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p a r t i c l e s ,  and r a d i a t i o n  c o n d i t i o n s  i n  near -ear th  o r b i t s  and f ree-space t o  

sand and d u s t  env i  ronment s encountered on 1 unar  o r  p l  a n e t a r y  sur faces.  

Represen ta t i ve  ITMG m a t e r i a l s  c ross-sec t ion  1 ayups a re  i d e n t i f i e d  and 

desc r ibed  f o r  v a r i o u s  space s u i t  c o n f i g u r a t i o n s  rang ing  f rom t h e  Gemini 

Program t o  p lanned p r o t e c t i v e  requirements and c o n s i d e r a t i o n s  f o r  a n t i c i p a t e d  

Space S t a t i o n  EV ope ra t i ons .  
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SPACE S U I T  EXTRAVEHICULAR 

HAZARDS PROTECTION DEVELOPMENT 

By Joseph J. Kosmo, NASA-JSC 

January 14, 1987 

, I n t r o d u c t i o n  

Space s u i t s  p r o v i d e  t h r e e  b a s i c  func t i ons  f o r  e x t r a v e h i c u l a r  (EV) as t ronau ts .  

F i r s t ,  i n  combina t ion  w i t h  a p o r t a b l e  l i f e  suppor t  system, t h e  space s u i t  

m a i n t a i n s  t h e  p h y s i o l o g i c a  w e l l  b e i n g  o f  t h e  as t ronau t .  T h i s  i n c l u d e s  

s u p p l y i n g  O2 f o r  b r e a t h i n g  and v e n t i l a t i o n ,  C02 removal and me tabo l i c  heat  

removal. Secondly, t h e  s u i t  i nco rpo ra tes  v a r i o u s  mob i l  i t y  j o i n t  system 

f e a t u r e s  t o  enab le  t h e  crewmember t o  per form u s e f u l  t a s k s  i n  t h e  EV 

environment. 

p a r t i c u l  a r  EV environment. These hazards range from thermal  extremes, 

me teo ro id  and d e b r i s  p a r t i c l e s ,  and r a d i a t i o n  c o n d i t i o n s  i n  nea r -ea r th  o r b i t  

and free-space t o  sand and dus t  environments encountered on l u n a r  o r  p l a n e t a r y  

sur faces .  

v a r i o u s  s t r u c t u r a l  elements o s a t e l l i t e  o r  space v e h i c l e s  as we l l  as g l o v e  

ab ras ion  when pe r fo rm ing  phys c a l  EV tasks.  

F i n a l l y ,  t h e  s u i t  prov ides p r o t e c t i o n  a g a i n s t  t h e  hazards o f  t h e  

A d d i t i o n a l  hazards a r e  encountered from sharp c o r n e r s  and edges o f  

As t h e  p ressu re  r e t e n t i o n  l a y e r  o f  a space s u i t  p rov ides  b o t h  t h e  

p h y s i o l o g i c a l  p r o t e c t i v e  b a r r i e r  and s t r u c t u r a l  f ounda t ion  f o r  t h e  

i n c o r p o r a t i o n  o f  v a r i o u s  mobi l  i t y  systems, a separa te  o u t e r  c o v e r l a y e r  garment 

compr i s ing  v a r i o u s  combina t ions  o f  m a t e r i a l  l ayups  c o n s t i t u t e s  t h e  

env i ronmenta l  p r o t e c t i v e  b a r r i e r  f o r  t h e  EV worker. 
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D i  sc u s s i on 

I .  Background : 

Throughout t h e  Mercury program and u n t i l  t h e  i n i t i a l  f e a s i b i l i t y  o f  

e x t r a v e h i c u l a r  a c t i v i t i e s  (EVA) was e s t a b l i s h e d  on t h e  Gemini I V  

m iss ion ,  space s u i t s  were e s s e n t i a l l y  u t i 1  i z e d  as i n t r a v e h i c u l  a r  backup 

emergency systems i n  case of l o s s  o f  c a b i n  pressure.  The Gemini 

program p r o v i d e d  t h e  f i r s t  exper ience f o r  EVA i n  t h e  U n i t e d  S ta tes  

manned space e f f o r t  ( F i g u r e  1). The o r i g i n a l  program o b j e c t i v e s  

i n c l u d e d  t h e  f o l l o w i n g :  

Develop t h e  c a p a b i l i t y  f o r  EVA i n  f ree-space. 

Use EVA t o  i n c r e a s e  t h e  bas ic  c a p a b i l i t y  of t h e  Gemini s p a c e c r a f t .  

Develop o p e r a t i o n a l  techniques and e v a l u a t e  advanced equipment i n  

suppor t  of EVA f o r  f u t u r e  programs. 

I n  o r d e r  t o  p r o v i d e  adequate thermal and m ic rometeo ro id  p r o t e c t i o n  f o r  

t h e  EV environment,  t h e  i n i t i a l  EVA p r o t e c t i v e  c o v e r l a y e r  f o r  t h e  Gemini 

I V  m i s s i o n  c o n s i s t e d  o f  an o u t e r  p r o t e c t i v e  l a y e r  o f  h igh- temperature 

r e s i s t a n t  (HT-1) ny lon ,  a l a y e r  of  b a l l i s t i c  f e l t  f o r  m ic rometeo ro id  

p r o t e c t i o n ,  seven a1 t e r n a t i n g  l a y e r s  o f  a l u m i n i z e d  M y l a r  and unwoven 

Dacron spacer m a t e r i a l  as s u p e r i n s u l a t i o n ,  and two i n n e r  most l a y e r s  o f  

s ix-ounce uncoated HT-1 f o r  micrometeoro id shock and p a r t i c l e  a b s o r p t i o n  

( F i g u r e  2 ) .  

i n t r a v e h i c u l  a r  Gemini G3C s u i t .  Tab1 e 1 1 i s t s  t h e  genera l  requ i  rements 

f o r  t h e  G4C s u i t  c o n f i g u r a t i o n  (EV v e r s i o n  o f  t h e  b a s i c  G3C s u i t ) .  

