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FOREWORD 

The w o r k  r e p o r t e d  h e r e i n  was  done at the r e q u e s t  of the A i r  F o r c e  
A e r o - P r o p u l s i o n  L a b o r a t o r y  ( A F A P L ) ,  R e s e a r c h  and T e c h n o l o g y  
D i v i s i o n  (RTD), A i r  F o r c e  S y s t e m s  C o m m a n d  (AFSC), W r i g h t - P a t t e r s o n  
Ai r  F o r c e  Base ,  Ohio, u n d e r  P r o g r a m  E l e m e n t  62405214, P r o j e c t  8170. 

The  expandab le ,  s e l f - r i g i d i z i n g  s t r u c t u r e  t e s t e d  fo r  A F A P L  was  
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M i n n e a p o l i s ,  M i n n e s o t a .  V i r o n  f u r n i s h e d  the  f a b r i c  p o r t i o n  of the s t r u c -  
t u r e ,  A F A P L  f a b r i c a t e d  the  b u l k h e a d s ,  and V i r o n  and ARO, Inc.  a s s e m b l e d  
the s t r u c t u r e .  The  d e s i g n  and f a b r i c a t i o n  a c c o m p l i s h e d  by V i r o n  for  
A F A P L  was u n d e r  C o n t r a c t  AF33(615) -2115 .  The  c o g n i z a n t  c o n t r a c t  m o n i -  
t o r  was  Mr .  F r e d  F o r b e s ,  A P F T ,  W P A F B ,  Ohio. 

The r e s u l t s  of the  t e s t  p r e s e n t e d  w e r e  ob ta ined  by ARO, Inc. (a 
s u b s i d i a r y  of S v e r d r u p  & P a r c e l  and A s s o c i a t e s ,  Inc.  ), c o n t r a c t  o p e r a t o r  
of the A r n o l d  E n g i n e e r i n g  D e v e l o p m e n t  C e n t e r ,  (AEDC),  AFSC,  A r n o l d  
A i r  F o r c e  Stat ion,  T e n n e s s e e ,  u n d e r  C o n t r a c t  AF40(600) -1200 .  The t e s t  
was  c o n d u c t e d  f r o m  M a r c h  17 to 29, 1966 u n d e r  ARO P r o j e c t  No. SM0602, 
and the m a n u s c r i p t  was  s u b m i t t e d  f o r  p u b l i c a t i o n  on June  2, 1966. 

Th i s  t e c h n i c a l  r e p o r t  has  b e e n  r e v i e w e d  and is a p p r o v e d .  

J a m e s  N. M c C r e a d y  
M a j o r ,  USAF 
A F  R e p r e s e n t a t i v e ,  
D i r e c t o r a t e  of T e s t  

AEF 

Leonard T. Glaser 

Colonel, USAF 

Director of Test 
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ABSTRACT 

A 10-ft-diam by 25-ft-long, expandable, self-rigidizing, cylindrical 
aerospace shelter was impregnated with a water setting resin and 
packaged for deployment in a vacuum of 10 -4 torr in the Mark I Aerospace 
Environmental Chamber. Deployment of the structure occurred at an 
excessively high, uncontrolled rate. The test article and support equip- 
ment suffered extensive damage, which prevented continuation of the test 
in the vacuum. The Mark I chamber was returned to atmospheric condi- 
tions, and the structure was rigidized. 

i i i  
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SECTION ! 
INTRODUCTION 

The possible use of expandable structures in the manned space 
program is discussed in "Aerospace Expandable Structures Conference 
Transactions, " AFAPL-TR-65-108, May 25-27, 1965, Minneapolis, 
Minnesota. The basic concept of the structures is characterized by a 
packaged vehicle many times smaller than its deployed configuration. 

This report covers the assembly, resin impregnation, and deploy- 
ment of an expandable, cylinder-type aerospace shelter whose dimensions 
after rigidization were approximately I0 ft in diameter by 25 ft long. The 
cylindrical portion, constructed of woven fiber glass flutes sandwiched 
between layers of urethane-coated nylon, was 18 ft long. This cylindrical 
section was terminated by two 10-ft-diam aspheric fiber glass and epoxy 
bulkheads, which also served as the structure's canister before deploy- 
ment. The test objective was to determine if the vehicle would deploy and 
rigidize in a simulated space environment and to record the deployment 
and rigidization with motion-picture photography. 

