  i n t o  t h e  a i r ,  f l o a t i n g  i n  a l l  

d i f f e r e n t  d i  r ec t j ons .  The d i r e c t i o n  and d is tance o f  t r a v e r s a l  c o u l d  not  

be p red i c ted ,  a l though l a r g e  o b j e c t s  generally d r i f t e d  a t  a  s lower  r a t e  

than smaf l e r  objects. Locat ion  o f  s p e c i f i c  items frequently appeared 

impossible.  Skylab miss ions  alone  con ta ined  over  twenty  thousand i tems 

stowed i n  one hundred cab ine ts  and as t ronau ts  q u i c k l y  l o s t  t r a c k  o f  where 

many o f  them had been placed. 

A nut:rber o f  r e s t r a i n t  devices were used on t h e  va r i ous  missions, Ivlercury 

and Gewini f l i g h t s  on l y  used velcro as a temporary  r e s t r a i n t ,  

Subsequently, one o f  the most successfu' l  i t e m  r e s t r a i n t s  proved t o  be 

bungee cords, o r  meta l  "screen door' '  t y p e  s p r i n g s  w i t h  snaps o r  hooks a t  

each end. Pant pock@ts  were inadequate as  r e s t r a i n t s  because i tems 

f requent ly  d i d  n o t  f i t  c o r r e c t l y  and would  f l o a t  out .  

'The problem o f  r e s t r a i n t  o f  items obv ia tes  a need f o r  a d d i t i o n a l  des ign 

s t r a t e g i e s .  M i n i m i z i n g  t h e  number o f  separate i t e m s  by use o f  

m u l t i - f u n c t i o n  t o o l s  and equipment a l l e v i a t e s  t h e  d i f f i c u l t y  o f  a t t e m p t i n g  

t o  cap tu re  many a r t i c l e s  a t  once. The s u b s t i t u t i o n  o f  latches i n s t e a d  o f  



screws i s  e v i d e n t l y  s u p e r i o r .  Co'lur c o n t r a s t s  o f  f i  gure and background 

can r e s u l t  i n  e a s i e r  de tec t ion ,  F l o a t i n g  i ter: is can a l s o  be dangerous and 

should be t o o  large t o  i n h a l e  and possess no sharp edges. 

As t ronau ts  in space have r e q u i r e d  l e s s  Trequent body cleansing than  would 

appear necessary on e a r t h  because o f  an absence o f  v i r t u a l l y  a l l  dust a n d  

d i r t .  F i l t e r i n g  systems were c o n t i n u a l l y  p u r i f y i n g  t h e  a i r .  A week i s  

general ly cons idered  an adequate p e r i o d  between thorough c l e a n i  ngs, The 

primary c lean1 iness  problem r e s u l t a d  from p e r s p i  r a t i o n  caused by 

exercise. Th i s  problem was exacerbated by the absence o f  g r a v i t a t i o n a l  

convec t ion  c u r r e n t s  t h a t  l e d  crew members t o  overheat. A f an  i n  c l o s e  

p r o x i m i t y  t o  t h e  e x e r c i s e  a r e a  can p r o v i d e  rnuch r e l i e f .  

The Mercury c r a f t  p rov ided  no allowances f o r  cleansing because o f  t h e  
s h o r t  d u r a t i o n  o f  f l i g h t .  Gemini was t o o  c o n f i n i n g  f o r  removal o f  the 

e n t i r e  space s u i t  b u t  a water  d ispenser  a n d  t owe l s  were a v a i l a b l e  for 

p a r t i a l  body cleansing. The g rea te r  s i z e  o f '  t he  A p o l l o  c r a f t  meant 
crewroen were a b l e  t o  pe r fo rm  whole body cleansing. Skylab was t h e  o n l y  

U,S. space c r a f t  t o  con ta in  a shower. Th i s  was a c o l l a p s i b l e  s u i t  system 

t h a t  requ i red  unpacking  and assembly and had t o  be c leaned a n d  d r i e d  o u t  

a f t e r  use, Crewmen generally p r e f e r r e d  sponge ba ths  t o  t h i s ,  i n d i c a t i n g  

t h e  c l ean ing  of  t h e  shower de fea ted  i t s  purpose and war t o o  time 

consuming. 'The Skylab crew washed t h e m s e l v e s  f rom a va l ve  recessed i n  the  

w a l l  o f  t h e  hygiene s t a t i o n  t h a t  p rov ided  sprays o f  hot  and c o l d  water. A 

suc t i on  d r a i n  c l o s e  t o  t h e  v a l v e  d i d  n o t  per fo rm adequately and wate r  
splashi  ng made washing d i f f i c u l t .  The Space S h u t t l e  p r e s e n t l y  only has 

p r o v i s i o n s  Tor  sponge b a t h  c l e a n s i n g  because very  few miss ions  a re  

expected t o  exceed seven t o  t e n  days, Should l onge r  f l i g h t s  occur  i n  t h e  
fu tu re ,  a d d i t i o n a l  systems w i l l  p robab l y  be accorded. 