Th i s  c o v e r l a y e r  was i n t e g r a t e d  t o  and worn over  t h e  b a s i c  
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TABLE 1 

Weight 
Bul k 

Pressure:  
Opera t i ng  

S t r u c t u r a l  
M o b i l i t y  

V e n t i l a t i o n  (EV): 
I n1  e t  
Out1 e t  

General Requi rements f o r  Gemini G4C 
E x t r a v e h i c u l a r  Space S u i t  Assembly 

Spacec ra f t  Ex te rna l  (EV) : 
Temperature 

Mic rometeoro id  Environment (EV) : 
I n i t i a l  EV M iss ion  Exposure 
P r o b a b i l i t y  o f  No P e n e t r a t i o n  

(P ) o f  S u i t  B ladder  
Expoged S u i t  Surface Area 

. 35 l b .  (G3C S u i t  W t .  = 25 l b s . )  . Small enough t o  p e r m i t  unass i s ted  
egress and i n g r e s s  th rough  Gemini ha tch  
a t  zero-g 

. 3.7 t 0.2 p s i a  f o r  5 hrs .  EVA i n  hard  
ambient vacuum 
8.0 ps ig ,  15 m inu tes  . S u f f i c i e n t  f o r  u n a s s i s t e d  ha tch  egress 
and i n g r e s s  a t  zero-g 

. 14-18 acfm a t  45 t 3 O F  . 3.7 p s i a  
- 

. -150 t o  t25OoF 

. 10 minutes  ( w o r s t  shower p e r i o d )  . 0.999 

. 2 5  f t2 
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The b u l k  o f  t h i s  c o v e r l a y e r  ( l a t e r  c a l l e d  t h e  i n t e g r a t e d  thermal! 

m ic rometeo ro id  garment o r  ITMG) r e s t r i c t e d  a s t r o n a u t  mobi l  i t y  even w i t h  

t h e  s u i t  i n  t h e  unpressu r i zed  mode i n s i d e  t h e  v e h i c l e  c a b i n .  

For t h e  nex t  EV m i s s i o n  (Gemini V I I I ) ,  t h e  c o v e r l a y e r  (ITMG) was 

redesigned t o  reduce b u l k ,  increase m o b i l i t y  and m a i n t a i n  o r  improve 

thermal and m ic rometeo ro id  p r o t e c t i o n .  The m ic rometeo ro id  p r o t e c t i v e  

l a y e r s  o f  t h e  I T M G  were m o d i f i e d  t o  u t i l i z e -  l a y e r s  o f  

neoprene-coated n y l o n  i n  l i e u  of t h e  b a l l i s t i c  f e l t  and t h e  W~J l a y e r s  

o f  uncoated HT-1 f a b r i c .  Overa l l  s u i t  m o b i l i t y  was n o t i c e a b l y  improved 

w i t h o u t  any l o s s  o f  environmental  p r o t e c t i v e  c a p a b i l i t i e s  b y  t h e  

i n t r o d u c t i o n  o f  t h e  new ITMG layup. F i g u r e  3 shows t h e  r e l a t i v e  

comparison o f  t h e  Gemini I V  and Gemini V I I I  ITMG c o v e r l a y e r s .  

Subsequent Gemini EVA m iss ions  i n c o r p o r a t e d  a d d i t i o n a l  changes t o  t h e  

ITMG l a y u p  p r i m a r i l y  i n  t h e  lower  t o r s o  area o f  t h e  s u i t  t o  p r o v i d e  

i nc reased  thermal p r o t e c t i o n  aga ins t  t h e  As t ronau t  Maneuvering U n i t  

(AMU) t h r u s t e r s  imp ing ing  on t h e  s u i t  sur face.  

130OoF were p o s s i b l e  a t  t h e  AMU t h r u s t e r  impingement areas. 

s t e e l  f a b r i c  was used as an o u t e r  f a b r i c  c o v e r l a y e r  a l o n g  w i t h  dmsn 

l a y e r s  each o f  a lum in i zed  H - f i l m  (Kapton) and f i b e r g l a s s  c l o t h  as 

Temperatures as h i g h  as 

A s t a i n l e s s  

thermal i n s u l a t i o n  f o r  t h e  l e g s  ( F i g u r e  4 ) .  

To comp le te  t h e  G4C E V  c o n f i g u r a t i o n ,  a go ld  coa ted  sun v i s o r  and 

s p e c i a l  ove rg loves  u t i 1  i z i n g  a s i l a s t i c  foam m a t e r i a l  were p rov ided  f o r  

thermal p r o t e c t i o n .  The t o t a l  man-hours o f  EVA exper ience  gained i n  t h e  

Gemini program amounted t o  1 2  hours and 25 minutes accompl ished on 5 o f  

t h e  10 manned Gemini miss ions.  
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11. Lunar Operat ions:  

EVA technology from t h e  Gemini program was i n c o r p o r a t e d  wherever 

p o s s i b l e  i n  t h e  des gn of t h e  Apol lo  e x t r a v e h i c u l a r  m o b i l i t y  u n i t  (EMU). 

The ITMG f o r  t h e  A p o l l o  EMU, however, r e q u i r e d  des ign  c o n s i d e r a t i o n s  f o r  

t h e  more severe l u n a r  sur face environment. 

1 unar sur face i n c l u d e d  p a t e n t i a l  secondary d e b r i s  p a r t i c l e s  e j e c t e d  b y  

p r imary  me teo ro id  impacts on the 1 unar sur face,  a b r a s i v e  c h a r a c t e r i s t i c s  

due t o  t h e  s u r f a c e  rocks,  sand and d u s t  environment and wors t  case 

thermal c o n d i t i o n s  due t o  t h e  combinat ion o f  l una r -day  h i g h  sun ang les  

and t h e  e f f e c t  o f  l u n a r  c r a t e r  wal ls .  F i g u r e  5 shows a r e p r e s e n t a t i v e  

m a t e r i a l s  c r o s s - s e c t i o n  i n c o r p o r a t e d  i n  t h e  I T M G  f o r  t h e  A p o l l o  EMU 

a s s e n b l i e s  u t i l i z e d  d u r i n g  Apol lo  l u n a r  s u r f a c e  m iss ions .  

p r o t e c t i o n  agai  n s t  ab r a s i  on, an a d d i t i o n a l  e x t e r n a l  1 ayer  o f  t e f l  on 

f a b r i c  was a t tached  t o  t h e  knee, w a i s t ,  elbow and shou lde r  areas o f  t h e  

ITMG. Specia l  l u n a r  overboots  ( F i g u r e  6 )  worn over  t h e  b a s i c  A p o l l o  

space s u i t  p ressu re  garment asse rb l y  b o o t s  p rov ided  thermal  and a b r a s i o n  

p r o t e c t i o n  d u r i n g  1 unar  s u r f a c e  opera t i ons .  

rubber  s o l e  area o f  t h e  boo t ,  the o u t e r  l a y e r  o f  t h e  l u n a r  b o o t  was 

f a b r i c a t e d  from s t a i n l e s s  s t e e l  (Chromel-R) woven f a b r i c  w i t h  t h e  tongue 

area o f  t h e  b o o t  made f rom t e f l o n - c o a t e d  Beta ( f i b e r g l a s s )  c l o t h .  

