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PENN STATE GET AWAY SPECIAL 

G-6 2 

Mike  Thames  P e n n  S t a t e  
Dave Moul P e n n  S t a t e  

Bob B i r m a n  G e n e r a l  E l e c t r i c  S p a c e  D i v i s i o n  

J u n e  1, 1 9 8 4  

I N T R O D U C T I O N  

The  G e t  Away S p e c i a l  p r o g r a m  a t  P e n n  S t a t e  h a s  
become a m a j o r  f a c t o r  i n  t h e  e d u c a t i o n  o f  a l a r g e  
number  o f  e n g i n e e r i n g  s t u d e n t s .  The P e n n  S t a t e  GAS 
p r o g r a m  s t a r t e d  i n  t h e  w i n t e r  o f  1 9 8 1  w i t h  t h e  
d o n a t i o n  o f  a 2 . 5  c u b i c  f o o t  c a n i s t e r  by  t h e  G e n e r a l  
E l e c t r i c  S p a c e  D i v i s i o n ,  w h i c h  i s  l o c a t e d  i n  V a l l e y  
F o r g e ,  P a .  W i t h  t h e  f u l l  s u p p o r t  o f  t h e  S p a c e  
D i v i s i o n ‘ s  V ice  P r e s i d e n t  A 1  R o s e n b e r g  a n d  t h e  
M i l i t a r y  P a y l o a d s  D i v i s i o n  Manager  B i l l  P h u c a s ,  t h e  
P e n n  S t a t e  GAS p r o g r a m  w a s  a b l e  t o  u t i l i g e  t h e  GE 
s a t e l l i t e  t e s t i n g  f a c i l i t i e s  t o  i n s u r e  t h e  p a y l o a d ‘ s  
s u c c e s s .  Bob B i r m a n ,  t h e  GE p r o g r a m  M a n a g e r ,  h a s  
b e e n  i n s t r u m e n t a l  i n  o b t a i n i n g  e x o t i c  s p a c e  r a t e d  
m a t e r i a l s  a n d  much n e e d e d  t e c h n i c a l  a d v i c e .  A l t h o u g h  
M r .  B i rman’s  j o b  i s  i n  t h e  M i l i t a r y  D i v i s i o n ,  h i s  
e x p e r t i s e  w i t h  t h e  S p a c e  D i v i s i o n  a n d  i t s ’  p e r s o n n e l  
h a s  b e e n  c r u c i a l .  

I n  a d d i t i o n  t o  some m o n e t a r y  f u n d i n g ,  GE h a s  
d o n a t e d  t h e  s e r v i c e s  o f  i t s ’  t h e r m a l  vacuum a n d  
v i b r a t i o n  t e s t i n g  p e r s o n n e l  a n d  f a c i l i t i e s .  F u l l  
s c a l e  t e s t i n g  w a s  a c c o m p l i s h e d  i n  November o f  1 9 8 3  
d u r i n g  a p e r i o d  o f  two w e e k s .  The  t e s t s  r e p r e s e n t e d  
s t a t e  o f  t h e  a r t  s p a c e c r a f t  t e s t i n g  a v a i l a b l e  t o  o n l y  
m a j o r  a e r o s p a c e  c o r p o r a t i o n s .  The  t e s t i n g  i s  
b e l i e v e d  t o  h a v e  s u r p a s s e d  a l l  p r e v i o u s  GAS p r o g r a m  
t e s t i n g ,  i n c l u d i n g  t h a t  d o n e  b y  NASA. 

-1 - 



The c a n i s t e r  was d o n a t e d  t o  P e n n  S t a t e ' s  C o l l e g e  
o f  E n g i n e e r i n g  t h r o u g h  t h e  a s s i s t a n c e  o f  Dean  W i l b u r  
Meier. The A d m i n i s t r a t i v e  d u t i e s  a t  P e n n  S t a t e  a r e  
b e i n g  h a n d l e d  b y  t h e  A s s o c i a t e  Dean  o f  R e s e a r c h ,  D r .  
Edward  K l e v a n s .  Dean  K l e v a n s ,  i n  a d d i t i o n  t o  t h e  GAS 
p r o g r a m ,  h a n d l e s  many h i g h  t e c h  r e s e a r c h  p r o g r a m s  a t  
P e n n  S t a t e ,  a n d  i s  a d e p t  a t  c u t t i n g  t h r o u g h  
b u r e a u c r a t i c  r e d  t a p e .  A n  o p e n  c a l l  f o r  e x p e r i m e n t s  
w a s  made by  Dean K l e v a n s  t o  t h e  u n d e r g r a d u a t e  
e n g i n e e r i n g  s t u d e n t s  in December  o f  1 9 8 1 .  T h e  
t e n t a t i v e  i d e a s  were p r e s e n t e d  a n d  a f e a s a b i l i t y  
a n a l y s i s  o f  e a c h  i d e a  w a s  c o n d u c t e d  b y  t h e  s t u d e n t s  
t h e m s e l v e s .  The  t h r e e  e x p e r i m e n t s  c h o s e n  were 
s e l e c t e d  by t h e  j u n i o r  s t u d e n t s  a n d  t h e i r  f a c u l t y  
a d v i s o r s .  T h e  e x p e r i m e n t s  i n v e s t i g a t e  c r i t i c a l  
p r o b l e m s  w h o s e  s o l u t i o n  r e q u i r e s  a micro-G 
e n v i r o n m e n t .  G r o u p s  o f  s t u d e n t s  v o l u n t e e r e d  t o  w o r k  
on t h e  e x p e r i m e n t s  o n  t h e i r  own t i m e ,  a n d  a f e w  
t u r n e d  t h e i r  work  i n t o  u n d e r g r a d u a t e  t h e s e s .  
I n i t i a l l y  t h i s  w a s  t o  b e  a o n e - y e a r  p r o j e c t  w i t h  f e w  
c r e d i t - h o u r s  a n d  l i t t l e  f u n d i n g  o f f e r e d .  Two a n d  a 
h a l f  y e a r s  a n d  t w e l v e  t h o u s a n d  d o l l a r s  l a t te r ,  t h e  
f u l l  s c o p e  o f  s u c h  a n  u n d e r t a k i n g  h a s  b e e n  r e a l i z e d .  

t h e  
o f  
v e r  

The  
P e n n  

t h e  P 
y und 

m a j o r  f u n d i n g  f o r  t h i s  p r o j e c t  h a s  come f r o m  
S t a t e  E n g i n e e r i n g  S o c i e t y  w h i c h  i s  composed  

SU e n g i n e e r i n g  a l u m n i .  The a l u m n i  h a v e  b e e n  
e r s t a n d i n g  a b o u t  t h e  m o n e t a r y  n e e d s  o f  a 

p r o g r a m  o f  t h i s  s c o p e .  M i n o r  f u n d s  were s o l i c i t e d  
f r o m  some o f  t h e  e n g i n e e r i n g  d e p a r t m e n t s  a n d  t h e i r  
p r o f e s s i o n a l  s o c i e t i e s .  The p r o j e c t  w a s  h o u s e d  i n  a 
s m a l l  room i n  t h e  b a s e m e n t  o f  a n  o l d  e n g i n e e r i n g  
b u i l d i n g ,  a c q u i r e d  w i t h  t h e  h e l p  Bob H o u t z  o f  t h e  
C o l l e g e  o f  E n g i n e e r i n g .  

EXPERIMENT DESCRIPTIONS 

The  t h r e e  e x p e r i m e n t s  t o  be f l o w n  a r e  u n i q u e  i n  
t h a t  t h e y  a d d r e s s  p r o b l e m s  c u r r e n t l y  u n d e r  p a r a l l e l  
i n v e s t i g a t i o n  b y  m a j o r  c o r p o r a t i o n s ,  T h e  e x p e r i m e n t s  
h a v e  b e e n  d e s i g n e d ,  c o n s t r u c t e d  a n d  t e s t e d  by  t h e  
s t u d e n t s  w i t h o u t  p r o f e s s i o n a l  a i d .  The  C o n v e c t i o n  
e x p e r i m e n t  w a s  d e s i g n e d  a n d  f a b r i c a t e d  b y  o n e  
s t u d e n t ,  Mark K e d z i e r s k i .  T h i s  e x p e r i m e n t  w i l l  
i s o l a t e  t h e  e f f e c t  o f  c o n v e c t L o n  i n  h e a t  t r a n s f e r .  
T h e r e  a r e  t h r e e  modes  o f  h e a t  t r a n s f e r :  r a d i a t i o n ,  
c o n d u c t i o n ,  a n d  c o n v e c t i o n .  T h e s e  t h r e e  modes  a r e  
i n h e r e n t l y  l i n k e d  i n  t h e  one-G e n v i r o n m e n t  o f  E a r t h  
a n d  i t  i s  e m p i r i c a l l y  d i f f i c u l t  t o  s e p a r a t e  t h e i r  
i n d i v i d u a l  e f f e c t s .  The  c o n v e c t i v e  e f f e c t s  may b e  



d e t e r m i n e d  by  c o m p a r i n g  t h e  r e s u l t s  o f  t h i s  
e x p e r i m e n t  p e r f o r m e d  i n  s p a c e  a n d  on E a r t h .  

The e x p e r i m e n t  c o n s i s t s  o f  t h r e e  c o n c e n t r i c  
c y l i n d e r s .  T h e  i n n e r  c y l i n d e r  c o n t a i n s  a r e s i s t i v e  
h e a t  s o u r c e  t h a t  w i l l  h e a t  o i l  b e t w e e n  t h e  i n n e r  a n d  
m i d d l e  c y l i n d e r s .  T h e r e  w i l l  e x i s t  a p a r t i a l  vacuum 
b e t w e e n  t h e  m i d d l e  a n d  o u t e r  c y l i n d e r s .  T h e  
t e m p e r a t u r e  m e a s u r e m e n t s  w i l l  b e  s p a t i a l l y  r e c o r d e d  
by  1 6  h i g h  s e n s i t i v i t y  t h e r m o b e a d s .  H e a t  t r a n s f e r  
w i l l  b e  m e a s u r e d ,  a n d  a f t e r  c o m p a r i s o n  t o  one-G 
r e s u l t s ,  t h e  e f f e c t  o f  c o n v e c t i o n  i n  h e a t  t r a n s f e r  
w i l l  b e  d e t e r m i n e d .  

The T e r m i n a l  V e l o c i t y  e x p e r i m e n t  h e a d e d  by J e f f  
R ice  a n d  B r e t t  K l i n e  w i l l  d e t e r m i n e  t h e  e f f e c t  t h a t  a 
m i c r o - g r a v i t y  e n v i r o n m e n t  w i l l  h a v e  on a l i q u i d ' s  
s u r f a c e  t e n s i o n .  One m e t h o d  o f  f i n d i n g  a l i q u i d ' s  
s u r f a c e  t e n s i o n  i s  t o  m e a s u r e  i t s '  t e r m i n a l  v e l o c i t y ,  
w h i c h  i s  t h e  h i g h e s t  s p e e d  a l i q u i d  p a r t i c l e  c a n  
s t r i k e  a h a r d  s u r f a c e  w i t h o u t  b r e a k i n g  a p a r t .  
S u r f a c e  t e n s i o n  i s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  
l i q u i d ' s  t e r m i n a l  v e l o c i t y .  