SECTION II 
APPARATUS 

2.1 MARK I, AEROSPACE ENVIRONMENTAL CH AMBER 

2.1.1 General Description 

Mark I, in which the tests were conducted, consists of a large cylindri- 
cal vacuum tank, pumping systems, thermal environmental systems, 
vibration system, controls, and instrumentation suitable for conducting 
tests on large space vehicles. A schematic of the facility is shown in 
Fig. I. The chamber and associated equipment areas are shown in Fig. 2. 
The chamber is contained in a room 68 by 68 by 109 ft high. Service areas 
within the building provide space for test article buildup and equipment 
maintenance. 

The Mark I chamber (Fig. 2) is a cylindrical vessel 42 ft in diameter 
and 82 ft in height with 0. 875-in. -thick walls and i. 5-in. -thick elliptical 
heads. The chamber shell is constructed of 304L stainless steel for low 
outgassing and for good corrosion resistance. 
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The in s ide  w o r k i n g  d i m e n s i o n s  of the c h a m b e r  a r e  35 ft in d i a m e t e r  
and 65 ft in he ight .  V e h i c l e  e n t r a n c e  to the c h a m b e r  is t h r o u g h  a 20- f t -  
d i a m  ha tch  l o c a t e d  in the top of the c h a m b e r .  P e r s o n n e l  a c c e s s  to the 
c h a m b e r  is t h r o u g h  a h a t c h  7 ft in d i a m e t e r  n e a r  the  bo t tom of the 
c h a m b e r .  

T h r e e  p u m p i n g  s y s t e m s  a r e  a v a i l a b l e  fo r  e v a c u a t i n g  the  M a r k  I 
c h a m b e r :  (1) a t h r e e - s t a g e  i n c r e m e n t  of the P r o p u l s i o n  Wind T u n n e l  
F a c i l i t y  (PWT) p l e n u m  e v a c u a t i o n  s y s t e m ,  (2) a c o n v e n t i o n a l  v a c u u m  
p u m p i n g  s y s t e m  c o n s i s t i n g  of r o u g h i n g  p u m p s ,  f o r e p u m p s ,  b o o s t e r  
pumps ,  and d i f fus ion  p u m p s ,  and (3) a c r y o p u m p i n g  s y s t e m  coo l ed  by 
a 90-kw l iqu id  n i t r o g e n  and a 7 . 5 - k w  g a s e o u s  h e l i u m  s y s t e m .  

2.1.2 Pumping System Used for this Test 

The p u m p i n g  s y s t e m  u s e d  for  th is  t e s t  c o n s i s t e d  of two 8 5 0 - c f m  
r o u g h i n g  p u m p s  and ten  m e c h a n i c a l  f o r e p u m p s  to e v a c u a t e  the  c h a m -  
b e r  f r o m  a t m o s p h e r e  to 15 t o r r ,  w h e r e  two 4 0 0 0 - c f m  Roots  b l o w e r s  
w e r e  s t a r t e d ;  at 10-1 t o r t ,  f ou r  b o o s t e r  p u m p s  w e r e  p l a c e d  in o p e r a -  
t ion;  and at 10 -2 t o r r  the r o u g h i n g  p u m p s  and Roots  b l o w e r s  w e r e  
v a l v e d  out and e l e v e n  32- in .  d i f fus ion  p u m p s  w e r e  p l a c e d  in o p e r a t i o n .  
A p p r o x i m a t e l y  1200 ft 2 of LN 2 c r y o p u m p i n g  s u r f a c e  was u sed .  F i g u r e s  
3 and 4 show the p u m p d o w n  c u r v e s  o b t a i n e d  with th is  s y s t e m .  