r i b - s t r u c t u r e  s o l e  c o n f i g u r a t i o n  was used t o  i n c r e a s e  thermal i n s u l a t i o n  

q u a l i t i e s ,  p r o v i d e  l a t e r a l  r i g i d i t y ,  and t o  p r o v i d e  t r a c t i o n  on t h e  

l u n a r  sur face.  The i n n e r  l a y e r s  o f  t h e  l u n a r  b o o t s  ( f r o m  t h e  Chromel-R 

f a b r i c  i nward )  c o n s i s t e d  o f  bm l a y e r s  o f  a lum in i zed  polymid f i l m  

(Kapton) f o l l o w e d  b y  @WE l a y e r s  o f  a l u m i n i z e d  p e r f o r a t e d  my la r  f i l m  

EV hazards unique t o  t h e  

For 

Except f o r  t h e  s i 1  i cone  

A 
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" 

separated b y  

l i n e r  of t e f l o n - c o a t e d  Beta c l o t h .  Bwo l a y e r s  o f  Nomex f e l t  i n  t h e  s o l e  

area p r o v i d e d  a d d i t i o n a l  thermal i n s u l a t i o n  f rom t h e  1 unar  sur face.  

1 aye rs  of  non-woven Dacron and f o l l  owed b y  an i n n e r  

The EV g l o v e  f o r  t h e  A p o l l o  EMU c o n s i s t e d  of a m o d i f i e d  i n t r a v e h i c u l a r  

pressure g l o v e  covered b y  an ITMG 1 ayup. 

i n t e g r a l  c u f f ,  o r  g a u n t l e t ,  t h a t  extended over  t h e  w r i s t  d i sconnec t  on 

t h e  space s u i t  arm. The g l o v e  ITMG, a m u l t i l a y e r  assembly, p rov ided  

scuff ,  abras ion,  and thermal p r o t e c t i o n  f o r  t h e  p ressu re  g love.  The 

m a t e r i a l  c r o s s - s e c t i o n  1 ayup o f  t h e  Apol 1 o EV g l  ove i s  i d e n t i f i e d  i n  

F i g u r e  7. A woven s t a i n l e s s  steel  f a b r i c  (Chromel-R) was i n c o r p o r a t e d  

o v e r  t h e  palm and f i n g e r s  t o  p rov ide  ab ras ion  p r o t e c t i o n .  

f i n g e r t i p  s h e l l s  were made of h igh s t r e n g t h  s i l i c o n e  rubber  ( R T V  630) 

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

s i l i c o n e  d i s p e r s i o n  c o a t i n g  was a p p l i e d  t o  t h e  palm and palm-side area 

o f  t h e  f i n g e r s  and thurrt, t o  p rov ide  increased g r i p p i n g  c h a r a c t e r i s t i c s .  

The EV g l o v e  i n c l  uded an 

The thumb and 

A c l e a r  

The l u n a r  e x t r a v e h i c u l a r  v i s o r  assembly (LEVA) shown i n  F i g u r e  8, 

p rov ided  v i s u a l ,  thermal and impact p r o t e c t i o n  t o  t h e  a s t r o n a u t ' s  helmet 

and head. -The LEVA was composed o f  an o u t e r  p r o t e c t i v e  s h e l l  t h a t  

housed two v i s o r s  and t h r e e  eyeshades. 

was made o f  h i g h  temperature r e s i s t a n t  po l ysu l  fone p l a s t i c  and coa ted  on 

t h e  i n s i d e  s u r f a c e  w i t h  a t h i n  f i l m  l a y e r  o f  vacuum d e p o s i t e d  gold.  The 

sun v i s o r  c o u l d  b e  manual ly  ad jus ted  i n  p o s i t i o n  f rom " f u l l  up" t o  f u l l  

down" d u r i n g  EV ope ra t i ons .  

i n  t h e  f u l l  down p o s i t i o n ,  was made of u l t r a v i o l e t - s t a b i l i z e d  

po lyca rbona te  p l a s t i c .  

The o u t e r  v i s o r ,  o r  sun v i s o r ,  

The second v i s o r ,  o r  p r o t e c t i v e  v i s o r  f i x e d  

The ou te r  v i s o r  f i l t e r e d  v i s i b l e  1 i g h t  and 
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r e j e c t e d  a s i g n i f i c a n t  amount o f  u l t r a v i o l e t  and i n f r a r e d  rays. The 

p r o t e c t i v e  v i s o r  f i l t e r e d  u l t r a v i o l e t  rays ,  r e j e c t e d  i n f r a r e d  rays  and 

i n  combina t ion  w i th  t h e  sun v i s o r  and p ressu re  he lmet ,  formed an 

e f f e c t i v e  thermal  b a r r i e r .  The two v i s o r s  i n  comb ina t ion  w i t h  t h e  

pressure  he1 met p r o t e c t e d  t h e  as t ronau t  f rom mic rometeo ro id  damage and 

damage t h a t  c o u l d  r e s u l t  from a f a l l  on t h e  l u n a r  sur face .  The o u t e r  

s h e l l  hous ing p rov ided  p r o t e c t i o n  f o r  t h e  sun v i s o r  d u r i n g  p e r i o d s  o f  

non-use. 

i n d i v i d u a l l y  b y  t h e  as t ronau t  t o  p reven t  su r face  g l a r e  f rom obscu r ing  

v i s i o n  d u r i n g  EVA. The A p o l l o  11 M i s s i o n  ( F i g u r e  9) was t h e  f i r s t  

m i s s i o n  on which t h e  EMU was exposed t o  t h e  l u n a r  environment. 

20, 1969, man f i r s t  s e t  foo t  on an e x t r a t e r r e s t r i a l  s u r f a c e  and 

c o l l e c t e d  s c i e n t i f i c  da ta  w h i l e  b e i n g  sus ta ined  and p r o t e c t e d  from a 

h o s t i l e  environment. 

h a b i t a b l e  env i ronment  f o r  more than 160 man-hours o f  manned l u n a r  

s u r f  ace a c t  i v i  t i  es . 

Separate eyeshades (1 e f t ,  c e n t e r  and r i g h t )  c o u l d  b e  a d j u s t e d  

On J u l y  

Throughout t h e  A p o l l o  program, t h e  EMU prov ided  a 

The Skylab program u t i l i z e d  a m o d i f i e d  v e r s i o n  o f  t h e  A p o l l o  EMU ITMG 

and s u c c e s s f u l l y  accompl i shed  82 man-hours o f  EVA over  t h r e e  m iss ions  

( F i g u r e s  10 and 11). 

