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ABSTRACT 

Extravehicular Act iv i ty  (EVA) i s  consldered paramount t o  achievement of missfon ob jec t ives  
of the space program and a, t rend of b o t h  increased and more d i v e r s i f i e d  f a r m  o f  EVA is expected. 
This trend wi17 require  many a l t e r n a t $ v e  design configurat ions o f  EVA s u i t s  according t o  re lat ive  
p r i o r i t i e s  of various i s sues .  Some o f  these i s sues  a r e  discussed (heat5ng/cooling, protect ton 
from ionizing rad ia t ion ,  deni t rogenat ion,  visual p ro tec t ion ,  comfort/dexteri t y ) .  Previous sol u -  
t ions  of t h e  U.S. space program are described. 

INTRODUCTION 

The botlrgeoning in te rna t iona l  emphasis on space 
programS, Tncluding t h e  recent  U.S. Space S h u t t l e  f l i g h t  
has awa kened many t o  the enormous potent ial  a v a i l a b l e  
in  spdce. As new technologfes and new appl ica t ions  
t o  old technologi'es a r e  developed the impetus f o r  
space u t i l i z ~ t i q n  wi l l  be increasingly provided by 
both the regulatory and pr iva te  s e c t o r s -  This  wi l l  
represent a g rea te r  d i v e r s i f i c a t i o n  of spacecraf t  ahd 
a correspondingly increased range of operat ional  
demands'and object ives.  

Extravehicular A c t i v i t i e s  (WAS) a r e  f~ndamental  
t o  the  success of these ob jec t ives  and a  trend of 
g rea te r  use of EVA i s  expected (Griswolde ar.d Wilde, 
1981).. An emphasis on reduced dependence on massive 
ground s t a t i o n s  through the use o f  improved computer 
systems and minimization of use o f  expendables (National 
Aeronautics and Space Admtnistration, 1979) wi l l  promise 
grearer  autonomy and operatjonal potent ial  f o r  EVA. 
Although NASA has had an ongoing fnterest i n  t h e  use nf 
t e leapera tors  and robot ics  (advanced forms of te leop-  
e ra tors  t h a t  funct$on a u t o n o r n o ~ ~ l y  o r  semizutonomously) 
ths2e are l i k e l y  t o  extend r a t h e r  than replace human 
c a p a b i l i t i e s  due t o  the unstructurcd and nonrepe t i t ive  
nature of many EVA tasks (National AerbnaLFtics and 
Space Adrninfstration, 197b). 

EVA capabi l i ty  i s  cur ren t ly  basel in& for NASA's 
fu ture  S h u t t l e  missions, each operational Orb i te r  mi$- 
$ion prdvfdin$.for th ree  two-man EVA5 of seven hour 
duratfons a s  standard procedure. EVA represents  
persomed a c t i v i t y  performed in a  space s u i t  and in a  
near vacuum enutronment. EVA i s  t h e  only means t o  
guarantee rescue o f  crews from stranded Orb i te r s  
(Broui l l e t ,  1981). In t h e  next decade EVAs wi l l  l a rge ly  
c o n s t i t u t e  t asks  such a s  Inspect ion,  r e p a i r  and deploy- 
ment of s a t e l l i t e s .  Beam building.wil1 subsequently 
become important and i s  expected t o  incur  approximately 
50% of the working hours in  space (Gunkel and Wolbers. 
1977). Eventual 1  y EVAs wi 11 assume grea te r  correspon- 
dence t o  work c h a r a c t e r i s t i c  of indus t r ia l  s o c i e t i e s  
on ear th and with g rea te r  t ask  s p e c i f i i i t y  (American 
I n s t i t u t e  of  Aerooautics and Astronautics. 197qJ. 