'The p r imary  i ssue i n management o f  human wastes under m i  c r o g r a v i  ty  

c o n d i t i o n s  i s  ensu r i ng  containment so t h a t  i t  does n o t  f l o a t  i n t o  t h e  

a i r .  Mercury crewmen were f e d  a  low r e s i d u e  d i e t  f o r  t h i r t y  days p r i o r  t o  

and d u r i n g  launch t o  m in im ize  t h i s  problem. An i n s u i t  u r i n e  c o l l e c t i o n  

system and a  d i a p e r - l i k e  i n s u i t  f e c a l  conta inment  system was t h e  o n l y  

p rov i s i on .  Gemini as t ronau ts  were l e s s  l i m i t e d  d i e t a r i  l y  and were a l l owed  

p l a s t i c  bags f o r  feca l  containment except  d u r i n g  launch  and reen t ry .  A 

v a r i a t i o n  o f  t h e  p l a s t i c  bags f o r  f e c a l  m a t t e r  was u t i l i z e d  d u r i n g  t h e  

i n i t i a l  A p o l l o  voyages b u t  a  d i f f e r e n t i a l  p ressure  r e l i e f  t ube  w i t h  a 

funne l  at tachment represen ted  a  g r e a t  improvement. Sky lab ' s  Waste 

14anagernent compartment was t o t a l  l y  enc losed w i t h  a f o l d i  ng door w i t h  

aluminum sheet ing, 'The t r i a n g l e  g r i d  was n o t  p l aced  on t h e  f l o o r  because 

des igners f e l t  t h a t  odors and s p i l l s  would represen t  a  problem. The 

as t ronau ts  d isagreed and expressed d i s p l e a s u r e  a t  d i f f i c u l t y  o f  

performance wi t h o u t  r e s t r a i n t s .  The f e c a l  c o l l  e c t o r  was a  ha tch  1 i ke 

opening w i t h  a  bag enc losed w i t h i n  and a  l i t t l e  sea t  t h a t  f o l d e d  over. 

Waste was c o l l e c t e d  by s u c t i o n  a i r f l o w .  U r i n a t i o n  was accompl ished w i t h  a  

v a r i a t i o n  o f  t h e  Apo ' l lo  tube, except  t h e  t u b e  caused r e d u c t i o n  o f  p ressure  

i n s i d e  t h e  b ladder  and c o u l d  c o l l e c t  a twen ty - f ou r  hour supply  a t  one 

t ime. Major  c r i t i c i s r n s  o f  t h e  Skyfab system were t h a t  t h e  v e r t i c a l  

o r i e n t a t i o n  o f  t h e  f e c a l  c o l l e c t o r  f o r c e d  t h e  crew t o  l o o k  a t  t h e  f l o o r  

d u r i n g  use, and t h e  l a c k  o f  r e s t r a i n t s .  The Space S h u t t l e  waste c o l l e c t o r  

i s  designed f o r  f i f t h  t o  n i n e t y - f i f t h  p e r c e n t i l e  males and fernales i n  bo th  

ze ro  and ly w i t h  t h e  v e h i c l e  o r i e n t e d  h o r i z o n t a l l y .  The compartment 

con ta ins  a  p r i v a c y  c u r t a i n  as w e l l  as  t o p  and bot tom openings t o  a v o i d  t h e  

expense o f  p r i v a t e  duct ing.  Designers l ea rned  a  lesson  f r om Sky lab and 

p rov ided  f o o t  and w a i s t  r e s t r a i n t s  and handholds. The sea t  i s  more 

s i m i l a r  t o  those used on ear th ,  w i t h  a  vacuum s u c t i o n  f o r  c o l l e c t i o n  and a 

d i f f e r e n t i a l  p ressure  tube. D u r i n g  t h e  recen t  S h u t t l e  f l i g h t  a  p r ima ry  

compla in t  o f  t h e  as t ronau ts  was t h e  inadequate f o r c e  o f  s u c t i o n  f low.  The 

f a c i  1  i ty accommodated f o r  women by p r o v i d i n g  a  cap-1 i k e  p r o t r u s i o n  a t  t h e  

f r o n t  o f  t h e  p ressure  l u b e  t h a t  would be pressed a g a i n s t  t o  p reven t  

s p l a t t e r .  A p o t e n t i a l  problem may occur  because o f  t h e  c o n s t r a i n t  t h a t  



bo th  males and females use t h e  same u r i n a t i o n  tube  - p r o t o c o l  may a l s o  

t a k e  precedence i n  space. The compartment was p laced  as f a r  away f rom t he  

s l eep ing  conpartment as p o s s i b l e  because o f  p r i o r  compla in ts  f rom t h e  

Sky lab crew. 