I I I. S h u t t l  e M i  s s i  ons : 

As i n  t h e  A p o l l o  program where the  founda t ion  o f  b a s i c  EV environment 

p r o t e c t i v e  knowledge came from the p rev ious  Gemini program e f f o r t s ,  t h e  

development o f  t h e  S h u t t l e  space s u i t  ITMG stemmed f rom exper ience and 

knowledge gained d u r i n g  t h e  Apo l lo  and Skylab programs. A d d i t i o n a l l y ,  

e f f o r t s  were under taken th rough advanced techno1 ogy development 
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a c t i v i t i e s  f o r  improvements t o  m a t e r i a l s  p i  anned f o r  use i n  t h e  S h u t t l e  

I T M G  layup.  The most s i g n i f i c a n t  ou tg rowth  o f  t h i s  a c t i v i t y  was t h e  

development of  a h i g h  wear and ab ras ion  r e s i s t a n t  f a b r i c  hav ing h i g h  

t e a r  s t r e n g t h  p r o p e r t i e s .  The f a b r i c ,  c a l l e d  " O r t h o f a b r i c  , I '  i s  a woven 

b l e n d  of  t h r e e  d i f f e r e n t  ma te r ia l s .  The o u t e r  s u r f a c e  of t h e  f a b r i c  i s  

Gore-Tex ( t e f l o n )  backed b y  Nomex and c o n t a i n i n g  a g r i d d e d  i n t e r l a y  

s t r u c t u r e  of K e v l a r  f i b e r s .  

o u t e r  p r o t e c t i v e  l a y e r  of t h e  S h u t t l e  ITMG. 

The O r t h o f a b r i c  i s  c u r r e n t l y  used as t h e  

Due t o  t h e  l o w  e a r t h  o r b i t  (LEO) o p e r a t i o n s  o f  t h e  S h u t t l e  m iss ions  

which a r e  u n l i k e  t h e  ha rsh  l u n a r  s u r f a c e  thermal environment,  changes t o  

t h e  numbers o f  l a y e r s  o f  s u p e r i n s u l a t i o n  were made t h a t  reduced o v e r a l l  

ITMG b u l k .  

a s t r o n a u t ' s  m o b i l  i t y  w h i l e  p r o v i d i n g  adequate thermal and m ic rometeo ro id  

p r o t e c t i o n .  The S h u t t l e  I T M G  i nco rpo ra tes  +#& 1 ayers o f  a1 umin ized 

M y l a r  w i t h  a r e i n f o r c i n g  l a y e r  o f  Dacron g r i d d e d  s c r i m  b a c k i n g  each 

l a y e r  as opposed t o  t h e  

mater  a1 used i n  t h e  A p o l l o  ITMG. The S h u t t l e  space s u i t  u t i l i z e s  an 

e x t r a v e h i c u l a r  v i s o r  assembly (EVVA) s i m i l a r  i n  many regards t o  e a r l i e r  

A p o l l o  LEVA and Skylab e x t r a v e h i c u l a r  v i s o r  assembly (SEVA) w i t h  t h e  

e x c e p t i o n  t h a t  t h e  eyeshades have been de le ted .  Thermal p r o t e c t i o n  f o r  

t h e  S h u t t l e  EV g loves i s  prov ided th rough  an i n t e g r a l  l a y u p  o f  

s u p e r i n s u l  a t i o n  ( F i g u r e  1 2 ) .  The S h u t t l e  program t o - d a t e  has 

successfu l  l y  accompl i shed 136 man-hours o f  EVA ( F i g u r e  1 3 ) .  

T h i s  r e s u l t e d  i n  the ITMG b e i n g  l e s s  r e s t r i c t i v e  t o  t h e  

l a y e r s  of s u p e r i n s u l a t i o n  and spacer 
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Advanced TMG Requirements: 

Wi th  t h e  advent o f  t h e  Space S t a t i o n  program and t h e  a n t i c i p a t i o n  o f  

r o u t i n e  E V A ' S  b e i n g  conducted on a weekly b a s i s  ove r  l o n g  pe r iods  o f  

t ime ,  des ign  requ i rements  regard ing  p r o t e c t i o n  a g a i n s t  p o t e n t i a l l y  new 

EVA hazards have r i s e n .  As shown i n  F i g u r e  14, a l o n g  w i t h  t h e  b a s i c  

p r o t e c t i v e  aspects  of t h e  t y p i c a l  S h u t t l e - t y p e  I T M G  ( such  as 

the rma l /ab ras ion  and micrometeoro id p r o t e c t i o n ) ,  s p e c i a l i z e d  p r o v i s i o n s  

f o r  chemical p r o t e c t i o n ,  enhanced r a d i a t i o n  s h i e l d i n g ,  e l  e c t r o - s t a t i c  

charge c o n t r o l ,  inc reased impact p r o t e c t i o n  due t o  o r b i t a l  d e b r i s ,  

p o s s i b l e  m a t e r i a l  c o n s i d e r a t i o n s  f o r  atomic oxygen d e g r a d a t i o n  and 

improved 1 ong-term wear c h a r a c t e r i  s t  i c s  a r e  e i t h e r  necessary o r  

d e s i  r a b l  e f o r  advanced space s u i t  ITMG's .  

P r o x i m i t y  t o  sate1 1 i t e  o r  spacecra f t  propel  1 an ts  and o t h e r  chemical s 

d u r i n g  f u t u r e  EVA r e f u e l i n g  opera t i ons  r e q u i r e s  t h e  i n c o r p o r a t i o n  o f  a 

chemical  con taminant  c o n t r o l  b a r r i e r  on t h e  e x t e r i o r  o f  t h e  space s u i t .  

The p r o p e l l a n t  con taminants  ( i f  t hey  p e r s i s t  as a l i q u i d  i n  space) would 

b e  capab le  o f  d i s s o l v i n g  t h e  mylar f i l m  i n  t h e  TMG m u l t i p l e  l a y e r  

s u p e r i n s u l a t i o n .  Tes ts  o f  t h e  chemicals  o f  concern  such as 

monomethylhydrazine (N2H3CH3), hydraz ine  (N2H4), n i t r o g e n  t e t r o x i d e  

(N204) and ammonia (NH3) i n d i c a t e  t h a t  a t h i n  f i l m  ( 2  m i l )  o f  FEP 

t e f l o n ,  l am ina ted  t o  t h e  i n s i d e  s u r f a c e  of  t h e  e x t e r i o r  O r t h o f a b r i c  

l a y e r  o f  t h e  t y p i c a l  S h u t t l e  I T M G  w i l l  p r o v i d e  t h e  necessary b a r r i e r  

f u n c t i o n .  