Demands wil l  include long tern) and shor t  t e m  tasks 
a t  fixed and temporary worksites a t  zero g i n  f r e e  space 
and a t  varying g fac tors  on lunar  aud planetary sur- 
faces ,  during l i g h t  and dark per5ods and d i f f e r e n t  
thermal environments. Different  degrees of s k $ l l ,  
s t reng th ,  and dex te r i ty  wi l l  be required. Workers wi l l  
d r f f e r  subs tan t ia l ly  i n  such c h a r a c t e r i s t i c s  a s  motiva- 
t ion ,  t ra in ing  and  socio-cul tural  bdckground. As space 
u t i l i z a t i o n  becomes the norm and  rrtissions increase i n  
duration aqe-related i s sues   my p l a y  an increasing r o l e  
in  design decfsiuns. Consequently, in the  f u t u r e  there  

wi l l  not be any one desIgn so lu t ion  f o r  EVA s u i t s  and 
equipment. Rather, a number o f  i s sues  must be consid- 
ered of vary<ng leve l s  of p r i o r i t y  according to  crew- 
member c h a r a c t e r i s t i c s  and mission ob jec t ives ,  Some 
basic  a t t r i b u t e s  o f  EVA s u i t s  wil l  be described a s  web 
as i s sues  f o r  f u t u r e  design applicatSons. 

EXTRAVEHICULAR MOBILITY UNIT 

The two arimary EVA s u i t s  designed f o r  NASA's 
space program were t h e  Apollo and Space Shut t l e  s u i t s .  
Gemini's EVA5 were conducted i n  a modified Air Force 
high a l t i t u d e  f l y i n g  suit a n d  suffered a number o f  
c o n s t r a i n t s ,  p a r t i c u l a r l y  i n  mobil i ty  and v i sor  fogging 
( ~ r o u l l l e t  and Griswolde, 1981). The Skylab EVA s u i t  
was s u b s t a n t i a l l y  t h e  same a s  the Apollo s u i t  with an 
improved v i s o r  assembly and an urnbflically supplied 
l i f e  support (p ressure ,  oxygen, v e n t i l a t i o n  and cooling) .  
These s u i t s  were termed Extravehicular Mobility Units 
(EMU$). 

The Apollo EMU consis ted of two primary subsystems 
(Carson, Rouen, Lutz and McBarron, 1975). The Pressure 
Garment Assembly (PGA) had t o  be custom b u f l t  f o r  each 
astronaut .  The cen t ra l  components of t h i s  assembly were 
the undergarments which contained tubes f o r  c i rcu la t ion  
of water f o r  coolifig and the s o f t  multilamlnate outer  
garment serving PS a pressure garment ,  thermal insu la tor  
and some degree o f  micrometeoroid pro tec t ion .  Dfpped 
rubber convoluted j o i n t s  were provided with r e s t r a $ n t  
cables  t o  prevent ballooning under pressure. Included 
i n  t h i s  assembly was a communications cap w i t h  earphones 
and microphon~s,  birhble helmet, EVA o v w - r f  $or assembly, 
gloves,  d r i n k  bag and body waste c o l l e c t ~ o n  devSce. 
The second primary system. t h e  Portable  L i fe  Support 
System (PLSS) was a backpack assembly t h a t  supplied 
breathing oxygen, pur i f i ed  oxygen by removal of carbon 



The amount of shielding of spa te  s u i t s  may eventual ly 
become proh ib i t ive  i n  cost  and mobfllty c o n s t r a i n t s .  
This problcm may be a t t e n ~ ~ a t e d  by extensive  c u r t ~ i l  ing 
o f  EVA dura t ion ,  t h e  provision o f  th icker  spacecraft  
Malls t o  reduce overa l l  r ad ia t$on  exposure and thereby 
prav(ds  grea te r  l a t i t u d e  durfng EVAs, o r  even u t i l i z e  
completely cnclosed t r a n s i t o r y  work s t a t i o n s .  Heavily 
shielded volun~es within spacecraf t  as t ronauts  may 
en te r  during periods o f  intense radiat ion (biowell s )  
.oay a l s o  reduce E V A  radiatSon l i m i t s  and allow f o r  
thinner  s u i t s  (Gunkel and Wol bers ,  19771. 