T h i s  e x p e r i m e n t  w i l l  d e t e r m i n e  t h e  t e r m i n a l  
v e l o c i t y  a n d  h e n c e  t h e  s u r f a c e  t e n s i o n  o f  two l i q u i d s  
i n  s p a c e  b y  i n j e c t i n g  d r o p l e t s  i n t o  t h e  p a t h  o f  a 
m o v i n g  p i s t o n ,  w h i c h  w i l l  s t r i k e  t h e  d r o p l e t s  a n d  
s e n d  them t o  a s p e c i a l  r e t a i n i n g  foam d o n a t e d  b y  
S c o t t  Foam, C h e s t e r ,  P a .  T h i s  p r o c e d u r e  w i l l  b e  
r e p e a t e d  i n  i t s '  s e a l e d  p r e s s u r e  v e s s e l  w i t h  t h e  
p i s t o n  m o v i n g  s l i g h t l y  f a s t e r  e a c h  t i m e ,  u n t i l  t h e  
d r o p l e t s  b e g i n  t o  b r e a k  u p  u p o n  i m p a c t  ( i . e .  when 
t h e  t e r m i n a l  v e l o c i t y  h a s  b e e n  r e a c h e d ) .  The  i m p a c t s  
w i l l  b e  r e c o r d e d  p h o t o g r a p h i c a l l y  by  .a 35mm N i k o n  
camera.  T h i s  w i l l  y i e l d  t h e  p i s t o n ' s  s p e e d  a t  t i m e  
o f  i m p a c t .  By c o m p a r i n g  t h e  r e s u l t s  w i t h  t h e  r e s u l t s  
f r o m  a one-G s i m u l a t i o n ,  w i t h  a l l  o t h e r  f a c t o r s  
c o n s t a n t ,  t h e  e f f e c t  o f  g r a v i t y  o n  s u r f a c e  t e n s i o n  
may be d e t e r m i n e d  a n d  h e n c e  h e l p  q u a n t i f y  s u r f a c e  
t e n s i o n  f o r m u l a e  e 

The r e m a i n i n g  e x p e r i m e n t  i n v e s t i g a t e s  t h e  
p r o b l e m  o f  l i q u i d  s l o s h  i n  s p i n  s t a b i l i z e d  
s a t e l l i t e s .  G r o u p  l e a d e r  J o e  B i e b e r  a n d  h i s  team o f  
A e r o s p a c e  e n g i n e e r s  h o p e  t o  m e a s u r e  t h e  s l o s h  f o r c e s  
a n d  o b s e r v e  p h o t o g r a p h i c a l l y  t h e  s l o s h  m o t i o n  
r e s u l t i n g  f r o m  a p e r t u r b a t i o n  i n  a m o d e l  s a t e l l i t e  
p r o p e l l a n t  t a n k .  P r o p e l l a n t  s l o s h  i n  s p a c e c r a f t  
d i s s i p a t e s  e n e r g y ,  t h u s  r e s u l t i n g  i n  s p a c e c r a f t  
n u t a t i o n *  N u t a t i o n  i s  a w o b b l i n g  m o t i o n  a b o u t  t h e  
s p a c e c r a f t ' s  s p i n  a x i s .  T h i s ,  i f  l e f t  u n c o r r e c t e d ,  
c a n  r e n d e r  a s p i n n i n g  s a t e l l i t e  u s e l e s s .  F o r  

-3 - 



e x a m p l e ,  a s p i n n i n g  s a t e l l i t e  u s e d  f o r  a 
c o m m u n i c a t i o n  r e l a y  r e q u i r e s  v e r y  p r e c i s e  p o i n t i n g  
a c c u r a c y ,  a n d  l i q u i d  s l o s h  c a n  h i n d e r  t h i s .  The  
p r o t o t y p e  s y s t e m  f o r  t h i s  e x p e r i m e n t  i s  t h e  COMSAT 
INTELSAT I V  c o m m u n i c a t i o n  s a t e l l i t e .  COMSAT h a s  
e x p e r i e n c e d  a n d  i n v e s t i g a t e d  t h i s  p r o b l e m  b u t  i t  
s t i l l  r e m a i n s  u n r e s o l v e d .  Hughes  A e r o s p a c e  a n d  F o r d  
A e r o s p a c e  h a v e  e x p r e s s e d  i n t e r e s t  i n  t h e  r e s u l t s .  

The  l i q u i d  s l o s h  e x p e r i m e n t  w i l l  s i m u l a t e  t h e  
INTELSAT I V  s a t e l l i t e  u n d e r g o i n g  a n  a t t i t u d e  
m a n e u v e r .  Two c o n i s p h e r i c a l  t a n k s ,  m a n u f a c t u r e d  f r o m  
c l e a r  a c r y l i c  a n d  f i l l e d  w i t h  a n  a q u e o u s  s o l u t i o n ,  
w i l l  b e  m o u n t e d  o n  a s p i n  t a b l e  r o t a t i n g  a t  a b o u t  180 
rpm ( a  s p i n  r a t e  w h i c h  w i l l  p r o v i d e  d y n a m i c  
s i m i l i t u d e  b e t w e e n  t h e  m o d e l  a n d  p r o t o t y p e  s y s t e m s ) .  
The  t a b l e  w i l l  t h e n  b e  i m p u l s i v e l y  t i l t e d  a n d  t h e  
r e s u l t i n g  s l o s h  m o t i o n  w i l l  a n a l y z e d  a n d  r e c o r d e d .  
Two m o d i f i e d  Wor ld  War 11 v i n t a g e  16mm g u n  cameras 
w i l l  v i s u a l l y  r e c o r d  t h e  s l o s h  m o t i o n  a t  a r a t e  o f  1 6  
f r a m e s / s e c .  The  l i g h t i n g  w i l l  b e  p r o v i d e d  b y  a n  
a r r a y  o f  L E D ’ s ,  w h i c h  w i l l  n e c e s s i t a t e  t‘he u s e  o f  
KODAK’s  e x t e n d e d  r e d  s e n s i t i v i t y  T e c h - p a n  2 4 1 5  f i l m .  
T h i s  f i l m ,  w h i c h  w a s  s e l e c t e d  a n d  d o n a t e d  b y  Bob 
Anwyl o f  K O D A K ’ s  s c i e n t i f i c  a n d  t e c h n i c a l  d e p a r t m e n t ,  
h a s  a n  ESTAR p o l y e s t e r  b a s e  t o  s u r v i v e  vacuum 
e x p o s u r e  a n d  w i l l  b e  a n  u n i q u e  t e s t  i n  i t s e l f  o f  
p h o t o g r a p h y  i n  s p a c e .  

H i g h  r e s o l u t i o n  p i e z o e l e c t r i c  f o r c e  t r a n s d u c e r s  
b e i n g  u s e d  t o  m e a s u r e  t h e  r e s u l t i n g  s l o s h  f o r c e s  ( a n d  
y e t  w i t h s t a n d  a h igh-G l a u n c h ) ,  were a c q u i r e d  t h r o u g h  
t h e  i n v a l u a b l e  a s s i s t a n c e  o f  P a u l  Bussman o f  K i s t l e r  
I n s t r u m e n t  C o r p .  o f  A m h e r s t  N Y .  The  s i m u l a t i o n  w i l l  
b e  r e p e a t e d  f o r  t h r e e  d i f f e r e n t  f i l l  r a t i o s  a t  t h r e e  
d i f f e r e n t  s p i n  r a t e s .  T h i s  w i l l  p r o v i d e  a 
p h o t o g r a p h i c  r e c o r d  o f  t h e  a c u t a l  s l o s h  m o t i o n  a n d  a n  
a n a l o g  r e c o r d  o f  t h e  a s s o c i a t e d  f o r c e s  f o r  n i n e  
a t t i t u d e  c o n d i t i o n s .  T h i s  e x p e r i m e n t  w i l l  d o  much t o  
h e l p  a s s e s s  a n d  q u a n t i f y  a v e r y  i m p o r t a n t  p r o b l e m  i n  
s p a c e c r a f t  d y n a m i c s .  

ELECTRONICS 

The  e l e c t r o n i c s  i n v o l v e d  i n  t h e  o p e r a t i o n  o f  
t h e s e  e x p e r i m e n t s  a r e  t h e  c o n c e r n  o f  S t e v e  Herr a n d  
h i s  team o f  E l e c t r i c a l  e n g i n e e r s *  They  h a v e  
d e v e l o p e d  t h e  p o w e r ,  s e q u e n c i n g  a n d  d a t a  r e c o r d i n g  
s y s t e m s  f o r  t h e  t h r e e  e x p e r i m e n t s .  T h e s e  s y s t e m s  
w i l l  h a v e  t o  w i t h s t a n d  a h igh-G l a u n c h ,  v a c u u m ,  
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t e m p e r a t u r e  v a r i a t i o n s  a n d  i n c i d e n t  r a d i a t i o n .  

The  e l e c t r i c a l  power  w i l l  b e  s u p p l i e d  b y  a n  
a r r a y  o f  G a t e s  Lead-Ac id  c e l l s .  T h e s e  c e l l s  were 
c h o s e n  d u e  t o  t h e i r  c o n s i s t e n t  s a f e t y  c h a r a c t e r i s t i c s  
i n  s p a c e ,  a p r i m e  c o n c e r n  o f  NASA. NASA h a s  i m p o s e d  
a t h r e e  m o n t h  w a i t i n g  p e r i o d  p r i o r  t o  l a u n c h ,  w h i c h  
s e r i o u s l y  a f f e c t s  t h e  power  c a p a c i t y  a t  l a u n c h  . Due 
t o  t h e s e  a n d  o t h e r  f a c t o r s ,  l o w  power  CMOS c i r c u i t r y  
w a s  u s e d  t h r o u g h o u t  t h e  d e s i g n .  Many 
s t a t e - o f - t h e - a r t  CMOS c o m p o n e n t s  were d o n a t e d  b y  
I N T E L ,  N a t i o n a l  S e m i C o n d u c t o r ,  a n d  H a r r i s  C o r p .  

B e c a u s e  t h e  a s t r o n a u t s ’  c o n t r o l  o f  t h e  
e x p e r i m e n t s  i s  l i m i t e d  t o  t h r e e  o n - o f f  s w i t c h e s ,  t h e  
e x p e r i m e n t s  m u s t  b e  i n t e r n a l l y  c o n t r o l l e d  a n d  
s e q u e n c e d .  T h i s  w i l l  b e  a c c o m p l i s h e d  by  t h e  r e c e n t l y  
d e v e l o p e d  NSC800 l o w  power  m i c r o p r o c e s s o r ,  w h i c h  
r e q u i r e s  t h e  n e w l y  r e l e a s e d  74HC CMOS s u p p o r t  c h i p s .  
T h i s  e n t i r e  s y s t e m  w i l l  b e  u n i q u e  i n  t h a t  i t  h a s  t h e  
l o w  power  c h a r a c t e r i s t i c s  o f  CMOS a n d  t h e  h i g h  s p e e d  
c h a r a c t e r i s t i c s  o f  74LS S c h o t t k y .  U s i n g  t h e s e  c h i p s ,  
t h e  power  d i s s i p a t i o n  f o r  t h e  e n t i r e  m o t h e r  b o a r d  
a v e r a g e s  o n l y  200  m i l l i w a t t s .  T h i s  e l i m i n a t e s  t h e  
n e e d  f o r  e x t e n s l v e  h e a t - s i n k i n g .  T h i s  s y s t e m  a l s o  
h a s  t h e  a d v a n t a g e  o f  h a v i n g  a n  access  t i m e  o f  200 
n a n o s e c o n d s ,  r a t h e r  t h a n  t h e  450 n a n o s e c o n d s  common 
t o  s t a n d a r d  CMOS. I t  i s  b e l i e v e d  t h a t  t h e s e  
c h a r a c t e r i s t i c s  w i l l  i n c r e a s e  t h e  r e l i a b i l i t y  a n d  
s u r v i v a b i l i t y  o f  t h e  e l e c t r o n i c s  p a c k a g e .  