I T M G  layups .  P r o t e c t i o n  t o  t h e  (Lexan)  p ressure  he lmet  f rom chemical  

deg rada t ion  can b e  p rov ided  b y  the a d d i t i o n  o f  a t h i n  p o l y s u l f o n e  

1 aminated l a y e r  over  t h e  polycarbonate sur face .  

S i m i l a r  p r o t e c t i v e  measures can b e  u t i l i z e d  i n  t h e  E V  g l o v e  
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I n  space, i o n i z i n g  r a d i a t i o n  hazards a r e  produced b y  s o l a r  f l a r e  events ,  

deep space g a l a t i c  cosmic sources and t rapped s o l a r  e l e c t r o n s  and 

pro tons  from t h e  Van A l l e n  b e l t s .  R a d i a t i o n  i n  LEO depends upon t h e  

o r b i t a l  a l t i t u d e  and i n c l i n a t i o n  o f  t h e  space v e h i c l e  ( F i g u r e  1 5 ) .  O f  

t h e  t h r e e  r a d i a t i o n  sources mentioned, t h e  t rapped p a r t i c l e s  a re  t h e  

most concern d u r i n g  p lanned r o u t i n e  Space S t a t i o n  EVA opera t i ons .  

28.5 degree o r b i t s ,  t y p i c a l  o f  the Space S t a t i o n  f l i g h t  pa th ,  r a d i a t i o n  

exposure from t rapped p ro tons  i s  c o n f i n e d  t o  t h e  South A t l a n t i c  Anomaly 

(SAA) r e g i o n  of  t h e  I n n e r  Van A l l en  B e l t  which i s  o n l y  encountered f o r  

approx imate ly  15 minutes of each o f  5 o r  6 c o n s e c u t i v e  o r b i t s  per  day. 

Fo r  p o l a r  o r b i t ,  exposure from trapped p ro tons  i s  c o n f i n e d  t o  t h e  S A A ;  

however, most of t h e  e l e c t r o n  exposure comes f rom t h e  o u t e r  b e l t s  which 

a r e  encountered a t  h i g h  l a t i t u d e s  (50  t o  80 degrees) on each o r b i t .  A t  

geosynchronous (GEO) a1 t i  tude, the nominal r a d i a t i o n  exposure comes from 

t rapped  e l e c t r o n s  and i s  cont inuous.  

conce rn ing  a l l o w a b l e  r a d i a t i o n  dose l i m i t s  based on r a d i a t i o n  

a t t e n u a t i o n  c h a r a c t e r i s t i c s  o f  r e p r e s e n t a t i v e  space s u i t  m a t e r i a l  1 ayups 

i n d i c a t e  t h a t  t h e  nominal EVA environment i n  LEO, i n c l u d i n g  p o l a r  o r b i t ,  

does n o t  p resen t  a s i g n i f i c a n t  r a d i a t i o n  hazard ( T a b l e  2 ) .  

Fo r  

Resu l t s  o f  p r e l i m i n a r y  a n a l y s i s  

S ince t h e  p r i n c i p a l  dose of harmful r a d i a t i o n  from p ro tons  i s  

exper ienced d u r i n g  t r a n s i t s  i n  LEO th rough  t h e  SAA reg ion ,  and s i n c e  t h e  

d u r a t i o n  o f  those pe r iods  o f  high p r o t o n  f l u x  rep resen t  a s m a l l  and 
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. 
TABLE 2 

J S C / S N 3  (MAY ' 86 )  - EVA SPACE SUIT R A D I A T I O N  A N A L Y S I S  
( A N A L Y S I S  - EQV. A L  THICKNESSES, AP8 & AE8 SOLAR MINIMUM (1GRF 65/64); NRL GCR 
MODEL, MODEL MAN) 
TOTAL TRAPPED AND GC 

SHUTTLE SPACE 
S U I T  ( S S A )  

EYE (SUN VISOR UP)  
EYE (SUN VISOR DN) 
S K I N  (TORSO) 
S K I N  (ARMS & LEGS) 
DEPTH 

NASA-JSC 
8.0 P S I  

ZERO-PREBREATHE S U I T  

EYE (Sal!! L I I S C R  Up) 
EYE (SUN VISOR DN) 
S K I N  (TORSO) 
S K I N  (ARMS & LEGS) 
DEPTH 

NASA-ARC 
AX-5 HARD S U I T  

( W / O  RAD. PROT.) 
EYE (SUN VISOR UP) 
EYE (SUN VISOR DN) 
S K I N  (TORSO) 
S K I N  (ARMS & LEGS) 
DEPTH 

( W I T H  RAD. PROT.) 
EYE (SUN VISOR UP) 
EYE (SUN VISOR DN) 
S K I N  (TORSO) 
S K I N  (ARMS & LEGS) 
DEPTH 

DOSE ( M I L L I R E F  

400KM % 
X28.5' L I M I T  

92.1 0.05 
88.1 0.04 

101,8 0.03 
141.5 * 0.05 
48.1 0.10 

TOTAL 
400KM % 
X28.5' L I M I T  

o a  * n nr  
v-t.1 V.U? 

82.1 0.04 
98.7 0.03 
88.2 0.03 
48.1 0.10 

TOTAL 
400KM % 
X28.5' LIMIT 

84.1 0.04 
82.1 0.04 
94.4 0.03 

102.1 0.03 
47.4 0.09 

84.1 0.04 
82.1 0.04 
76.1 0.03 
77.1 0.03 
43.1 0.09 

DAY) AND PERCENT OF L I M I T S *  

500KM % 
X28.5' L I M I T  

353.8 0.18 
334.4 0.17 
403.6 0.13 
579.0 0.19 
165.1 0.33 

TOTAL 
500KM % 
X28.5' L I M I T  

, 3 3 7  3 
311.1 0.16 
305.1 0.15 
387.5 0.13 
339.2 0.11 
164.1 0.33 

TOTAL 
500KM % 
X28.5O L I M I T  

317.1 0.16 
305.1 0.15 
371.0 0.12 
405.1 0.14 
163.1 0.33 

317.1 0.16 
305.1 0.15 
282.1 0.09 
284.1 0.09 
149.1 0.30 

2 5 OKM % 
X90° L I M I T  

24.4 0.01 
17.9 0.01 
75.7 0.03 

362.0 0.12 
11.4 0.02 

TOTAL 
250KM % 

X90° L I M I T  

q r  n i 3 . c  O . G i  
14.1 0.01 
58.2 0.02 
24.0 0.01 
11.4 0.02 

TOTAL 
2 5 0 K M  % 

X90° L I M I T  

15.2 0.01 
14.1 0.01 
49.1 0.02 
80.2 0.03 
11.4 0.02 

15.2 0.01 
14.1 0.01 
13.5 0.005 
13.6 0.005 
11.2 0.02 

GCR (GALACTIC COSMIC RAY) DOSES INCLUDED ARE: 4 MR/DAY A T  400 KM X 28.5O 
4 MR/DAY A T  500 KM X 28.5O 

10 MR/DAY A T  250 KM X 90. 
20 MR/DAY AT GEO 

*ANNUAL DOSE L I M I T S :  DEPTH 50 REM 
(86  NCRP T E N T A T I V E )  EYE 200 REM 
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r e a d i l y  p r e d i c t a b l e  p o r t i o n  o f  t h e  Space S t a t i o n  o r b i t ,  t h e  b e s t  

s t r a t e g y  f o r  p r o t e c t i o n  a g a i n s t  over-exposure appears t o  b e  avoidance o f  