Den i t r csena t i  onw 

A reduction of envlronmntal  p t s ~ s u r i z a t i o n  caused 
by the  t r a n s i t i o n  from the Orb i te r  cabin a t  14.7 WSa 
(st.andard sea 1 ~ ~ 1  arm~sphcrrl t o  t h e  ~ l a n n e d  EMU 
prnvsurc of 4 p s l a  i n  t h e  vacuum of Space requ i res  
control led condit ions t o  avoid dysbarisrn. Dysbarim 
i s  caused by t h e  reduction o f  the p a r t i a l  pressure 
of nitrogen in the blood and body f l u i d s ,  r e s u l t i n g  
i n  nitrogen sa tura t ion  and t h e  formation o f  bubbles. 
This condit$on,  comrnesurate with t h e  bends, is extremely 
painful and dangerous and occurs when pressure i s  
reduced by more than 50% of the  i n i t i a l  pressure 
(Bateman, 1951 ) . The standard procedure i n  avoidance 
o f  t h i s  phenomenon i s  through el iminat ion of  nitrogen 
from t h e  blood and t i s s u e s  by breathing pure oxygen 
f o r  three t o  four  hours. Once the EMU i s  donned an 
oxygen purge adapter r j d s  the EMU of atmospheric 
ni t rogen,  reprersurizing the s u i t  with pure oxygen. 

The derbi trogenation process i s  not a dr?$i rahl e 
ritual because of the time delay,  p a r t j c u l a ~ l y  under 
emergency condit ions demanding EVA and t h e  m c e s s a r i l y  
high consumption level 5 of oxygen expendabl2g. One 
approach would be t o  r e d w e  t h e  Orbi ter  cabin pressure 
permanently o r  t h e  day p r i o r  to t h e  expected EVA. In 
addit ion t o  t h e  problems incurred under em~rgenc ies ,  
a reduced cabin pressure requires  a proport;ionately 
g rea te r  level  of  oxygen pressure and represen ts  a 
flammability hazard. Other p o s s i b i l i t i e s  include 
an increase o f  normal s u i t  operat ing pressure t o  a t  
l e a s t  8 psia or the development of a time var ian t  
s u i t  pressure t h a t  would decompress du r ing  EVA t o  an 
ul t imate pressure of 4 p s i a  (Griswolde and Wilde. 1981). 

Visual Protect ion 

Eye protect ion from s o l a r  rad ia t ion  i s  paramount, 
par t i cu la r ly  i n  v i sua l ,  u l t r a v i o l e t  and in f ra red  por- 
t ions  of t h e  e lec t romaqnct~c  spectrum. Prolonged 
exposure t o  u l t r a v i o l e t  l i g h t  can darnage sur face  c e l l s  
of the eye temporarily, i n t e r f e r i n g  w i t h  task completion. 
The EVA v i s o r  a$sernblies provide s o l a r  protect ion but 
must be manually a d j u ~ t e d .  Manual adjustment of 
helmet visoring 5s obviously undesirable. p a r t i c u l a r l y  
during performaflce of two-handed tasks .  Grlswolde and 
Wilde (1981 ) describe a design confept  of an automatic 
v i s o r  wide angle helmet. This helmet would u t i l i z e  
four  photo-cell actuated l lqu id  c r y s t a l  panels t o  
automatically ad jus t  l t y h t  t o  appropriate  l eve l s .  

A major fSnding t h a t  was not d e t ~ r m $ n e d  uoti7 the 
Skylab f l i g h t s  was t h a t  under conditions of  ~ e i g h t l e s s d  
ness t h e  body assumes a d i f f e r e n t  posture than the  s tan-  
dard One g posi t ion on e a r t h .  T h i s  was temed t h e  
Neutral Body Posture 3176 represents  t h a t  pdsi t i o n  the  
body assumes i n  Cke absence af external forces. The 
Neutral Body Posture i s  a ~emicrouch,  so mew her^ between 
a normal standrng and s i t t i n g  posi t ion,  in  which t h e  
n w k  and head d rop  torward, the f e e t  evidence a f i r t e e n  
d,,e~y$$ ~TO~P? t& tLp)i,qh %,?A $ 7 ~ 1  27% %'~'I@T,']Y 

bent .  Deviation from t h i s  posture resu l ted  i n  extreme 
discomfort and fa t ique  f o r  t h e  astronauts  (National 
Aeronautics and  Space Admini s t r a t i o n ,  1975). 