2.2 TEST ARTICLE STRUCTURE 

The test article is shown in the packaged and deployed condition in 
Figs. 5 and 6, respectively. The structure is similar to the models 
tested earlier in the Aerospace Research Chamber (12V). 1 

The d o m e d  b u l k h e a d s  w h i c h  s e r v e d  as the  p r e d e p l o y m e n t  c a n i s t e r  
w e r e  c o n s t r u c t e d  of f i b e r  g l a s s  and epoxy .  E a c h  b u l k h e a d  w e i g h e d  
a p p r o x i m a t e l y  1000 lb and was  10 ft in d i a m e t e r  by a p p r o x i m a t e l y  3 .5  ft 
d e e p .  

The  f i b e r  g l a s s  f a b r i c  was  of a s a n d w i c h - t y p e  c o n s t r u c t i o n  wi th  the 
f l u t e d  c o r e  p a r a l l e l  to the  ax is  of the c y l i n d e r  (F i# .  7). E l e m e n t s  of the  
f i b e r  g l a s s  f a b r i c  s a n d w i c h  c o n s i s t  of a 2 6 - o z / y d  i n n e r  f a c i n g  f a b r i c ,  

1 L a t t u r e ,  N. C. " V a c u u m  T e s t i n g  of E x p a n d a b l e  S e l f - R i g i d i z i n g  
S t r u c t u r e s . "  A E D C - T R - 6 5 - 2 6 4  (AD475243), D e c e m b e r  1965. 

2 



AEDC -TR-66-123 

a n  8 - o z / y d  2 c o r e  f a b r i c ,  a n d  a 1 0 - o z / y d 2  o u t e r  f a c i n g  f a b r i c .  T h e  o u t e r  
c o v e r i n g  w a s  i d e n t i c a l  t o  t h e  u r e t h a n e - c o a t e d  b l a d d e r  f a b r i c  e x c e p t  t h a t  
it  w a s  no t  p i g m e n t e d .  F i b e r  g l a s s  s e c t i o n s  of  t h e  f a b r i c  s a n d w i c h  w e r e  
j o i n e d  c o n t i n u o u s l y  at  t h e  f l u t e  l i n e s  by  a n  i n t e g r a l  w e a v i n g  p r o c e s s .  
T h e  b o n d s  b e t w e e n  t h e  p i g m e n t e d  u r e t h a n e - c o a t e d  b l a d d e r ,  t h e  0 . 2 5 - i n .  - 
t h i c k  f o a m  r u b b e r ,  t h e  f i b e r  g l a s s ,  a n d  t h e  u r e t h a n e - c o a t e d  n y l o n  o u t e r  
c o v e r i n g  w e r e  m a d e  w i t h  f l e x i b l e  a d h e s i v e s  ( F i g .  7). A n  O - r i n g  s e a l  w a s  
u s e d  b e t w e e n  t h e  t w o  h a l v e s  o f  t h e  c a n i s t e r  w h i c h  w e r e  r e s t r a i n e d  by  a 

l a r g e  s p r i n g - l o a d e d  r i n g  c l a m p .  T h e  c l a m p  w a s  r e l e a s e d  by  t h e  s i m u l t a -  
n e o u s  f i r i n g  of t w o  e x p l o s i v e  b o l t s  p o s i t i o n e d  180 d e g  a p a r t  on  t h e  p e r i p h e r y  
of  t h e  c a n i s t e r ' s  10 - f t  d i a m e t e r .  

The fiber glass sandwich section was impregnated with a resin which 

was activated by water vapor. Figure 8 shows the catalyst container and 
the two solenoid valves used to control the catalyst flow rate to the fiber 

glass fabric sandwich section. Two 2500-w heaters were installed in the 
container to maintain the proper catalyst temperature. 

2.3 TEST CONFIGURATIONS 

T w o  t e s t  c o n f i g u r a t i o n s  w e r e  u s e d  in t h e  t e s t .  T h e  f i r s t ,  f o r  a s h a k e -  
d o w n  r u n ,  h a d  no r e s i n  in  t h e  f i b e r  g l a s s .  T h e  s e c o n d  c o n f i g u r a t i o n  w a s  
u s e d  in t h e  r i g i d i z a t i o n  t e s t .  