EVA's w h i l e  t h e  s t a t i o n  i s  passing th rough  t h i s  r e g i o n .  It i s  t h e r e f o r e  

recommended t h a t  EVA m i s s i o n  p lanners should a v o i d  t imes  t h a t  encounter 

t h e  SAA i n  o r d e r  t o  comply w i t h  t h e  "As Low As Reasonably Achievable"  

("ALARA") guide1 ines.  

hours o u t  o f  a 24 hour  p e r i o d  f r e e  o f  t h e  SAA d u r i n g  which manned EVA's 

c o u l d  b e  conducted s a f e  from high p r o t o n  f l u x .  

Th is  would a1 l o w  approx ima te l y  16 consecu t i ve  

I n  response t o  t h e  ph i l osophy  o f  keeping r a d i a t i o n  dosage "ALARA," 

a d d i t i o n a l  a t t e n u a t i o n  c h a r a c t p r i s t i c s  csn  he inco rpo ra ted  i c t e  the !TMG 

layup.  Nuclear  p a r t i c l e  t r a n s p o r t  t h rough  any m a t e r i a l  i s  p r i m a r i l y  

governed b y  t h e  e l e c t r o n  d e n s i t y  o f  t h e  m a t e r i a l .  

i o n i z a t i o n  d u r i n g  p a r t i c l e  t r a n s p o r t  a r e  g r e a t e r  f o r  l o w  d e n s i t y  

m a t e r i a l  s ,  whereas secondary X - r a d i a t i o n  (b remss t rah l  ung) p r o t e c t i o n  i s  

p r o v i d e d  b y  h i g h  d e n s i t y  m a t e r i a l s .  Fo r  example, t e f l o n  i s  

Energy l o s s e s  due t o  

more e f f e c t i v e  than  aluminum i n  s l o w i n g  down o r  

s t o p p i n g  p ro tons ,  whereas l e a d  o r  t u n g s t e n  i s  more e f f e c t i v e  i n  

p r o v i d i n g  p r o t e c t i o n  a g a i n s t  X-ray p r o d u c t i o n  i n  e l e c t r o n  t r a n s p o r t .  

The m a t e r i a l  l a y u p  t h e r e f o r e  most e f f e c t i v e  i n  terms of  e f f i c i e n t l y  

a r r e s t i n g  b o t h  i n c i d e n t  p ro ton /e l  e c t r o n  f l u x  and secondary X - r a d i a t i o n  

would b e  a composi te  m a t e r i a l  layup c o n t a i n i n g  l o w  atomic number 

m a t e r i a l  i n  t h e  o u t e r  l a y e r s ,  which a r e  backed b y  a l a y e r  o r  l a y e r s  o f  

h i g h  atomic number m a t e r i a l s .  

The a d d i t i o n  o f  a l a y e r  o f  tungsten- loaded s i l i c o n e  rubber  as t h e  

innermost  l a y e r  o f  t h e  ITMG may p r o v i d e  an e f f e c t i v e  r a d i a t i o n  
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a t t e n u a t i o n  media. 

sample l a y e r s  hav ing  a t h i c k n e s s  of- ‘n~.+kM9 em) and c o n t a i n i n g  

about ?5%-tunqsten+y w&ght, as -we l l  as a 1aye-F Q&E--+-sb- 

t h i c k .  

E f f o r t s  a r e  underway t o  f a b r i c a t e  and eval  ua te  

I The 0.089 cm l a y e r -  prov ides  ’an a d d i t i o n a l  mas5 p e r  u n l t  area o f  
2 1 

0.36 gm/cm2; the--&+m +mer prov ides  0.86 gm/cm . It i s  planned t h a t  

t h e  t h i n n e r  l a y e r  would b e  used i n  t h e  I T M G  l a y u p  c o v e r i n g  t h e  m o b i l i t y  

j o i n t  elements o f  t h e  Space S t a t i o n  space s u i t  and t h e  t h i c k e r  l a y e r  

m a t e r i a l  would b e  used i n  t h e  n o n - f l e x i n g  p o r t i o n s  o f  t h e  s u i t  ITMG, 

c o v e r i n g  such areas as t h e  upper t o r s o  and b r i e f  elements. 

approach would add approx imate ly  28 pounds (13 kg) t o  t h e  o v e r a l l  we igh t  

o f  t h e  space s u i t .  

T h i s  

A doub le  b e n e f i t  can  b e  r e a l i z e d  f rom t h i s  a d d i t i o n  t o  t h e  ITMG. 

Coupled w i t h  t h e  p o t e n t i a l  f o r  enhancing r a d i a t i o n  s h i e l d i n g ,  t h e  

h e a v i e r  l a y e r s  i n c o r p o r a t e d  i n t o  t h e  m u l t i - l a y e r  compos i t i on  o f  t h e  I T M G  

w i l l  p r o v i d e  i nc reased  p e n e t r a t i o n  r e s i s t a n c e  t o  mic rometeoro id  and 

d e b r i s  p a r t i c l e s .  Several t e s t s  o f  t hese  layups  have been conducted 

w i t h  a h y p e r - v e l o c i t y  gun f a c i l i t y  a t  NASA-JSC. 

and p r e l i m i n a r y  a n a l y s i s  o f  t h e  p r o j e c t e d  exposed EMU area, t h e  proposed 

enhanced I T M G  c r o s s - s e c t i o n  should p r o v i d e  a p r o b a b i l i t y  o f  no l e t h a l  

p e n e t r a t i o n  f rom mic rometeoro ids  o r  d e b r i s  t h a t  meets t h e  NASA Space 

S t a t i o n  goal o f  0.9995. This  i s  f o r  one EMU hav ing  an EVA exposure t i m e  

o f  936 hours over  a one y e a r  pe r iod  (Tab le  3 ) .  