The space S h u t t l e  EMU design i s  more amenable t o  
the Neutral Body Posture than WAS provided by the 
Apallo design-  hpullo EMU j o i n t s  ware rubber convoluted 
j o i n t s ,  shaped l i k e  rubber bellows. These j o i n t s  were 
considered constant  volume j o i n t s ,  supposedly reducing 
e f f o r t  required because the only work was t o  r e s u l t  
from movement o f  the f a b r i c  r a t h e r  than pressure 
deviat ion.  The j o i n t s  d i d  not prove b~ e f f o r t l e s s  a 5  

=xpected and the  j o i n t s  provided considerable 
resistance and r e s u l t a n t  fa t igue .  The present 'EMU 
j o i n t s  src composed of f l a t  patterned f a b r i c  and poly-  
urethane sec t im5,  clasel y cmforming I? $hk $Q?\$ 
curva tu r~  a t  a s i g n i f i c a n t l y  smaller expense, t h i s  
j o i n t  construct ion i s  supposed t o  provide considerably 
l e s s  j o i n t  torque. J o i n t s  are e a s i e r  t o  bend and do 
not provide res i s tance  i n  order  t o  majntain t h a t  
pos i t ion .  Overal l ,  t h e  j o i n t s  a1 lowed fa r  20% grea te r  
nrobillty than Apollo EMU J o i n t s  ( 6 r o u i l l e t  and Griswolde 
1981). 

CONCLUSION 

The in te rna t iona l  space programs have changed 
dramatical ly  i n  a shor t  period of time and t h l s  trend 
i s  l i k e l y  t o  continue. EVA ki.11 play an increasing 
r o l e  i n  this new outgrowth. The poten t ia l  f o r  humans 
Po l i v e  and work I n  space i s  without h i s t o r i c a l  precedent 
and many i s sues  must he defjned and chal lenges faced. 
The most basic  of these i s sues  involve design of t h e  
EMU, a few of which  have been discussed. 
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. ! j ~ x i d e  and o t h e r  contaminants ,  ma in ta ined  s u i t  p res -  
:,;)re, controll~d temperature ,  warned o f  system ma1 - 
: ~ m c t i o n s  and p rov ided  vo i ce  communications and t e l e -  
;etry.  An Oxygen Purge System (OPS) prov5ded t h i r t y  
: ? i nu tes  o f  emergency oxygen. 