The  d a t a  s t o r a g e  w i l l  b e  a c c o m p l i s h e d  t h r o u g h  
t h e  u s e  o f  a n  I N T E L  1 MEG m a g n e t i c  b u b b l e  memory .  
T h i s  d e v i c e  w i l l  r e c o r d  t h e  d a t a  p h y s i c a l l y  r a t h e r  
t h a n  e l e c t r i c a l l y ;  t h i s  i s  n e c e s s a r y  d u e  t o  t h e  
i n e v i t a b l e  b a t t e r y  d i s c h a r g e .  H a r r i s  S e m i c o n d u c t o r  
C o r p .  h a s  d o n a t e d  2 5 6 K  CMOS RAM f o r  t h e  s c r a t c h p a d  
memory t h a t  w i l l  b e  l o a d e d  i n t o  t h e  b u b b l e .  The  d a t a  
s t o r a g e  f o r  t h e  c o n v e c t i o n  e x p e r i m e n t  w i l l  u s e  two 
EEPROMs r e c e n t l y  d e v e l o p e d  a n d  d o n a t e d  by  I N T E L .  
T h e s e  a r e  e x c e p t i o n a l  i n  t h a t  t h e y  o n l y  n e e d  5 v o l t s  
t o  w r i t e  i n t o  PROM. T h i s  d a t a  i s  t h e n  p e r m a n e n t l y  
s t o r e d  u n t i l  p u r g e d .  

T h e  e l e c t r o n i c s  h a v e  t o  s u r v i v e  e x t r e m e  
e n v i r o n m e n t a l  c o n d i t i o n s ,  w h i c h  h a s  m a n d a t e d  t h e  u s e  
o f  h i g h  t e c h n o l o g y  c o m p o n e n t s .  It i s  b e l i e v e d  t h a t  
t h e  s y s t e m  d e s i g n e d  i s  f a r  s u p e r i o r  t o  a n y  f l o w n  in 
p r e v i o u s  GAS p a y l o a d s .  T h i s  w i l l  b e  a u n i q u e  t e s t  o f  
w h e t h e r  u n d e r g r a d u a t e  e n g i n e e r s  c a n  a s s e m b l e  a 
s t a t e - o f - t h e - a r t  m i c r o p r o c e s s o r  a n d  b u b b l e  memory 
r e c o r d e r  t h a t  o u t p e r f o r m s  t h e  b e s t  ’ ready-made’  
s y s t e m s  a v a i l a b l e  t o d a y .  T h i s  a t t e m p t  w o u l d  n o t  h a v e  
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b e e n  p o s s i b l e  w i t h o u t  t h e  d o n a t i o n  o f  p r o t o t y p e  
c o m p o n e n t s  t h a t  a r e  n o t  on t h e  m a r k e t  a s  o f  y e t .  
T h a n k s  t o  many i n d i v i d u a l  a n d  c o r p o r a t e  
c o n t r i b u t i o n s ,  t h i s  GAS p r o j e c t  i s  u t i l i z i n g  t h e  
c u t t i n g  e d g e  o f  t e c h n o l o g y .  

TESTING 

The e x t e n s i v e  t e s t i n g  o f  t h i s  p a y l o a d  w o u l d  n o t  
h a v e  b e e n  p o s s i b l e  w i t h o u t  t h e  d o n a t i o n  o f  a t e s t  
c a n i s t e r  by  t h e  P S U  C o l l e g e  o f  E n g i n e e r i n g .  T h i s  
c a n i s t e r  was b u i l t  t o  NASA s p e c i f i c a t i o n s  a n d  w a s  
v i b r a t i o n  t e s t e d ,  a l o n g  w i t h  t h e  s t u d e n t  b u i l t  
s u p p o r t  s t r u c t u r e ,  a t  HRB S i n g e r  i n  S t a t e  C o l l e g e .  
The f u n d a m e n t a l  r e s o n a n t  f r e q u e n c y  o f  t h e  c a n i s t e r  
w i t h  a s i m u l a t e d  p a y l o a d  w a s  d e t e r m i n e d .  T h i s  w a s  
d o n e  t o  i n s u r e  t h e  s i m u l a t i o n  c a n i s t e r ’ s  s u r v i v a l  
t h r o u g h  a c t u a l  t e s t i n g  and  t o  r e c o g n i z e  qhe  
c a n i s t e r ’ s  c o n t r i b u t i o n  t o  t h e  p a y l o a d ’ s  f u n d a m e n t a l  
f r e q u e n c y .  The i n d i v i d u a l  e x p e r i m e n t  c o m p o n e n t s  were 
v i b r a t i o n  t e s t e d  a t  t h e  PSU M e c h a n i c a l  E n g i n e e r i n g  
Dynamic S t r u c t u r e s  l a b .  The p a y l o a d  c o n s t r u c t i o n  
m a t e r i a l s  were m e c h a n i c a l l y  t e s t e d  t o  i n s u r e  t h e i r  
s t r u c t u r a l  m a r g i n s  o f  s a f e t y .  V a r i o u s  e p o x i e s  a n d  
f a s t e n e r s  were a l s o  m e c h a n i c a l l y  t e s t e d  t o  d e t e r m i n e  
t h e i r  s u i t a b i l i t y  i n  p a y l o a d  c o n s t r u c t i o n  a n d  
e n v  i r o nm e n  t . 

When t h e  a c t u a l  p a y l o a d  w a s  f i n i s h e d ,  f u l l  s c a l e  
t e s t i n g  w a s  s c h e d u l e d  a t  GE when t h e i r  f a c i l i t i e s  
were n o t  i n  u s e .  T h r e e  a x i s  v i b r a t i o n  t e s t i n g  w a s  
c o m p l e t e d  t o  N A S A  s p e c i f i c a t i o n s . .  F u l l  s p a c e c r a f t  
v i b r a t i o n  t e s t i n g  was f o u n d  t o  b e  m o r e  c o m p l i c a t e d  
t h a n  i m p l i e d  i n  NASA l i t e r a t u r e .  The i n i t i a l  t e s t i n g  
p r o c e d u r e  w a s  d e s i g n e d  w h o l l y  b y  t h e  s t u d e n t s ,  b u t  
d u r i n g  a c t u a l  t e s t i n g  i t  was f o u n d  t h a t ,  t h r o u g h  l a c k  
o f  e x p e r i e n c e  and  i n f o r m a t i o n ,  t h e  p r o c e d u r e  was i n  
n e e d  o f  m o d i f i c a t i o n .  T h i s  w a s  a c c o m p l i s h e d  t h r o u g h  
c o n s u l t a t i o n  w i t h  GE’s h e l p f u l  t e c h n i c i a n s .  The 
t e s t i n g  p e r i o d  w a s  o r i g i n a l l y  s c h e d u l e d  f o r  two d a y s ,  
i n  r e a l i t y  i t  t o o k  a week .  An i m p o r t a n t  l e s s o n  w a s  
l e a r n e d  a b o u t  t h e  r e a l i t i e s  o f  s c h e d u l i n g .  

The t h e r m a l - v a c u u m  t e s t i n g  f o l l o w e d  t h e  
v i b r a t i o n  t e s t i n g  and  w a s  o r i g i n a l l y  s c h e d u l e d  f o r  
t h r e e  d a y s .  However ,  i t  a l s o  t o o k  a week.  The t e s t  
c a n i s t e r  w a s  e q u i p p e d  w i t h  a s t u d e n t - s e w n  t h e r m a l  
b l a n k e t  made t o  NASA s p e c i f i c a t i o n s .  I t  was c o m p o s e d  
o f  f i v e  l a y e r s  o f  d a c r o n  f e l t ,  two l a y e r s  o f  
a l u m i n i z e d  m y l a r  s p a c e d  w i t h  n y l o n  n e t t i n g  a n d  a 
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c o v e r i n g  o f  b e t a - c l o t h .  In a d d i t i o n  t o  t h e  b l a n k e t ,  
a t h e r m a l  s h r o u d  was s t u d e n t  f a b r i c a t e d  t o  s i m u l a t e  
d e e p  s p a c e  c o n d i t i o n s .  T h i s  w a s  a n  a l u m i n u m  c a n i s t e r  
t h a t  u n i f o r m l y  s u r r o u n d e d  t h e  s i m u l a t i o n  c a n i s t e r ;  
r e s i s t i v e  h e a t i n g  p a d s  on t h e  o u t e r  c a n i s t e r  r a d i a t e d  
h e a t  t o  s i m u l a t e  t h e  h o t  c a se  e n v i r o n m e n t  (+90 6). 
The c o l d  case  (-60 C )  w a s  a c h i e v e d  t h r o u g h  t h e  
c i r c u l a t i o n  o f  l i q u i d  n i t r o g e n  t h r o u g h  t h e  vacuum 
c h a m b e r .  The  t e s t  c a n i s t e r  a n d  p a y l o a d  were c y c l e d  
t h r o u g h  h o t  a n d  c o l d  w o r s t  -case t e m p e r a t u r e  extremes 
i n  a vacuum o f  l o ( - 6 )  t o r r .  The  c y c l e s  s i m u l a t e d  
o r b i t e r  h o t  a n d  c o l d  c y c l e s  a s  d o c u m e n t e d  b y  t h e  
F l i g h t  V e r i f i c a t i o n  P a y l o a d  (FVP) f l o w n  on STS-3. 
I n t e r n a l  p a y l o a d  c o m p o n e n t s  were o p e r a t e d  d u r i n g  t h e  
h o t  c y c l e s  t o  i n s u r e  w o r s t  case h e a t  d i s s i p a t i o n  
e f f e c t s .  A t  no t i m e  d u r i n g  t h e  t e s t i n g  d i d  t h e  
i n t e r n a l  p a y l o a d  t e m p e r a t u r e  e x c e e d  + 3 0  C o r  d r o p  
b e l o w  + 1 5  C .  I t  i s  h o p e d  t h a t  t h e  NASA b u i l t  
i n s u l a t i o n  w i l l  p e r f o r m  a s  w e l l  a s  t h e  s t u d e n t  b u i l t  
i n s u l a t i o n .  