Based on these  t e s t s  

I n  some o r b i t s ,  p r i m a r i l y  assoc ia ted  w i t h  h i g h  i n c l i n a t i o n  o r  p o l a r  

o r b i t  ope ra t i ons ,  s t a t i c  e l e c t r i c a l  charges from t h e  auroras  can b u i l d  

up on t h e  s u r f a c e  of an EVA o b j e c t  such as t h e  EMU. The concern i s  t h a t  
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TABLE 3 

SUIT  EFFECTIVE (’) PARTICLE7 0 2 

AREA (m2) ENERGY ( x  io ERGS) INDIVIDUAL ~ ~ ( 3 )  - ELEMENT 

Arms/ Legs 
(F1 e x )  

Torso, B r i e f s  
EVVA She l l  
(Non-F1 ex )  

1.09 94.2 ( T e s t )  0.9997788 

0.72 98 (Calc.)  0.9998597 

0.084 31 0.9999452 He1 met/Vi  s o r s  ( 4 )  
( T e s t  & Calc.) 

Conbined Po = 0.9995838 

C o n d i t i o n s :  0 500 km A l t i t u d e ;  28.5 degree i n c l i n a t i o n  o r b i t  
0 936 hours EVA/year (18 hours EVA p e r  week pe r  

0 One EMU 
c rewmemb e r  ) 

Notes: 

1. Assumes s i x t y  (60) percen t  o f  exposed EMU area,  due t o  s h i e l d i n g  e f f e c t  
of Space S t a t i o n  s t r u c t u r a l  elements, work s t a t i o n ,  s a t e l l i t e s ,  e t c .  

2. Energy o f  p a r t i c l e  r e q u i r e d  f o r  p e n e t r a t i o n  (94.2 x 10 ERGS energy i s  
near  upper c a p a b i l  i t y  o f  NASA-JSC gun) 

7 

3. P r o b a b i l i t y  ( P  ) o f  no l e t h a l  h i t ,  i.e., no l e a k  exceeding 0 makeup 
parameters (asgumes n o n - l e t h a l  ho le s i z e  o f  0.25 cm; purge f?ow can 
m a i n t a i n  s u i t  p ressu re  approx imate ly  30 minutes w i t h  h o l e  s i z e  o f  0.39 
cm 1 

4. V i s o r  and helmet th i cknesses  t h r e e  t imes  S h u t t l e .  ( S h u t t l e  helmet p l u s  
p r o t e c t i v e  v i s o r  and s o l a r  v i s o r  combined t h i c k n e s s  = 0.5 cm) 
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t hese  charges m igh t  f i n d  t h e i r  way i n t o  e l e c t r o n i c  c i r c u i t s  o f  t h e  EMU, 

caus ing  subsequent a r c  d ischarges and d i s r u p t i n g  normal o p e r a t i o n  o r .  

p o s s i b l y  d i s a b l i n g  them. To p rov ide  a c o n d u c t i v e  su r face  and p a t h  f o r  

s t a t i c  charges t o  "b leed o f f "  the EMU, c o n d u c t i v e  f i b e r s  can b e  woven 

i n t o  t h e  outermost  l a y e r  o f  t h e  ITMG.  Th i s  shou ld  r e s u l t  i n  a more 

u n i f o r m  charge over  t h e  I T M G  e x t e r i o r  and a l s o  p r o v i d e  a s a f e  pa th  f o r  

charged p a r t i c l e s  i f  t h e  EMU c o n t a c t s  a body o f  u n l i k e  charge (e.g., 

v e h i c l e  o r  sate1 1 i t e ) .  

Approx imate ly  400 man-hours o f  EVA exper ience have been accumul a t e d  ove r  

t h e  pas t  20 yea rs  i n  space environments rang ing  from near -ea r th  o r b i t  t o  

l u n a r  s u r f a c e  excurs ions.  I n  a l l  cases, t h e  p r imary  space s u i t  

env i ronmenta l  p r o t e c t i v e  b a r r i e r ,  t h e  ITMG, has been s p e c i f i c a l l y  

des igned f o r  t h e  unique environmental c o n d i t i o n s  encountered. F u r t h e r  

m a t e r i a l  and des ign  changes t o  the  ITMG l a y u p  w i l l  b e  r e q u i r e d  f o r  t h e  

v a r i o u s  env i ronmenta l  c o n d i t i o n s  a n t i c i p a t e d  d u r i n g  fo r thcoming  Space 

S t a t i o n  EVA ope ra t i ons .  

As f u t u r e  space m iss ion  p lans  a r e  developed t h a t  encompass l o n g e r  s t a y  

t i m e s  and d i v e r s i f i e d  types  o f  EVA ope ra t i ons ,  i n c l u d i n g  l u n a r  base 

a c t i v i t i e s  and Mars sur face  e x p l o r a t i o n ,  new envi ronmenta l  hazards and 

m a t e r i a l  requi rements w i l l  b e  es tab l  i shed  f o r  t h e  subsequent development 

o f  t h e  nex t  genera t i on  o f  I T M G  assemblies. 

15  



A w e n d i x  Reference 

1. NASA SP-149; Summary o f  Gemini E x t r a v e h i c u l a r  Ac t i v i t y ,  E d i t e d  b y  

Reginald M. Machell , 1967. 

2. F i n a l  Report  Gemini Space S u i t  Program, David C l a r k  Company, Inc., June 

1967. 

3. MSC I n t e r n a l  Note No. 65-ET-30, Development o f  Meteoro id  P r o t e c t i o n  f o r  

t h e  E x t r a v e h i c u l a r  Gemini Space Sui t ,  W i l l i a m  E. McAllum and Paige B. 

Burbank. Meteoro id  Technology and Op t i cs  Rranch, Jiily 35, 1965, 

4. NASA TN D-8093; A p o l l o  Exper ience Report - Development o f  t h e  

E x t r a v e h i c u l a r  M o b i l i t y  U n i t ,  Charles C. Lu tz ,  H a r l e y  L. Stutesman, 

Maurice A. Carson and James W. McBarron 11, November 1975. 

5. MSC I n t e r n a l  Memorandum; Apo l l  o EMU Meteoro id P r o t e c t i o n ,  f rom TG/Chief, 

Space Physics D i v i s i o n  t o  EC/Chief, Crew Systems D i v i s i o n ,  June 11, 1969. 

6. Personal correspondence, John F. Rayf ie l  d, ILC/Dover, January 1987. 

7. JSC I n t e r n a l  Memorandum SN3-86-118; R a d i a t i o n  Ana lys is  f o r  Candidate EVA 

Space S u i t  M a t e r i a l  Layups, A lva C. Hardy, A p r i l  28, 1986. 