The S h u t t l e  EMU was an improved v e r s i o n  o f  t h e  
h u l l  o  EMU (Brou i  11 e t  , 1981 ) . Outer  garment s e c t i  on5 
,:re s tanda rd i zed  and modular, a l l o w i n g  a few s i z e s  o f  
? ~ c h  element t o  f i t  t h e  e n t i r e  a s t r o n a u t  p o p u l a t i o n .  
The pressure  dssernbly i s  terrned t h e  Space S u i t  Assembly 
{ S S A ) .  The l i q u i d  c o o l i n g  undergarment i s  s i m i l a r  t o  
:bat o f  A p o l l o  b u t  t h e  o u t e r  s e c t i o n  i s  s u b s t a n t i a l l y  
ixproved. The r i g i d  upper t o r s o  i s  of  aluminum and 
f i b e r g l a s s  w i t h  t h e  PLSS a t t a c h e d  i n  back. The l ower  
t3 rso  s e c t i o n  i s  a  s o f t  po l y l am ina ted  f a b r i c .  J o i n t s  
are o f  tucked p a t t e r n e d  f a b r i c  and p o l y u r e t h a w -  
These j o i n t s  represented a  s i g n i f i c a n t  improvement ove r  
A p o l l o l s  EMU j o i n t s .  Thc P i55 i s  designed f o r  g r e a t e r  
ope ra t i ona l  e f f e c t j v e n e s s  by des ign f o r  modular sub- 
systems. Machinery i s  placed i n  one module on t o p  o f  
t he  PL55 w i t h  expendables on t h e  bot tom and o u t s i d e  
surfaces, T h i s  c o n f i g u r a t i o n  f a c i l i t a t e s  tu rn-around 
t ime o f  rechargeable5 and a l l o w s  f o r  f u t u r e  growth  
p o t e n t i a l .  The PLSS i s  designed t o  conform t o  t h e  
shape o f  t h e  hard  upper t o r so ,  r e s u l t i n g  i n  a much 
sma l l e r  and more compact c o n f i g u r a t i o n .  The f i x c d  
backpack, reduced number o f  a t tachments  and s i m p l i f i e d  
design a l l ows  as t ronau ts  t o  dress  themselves i n  a few 
minutes, w h i l e  Apol l o  as t ronau ts  r e q u i r e d  o v e r  an hour  
p l u s  a d d i t i o n a l  a i d  f o r  t h e  cumbersome task .  

DESIGN ISSUES 

Heat ing/Cool i n q  

Ths u t i l i z a t i o n  o f  thermal * i n s u l a t i o n  on t h e  o u t e r  
s e c t i o n  08F t h e  EMU p rov ides  an a d d i t i o n a l  c o n s t r a i n t  
u f  d i s s i p a t i o n  of  t he  a s t r o n a u t s '  heat  p roduc t i on ,  
p a r t i c u l a r l y  under c o n d i t i o n s  o f  hSgh work l oad .  
Excessive heat  was a arob lcm i n  some o f  the Gemini 
EVA$ (Wal i g o r a  and  orr rig an, 1977). Overheat ing  can 
a l s o  create a s t a t e  o f  dehyd ra t i on  t h rough  excess ive  
sweat l o s s .  The e x t e n t  o f  m e t a b o l i c  demand f o r  d 
g iven  task  i s  d i f f i c u l t  t o  p r e d i c t  f o r  ze ro  g  because 
o f  n o n i i ~ n e a r  me tabo l i c  va r i ances  between d i f f e r e n t  
tasks  a t  ze ro  and one g .  However, a n a l y s i s  o f  Gemin i  
miss ions determined t h a t  t a s k  d i f f i c u l t y  (and the reby  
me tabo l i c  r a t e )  c o u l d  be g r e a t l y  improved th rough  t h e  
use o f  adequate body r e s t r a i n t s ,  p r e f l i g h t  t r a i n i n g  i n  
watar  " n ~ u t r a l  buoyancy . tanks" t h a t  s i m u l a t e  c o n d i t i o n s  
o f  we ight lessness and d e t a i l e d  schedu l i ng  o f  a c t i q i t i e s  
(Wal i g o r a  and Horr igan,  1975). 