T h e  f i r s t  c o n f i g u r a t i o n  w a s  an  a s s e m b l y  of  t h e  n o n r e s i n - i m p r e g n a t e d  
a e r o s p a c e  s h e l t e r  and  a f u l l - s c a l e  m o d e l  of t h e  G e m i n i  v e h i c l e  ( F i g .  9). 
T h e  p u r p o s e  of  u s i n g  t h i s  a s s e m b l y  w a s  t h r e e f o l d .  

I. 

. 

. 

The "shakedown run" would provide an operational check of the 
Mark I chamber and all required support equipment. 

All  t e s t  a r t i c l e  f u n c t i o n s  e x c e p t  t h e  r i g i d i z a t i o n  c o u l d  be  c h e c k e d  
in t h e  a c t u a l  t e s t  e n v i r o n m e n t .  

S i n c e  t h e  d e p l o y m e n t  of t h e  t e s t  a r t i c l e  w a s  e x p e c t e d  to  o c c u r  in  
t h e  s a m e  m a n n e r  f o r  b o t h  r u n s ,  m o t i o n  p i c t u r e s  of  t h e  s h e l t e r -  
G e m i n i  m o d e l  a s s e m b l y  w e r e  m a d e  d u r i n g  t h e  s h a k e d o w n  so  t h a t  
t h e  m o d e l ,  w h i c h  c o n t r i b u t e d  s i g n i f i c a n t l y  to t h e  c h a m b e r  p u m p i n g  
s y s t e m  g a s  l o a d ,  c o u l d  be  r e m o v e d  f o r  t h e  r i g i d i z a t i o n  r u n .  

S t r a i n - g a g e - t y p e  l o a d  c e l l s  w e r e  i n s t a l l e d  in  t h e  f o u r  s u p p o r t  s t a n d s  
to  m o n i t o r  t h e  t e s t  a r t i c l e ' s  o v e r a l l  w e i g h t .  T h e y  a l s o  i n d i c a t e d  t h e  
a m o u n t  of  l i f t i n g  l o a d  t r a n s m i t t e d  to  t h e  u p p e r  b u l k h e a d  f r o m  t h e  o v e r -  
h e a d  c r a n e  i m m e d i a t e l y  p r i o r  to  d e p l o y m e n t  v i a  t h e  s u p p o r t  c a b l e s  a n d  a 
m e c h a n i c a l ,  v a c u u m  t i g h t  f e e d  t h r o u g h .  T h e  p r e d e p l o y m e n t  l o a d  on  t h e  
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u p p e r  b u l k h e a d  was  i n t e n d e d  to p r e v e n t  the  b u l k h e a d  f r o m  f a l l i n g  b a c k  
a f t e r  i n i t i a l  d e p l o y m e n t  on to  the  f a b r i c  and  l o w e r  b u l k h e a d  f l a n g e  and  
p o s s i b l y  d a m a g i n g  the  f a b r i c .  

T h e  s e c o n d  c o n f i g u r a t i o n ,  the  r e s i n - i m p r e g n a t e d  s h e l t e r  m i n u s  the  
G e m i n i  m o d e l ,  is  s h o w n  d u r i n g  i n s t a l l a t i o n  (F ig .  8). T h e  e x p a n d e d  
c y l i n d e r  d u r i n g  r i g i d i z a t i o n  i s  s h o w n  in F ig .  10. 