One o f  t h e  m o r e  i n t e r e s t i n g  s e t b a c k s  i n  { h e  PSU 
GAS p r o g r a m  o c c u r r e d  s e v e r a l  weeks b e f o r e  a s c h e d u l e d  
d e l i v e r y  d a t e  f o r  t h e  p a y l o a d  a t  t h e  C a p e .  The  Ga tes  
b a t t e r i e s  i n s t a l l e d  in t h e  p a y l o a d  were f o u n d  t o  b e  
o f  a d i f f e r e n t  s i z e  t h a n  t h o s e  t e s t e d  by  NASA. I t  
h a d  p r e v i o u s l y  b e e n  a s s u m e d  t h a t  a l l  Gate's c e l l s  
were f l i g h t  q u a l i f i e d  on t h e  b a s i s  o f  t e s t s  c o n d u c t e d  
by  NASA f o r  t h e  U t a h  S t a t e  p a y l o a d .  T h e  PSU c a n i s t e r  
u t i l i z e d  a l a r g e r  v e r s i o n  o f  t h e  same b a t t e r i e s ,  b u t  
t h i s  s p e c i f i c  s i z e  h a d  n o t  b e e n  f l i g h t  q u a l i f i e d .  
NASA t h e n  r e q u i r e d  e i t h e r  r e p l a c e m e n t  o f  t h e  c e l l s  
w i t h  a p p r o v e d  s i z e d  c e l l s ,  o r  f l i g h t  q u a l i f i c a t i o n  
t e s t i n g  b y  P e n n  S t a t e .  P e n n  S t a t e  o p t e d  t o  t e s t  t h e  
b a t t e r i e s  t h e m s e l v e s ,  r a t h e r  t h a n  s e t t l e  f o r  a 
smal le r  c a p a c i t y  power  s u p p l y .  A n o t h e r  p u r p o s e  o f  
t h e  t e s t  w a s  t o  p r o v e  t h e  c e l l s  c o u l d  b e  s a f e l y  
s e a l e d  w i t i n  t h e  b a t t e r y  b o x .  GE ,on s h o r t  n o t i c e ,  
s u p p l i e d  a 1 9 6 0 ' s  v i n t a g e  g a s  c h r o m a t o g r a p h  o u t  o f  
t h e i r  s a l v a g e  w a r e h o u s e .  T h i s  u n i t  h a d  t o  b e  
r e c a l i b r a t e d  a n d  r e j u v e n a t e d  b y  t h e  s t u d e n t s  d u e  t o  
i t s  l o n g  p e r i o d  o f  d i s u s e .  The  A e r o s p a c e  e n g i n e e r s  
w o r k i n g  on t h e  p r o j e c t  t h e n  had  t o  e f f e c t i v e l y  become 
c h e m i c a l  e n g i n e e r s  t o  p r o p e r l y  o p e r a t e  a n d  e v a l u a t e  
t h e  c h r o m a t o g r a p h .  The  b a t t e r i e s  c o m p l e t e d  t e s t s  
u n d e r  v a r i o u s  c o n d i t i o n s  o f  l o a d i n g ,  s h o r t i n g  a n d  
s t a n d i n g ;  t h e  g a s s e s  g e n e r a t e d  h a d  t o  a n a l y z e d  
q u a n t i t a t i v e l y  a n d  q u a l i t a t i v e l y .  I t  w a s  f o u n d  t h a t  
a m i n i m a l  a m o u n t  o f  h y d r o g e n  w a s  g e n e r a t e d  u n d e r  t h e  
w o r s t  case s h o r t i n g  c o n d i t i o n s .  D e s p i t e  t h i s ,  t h e  
b a t t e r y  e x p e r t  a t  G o d d a r d  recommended t h a t  a l l  
b a t t e r y  b o x e s  b e  v e n t e d  i n t o  t h e  c a r g o  b a y .  T h i s  
r e s u l t e d  i n  a l a s t  m i n u t e  s t r u c t u r a l  r e d e s i g n  t o  
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a c c o m o d a t e  t h e  p l u m b i n g  and  f i l t e r s  a n d  a l s o  t h e  
d r o p p i n g  o f  a f o u r t h  P S U  e x p e r i m e n t  t h a t  h a d  
o r i g i n a l l y  b e e n  p l a n n e d .  I t  was l e a r n e d  h e r e  t h a t  
t h e  i n d i v i d u a l  e x p e r i m e n t e r s  m u s t  c o n d u c t  t h e i r  own 
s a f e t y  a n a l y s i s  a n d  n o t  r e l y  u p o n  o u t s i d e  s o u r c e s  t o  
f i n d  a l l  e x i s t i n g  h a z a r d s .  

CONCLUSION 

The G e t  Away S p e c i a l  p r o g r a m  i s  i m p o r t a n t  i n  
t h a t  i t  p r o v i d e s  a c t u a l  e n g i n e e r i n g  e x p e r i e n c e .  
G e n e r a l  E l e c t r i c ’ s  d o n a t i o n  o f  t h e  c a n i s t e r  t o  P e n n  
S t a t e  h a s  d o n e  much f o r  t h e  e d u c a t i o n  o f  t h e  many 
e n g i n e e r i n g  s t u d e n t s  who w o r k e d  t o  p l a c e  t h e  
e x p e r i m e n t s  in o r b i t .  W i t h o u t  GE’s s u p p o r t  i n  many 
u n c o u n t a b l e  a r e a s ,  t h i s  p r o j e c t  c o u l d  n o t  h a v e  
a c h i e v e d  t h e  l e v e l  of  c o n f i d e n c e  i t  now h o l d s .  I t  i s  
o b v i o u s  t o  PSU GAS members  t h a t  t o  p r o p e r l y  c o m p l e t e  
a n y  t y p e  o f  GAS p r o j e c t  a n  a e r o s p a c e  s p o n s o r  i s  
n e c e s s a r y  t o  f u l l y  u n d e r s t a n d  t h e  v a r i o u s  p r o b l e m s  
e n c o u n t e r e d  i n  s p a c e .  The t e c h n i c a l  l e v e l  o f  t h i s  
p a y l o a d  f a r  e x c e e d e d  P e n n  S t a t e ’ s  a n d  GE’s i n i t i a l  
e s t i m a t i o n s .  Many o f  t h e  p r o b l e m s  e n c o u n t e r e d  c o u l d  
only b e  s o l v e d  by  t h e  e x p e r t s  a t  GE’s S p a c e  D i v i s i o n ,  
who w e r e  o f t e n  s u r p r i s e d  a t  t h e  l e v e l  o f  t h e  
q u e s t i o n s .  The t e c h n i c a l  l e v e l  was o n l y  made 
p o s s i b l e  b y  t h e  s p o n s o r s h i p  o f  a n  o u t s t a n d i n g  
a e r o s p a c e  c o r p o r a t i o n ,  l i k e  GE.  
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Resul ts  of t h e  Purdue U n i v e r s i t y  
G A S - I  Payload 

by 
Rigober to Perez 

Abst ract  

Th is  paper summarizes t h e  r e s u l t s  o f  Purdue U n i v e r s i t y  GAS-I  payload 
and descr ibes t h e i r  i m p l i c a t i o n s  from an engineer ing design standpoint .  
The payload consis ted o f  one b i o l o g i c a l  and two phys i ca l  science 
experiments, a long w i t h  t h e  suppor t ing subsystems. Some of these 
subsystems included, the  s t r u c t u r e ,  power supply, e l e c t r o n i c  c o n t r o l l e r  and 
thermal c o n t r o l  system. Data was obta ined f rom one o f  t he  experiments, but  
e l e c t r i c a l  and mechanical malfunct ions prevented t h e  opera t i on  of t h e  o the r  
two. The thermal c o n t r o l  design maintained the  des i red  temperatures and 
t h e  s t r u c t u r e  s u c c e s s f u l l y  supported a l l  components. The microprocessor 
c o l l e c t e d  and s to red  temperature readings and other  da ta  du r ing  t h e  f l i g h t .  
A s e r i e s  o f  recommendations based on these r e s u l t s  and our experiences a re  
inc luded i n  t h i s  r e p o r t .  f 

1. I n t r o d u c t i o n  

The Purdue U n i v e r s i t y  G A S - I  was housed i n s i d e  a standard 2.5 cubic 

f o o t ,  100 pound c a n i s t e r  donated by an alumni i n  1977. I n  1978 experiment 

proposals were s o l i c i t e d  by a f a c u l t y  committee f rom t h e  Purdue U n i v e r s i t y  

community. Three experiments were se lec ted  f o r  t he  p r o j e c t .  The completed 

payload was f lown on STS-7 i n  June, 1983. 

The space science experiment i s  e n t i t l e d  "The Nuclear P a r t i c l e  

De tec t i on  Experiment". The purpose of t h i s  experiment was t h e  d e t e c t i o n  of 

nuclear p a r t i c l e s  t h a t  are encountered i n  t h e  near e a r t h  space environment, 

and t o  s tudy t h e i r  subsequent paths a f t e r  t he  p a r t i c l e s  penetrated a stack 

o f  s e n s i t i v e  sheets. The second experiment was a b i o l o g i c a l  p r o j e c t  

e n t i t l e d  "The Seed Germination Experiment". 

m i c r o g r a v i t y  on t h e  germinat ion o f  sunflower seeds was the  o b j e c t i v e  here. 

"The F l u i d  Dynamics Experiment" was intended t o  i n v e s t i g a t e  t h e  mot ion i n  

low g r a v i t y  c o n d i t i o n s  of a drop of mercury immersed i n  a c l e a r  J iqu id.  

A study o f  t h e  e f f e c t  o f  
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I n  a d d i t i o n  t o  the  pr imary experiments, o the r  impor tant  subsystems 

inc luded t h e  b a t t e r i e s ,  temperature c o n t r o l  system and t h e  e l e c t r o n i c  

c o n t r o l  package which inc luded a Radio Corporat ion o f  America CDP1802 

microprocessor C11. 

Schematics of t h e  payload a re  shown i n  F ig.  1. 

A l l  t h e  u n i t s  were h e l d  toge the r  by a s t r u c t u r a l  framc 

2. S t r u c t u r a l  Design 

Ascent and l a n d i n g  loads were supported by a s t r u c t u r e  composed of 

f o u r  c a n t i l e v e r  beams f i x e d  t o  t h e  mounting p l a t e  and connected a t  t h e  f r e f  

end t o  t h e  seed experiment can is te r .  Crossbeams connect t h e  c a n t i l e v e r  

beams and served t o  c a r r y  t h e  experiment subsystems (see Fig. 1) .  The 

e n t i r e  s t r u c t u r e  i s  made of 6061-T6 aluminum w i t h  a t o t a l  mass o f  7 pounds, 

With a f a c t o r  o f  s a f e t y  of 1.5 used i n  the  s t r e s s  analys is ,  i t  was found 

t h a t  t h e  s t r u c t u r e  could support t h e  payload mass o f  100 pounds up t o  16.3 

i n  a d i r e c t i o n  perpendicu lar  t o  t h e  major ax i s  o f  t h e  Get Away Special  

conta iner .  

performed, and showed t h a t  t h e  s t r u c t u r e  cQu ld  s u r v i v e  t h e  f l i g h t  C21. 

I n s p e c t i o n  of t h e  payload a f t e r  t h e  f l i g h t  determined t h a t  t h e  frame 

s u c c e s s f u l l y  c a r r i e d  a l l  t he  components and conf i rmed the  p r e f l i g h t  t e s t s  

and analyses. 

V i b r a t i o n  t e s t s  s i m u l a t i n g  t h e  space s h u t t l e  f l i g h t  were a l s o  

3.  Thermal Contro l  System 

A temperature c o n t r o l  system had t o  be designed t o  s a t i s f y  t h e  thermal 

The seed germinat ion experiment was t o  requirements of var ious subsystems. 

be kep t  between 15 and 27Oc, and t h e  b a t t e r y  packs needed t o  be w i t h i n  15 

and 50OC. The microprocessor was al lowed a s l i g h t l y  l a r g e r  range. 
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The f i n a l  temperature c o n t r o l  des ign was based on thermal models and 

heat t r a n s f e r  s imu la t ions  of t h e  environment be fore  and du r ing  f l i g h t .  

Outer thermal p r o t e c t i o n  prov ided by  NASA cons is ted  o f  POMEX f e l t  

i n s u l a t i o n  around t h e  s ides and on t h e  bottom o f  t h e  can is te r .  The upper 

surface was coated w i th  wh i te  pa in t .  

b lankets,  var ious i n t e r n a l  methods were used t o  ma in ta in  t h e  r e q u i r e d  

temperatures. A complete ly  passive c o n t r o l  system was chosen, because of 

t h e  excessive weight and power requirements of o ther  opt ions.  The p r imary  

component o f  the  system cons is ted  o f  t h r e e  custom-bui l t  "heat c e l l s "  (mfg. 

TEXXOR, Inc., Omaha, NE). 

I n  a d d i t i o n  t o  these ex te rna l  

These c e l l s  con ta in  a m ix tu re  o f  ca lc ium 

c h l o r i d e  hexahydrate and B i s o l  I I T M  (Ahfg = 221 kJ/kg)  t h a t  me l ts  a t  2 7 O C  

and have a t o t a l  heat capac i t y  o f  1585 kJ. They act  as heat sources and 

s inks  dur ing  l i q u i d - s o l i d  phase changes. 

covered w i t h  aluminum f o i l  t o  i n h i b i t  o r  enhance t h e  l o c a l  r a d i a t i o n  

exchange. 

s ides t o  reduce r a d i a t i o n  t o  t h e  c a n i s t e r  wa l l .  A r a d i a t i o n  s h i e l d  

c o n s i s t i n g  of a t h i n  f i be rg lass  s h e l l  covered w i t h  f o i l  surrounded t h e  seed 

experiment, heat c e l l s  and f l u i d  conta iners.  Th is  s h i e l d  minimized t h e  

r a d i a t i o n  t o  t h e  GAS can is te r  w a l l ,  t h e  p r imary  cause of heat loss.  