8. Space S t a t i o n  JSC Advanced Space S u i t  Technology Development Review, 

Joseph 3. Kosmo, October 21, 1986. 

16 



.. .)- 
LIST OF FIGURES 

FIGURE 1 - 
FIGURE 2 - 
FIGURE 3 - 

FIGURE 4 - 
FIGURE 5 - 
FIGURE 6 - 
F!S':RE 7 - 
FIGURE 8 - 
FIGURE 9 - 
FIGURE 10 - 
FIGURE 11 - 
FIGURE 12 - 
FIGURE 13 - 
FIGURE 14 - 
FIGURE 15 - 

Astronaut Ed White (Gemini IV)  

Gemini G4C Ex t raveh icu la r  Space S u i t  

Comparison of Gemini I V  and Gemini VI11 E x t r a v e h i c u l a r  

Cover Layers 

Gemini " I r o n  Pants" I T M G  

Apo l l o  ITMG Cross-sect ion 

Lunar Overb o o t  s 

t ~ ~ ~ : : ~  rii el....- I -....- cv u i u v c  Layup 

Lunar Ext ravehicu l  a r  V i so r  Assembly 

Astronaut A1 d r i n  (Apo l l  o 11) 

Sky1 ab vs. Apol 1 o ITMG Cross-Sec t i ons 

Skylab EVA 

S h u t t l e  EV Glove 

S h u t t l e  EVA (EASE/ACCESS) 

Advanced I T M G  Spec ia l i zed  Requirements (Space S t a t i o n )  

O r b i t a l  Paths (Radiat ion)  

17 



i 
rS 
il 

FIQURE 1-ASTRONAUT ED WHITE(GEMIN1 I V )  

ir Ir 

ORXGINAE PAGE IS 
OF POOR QUALITY 

* 
L . 

. f 

c1 

c 



.. .L.- “AI: PAGE IS 
OF POOR QC‘ALTTY 

NASA- S-6 7 - 043 

ar 

ier 

FIGURE 2 

GEMINI G4C EXTRAVEHICULAR SPACE SUIT 



NASA -5 -67-842 
Gemini EVA CWerlayer 

construction 

n 
HT-1 nylon outer 
protective layer 

HT-1 nylon inner 
micrometeoroid 

2 Total weight - 33.9 ozlyd 

Total thickness 0.200 in. 

FIGURE 3 

Gemini !ZlX EVA coverlayer 
construction 

HT-1 nylon outer 
protective layer 

Superinsulation 

Coated nylon inner 
micrometeoroid 
stopper layers 

Total weight 26.3 ozlyd2 

Total thickness 0.037 in.  

COMPARISON OF GEMINI I V  AND GEMINI Vl l l  

EXTRAVEHICULAR COVERLAYERS 



FIGURE 4-GEMINI " I R O N  P A N T S "  I T M G  3 



. *  

--- 

ORIGINAL 1';:. , 

OF POOR QUAI 
_. --- Entrance ibsurc 

PLSS abrasion patches 

lower arm 

Tether attachment 
i n  n 

liner and 
insulation 

& Assist straps 

-Penlight 

Pressure gage c o w  
Torso adjustment strap m e r  

Entrance closure 
o w i n g  access flg 

UCTA and biomedical 
injection access flp 

-Pencil pocket 

Docket 
Lunar integrated thermal 

micrometeoroid garment. 

Material Function L Function t Function 

Rubber-coated nylon Inner 
( r ipstopl 

Aluminized Mylar' Thermal radiation 
4MJIM protection 

&mfzQ lapr 

Aluminized Kapbn Thermal 
filmlBeta radiation 
marquisette laminate v 

cross micrometeoroid 

cross section 

Nonwown Dacron' Thermal spacer 

Teflon-coated Nonflamm~k and 
filament Beta cbth abrasion protection 

Teflon cloth Nonflammarle 

lapr 

abrasion 
patches 

*Alternating laprs of insulation and wacer. 

Material cross section for 
ITMG (Apollo 10 to 14 missions). 

FIGURE 5-APOLLO ITMG CROSS-SECTION 

Liner 

Donning strap - 

Shell assembly- 

,-Snap fastener 

ir 

s sembl y 

% Retaining s tnp assembly 

Sole assembly 

Right boot 

FIGURE 6- LUNAR OVERBOOTS 



. 

W > 
0 
4 c? 
U 
J 
3 
0 
I 
W > 
U + 
X 
W 

0 
4 
4 
0 e 
I 
b 

W 
U 
3 
0 x -  

I L L .  

(Y 

(Y 

0 
h 

cn 

a 

I 

a 

a 

v 

c 

I 

I 

a 
a 
v) 

z 

J 

V 
QL 
- 
m a 
L 

QL 

0 
QL 
I 
V 



J 
ti ir 

x 
c7 
N 
N 
l 
0 
h 
v, 

F 

P 

11 
la s 

X 
8 

m 
CY 

CY 

0 

c 

h 

v) 
I 

>. 
J 
rn z 
W 
v) 
v) 

U 
0 a 
> 
u 
J 
3 
0 
I 
W > 

I- 
% 
W 

a 

I 

a 

- 
a a 

a a z 
3 
J 
I 

00 

W 

3 
(3 
LI 

a 
I 

wl 
4 
z 

I 

n 
w 
t a ;z 

O m  
e& 

L L  

a c 
w 
m 

v) 
v) a 
G 
OL 
Lu 

LL 
m - 

cu c- a ;z 
j0 
O m  
a e c r  

V 



National Aeronautics and 
Space Mmlnlstratlon ' i  ; I - 4 0 - 5 9 0 3  Lyndon 8. Johnson Space Center 

Houston. Texas 77058 

I 

ORIGINAL PAGE I$ 
OF POOR QUAUTY: 



.* 

DRIm& PAGE IS 
.OF POOR QUALITY 

AIL0 - S K Y U I  

1162 TEFLON FAORIC 

4484 BETA CLOTH 

112 UIL ALUUI#I,?ED CRlOOE 
L URINKLEO UAPTON FILM 

SIZE0 BETA MARP. 

L U R I M L E D  KAPTON FILM 

SIZED BETA u n a .  
1’2 UIL ALUUlfflZEO CllOOEO 

L U R I U L E D  KAPTOW F l L U  I 
NEOPRENE COATED 

NVLON RIPSTOP 

AIL0 - AWLLO 

1/4 UIL AL. 

114 MIL AL. 

FIGURE 10 

SKYLAB VS. APOLLO ITMG CROSS-SECTIONS 



‘ . f ‘  

i 
I! ,- 







. 
*. 

Y 

FIGURE 14-ADVANCED ITMG 
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