2.4 INSTRUMENTATION 

The  c h a m b e r  p r e s s u r e  was  m o n i t o r e d  wi th  two a l p h a t r o n  and  two 
i o n i z a t i o n  g a g e s .  C o p p e r  c o n s t a n t a n  t h e r m o c o u p I e s  w e r e  u s e d  to 
m o n i t o r  t he  LN 2 l i n e r  t e m p e r a t u r e s ,  the  t h r e e  s o l e n o i d  o p e r a t e d  v a l v e s '  
t e m p e r a t u r e s ,  and  the  c a t a l y s t  t e m p e r a t u r e .  F o u r  s t r a i n - g a g e - t y p e  Ioad  
c e i l s  w e r e  u s e d  to m o n i t o r  the  w e i g h t  of the  t e s t  a r t i c l e  (F ig .  8). T r a n s -  
d u c e r s  w e r e  u s e d  to m a k e  the  r e q u i r e d  p r e s s u r e  m e a s u r e m e n t s .  All  
da t a  w e r e  r e c o r d e d  u s i n g  a s t r i p  c h a r t  r e c o r d e r  and  a 2 5 - c h a n n e l  d a t a  
l o g g e r  s y s t e m .  Two c a m e r a s  w e r e  u s e d  to p r o v i d e  the  m o t i o n - p i c t u r e  
c o v e r a g e  of the  d e p l o y m e n t  and  r i g i d i z a t i o n .  T h e s e  c a m e r a s  w e r e  
m o u n t e d  o u t s i d e  the  c h a m b e r  and  v i e w e d  the  t e s t  a r t i c l e  t h r o u g h  p o r t h o l e s .  
One of the  c a m e r a s  was  m o u n t e d  to v i e w  the  s i d e  of t he  e x t e n d e d  c y l i n d e r  
and  p r o v i d e d  4 0 0 - f r a m e / s e c  c o v e r a g e  f o r  the  f i r s t  10 s e e  of i t s  o p e r a t i o n ,  
t h e n  s h i f t e d  a u t o m a t i c a l l y  to 2 4 - f r a m e / s e c  c o v e r a g e .  T h e  s e c o n d  c a m e r a  
was  m o u n t e d  on top  of the  c h a m b e r  and o p e r a t e d  at  24 f r a m e / s e c .  A 
c l o s e d - c i r c u i t  t e l e v i s i o n  c a m e r a  l o c a t e d  i n s i d e  the  c h a m b e r  was  u s e d  to 
m o n i t o r  the  d e p l o y m e n t  of the  t e s t  a r t i c i e .  

SECTION III 
PROCEDURE 

3.1 PREPARATION OF THE TEST ARTICLE 

T h e  a s s e m b l y  of t he  1 0 - f t - d i a m  by 2 5 - f t - l o n g ,  e x p a n d a b l e ,  c y l i n d e r -  
t ype  a e r o s p a c e  s h e l t e r  was  a c c o m p l i s h e d  by V i r o n  and ARO e m p l o y e e s  
in the  s i x t h  f l o o r  b u i l d u p  a r e a  of M a r k  I. A f t e r  a s s e m b l y ,  the  c y l i n d e r ' s  
b l a d d e r  and o u t e r  c o v e r i n g  w e r e  l e a k  c h e c k e d  u s i n g  a m m o n i a  gas  and  a 
p h e n o l  i n d i c a t o r .  The  s h e l t e r  was  t h e n  p a c k a g e d  fo r  the  s h a k e d o w n  run .  
A f t e r  c o m p l e t i o n  of the  s h a k e d o w n  run ,  the  e x p a n d a b l e  s t r u c t u r e  was  r e -  
m o v e d  f r o m  the  c h a m b e r ,  r e t u r n e d  to the  s i x t h  f l o o r  b u i l d u p  a r e a ,  and  
t h e n  p r e p a r e d  f o r  r e s i n  i m p r e g n a t i o n .  F i g u r e  I I  s h o w s  the  s h e l t e r  and  
the  h a n d l i n g  s t a n d  u s e d  f o r  the  r e s i n  i m p r e g n a t i o n .  The  s h e l t e r  was  in-  
f l a t e d  to  a p r e s s u r e  of 6 in. of w a t e r .  T h i s  p r e s s u r e  p r o v i d e d  the  