Surfaces of o ther  components were 

The b a t t e r y  packs, f o r  example had aluminum f o i l  on t h e  ou ter  

Microprocessor records analyzed a f t e r  f l i g h t  showed t h a t  both t h e  seed 

experiment and mounting p l a t e  were between 294 and 2990K (21-260C) f rom 94 

t o  145 hours a f t e r  launch C31. n o t e  t h a t  due t o  a malfunct ion,  t h e  seed 

experiment d i d  not  operate and was no t  a source o f  heat. T h i s  d i f f e r s  f rom 

t h e  p r e f l i g h t  s imu la t i on  which had assumed an opera t ing  seed experiment. 

n ed Nevertheless,  t h e  pass ive thermal system used i n  t h i s  pay 

t h e  r e q u i r e d  temperature range. 

oad mainta 
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4. P a r t i c l e  De tec t i on  Experiment 

The main component of t h e  p a r t i c l e  d e t e c t i o n  experiment cons is ted  o f  a 

s tack of 78 s e n s i t i v e  CR-39 p l a s t i c  sheets s t o r e d  i n s i d e  an aluminum 

conta iner .  Each sheet measured 2 x 3 x .025 inches. The sheets on t h e  t o p  

and bottom o f  t h e  s tack and t h e  i n s i d e  w a l l s  o f  t h e  con ta ine r  were coated 

w i t h  a boron p a i n t  so t h a t  as neutrons entered t h e  con ta ine r  t h e y  were 

converted t o  alpha p a r t i c l e s  by t h e  boron. The alpha p a r t i c l e s  then would 

penetrate t h e  subsequent s e n s i t i v e  sheets and leave t r a c k s  t o  be detected. 

P o s t f l i g h t  ana lys i s  and i n v e s t i g a t i o n s  showed t h a t  t r a c k s  o f  p a r t i c l e s  were 

indeed present i n  the  sheets C41. 

5. Fa i  1 ure Analys is  

Inspec t i on  o f  t h e  payload a f t e r  f l i g h t  revealed t h a t  two o f  t he  t h r e e  

experiments (seed germinat ion and f l u i d  dynamics experiments) d i d  not  

operate as planned. An i n v e s t i g a t i o n  was performed t o  f i n d  t h e  cause(s) o f  

t h e  problems. 

t raced  t o  an e l e c t r i c a l  s h o r t  which occurred when t h e  payload s t r u c t u r e  was 

a c c i d e n t a l l y  placed over a w i r e  f rom t h e  b a t t e r y  pack. Th is  i n c i d e n t  

happened d u r i n g  f i n a l  assembly a t  NASA and appeared a t  t h e  t ime t o  have 

caused no damage. The i n s p e c t i o n  made a f t e r  t h e  f l i g h t  showed t h a t  t h e  

heat generated by t h e  sho r t  damaged t h e  p r o t e c t i o n  diodes used i n  t h e  main 

power supply. Dur ing t a k e - o f f  these diodes e v e n t u a l l y  f r a c t u r e d ,  and 

formed an open c i r c u i t  t h a t  prevented e l e c t r i c i t y  f rom reaching t h e  seed 

experiment E l l .  

F a i l u r e  o f  t h e  seed germinat ion experiment t o  s t a r t  was 

The reason behind t h e  f a i l u r e  o f  t h e  f l u i d  dynamics experiment t o  

operate was independent from t h e  problems descr ibed above s ince t h i s  system 

used a separate b a t t e r y  set. A mechanical ma l func t i on  o f  t h e  camera used 
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i n  t h i s  experiment was r u l e d  out as a f a i l u r e  cause s ince t h i s  camera 

operated before and a f t e r  f l i g h t .  

a poss ib le  source of problems i s  t h e  f i l m  c a r t r i d g e  used by the  camera. 

T h i s  c a r t r i d g e  model had several  moving p a r t s  t h a t  cou ld  have jammed and 

prevented t h e  camera f rom running. 

Although t h e r e  i s  no concrete evidence, 

6. Concl us i ons and Recommendat i ons 

Successful designs i n  t h e  Purdue U n i v e r s i t y  G A S - I  payload inc luded a 

s t r u c t u r e  which was able t o  support t h e  components du r ing  ascent and 

landing,  and a microprocessor which recorded f l i g h t  data. The thermal 

c o n t r o l  system maintained t h e  requ i red  temperatures and data was c o l l e c t e d  

i n  one experiment. An e l e c t r i c a l  sho r t  which occurred du r ing  f i n a l  

3 

mechanical problems prevented the  operat ion o f  i n s t a l l a t i o n  and p o s s i b l e  

t h e  other  two experiments 

Based on these exper ences and p o s t - f l  i g h t  observat ions,  several  

recommendations are made here. Systems must be kept s imple w i t h  as few 

moving p a r t s  as poss ib le .  Passive systems a r e , h i g h l y  recommended. The 

e l e c t r o n i c  package should be p ro tec ted  against  p o s s i b l e  damage and 

redundant components should be inc luded t o  serve as backups t o  important 

par ts .  Repeated s imu la t i ons  o f  t h e  assembly, p r e f l i g h t  and f l i g h t  

environments must be performed. 

fo l lowed by f u l l  sca le operat ion under as r e a l i s t i c  c o n d i t i o n s  (i.e. 

thermal)  as possible.  

problem and f a i l u r e  sources should be formed. 

These should i n c l u d e  v i b r a t i o n  t e s t s  

A task group i n  charge o f  a n t i c i p a t i n g  p o s s i b l e  
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ARC DISCHARGE CONVECTION STUDIES: 
A SPACE SHUTTLE EXPERIMENT 

Al f red  H.  Bellows and A l f red  E. Feuersanger 
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40 Sylvan Road 
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ABSTRACT 

G r a v i t y  p l a y s  a s ign i f icant  role i n  many products,  operations and 
processes, b u t  f o r  many complex systems it i s  o f ten d i f f i c u l t  t o  
separate t h e  effects of  g r a v i t y  f rom those of o ther  forces and 
inf luences. I n  t h i s  experiment aboard Shut t le  it was possible t o  
tes t  and examine t h e  g r a v i t y - f r e e  performance of h igh  in tens i ty  
discharge lamps. Construct ion of  t h e  experimental payload 
requi red careful  in tegrat ion of t h e  s t ructura l ,  electr ical and 
optical systems. Thermal balance and automatic contro l  o f  t he  
experiment were major issues. T h e  d a t a  are expected t o  y ie ld 
detai led information concerning t h e  d i s t r i bu t i on  of  rad iat ing 
species i n  t h e  arc .  T h e  d is t r ibut ions are s t rong ly  affected by 
gravity and a r e  t h e  subject of intensive theoretical modeling 
e f fo r ts .  T h e  Shut t le  d a t a  p rov ide  unique i n p u t  t o  these act iv i t ies 
aimed a t  t he  development of improved l igh t  sources. 

INTRODUCTION 

A research team a t  G T E  tested th ree  arc  discharge Metalarc@ lamps in  the  
micrograv i ty  environment of  one of NASA's small self-contained payloads 
d u r i n g  the  February  f l ight of  STS-41B. The  pro ject  was jo in t l y  sponsored by 
GTE Laboratories, t h e  corporate research fac i l i ty ,  and GTE L igh t i ng  
Products, t he  manufacturer of Sylvania lamps. T h e  experiment was performed 
on h igh in tens i ty  metal hal ide lamps and included t h e  collection of performance 
d a t a  and photography of  t he  arc .  

When operated on earth, g r a v i t y  induces circulat ion of  t h e  hot gases in these 
a rc  lamps. That circulat ion, o r  convection, affects t h e  electr ical and l i g h t -  
p roduc ing  propert ies of  t h e  arc .  These effects, mixed w i t h  others, are 
d i f f i c u l t  t o  separate i n  ground-based experiments. T h e  observations made 
while gravity was "switched o f f "  p rov ide  ver i f icat ion of  theories of arc  
behavior, c l a r i f y  t he  roles of  convection versus o the r  processes i n  t h e  arc, 
and may lead t o  potential p r o d u c t  improvements t h a t  resu l t  f rom a l ter ing t h e  
inf luence o f  convection. 

In metal hal ide lamps a n  a rc  is  established in  a n  i nne r  capsule, o r  arc  tube, 
which has metal electrodes p r o t r u d i n g  th rough  i t s  ends t o  pass electr ical 
c u r r e n t  t h rough  t h e  gas inside. T h e  g a s  is mostly mercu ry  vapor w i th  small 
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amounts o f  sodium and scandium added t o  improve t h e  color o f  t h e  radiated 
light. D u r i n g  normal operation convection resul ts in segregation o f  t he  
var ious species, an ef fect  which impacts t h e  color and ef f ic iency o f  t he  l ight 
sou rce.  

I n  t h e  Shut t le  exper iment var ious proper t ies of  t h e  arc  were observed w i th  
t h e  complication o f  convection removed. T h e  arcs were photographed t o  
record t h e i r  general s t ruc tu re  and, by means o f  th ree  bandpass f i l ters,  to 
rezord the  emission f rom mercury,  sodium and scandium. I n  addition, a 
record was made of a r c  cur ren t ,  arc  voltage, relat ive l ight in tens i ty  and a r c  
t ube  wall temperature.  

GENERAL DESCRIPTION OF THE PAYLOAD 

The  payload, shown in F igure  1, included th ree  separate b u t  identical 
experimental systems. Th ree  experiments were included f o r  checking 
repeatabi l i ty  o f  lamp performance and f o r  redundancy in case o f  par t ia l  
fa i lure.  There  were th ree  lamps symmetrical ly ar ranged under  the  top  plate. 
Each lamp had f o u r  mi r ro rs  sur round ing  it t o  p rov ide  mult ip le f i l te red  images 
including a whi te  l i g h t  image. Three 35 mm cameras w i th  extended backs f o r  
250 exposures recorded a l l  images and digital d a t a .  A por t ion  o f  each 
camera's f ie ld  o f  view included a. bank of digital LEDs which displayed var ious 
operat ing parameters. Each photograph was, therefore, a composite of  these 
d a t a  and the  f o u r  images of the  respective lamp under  test .  (See F igure  3.)  

The  power source f o r  bo th  t h e  lamps and t h e  master cont ro l  c i rcu i ts  was a 
collection of  nineteen ba t te ry  p a c k s  w i th  a total  ra t ing  o f  about 4 kWhr. A 
p lug - in  card  rack contained the  th ree  electronic control  c i rcu i ts  and electronic 
inverter/baIIasts.  T h e  sealed container was f i l led w i th  1 atmosphere of  dry 
n i t rogen which was maintained th roughout  t h e  f l ight. 

Each experiment was in i t ia ted by a n  ast ronaut  closing a relay.  Th is  closure 
s tar ted the  contro l  c i r c u i t  which, among other  th ings, sent pulses t o  the  
camera f o r  taking p ic tures a t  in terva ls  o f  seven seconds. T h e  contro l  c i rcu i t  
also t u r n e d  on power t o  t h e  lamp. Typ ica l l y  these lamps take  f i v e  t o  e ight  
minutes t o  warm u p  and stabi l ize. Since each exper iment durat ion was 30 
minutes, t h e  lamp reached equi l ibr ium well before t h e  experiment was 
completed. 