There a r e  two p r imary  means o f  c o o l i n g  (Carson, 
Rohen, L u t z  and McBarron, 7975). The l i q u i d  c o o l i n g  
sys tem,cons i s t s  o f  p l a s t i c  c o o l i n g  tubes on t h e  
i n s i d e  o f  t h e  undergarment t h a t .  c i r c u l a t e  coo led  wa te r .  
The expendable w a t e r  r e q u i r e d  f o r  EMU heat  r e j e c t i o n  
i s  p e r i o d i c a l l y  s u p p l i e d  by t h e  Env i ronmenta l  Con t ro l  
and L i f e  Support  System (ECLSS) o f  t h e  spacec ra f t ,  
wh ich  d r a i n s  and r e f i l l s  t h e  c o o l i n g  tubes t o  meet 
demands as h i g h  as i 9 k g l d a y  ( T h i e l e ,  Secord, and 
Murphy, 1977). t h e  second system prov$des v e n t i l a t i o n  
v i a  oxyqen.: f low,, s e r v i n g  as hea t  r e j e c t i o n  i n  a d d i t i o n  
t o  o t h e r  f u n c t i o n s .  T h i s  system p rov ides  a  c l osed  
1oop.o f  oxygen f r o m  t h e  PLSS i n t o  t h e  he lmct ,  o v e r  
t h e  oronasa.1 area, and down t o  e x t r e m i t i e s .  V e n t i l a -  
t i o n  was prov ided w i t h  an u m b i l i c a l  connected t o  
t h e  v e h i c l e  d u r i n g  Sky lab and A p o l l o  f i f t e e n  t o  seven- 
tee? m,i?sibns. A l though hea t  removal c a p a c i t i e s  were 
equ i va len t ,  t h e  u m b i l i c a l s  were i n c o n v e n i e n t  because 
they were cwnber$~rne, g o t  i n  t h e  wgy and l i m i t e d  EVA5 
t o  t h e  s i x t y  f o o t  i e n g t h  o f  t h e  u m b i l i c a l .  

The c o o l i n g  systenis o,F E V A  f o r  A p n l l u ,  Skylab and 
the Space S h u t t l e  are  similar, a l l o w i n g  s u s t a i n e d  
o p e r a t i o n s  a t  me taba l i c  r a t e s  up t o  2 x 706 3 / h r  
(app rox ima te l y  475 k c a l / h r )  undcr n o r m a l l y  f u n c t i u n i n g  
o  e r a t i o n s  ( ~ a l i g o r a  and H o r r i g a n ,  7975).  A I thoush 
tRere  i s  same concern t h a t  t h e  EMU may n o t  pe r fo rm 
s u f f i c i e n t l y  under unusual1 demanding work c o n d i t i o n s  
Wal igora  and Hor r i gan  (19777 determined t h a t  t h e  rnetab- 
o f i c  r a t e  o f  l o n g  d u r a t i o n  EVA5 o f  A p o l l o  and Sky lab 
were remarkab ly  c o n ~ i s t e n t ,  maintaining a m e t a b o l i c  
range o f  8.37 x  105 J / h r  (200 k c a l / h r )  t o  , I  .O5 x 106 d /h r  
(250 k c a l / h r ) .  T h i s  was cons idered a  r e s u l t  o f  s e l f -  
pac ing  of crew a c t i v i t y  r a t h e r  than engergy requirement,$ 
o f  t asks .  

Space v e h i c l e s  i n  t h e  f u t u r e  w i l l  p robab l y  evidence 
a  s h i f t  i n  r e l i a n c e  a f  energy genera ted by  f u e l  c e l l s  
t o  s o l a r  power. Use o f  f u e l  c e l l s  p r o v i d e  w a t e r  as a  
byproduct  f rom t h e  f u s i o n  o f  hydrogen and oxygen f o r  
energy and serve as a  r e a d i l y  a v a i l a b l e  supp ly  f o r  EVA 
l i q u i d  c o o l i n g  requ i rements .  Consequently, a l t e r n a t i v e  
c o n f i g u r a t i o n s l w i l l  need t o  be p rov ided  f o r  f u t u r e  mqs- 
s ions .  'One p o s s i b l e  des ign  was desc r i bed  by Gr is r io lde  
and Wi lde (1981) - Du r i ng  crewmember t r a n s 1  t i o n  f rom 
t h e  O r b f t e r  t o  t h e  w o r k s i t e  a phase change m a t e r i a l  

-such as i c e  p rov ided  by t h e  Space S h u t t l e  would serve 
as a  temporary  hea t  s i nk .  The rema in ing  and p r imary  
hea t  r e j e c t i o n  requ i rements  c o u l d  be met by a  r a d i a t a r  
as p a r t  o f  seve ra l  p o s s i b l e  c o n f i g u r a t j o n s ,  e .g-  l oca ted  
a t  a  semipermanent w o r k s i t e .  