4 
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I I ~ r ,  

r i g i d i t y  r e q u i r e d  to  m a i n t a i n  t he  s h e l t e r ' s  s h a p e  in t h e  h o r i z o n t a l  p o s i t i o n .  
T h r e e  e q u a l l y  s p a c e d ,  2 - i n . -  d i a m  by  1 2 - f t - l o n g  t u b e s  w e r e  i n s e r t e d  i n t o  
t h e  f l u t e d  p o r t i o n  of  t h e  f a b r i c  s e c t i o n  to  d i s p e r s e  the  r e s i n .  A p o l y e t h y l -  
e n e  c o v e r i n g  w a s  u s e d  to s e a l  t h e  e n t i r e  n y l o n  a n d  f i b e r  g l a s s  f a b r i c  
p o r t i o n  f r o m  t h e  w a t e r  v a p o r  in t h e  a t m o s p h e r e .  T h e  s p a c e  b e t w e e n  t h e  
p o l y e t h y l e n e  c o v e r i n g  a n d  t h e  f a b r i c  p o r t i o n  of t h e  c y l i n d e r  w a s  p u r g e d  
w i t h  d r y  n i t r o g e n  to  e n s u r e  t h a t  no  m o i s t u r e  w o u l d  be i n t r o d u c e d  to  t h e  
r e s i n  d u r i n g  i m p r e g n a t i o n .  A v a c u u m  p u m p  w a s  a t t a c h e d  to  t h e  f i b e r  
g l a s s  s e c t i o n  to e n h a n c e  t h e  f l o w  of  r e s i n  t h r o u g h o u t  t h e  f l u t e d  s e c t i o n .  

A f t e r  r e s i n  i m p r e g n a t i o n  w a s  c o m p l e t e d ,  t h e  c y l i n d e r  w a s  p a c k a g e d .  
T h e  two  b u l k h e a d s  w h i c h  s e r v e d  a s  t h e  c a n i s t e r  w e r e  b r o u g h t  t o g e t h e r  
a n d  f a s t e n e d  w i t h  a s p r i n g - l o a d e d  c l a m p  and  t h e  two  e x p l o s i v e  b o l t s .  
T h e  p a c k a g e d  s h e l t e r  w a s  t h e n  i n s t a l l e d  in  t h e  t e s t  c h a m b e r .  

3.2 TEST PROCEDURE 

T h e  M a r k  I c h a m b e r  w a s  e v a c u a t e d  to  t h e  l o w  10 -6 t o r r  r a n g e  f o r  t h e  
s h a k e d o w n  r u n  and  to  t he  l o w  10 -4  t o r r  r a n g e  f o r  t h e  a c t u a l  t e s t .  T h e  
h i g h e r  p r e s s u r e  f o r  t h e  a c t u a l  t e s t  w a s  a r e s u l t  of t h e  o u t g a s s i n g  l o a d  
( p r i m a r i l y  r e s i n - s o l v e n t  v a p o r }  f r o m  t h e  t e s t  a r t i c l e .  A f t e r  t h e  c h a m b e r  
p r e s s u r e  h a d  s t a b i l i z e d  a n d  a f i n a l  s c a n  h a d  b e e n  m a d e  of a l l  t h e  s e n s o r s ,  
t h e  m o t i o n - p i c t u r e  c a m e r a s  w e r e  s t a r t e d .  A p p r o x i m a t e l y  2 s e c  l a t e r  t h e  
e x p l o s i v e  b o l t s  w e r e  f i r e d  to  i n i t i a t e  t h e  d e p l o y m e n t  of t h e  t e s t  a r t i c l e .  
A f t e r  f i r i n g  of  t h e  e x p l o s i v e  b o l t s ,  t h e  p r o c e d u r e  w a s  to  h a v e  b e e n  to  d e -  
p l o y  t h e  c y l i n d e r  s l o w l y  by  f i l l i n g  t h e  b l a d d e r  w i t h  CO 2 to  a p r e s s u r e  of  
6 in.  of  w a t e r .  F i g u r e  12 is  a d i a g r a m  of  t h e  C O  2 p i p i n g  a n d  v a l v i n g  
a r r a n g e m e n t .  A f t e r  c o m p l e t e  d e p l o y m e n t  t h e  c a t a l y s t  s o l e n o i d  v a l v e s  
w e r e  to  be  o p e r a t e d  a s  r e q u i r e d  to  r e l e a s e  t h e  c a t a l y s t  a t  a p p r o x i m a t e l y  
20 l b / h r .  T h e  v a p o r  d i s t r i b u t i o n  s o l e n o i d  v a l v e s  w e r e  to  be  u s e d  to r e -  
l e a s e  e x c e s s  c a t a l y s t  a n d  s o l v e n t  v a p o r .  P r e s s u r e  w a s  to  be  m a i n t a i n e d  
in t h e  b l a d d e r  at  6 in.  of  w a t e r  u n t i l  t h e  r i g i d i z a t i o n  p r o c e s s  w a s  c o m p l e t e d .  