STRUCTURAL SYSTEM 

T h e  cover  plate suppl ied by NASA had 45 tapped holes and could not be  
modif ied. The  lamps w i th  t h e i r  m i r ro rs  and f i l t e r s  were attached d i rec t l y  t o  
the  cover f o r  optimal heat t rans fer .  Th ree  columns a t  120' in terva ls  were 
also attached t o  t h i s  plate a t  t h e  ou ter  per imeter w i th  th ree  screws each. 
T h e  columns, about 10 inches long, suppor ted a f u l l  diameter shelf.  T h e  
th ree  cameras as well as the  digital display panels were attached t o  th i s  
shel f .  Th ree  addit ional columns, about 13 inches long, were attached t o  the  
opposite side o f  t h i s  p la te and suppor ted a second shel f .  A ca rd  rack f o r  
plug-in p r i n t e d  c i r c u i t  boards was located between t h e  two  shelves. A non- 
metallic ba t te ry  compartment was in tegra l l y  attached t o  the  f a r  s ide of  t h e  
second shel f .  
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Figure 1: The Payload for the eta1 Halide Lamp Experiment. 
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T h r e e  adjustable la tera l  s u p p o r t  
pads, shown i n  F igu re  2, were 
mounted on t h e  t h r e e  lower 
columns in l ine with t h e  center  
o f  g r a v i t y  o f  t h e  suspended 
payload. Thus, t h e  iner t ia l  
forces generated during 
t ransverse  osci I lat ion were 
la rge ly  t rans fe r red  t h r o u g h  t h e  
pads t o  t h e  wall o f  t h e  
container. These pads were 
adjustable f rom t h e  open bottom 
o f  t h e  container by means o f  a 
jack screw which t rans la ted  a 
ramp under  t h e  pad. T h i s  
design was q u i t e  simple and 
compact and permi t ted  location 
o f  t h e  lateral suppor t  pads a t  
any a r b i t r a r y  posit ion along t h e  
payload t o  l ine up w i t h  t h e  CG 
if desirable. 

BOTTOM PLATE HEAD OF JACK SCREW 
WITH HOLE FOR 
LOCKING WIRE 

SIDE SUPPORT / 
COLUMN 

GUIDE 
NOTCH 

LATERAL SI~PPORT PAD 
WITH CYLINDRICAL SURFACE 

Figure 2: Detail of the  Latbral Support Pad. 

PHOTOGRAPH IC AND OPTICAL SYSTEM 

T h e  on ly  inst ruments o f  data collection used in t h i s  payload were N ikon F3 
cameras. T h e  cameras were equipped w i t h  alkal ine b a t t e r y  powered motor 
dr ives,  and were o u t f i t t e d  w i t h  extended 
ro l ls  o f  f i lm f o r  ove r  250 exposures. B y  

\ I  / / ' MIRROR \ \  I /  

,\u, TYPICAL PHOTO -+L 

I I  

Figure 3: Two views of the Photo- 
raphic Optical System. 

backs which accommodated 38 foot  
i nc lud ing  t h e  digital d isp lay  o f  

measured data in t h e  cameras' 
f i e l d  o f  view t h e  overa l l  problem 
o f  data collection and 
synchronizat ion was g rea t l y  
simplif jed, and any doub t  about  
the re la t ionship i n  time between 
t h e  a r c  photographs and o ther  
data be ing  monitored was 
eliminated. Since each f rame on 
t h e  f i lm contains a complete 
instantaneous record  of data, 
coordination o f  t h e  analysis is 
simptif ied. 

T h e  camera was t r i p p e d  once 
e v e r y  seven seconds so t h a t  256 
exposures were made during t h e  
30 minute test .  As shown in 
F i g u r e  3, each lamp was 
o u t f i t t e d  w i t h  f o u r  m i r r o r s  to 
p r o v i d e  four v i r t u a l  images 
falling on a common p lane f o r  
s h a r p  focus ing.  Each o f  these 
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images was covered w i th  a d i f f e ren t  narrow band f i l t e r  t o  isolate mercury, 
sodium and scandium radiators in the  arc.  The  f o u r t h  f i l t e r  was of  neutral  
densi ty t o  adjust  t he  whi te light image f o r  equivalent exposure. A l l  mi r rors  
used in th i s  assembly were f r o n t  surface, and some had selective coatings 
designed t o  reduce the  energy which must be  absorbed by t h e  f i l ters .  

T h e  six channels of  data being displayed on t h e  digital panel were projected 
t o  the  camera by another larger  m i r ro r .  Lamp voltage, lamp c u r r e n t  and 
photopic l ight output  were displayed on digital voltmeters. (Photopic light 
characterizes t h e  spectral response of  t he  human cone receptors. It was 
simulated w i th  a photopic absorption f i l t e r  i n  f r o n t  o f  t he  photodetector.) 
During DC operation t h e  lamp voltage polar i ty  was indicated by a plus o r  
minus sign on the  display.  A digi ta l  thermocouple meter displayed 
temperature of t he  arc  tube as detected by a chromel/aIumel thermocouple. A 
clock was instal led t o  display elapsed time s ta r t i ng  wi th  zero a t  the moment of  
s tar tup.  A l l  displays used LEDs f o r  uni form photographic br ightness 
throughout  t h e  experiment. T h e  LEDs were blanked between camera 
exposures t o  conserve power. They  were also held in the  f ixed-display mode 
during exposure so t h a t  changes in digital reading were not  ambivalently 
recorded by the  camera. 

The  f i lm used was Kodak Technical Pan 2415, a universal f i lm on a highly 
stable Estar base which can be  developed in a var ie ty  of w a y s i f o r  d i f ferent  
speeds and contrasts. The  selected processing resulted in a v e r y  long and 
l inear exposure range which could accommodate the  wide br ightness range 
encountered d u r i n g  s ta r tup  as well as the  uncertain br ightness level t o  be  
attained in the  microgravi ty environment. A photographic step wedge was 
pre-exposed on the f i lm f o r  cal ibrat ion o f  densi ty measurements of t he  arc 
images. This  wedge was included on a blank s t r i p  a t  t he  head of  t h e  f i lm 
and a t  periodic intervals throughout  the  f i lm. To prevent  the  calamity of  
losing a n  ent i re  rol l  of  f i lm d u r i n g  processing, t h e  f i lm was c u t  into f i v e  foot 
lengths and developed separately in conventional developing tanks. The  
developing process was control led as  closely as possible t o  keep a l l  sections a t  
similar density, b u t  t h e  local step wedges serve as a f inal  reference f o r  t h e  
precise densi ty.  

ELECTRICAL SYSTEM 

T h e  power source f o r  t h i s  payload was a set o f  alkaline manganese dioxide 
cells connected i n  a series/parallel configuration. The cell used was a size F, 
manufactured by both Duracell and Union Carbide, and is available in 
multiples incorporated in consumer lantern batteries. This  pr imary cell has 
an excellent performance record, v e r y  long storage life, moderately high 
energy density, good low temperature performance and  low cost. A t  high 
discharge rates it has a sloping discharge, and since it is non-rechargeable, 
additional sets o f  batteries were requi red d u r i n g  p re - f l i gh t  test ing.  The  cell 
is  vented t o  eliminate the  potential f o r  a n  explosion. D u r i n g  sho r t  c i r cu i t  
tests o f  single cells, t h e  temperature rose about 7OoC, but no noticeable 
release of  gas o r  s l u r r y  was observed. Temperature r ise d u r i n g  t h e  normal 
discharge rate of under  2 amperes was about 2OC. 

The  ba t te ry  construction, shown in Figure 4, uses seven cells i n  series, and 
a 7-ampere fuse. The  fuse was located between cell numbers 2 and 3 so t h a t  
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not more than one cell could be  included in a case-to-case shor t  wi thout 
including the fuse. Four of  these bat tery  packs were connected i n  series t o  
develop the required voltage, and fou r  such series s t r ings were connected in 
parallel, using diodes, t o  supply the  required cu r ren t .  Th ree  separate 7-cell 
batteries were used indiv idual ly f o r  powering t h e  t iming control  c i rcu i ts .  
These lat ter  cells were respectively switched on by the  relays in the NASA 
Control Decoder t o  in i t iate each experiment. The  19 batteries were instal led 
hexagonally close-packed in  the  hexagonal ba t te ry  compartment wi th the i r  
leads passing s t ra ight  t h rough  indiv idual  grommeted holes in t h e  lower shelf.  

The schedule of  t he  experiment was LEADS 
designed t o  simpli fy design and operation 
of  the t iming c i rcu i t .  Al l  events occurred 
a t  simple geometric multiples of t he  seven 
second camera cycle. A t  t h e  15 minute 
point  (128 x 7 sec) the  lamp power 
switched from 60 Hz square wave t o  DC. 
The DC polar i ty was reversed every 112 

function was to modify power levels at  
intervals o f  7.5 minutes (64 x 7 sec.).  
The ent i re experiment was completed in 30 
minutes (256 x 7 sec) a t  which time a l l  
power was tu rned  o f f .  

Th is  mode of  operation permitted the use FUSE 

of a simple c i r cu i t  consist ing of a clock set 
f o r  7-second pulses, a counter wi th  

1.5V 
seconds (16 x 7 sec). An optional CELL 

outputs a t  geometric multiples of the RTV SILICONE TO 

7-second input pulse and various qates SECURE CELLS AND LEADS 

Figure 4: Detail of t h e  7-Cell 
Battery Pack. 

and bu f fe rs  for. outputs .  Simplific>tion 
helped to  maintain a high level of 
rel iabi l i ty .  

Discharge lamps requi re a series ballast to  l imit the, c u r r e n t  a f te r  the a rc  is 
established. Ballasts f o r  AC operation are typ ica l ly  inductors.  This 
experiment required DC t o  AC inversion, high voltage s ta r t i ng  pulses t o  
guarantee s tar tup and current - l imi t ing d u r i n g  DC operation. A n  electronic 
ballast c i r cu i t  was designed which incorporated a l l  these functions. This  
c i r cu i t  ut i l ized a commercial CMOS regulat ing pulse width modulator and 
specially designed inductors.  The  regulation was excellent wi th  less than 1% 
variat ion in c u r r e n t  f o r  a DC supply voltage ranging from 43 down t o  22 
volts. 

The  lamp under test  was a standard 175-watt Metalarc@ lamp manufactured by 
GTE wi th  a s l ight ly  modified fill. It was mounted in a slender evacuated 
outer jacket t o  minimize the  size of t h e  optical system w i th  i ts f o u r  mir rors  
and f i l ters .  It operated a t  135 volts and drew 1.3 amperes. The outer  
jacket o f  the lamp was supported a t  each end i n  a V-b lock t ype  cradle w i th  a 
spr ing t o  secure it i n  place. This arrangement was designed t o  minimize 
stress on the jacket thereby reducing t h e  chance of  breakage. 
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THERMAL CONSIDERATIONS 

The  f i r s t  Get Away Special payload flown on Shutt le was an instrumented 
package made by NASA f o r  gather ing information about the container design 
i tsel f .  A number of  temperature curves were obtained from th is  payload. 
Although the  external port ions of  t he  container experienced wide excursions 
in temperature as the  shutt le changed i ts  orientat ion relat ive t o  the sun and 
the  dark sky, the  internal  temperatures remained relat ively stable. The  
instrument plate, t he  bat tery  box and t h e  tape recorder al l  rose a few 
degrees upon takeoff t o  about 30°C then slowly cooled about 5OC p e r  day. 
This  experimental payload also had some heat dissipated into the  top mounting 
plate a t  three d i f f e ren t  times d u r i n g  the flight. These dissipations were 160, 
330 and 320 watt-hours respectively. The  plate heated about 10°C a t  most 
while other components experienced v e r y  l i t t l e  temperature r ise. 

Since o u r  payload was t o  dissipate only about 100 watt-hours on three 
d i f ferent  occasions wi th  many hours between them, heat r ise problems did not 
appear to  be  severe. Calculations indicated that even if a l l  t he  energy f rom 
t h e  lamp was absorbed by t h e  end plate, t he  temperature r ise would be about 
33OC. If t h i s  heat were t o  d is t r ibute uni formly throughout  t h e  payload, wi th  
no losses, the temperature r ise o f  the payload would be about 5OC. As a 
resul t  of these expectations, it was decided t o  o u t f i t  ou r  payload identical ly 
w i th  t h a t  o f  the test  payload, i.e., t o  ut i l ize an anodized mounting plate 
covered w i th  insulat ion. This  insulation was also expected t o  help prevent  
t h e  batteries f rom cooling excessively. I n  the  hope of  maintaining the  
batteries above 1O0C, the  experiments were requested t o  b e  performed as 
ear ly in the  fl ight as possible. Heat r ise of  t h e  batteries d u r i n g  normal use 
was measured t o  b e  about 2OC. 