R a d i a t i o n  ( I o n i z i n g )  

P r o t e c t i o n  f rom i o n i z i n g  r a d i a t i o n  rep resen ts  a  
major  c o n s t r a i n t  for EVAs and w i l l  become i n c r e a s i n g l y  
i m p o r t a n t  as g r e a t e r  m i s s i o n  d u r a t i o n 5  are planned due 
to t h e  cumu la t i ve  n a t u r e  o f  i o n i z i n g  r a d i a t i o n  dosage. 
The amount o f  i o n i z i n g  r a d i a t i o n  a s t r o n a u t s  a r e  sub- 
j e c t e d  t o  i s  a  f u n c t i o n  o f  s u i t  t h i ckness ,  o r b f t a l  
a t t i t u d e  and i n c l i n a t t o n ,  EVA exposure t i m e  and miss ion  
d u r a t i o n .  

Low e a r t h  o r b i t  (LED) a t  370 t o  425 kin, i s  most 
i n t e n s i v e  i n  t h e  area o f  t h e  Van A l l e n  B e l t s ,  r each ing  
a  peak a t  t h e  South A t l a n t i c  anor,aly (near  R i o  de 
J a n e i r o ) .  R a d i a t i o n  l e v e l s  a t  geosynchronous e a r t h  
o r b i t  (GEO) consrsc  o f  some cosd~ ic  r a d i a t i o n  but  a r e  
pr imar51y determined by t h e  s i z e  and f requency o f  s o l a r  
f l a r e s .  These f l a r e s  a r e  g e n e r a l l y  o f  e i t h e r  h i g h  
i n t e n s i t y  b u t  s h o r t  d u r a t i o n  o r  l aw  i n t e n s i t y  b u t  
l a s t i n g  a  few days (Gunkel and Wolbers, 1977). Because 
GEO r a d i a t i o n  i s  cons ide rab l y  more i n t e n s e  a m  con- 
t i n u o u s  than l e v e l s  a t  LEO most EVA$ w i l l  p robab l y  
occu r  a t  LEO f o r  some t i ne .  h u t t l e  EMUS, w i t h  a 3 t h i c k n e s s  o f  0.1 t o  0.3 gnl/crn may p r o v i d e  s u f f i c i e n t  
s h i e l d i n g  because of  t h e  expected s h o r t  m i s s i o n  
d u r a t i o n s  and by schedu l i na  EVA t a s k s  o u t s i d e  o f  t he  
South A t l a n t i c  inomaly  ( s tanda rd  procedure  d u r i n g  
Sky lab EVA$). 

An a d d i t i o n a l  hazard i s  caused by t h e  c o l l i s 4 o n  o f  
i o n i z i n g  r a d i a t i o n s  such as a lpha and gamma p a r t i c l e s  
w i t h  t h e  EMU or s p a c e c r a f t  walT produc ing secondary 
r a d i a t i o n s ,  p r i m a r i l y  i n  the form o f  x - rays .  Hami l ton  
Standard, des igners  o f  t h e  EMU a r e  i n v e s t i g a t i n q  a  
snace s u i t  des ign w i t h  o u t e r  l a y e r s  o f  a l ow  a tomic  
we ight  s e r v i n g  t o  d e c e l e r a t e  p r imary  r a d i a t i o n s  and 
w i t h  f l e x i b l e  h i g h  d e n s i t y  i n n e r  l a y ~ r s  t o  absorb 
secorldary emiss ions (Gr iswolde and M i l  de, 1981).  Custom 
t a i l o r i n g  t h e  p ressu re  garments t o  $uCt t h e  p a r t i c u l a r  
m i s s i o n  c h a r a c t e r i s t i c s  i s  a l s o  under i n v e s t i g a t i o n  t o  
a v o i d  excess ive  s u i t  t h i ckness .  

As r a d i a t i o n  du ra t i o r )  and i r~ t .ens i  t y  i nc reases  t h e  
r e q u i r e d  s u i t  t h i c k n e s s  increases co r respond ing l y .  
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