SLEEPING AREAS 

Prev ious as t ronau ts  have r e p o r t e d  t h a t  s leep  i s  l i g h t e r  i n  space, so 

i ssues  such as p r i v a c y  and n o i s e  b a r r i e r s  appear o f  p a r t i c u l a r  consequence 

i n  a  we igh t l ess  environment. V i r t u a l l y  a l l  o f  t h e  Sky lab as t ronau ts  

i n d i c a t e d  t h a t  p r i v a t e  s leep  compartments a r e  necessary, and t h e  l onge r  

t h e  m iss ion  t h e  more c r i t i c a l  i t  was considered. S u b s t a n t i a l  v e n t i l a t i o n  

must be p rov ided  i n  these  q u a r t e r s  because i n  t h e  absence o f  convec t ion  

c u r r e n t s  caused by g r a v i t y  i t  i s  p o s s i b l e  t o  s u f f o c a t e  i n  one 's  own C02 

exhalat ions.  

The Mercury and Gemini ven tu res  r e q u i r e d  t h a t  as t ronau ts  s leep  s t rapped t o  

a  forrn f i t t e d  couch w i t h  t h e i r  p ressure  s u i t s  on, A p o l l o  crewmen were 

s t i l l  n o t  p rov ided  p r i v a t e  sleep areas, b u t  c o u l d  f i n a l l y  wear comfor tab le  

i n t r a v e h i c u l a r  garments and s l e p t  i n  r e s t r a i n t s  s i m i l a r  t o  hammocks under 

o r  above t h e  couches. Sky lab was t h e  f i r s t  space c r a f t  w i t h  p r i v a t e  

s l e e p i n g  c u r t a i n s ,  p a r t i t i o n s  and stowage l o c k e r s  t o  separa te  s leep 

areas, S leep ing  bags were o r i e n t e d  v e r t i c a l l y  t o  t h e  f l o o r  w i t h  a t t endan t  

body r e s t r a i n t s .  I n i t i a l l y  one o f  t h e  as t ronau ts  i n d i c a t e d  i t  was 

d i f f i c u l t  s l eep ing  i n  t h i s  o r i e n t a t i o n ,  b u t  he q u i c k l y  ad jus ted  and i t  was 

general l y  cons idered  an e f f i c i e n t  use  o f  space, As t ronau ts  p r e f e r r e d  

c o o l e r  temperatures w h i l e  s l e e p i n g  than d u r i n g  work, Temperatures were 

i n d i v i d u a l l y  c o n t r o l  l e d  i n  t h e  compartments by m o n i t o r i n g  t h e  a i r f l o w  r a t e  

i n  t h e  f l o o r ,  b u t  t h e  headward d i r e c t i o n  o f  v e n t i l a t i o n  caused d r y i n g  o f  

t h e  nasal  passages and genera f d i  scornfort. Subsequent des i  gn eva lua t i ons  

recommended t h a t  f u t u r e  space c r a f t  avo i  d d i  r e c t i  ng a i  r f  low towards t h e  

head d u r l n g  sleep, T h e  Space S h u t t l e  p rov ided  f o u r  s l eep  s t a t i o n s  

c o n t a i n i n g  p a l l e t s  w i t h  r e s t r a i n t s ,  i n d i v i d u a l  I i ght ing ,  and c u r t a i n s  f o r  

pr ivacy.  V e n t i l a t i o n  c o u l d  be mon i t o red  f r om each s t a t i o n ,  b u t  a i r f l o w  

was d i r e c t e d  towards t h e  fee t ,  Three o f  t he  s t a t i o n s  were o r i e n t e d  



h o r i z o n t a l l y  and one s t a t i o n  was o r i e n t e d  v e r t i c a l l y  t o  t h e  f l o o r .  

Sleep ing  bags were s i r n i l a r  t o  those used on Skylab. In t h e  case  o f  

s l e e p i n g  s h i f t s  r e q u i r e d  d u r i n g  t h e  Spacelab f l  i ghts  e x t r a  s l eep ing  bags 

w i  11 be prov ided.  

Th i s  paper has addressed o n l y  a few o f  t h e  i s sues  r e l a t e d  t o  des ign o f  

space c r a f t .  However, i t  i s  e v i d e n t  t h a t  d ramat ic  changes have occured i n  

living q u a r t e r  c o n f i g u r a t i o n s  i n  a s h o r t  t i m e  p e r i o d  and t h i s  t r e n d  w i l l  

p robab ly  cont inue. Much i n f o r m a t i o n  has y e t  t o  be acqu i red  r e l a t e d  t o  

human p o t e n t i a l  and requ i  rernents i n  space and t echno log i ca l  changes w i  11 

p r o v i d e  p r o g r e s s i v e l y  new s o l u t i o n s  as t h i s  i n f o r m a t i o n  i s  acquired. F o r  

exarnpl e, e f f e c t s  o f  l o n g  t e r m  weight lessness,  h i  gh energy p a r t i c l e  

r a d i a t i o n ,  and sus ta i ned  r o t a t i o n  f o r  genera t ion  o f  a r t i f i c i a l  g r a v i t y  

need t o  be more f u l l y  unders tood  and w i l l  rep resen t  new des ign  

i m p l i c a t i o n s .  