Since natural  convection is absent in the  microgravi ty of  o rb i t ,  small fans 
were provided t o  circulate the  nitrogen atmosphere over the c i r cu i t  boards. 
These were not on ly  prov ided f o r  t he  obvious sources of heat such as power 
t ransistors,  but f o r  o ther  components such as resistors which have short  
thermal time constants and may have experienced considerable heat r ise wi th  
l i t t le  more than di f fusion and point  contact conduction t9 cool them. 

The  g lass  mir rors  and f i l t e rs  were mounted in such a manner as  t o  leave them 
f ree t o  move relat ive t o  the i r  metal supports t o  prevent  r i s k  of  breakage due 
t o  thermally- induced expansions of t he  components. 

TESTING 

NASA recommended a single v ibrat ion test  which effect ively tested f o r  noise 
and acceleration. If t h e  test  were not performed, a more conservative stress 
calculation was requi red.  A f i n i t e  element stress analysis of  t he  s t ruc tu re  
was performed d u r i n g  design of the payload. The  vibrat ion test  was 
performed on subassemblies ear ly in the  project  as well as on the completed 
payload. Although not  required, the tes t  was, nevertheless, performed 
pr imar i ly  t o  uncover potential weaknesses which would jeopardize t h e  success 
of  t he  mission. The  payload had been designed us ing conservative 
practices-low stress levels, mult iple screws w i th  locking devices, oversized 
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cables well suppor ted  w i t h  clamps, g lass  components mounted on cushions and 
reta ined w i t h  spr ings,  e tc .  T h e  payload su f fe red  no  phys ica l  damage d u r i n g  
launch and o r b i t .  

RESULTS AND CONCLUSIONS 

T h e  payload was re t r i eved  w i th in  2 weeks o f  t h e  land ing  a t  Kennedy Space 
Center .  Examination unve i led  no  damage t o  t h e  payload and subsequent 
process ing o f  t h e  f i lms revealed tha t  a l l  t h r e e  systems per formed near l y  t o  
per fect ion.  T h e  i n t e g r i t y  o f  t h e  s t ruc tu ra l  system and t h e  performance o f  
t h e  automatic electr ical systems indicate that  t h e  basic des ign is  sound. 
Modif icat ion o f  t h i s  des ign t o  accept var ious f u t u r e  experiments can be  read i l y  
effected. 

Film process ing was ca r r i ed  o u t  in stages t o  ensure  that  development o f  t h e  
analog arc  images resu l ted  in optimal d a t a  acquis i t ion.  L inear  r a d i a l  scanning 
a t  selected a rc  ax is  posit ions produces quan t i t a t i ve  data f o r  t h e  mercury,  
sodium and scandium emissions. Determination o f  t h e  rad ia l  a r c  temperature 
p ro f i l e  f rom t h e  scanned image o f  mercu ry  i n tens i t y  and determination of  
species dens i ty  d i s t r i bu t i ons  are  in progress .  These ianalyses requ i re  
absolute ca l ibrat ion of f i lm densit ies as a func t i on  o f  rad iated power and 
complex computer aided invers ions of dens i ty  d i s t r i bu t i on  d a t a .  

Evaluation o f  d ig i t a l  f i lm data shows t h a t  t h e  175 w a t t  Metalarc@ lamp has a 
s ign i f i can t  increase in light o u t p u t  when convection is  removed i n  t h e  gravity 
f ree  env i ronment  of t h i s  experiment. Th i s  increase in ef f icacy is  d u e  t o  a 
more un i fo rm temperature and radiating species d i s t r i bu t i on .  Operation u n d e r  
DC power reveals sizable cataphoretic effects t h a t  a r e  be ing  s tud ied  f u r t h e r .  
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SPACESCAPES/PAYLOADS FOR THE ARTS 

By Joe Davis 

ADMINISTRATIVE AND TECHNICAL ASPECTS OF THE NEW WAVE RUBY FALLS 
GET AWAY SPECIAL PROJECT ARE REVIEWED IN PERSPECTIVE 

Introduction: 

The first efforts to involve NASA and space shuttle in projects 
for the arts were, by and large, disastrous. Artists had a hard time 
understanding their role in contending with technical benefit require- 
ments of the program and, further, they typically expected money to 
flow in the wrong direction, thus compounding the problem. One of the 
few (if not the only) NASA offices actually accustomed to paying 
independent, or free-lance artists was the Office of the Graphics 
Coordinator at NASA Headquarters, which is where many artists with 
would-be shuttle projects eventually ended up, and were of course 
subsequently dismissed, 
recognize the arts from the standpoint of practical benefit, save 
perhaps in the contzxt of the usefulness of the graphic arts to 
document programs and procedures for books, charts, brochures, and 
other materials either for print o r  broadcast. Unfortunately, it seemed 
as if the inherent utility of the arts might remain submerged in the 
fabric of such a narrow application. To NASA, space was strictly 
business; the place for serious and justifiable (in Congress) research. 
Meanwhile, to the artist, space was the place for'works of enormous 
power and scale; a stage for the struggle with gravity which has 
always stood between the sculpture and the sculptor; even between the 
fresco and the floor, and now, between the artists and the artist's 
vision. It wasn't the Graphics Coordinator's job t o  hire on artists 
with projects for the space shuttle; and in the transition from 
landscapes to spacescapes, artists weren't presenting themselves as 
potential customers, submitting earnest money, or otherwise sub- 
stantially contributing to positions in which they could be treated 
according to the same policy and regulation as  other commercial users. 

NASA has not been historically inclined t o  
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NEW WAVE RUBY FALLS: 

A s  t h e  need f o r  a n e g o t i a b l e  commercial r e l a t i o n s h i p  had 
become more appa ren t ,  e a r n e s t  money w a s  submit ted i n  J u l y , ' 7 8  
f o r  a 5 ft .3/200 lbs.  GAS payload t h a t  w o u l d  e v e n t u a l l y  become 
NEW WAVE RUBY FALLS, Accompanying correspondence desc r ibed  t h e  
payload as a "unicsue s c i e n c e / a r t  j u x t a p o s i t i o n  t h a t  w i l l  satis-  
f y  t e c h n i c a l ,  and 'human b e n e f i t '  c r i t e r i a  which NASA r ec ru i r e s  
f o r  s m a l l ,  s e l f - con ta ined  payloads",  

While i t  h a s  become t e c h n i c a l l y  p o s s i b l e  t o  create works of 
a r t  on an enormous scale, a r t  i tself  is  becoming as societal  as 
i t  i s  monumental. Where p rospec t ive  works of a r t  could involve  
large sums of money, thousands upon thousands of work-hours, and 
suppor t  systems t h a t  i nc lude  agenc ie s  of t h e  government, ar t is ts  
a r e  f i n d i n g  - i n  s o m e  cases, for  the  f irst  t i m e  - t h a t  t hey  are 
be ing  asked t o  r e s o l v e  t h e  p r a c t i c a l  i s s u e s  of t h a t  p a r t i c i p a t i o n .  

By December, 1978, NASA w a s  s t i l l  u n c e r t a i n ,  and an o f f e r  w a s  
made t o  refund t h e  e a r n e s t  money u n t i l 1  a d e c i s i o n  w a s  reached t o  
" . . .permit  t h i s  class of payload t o  f l y , . . . "  Again, by r e t u r n  m a i l ,  
t h e  i s s u e  of t e c h n i c a l  b e n e f i t  w a s  addressed ,  and t h i s  t i m e ,  w i t h  
some d i r e c t  r e f e r e n c e  t o  t h e  p r i n c i p a l s  of free e n t e r p r i s e :  

" . . . S t i l l ,  remembering t h a t  NASA h a s  i t s  d e e p e s t  roots i n  t h e  
American f r e e  e n t e r p r i s e  system i n  g e n e r a l ,  and i n  uncounted h o s t s  
of f i e r c e l y  compe t i t i ve  suppor t  c o n t r a c t o r s ,  j a n i t o r s ,  clerks, and 
ar t is ts  i n  p a r t i c u l a r ,  it i s  s u r p r i s i n g  t h a t  NASA has  n o t  decided 
t o  g r a n t  a f a i r  and e n u a l  oppor tun i ty  t o  any and a l l  of t h e  above 
who could  deve lop  a meaningful,  e t h i c a l  payload, and pay t h e  same 
p r i c e  as other STS customers. . .  

... When we  c o n s i d e r  t h e  r e l a t i v e  b e n e f i t s  of t y p i c a l  s h u t t l e  
payloads,  even i f  we choose t o  ignore  t h e  h i s t o r y  of underdeveloped 
peoples  whose l i v e s  have been des t royed  or  s e v e r e l y  e x p l o i t e d  as a 
p a r t  of t h e  p l a n e t a r y  cost  of t e c h n i c a l  advancement, a t  least  we 
can ag ree  t h a t  t h e  h i s t o r y  of human s u f f e r i n g ,  and t h e  d e p l e t i o n  of 
n a t u r a l  resources has  had l i t t l e  or  no th ing  t o  do w i t h  a r t .  Indeed, 
i f  t h e  p r i o r i t i e s  for  a l l o t t i n g  s h u t t l e  payload space a l l o w  for pro- 
jects t h a t  c o n t r i b u t e  to  t h e  improvement of t h e  human c o n d i t i o n  and 
the  P u a l i t y  of l i f e ,  then t h e  a r t s  r e p r e s e n t  a ve ry  humane and univ- 
ersal p r a c t i c a l i t y  ... 

(. . .Even if t h e  e x i s t i n g  p r i o r i t i e s  re la te  e x c l u s i v e l y  t o  tech- 
n i c a l  research and development, i t  should be remembered t h a t  many 
of t h e  t e c h n i c a l  advances v i t a l  t o  o u r  way of l i f e  are,  i n  fac t ,  
d i ' r e c t l y  a t t r i b u t a b l e  t o  development i n  t he  a r t s .  A few among t h e s e  
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are t h e  i nven t ion  and development of p r a c t i c a l  photography ( includ-  
i n g  the  b a s i c  camera and photographic  p l a t e s ) ;  l o s t  wax c a s t i n g ,  
l i t hography ,  s i l k - s c r e e n  p r i n t i n g ,  pigments chemis t ry . . ,  a l l  of 
which technology as we know i t  could do l i t t l e  wi thout , . .  The p o i n t  
i s  t h a t  t e c h n o l o g i c a l  development is n o t ,  and h a s  n o t  t r a d i t i o n a l l y  
been t h e  p r i v a t e  domain of s c i e n c e  and indus t ry . , .  

,..I do n o t  e x p e c t  o r  d e s i r e  a refund u n l e s s  there a c t u a l l y  is 
a d e c i s i o n  t o  s p e c i f i c a l l y  p r o h i b i t  a r t ,  even i n  payloads t h a t  com- 
p l y  w i t h  p re sc r ibed  t e c h n i c a l  cri teria. . ."  