SECTION IV 
RESULTS 

I 

4.1 SHAKEDOWN RUN 

D u r i n g  t h e  s h a k e d o w n  r u n p u m p d o w n ,  a b a s e  p r e s s u r e  of 4 x 10 -6  t o r r  
w a s  r e a c h e d .  F i g u r e  3 i n d i c a t e s  t h a t  a p u m p i n g  t i m e  of  n e a r l y  13 h r  
w a s  r e q u i r e d  to  a t t a i n  t h i s  p r e s s u r e .  D e p l o y m e n t  of  t h e  s h e l t e r  w a s  p e r -  
f o r m e d  u s i n g  CO 2 to  p r e s s u r i z e  t h e  b l a d d e r  s e c t i o n  to  a p p r o x i m a t e l y  
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16 t o r r .  At th is  p r e s s u r e ,  the s h e l t e r  was  ful ly  expanded  and s u p p o r t e d  
the G e m i n i  m o d e l  wi thout  a s s i s t a n c e  f r o m  the suppo r t  c a b l e s .  

Motion pictures were made of the shelter-Gemini model assembly's 
deployment and expansion. Shelter internal pressures, several test 
article component temperatures, and the load cells' output were monitored 
during the run. All indications were that the chamber, its support equip- 
ment, and the test article would perform satisfactorily at the required 
chamber test pressure and temperature during the rigidization run. 

4.2 RIGIDIZATION TEST RUN 

A b a s e  p r e s s u r e  of 4 x 10 -4 t o r r  was  a t t a i n e d  in a p p r o x i m a t e l y  8 h r  
for  the t e s t  of the r e s i n - i m p r e g n a t e d  c y l i n d e r .  The c h a m b e r  p r e s s u r e  
was  l i m i t e d  b e c a u s e  of the  l a r g e  gas load  p r e s e n t e d  by the  a p p r o x i m a t e l y  
240 lb of s o l v e n t  (butyl  a c e t a t e )  in the  600 lb of r e s i n - s o l v e n t  m i x t u r e  
u s e d  to i m p r e g n a t e  the f i b e r  g l a s s  s e c t i o n  of the c y l i n d e r .  

The  t e s t  r un  was  not c o m p l e t e l y  s u c c e s s f u l .  All s y s t e m s  o p e r a t e d  
n o r m a l l y  un t i l  i m m e d i a t e l y  a f t e r  the  f i r i n g  of the e x p l o s i v e  bo l t s .  C o m -  
p le te  d e p l o y m e n t  of the c y l i n d e r  o c c u r r e d  a l m o s t  i m m e d i a t e l y  a f t e r  the  
bol t s  r e l e a s e d  the  r e s t r a i n i n g  r ing .  The  c y l i n d e r  e x p a n d e d  u n e v e n l y ,  
b e n d i n g  and l e a n i n g  t o w a r d  the s ide  c o n t a i n i n g  the heavy ,  e c c e n t r i c a l l y  
p o s i t i o n e d  f loor .  F i g u r e  13 shows  the s h e l t e r  f l oo r  l oca t ion .  The  expan-  
s ion  r a t e  and the  a s y m m e t r i c a l  we igh t  d i s t r i b u t i o n  c a u s e d  the a l m o s t  
fu l ly  e x p a n d e d  s h e l t e r  to fa l l  to the c h a m b e r  f loor .  The  bend ing  m o m e n t s  
on the load  c e l l s  in the  s u p p o r t  s t ands  d e s t r o y e d  the  c e l l s .  The  p r e s s u r e  
t r a n s d u c e r s ,  c a t a l y s t  v a l v e s ,  and c a t a l y s t  t ank  w e r e  t o rn  f r o m  the u p p e r  
b u l k h e a d  when it s t r u c k  the f l o o r  and s ide  of the c h a m b e r .  F i g u r e  14 
shows  the s h e l t e r  1. 125 sec  a f t e r  d e p l o y m e n t  began .  F i g u r e  15 shows  the 
u p p e r  b u l k h e a d  s t r i k i n g  the f l o o r  and c h a m b e r  wal l  2 .33  s e c  a f t e r  de-  
p l o y m e n t  began .  The  v io l en t  d e p l o y m e n t  with i ts  r e s u l t a n t  d a m a g e  p r e -  
c l u d e d  c o n t i n u a t i o n  of the  t e s t  wi th  the expanded  c y l i n d e r  r e s t i n g  h o r i z o n -  
t a l l y  on the  c h a m b e r  f loo r .  The  c h a m b e r  was r e t u r n e d  to a t m o s p h e r i c  
p r e s s u r e .  The  c y l i n d e r  was p o s i t i o n e d  with i ts  l ong i t ud ina l  ax is  v e r t i c a l  
and was  p r e s s u r i z e d  to 8 in. of w a t e r  gage .  R i g i d i z a t i o n  of the r e s i n -  
i m p r e g n a t e d  f i b e r  g l a s s  s e c t i o n  of the  s h e l t e r  was  then  a c c o m p l i s h e d  at 
a m b i e n t  c o n d i t i o n s .  F i g u r e  16 shows  the r i g i d i z e d  c y l i n d e r  a f t e r  r e m o v a l  
f r o m  the  c h a m b e r .  

The  s h e l t e r  was i n s p e c t e d  i m m e d i a t e l y  a f t e r  r e m o v a l  f r o m  the  c h a m b e r .  
A l though  no s t r u c t u r a l  s t r e n g t h  t e s t s  w e r e  conduc ted ,  the f a b r i c  s e c t i o n  
was e x a m i n e d  c l o s e l y  and was found to be v e r y  h a r d  and c o m p l e t e l y  r i g i d -  
i zed .  Most  of the  d a m a g e  s u f f e r e d  d u r i n g  the v io l en t  d e p l o y m e n t  and fa l l  

6 
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was to-the interior portion of the shelter. The bladder was torn from 
the lower bulkhead, and the fiber glass floor supports were cracked at 
the support-to-bulkhead joints Figure 17 shows the interior of the 
lower portion of the cylinder and the bottom bulkhead. 

The pressure in the resin-saturated fluted fiber glass section of the 
fabric cylinder was 13 in. of water prior to deployment of the shelter. 
Although this pressure was higher than desired, the decision was made 
to deploy since indications were that pressure would not be reduced 
significantly during an extended period of pumping. 

The cause of the expansion of the cylinder to its full length in such a 
violent manner was traced directly to the high pressure in the volume 
between the bladder and outer covering, which contained the 600 Ib of 
resin-solvent mixture. Analysis of the data and subsequent work done 
by the resin suppliers indicate that approximately 63 percent of the 
solvent (150 Ib) should have been removed from the resin-impregnated 
fabric to prevent the violent deployment. It is quite unlikely that this 
amount of solvent could have been pumped by the chamber pumping 
system in a reasonable time since the lower portion of the cylinder con- 
tained a substantial amount of resin in the liquid phase that could very 
well have been trapped within the folds of the packaged fabric, thereby 
preventing the solvent from vaporizing. 

One method of reducing the amount of solvent in the impregnated 
fabric would be to purge the fluted area with dry nitrogen until the 
required reduction in the solvent content is attained. To keep the resin 
solids suspended homogeneously in the impregnated fabric after drying 
with nitrogen, the resin suppliers recommend minute amounts of certain 
inert additives in the resin-solvent mixture. 

SECTION V 
CONCLUSIONS 

Deployment of the large aerospace shelter in a simulated space 
environment was not successful; however, the shelter was rigidized 
at atmospherie eonditions. The violent expansion certainly was not 
desirable, but it appeared that had the shelter been constrained to pre- 
vent struetural damage, a successful deployment and rigidization would 
have been achieved. The dramatie, though undesirable, results of this 
test graphically pointed to the need for further study and development of 
r ig id iz ing  agents  for  expandable space  s h e l t e r s .  
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Fig. 14 Shelter Configuration 1.125 sec after Explosive Bolts Fired 

Fig. 15 Shelter Configuration 2.33 sec after Explosive Bolts Fired 
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