- l e t te r  t o  STS Opera t ions  (1/8/79) 

Some t e n  months later, NASA decided t o  a c c e p t  t h e  e a r n e s t  money 
based on compliance w i t h  t h e  p o l i c y  for  s c i e n t i f i c  r e s e a r c h  and dev- 
elopment. I n  a l e t te r  d a t e d  O c t .  23, 1980, t h e  payload w a s  f i n a l l y  
ass igned  an o f f i c i a l  payload number(266A) i n  t h e  earnest  money queue. 
The NASA/customer r e l a t i o n s h i p  w a s  thereby  l e g i t i m i z e d ,  and l i n e s  
w e r e  drawn on t h e  matter of what could f l y ,  and w h a t  could no t .  NASA 
would n e i t h e r  q u a l i f y  or  d i s q u a l i f y  a p r o j e c t  s imply because i t  con- 
t a ined  or p e r t a i n e d  t o  a work of a r t ,  though c l e a r l y  i f  t h e  a r t i s t ic  
and s c i e n t i f i c  a s p e c t s  of such  a payload could be a t  a l l  s epa ra t ed ,  
then NASA w o u l d  f l y  t h e  s c i e n c e  and n o t  t h e  a r t .  H e r e  i n t e g r a t i o n  of 
s e n s i b i l i t i e s  w a s  as impor tan t  as i n t e g r a t i o n  of hardware; and t h e  
commitment to  develop  and admin i s t e r  t o  t h i s  i n t e g r a t i o n  w a s  no doubt 
an e q u a l  cha l l enge  t o  both worlds .  

A t  t h i s  t i m e  NASA w a s  s t i l l  formula t ing  key elements  of t h e  GAS 
program. The  GAS F i n a l  R u l e ,  GAS c a n n i s t e r  dimensions and s t r u c t u r a l  
characteristics, f a c i l i t i e s  fo r  an opening end, o p t i c a l  window, and 
t h e  cont ingency f o r  deploying GAS payloads w e r e  a l l  among t h e  i s s u e s  
y e t  t o  be reso lved .  I t  follows t h a t  t h e  n a t u r e  of  these u n c e r t a i n t i e s  
w o u l d  f i g u r e  s i g n i f i c a n t l y  i n  forthcoming proposa ls .  Accordingly a 
v a r i e t y  o f  t e c h n i c a l  a p p l i c a t i o n s  w e r e  assessed so t h a t  t h e  p r o j e c t  ' 
could  cope w i t h  a n t i c i p a t e d  v a r i a b l e s  i n  f i n a l  de t e rmina t ions  about  ' 
payload 266A, and GAS payloads i n  gene ra l ,  Such d i v e r s e  areas as 
space  i n f l a t i o n  t echno logy( in f l a t ab1es )  , foam-metals techniques,  
vacuum welding, l a s e r - i n t e r f e r o m e t r i c  and holographic-interferomet- 
r ic  g r a v i t a t i o n a l  wave d e t e c t i o n ,  Ear th- resource  imaging and recon- 
na i s sance  techniques ,  c r y s t a l  growth  and semiconductors ,.. w e r e  ana- 
lyzed  w i t h  r e s p e c t  to  f e a s i b l e  i n t e r f a c i n g  of a r t i s t ic  and s c i e n t i f i c  
o b j e c t i v e s .  

Although there w a s  no requirement  t o  do  so, cop ies  of drawings and 
abs tracts from t h e  aforementioned e x p l o r a t i o n s  w e r e  f orwarded to STS 
Opera t ions  and p resen ted  a t  GAS-user symposiums, etc., over  a pe r iod  
of s e v e r a l  yea r s .  Payload 266A w a s  t he reby  pursued i n  t e r m s  of a l t e r n -  
a t i v e s  so t h a t  o p t i o n s  w e r e  s w i t c h a b l e  i n  t h e  face of a d m i n i s t r a t i v e  
and/or t e c h n i c a l  dead-ends; and i t  w a s  also in tended  t h a t  a t  t h i s  
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po in t  a r e j e c t i o n  or d i s q u a l i f i c a t i o n  of t h e  payload would be dis-  
couraged on t h e  basis of a s i n g l e  p o s s i b i l i t y .  

GAS payloads can, and i n  fact  a l r eady  are used t o  create s m a l l  
amounts of new and unique materials w i t h  impl ica t ions  t h a t  are as 
a r t i s t i c  as they are s c i e n t i f i c ;  having u l t ima te ly  as much t o  do 
w i t h  t h e  a r t s  as p a i n t  and marble do now. Foamed metals c o u l d  be 
used for  in s t ance ,  t o  create very l igh tweight  and tenuous, y e t  ex- 
tremely s t rong  bases for massive, weighty objects..,foamed gold or 
platinum would have as many s c i e n t i f i c  u s e s  as u s e s  i n  l ap ida ry  and 
scu lp tu re ;  l ikewise  for  payloads devoted to  the  manufacture of u l t r a -  
pure semiconductors(saphires, garne ts )  and ruby rods for  lasers. The 
f i n a l  d i s p o s i t i o n  of such  payload products may p resen t  some problems 
for  t h e  ar t is t -user  however, as NASA h a s  rejected payloads i t  feels 
would take  unfair advantage of pub l i c  resources by producing non- 
t echn ica l  f i n a n c i a l  ' k i l l i n g s '  on t h e  open market. NASA has  t h u s  re- 
jected proposals  for payloads t h a t  would f l y  stamps, co ins  or medal- 
l i o n s ,  p r i n t s ,  and even crematoria1 ashes,  on t h e  basis of prevent- 
i ng  what is  obviously considered unethical e n t r e p r e n e u r i a l  a c t i v i t y  
a t  t h e  expense of t h e  federal government. An a r t i s t  'cashing-in '  on 
a r e l a t i v e l y  miniscule  investment, or one who plans t o  do so, might 
s i m i l a r l y  provoke t h e  i r e  of t h e  space adminis t ra t ion  i n  such  a way 
as t o  i n s p i r e  r egu la t ion  t h a t  could effect t h e  e n t i r e  community of 
t h e  arts. What po r t ion  of s u c h  a payload would be used for  a r t ;  and 
w h a t  p a r t  for  research? How would products thereof f i n d  a fa i r  p r i c e  
and a f a i r  market? 

Due t o  t h e  complexity of these i s s u e s ;  and because of ar t is t ic  
motivation t o  involve t h e  s i te  i tself ,  as w e l l  as t h e  mere charact- 
eristics of t h e  s i te ,  concepts for  payload 266A moved more toward 
schemes for  shut t le-based environmental ar t .  I n  an e a r l y  proposal 
made by t h e  u s e r  i n  connection w i t h  D r .  Leon Goldman(Director of t h e  
Laser Laboratory a t  t h e  Univers i ty  of C inc inna t i  Medical Cen te r ) , t he  
GAS conta ine  would be used, poss ib ly  w i t h  a '  sub-cannister,  t o  dis- 
charge 5 f t ,  of crushed g l a s s ,  shreaded aluminum f o i l ,  and W-act- 
iva t ed  phosphors.' The idea w a s  t o  use  ground-based lasers t a rge ted  
on t h e  discharged materials to  create spec tacu la r  d i s p l a y s  of l i g h t  
and color v i s i b l e  t o  l a r g e  numbers of observers  on t h e  ground for 
both art ist ic and s c i e n t i f i c  purposes, Observations of atmospheric 
absorp t ion ,  r e f r a c t i o n  and beam divergence c o u l d  be made for  a var- 
i e t y  of lasers ope ra t ing  a t  d i f f e r e n t  p laces  on t h e  v i s i b l e ,  and 
u l t r a - v i o l e t  p a r t s  of t h e  e lectromagnet ic  spectrum. Also, d r i f t  and 
d i f f u s i o n  of the  discharged pa r t i cu la . t e  could be observed and meas- 
ured. Again, there w e r e  c e r t a i n  problems. 

s 

Although NASA had n o t  uncondi t ional ly  decided to  p r o h i b i t  deploy- 
i n g  GAS payloads on t h e  long t e r m ,  they had decided t h a t  there would  
be no deploying GAS experiments on t h e  short  t e r m .  Machinery t o  fac- 
i l i t a e  deploying experiments w a s  a t  t h i s  t i m e  s t i l l  &n t h e  process  of 
design and t e s t i n g ,  and u s e r s  w e r e  warned of a d d i t i o n a l  high costs 
which would probably become assoc ia t ed  w i t h  deploying payloads. 
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Because of p o t e n t i a l  i n t e r f e r e n c e  w i t h  other payloads, and w i t h  
ground-, and s h u t t l e -  based astronomy, NASA was r e l u c t a n t  t o  en- 
courage t h e  GAS-related deployment of any p a r t i c u l a t e  or  so l id  
m a t e r i a l s  whatsoever. 

I n  any case  i t  w a s  ev iden t  t h a t  t h e  GAS c a n n i s t e r  of maximum 
weight and volume could n o t  conta in  a mater ia l s - in tens ive  environ- 
mental ly  scaled experiment, artwork or not .  Indeed, a GAS c a n n i s t e r  
cou ld  only conta in  p a r t  o r  po r t ion  of continuous phys ica l  o b j e c t s  
much l a r g e r  than a t  best, a f e w  score meters(as i n  t h e  case of in- 
f latables) . consequently GAS experiment/environmental artworks con- 
ceived of as works w i t h  l i g h t  r ep resen t  an adapt ion t o  t h e  confusing 
r e l a t i o n s h i p s  of s c a l e  seen i n  t h e  u t i l i z a t i o n  of a 5 f t . 3  space i n  
a h igh  speed g loba l  t r a j e c t o r y .  L i g h t  has  long s i n c e  been common 
ground t o  t h e  i n t e r e s t s  of a r t  and sc ience ;  i s  weight less ;  n o t  re- 
stricted by phys ica l  connection to  any p a r t i c u l a r  space or a r e a ;  w i l l  
n o t  outgas  or phys ica l ly  contaminate other experiments; and is  n o t  
adversely affected by vacuum, temperature extremes, v i b r a t i o n ,  G-force 
v a r i a t i o n s ,  or any other known characteristic of t h e  nea r - shu t t l e  re- 
gion. , 

Light  i n  t h e  con tex t  of environmental a r t  i s  nothing new, n e i t h e r  
for  t h a t  matter i s  the overlapping t echn ica l  i n t e r e s t .  For decades, 
and i n  some cases f o r  c e n t u r i e s ,  artists. have employed mirrors, lasers, 
p r o j e c t o r s ,  search l ights ,  pyrotechnics ,  etc. ,  t o  create large-scale 
pub l i c  works. The i n t e r d i s c i p l i n a r y  works of Rockne K r e b s ,  of Washing- 
ton,  D.C., and John David Mooney, of Chicago, 111, are contemporary 
examples. The l a t e  Alexander Calder,  a r t i s t  of 'mobiles' and ' s tab i les '  
fame(who also pa in ted  Brani f f  j e t l i n e r s )  had co l l abora t ed  w i t h  D r .  Gold- 
man a t  C i n c i n a t t i  to determine t h e  f e a s i b i l i t y  of p lac ing  mobiles i n  
space which w o u l d  i n t e r a c t  w i t h  lasers based either on-orbi t ,  or on 
t h e  ground. T h i s  w a s  some t i m e  before the  s ta r t  o f , t h e  GAS program, 
and Calder died unfor tuna te ly  before he had t i m e  t o  work o u t  other 
p o s s i b i l i t i e s .  S t i l l  other art ists ,  mesmerized w i t h  shimmering auroras 
produced i n  many yea r s  of rocket-borne i n v e s t i g a t i o n  of t h e  ionosphere 
and t h e  e a r t h ' s  magnetic f i e l d ,  have proposed t h e  c r e a t i o n  of auroras 
fo r  a r t i s t ic  purposes by t h e  pyrotechnic/chemical release, and o t h e r  
methods he re to fo re  employed by s c i e n t i s t s  a s soc ia t ed  w i t h  auroral ex- 
periments i n  rocke t ry .  Regre t tab ly ,  t h e  cost of s u c h  a p r o j e c t ,  owing 
t o  t h e  need f o r  an expendable launch vehicle and support  systems, can 
e a s i l y  range i n t o  f i g u r e s  unaffordable  by any ind iv idua l  art ist ,  even 
i f  t h e  a r t i s t  i n  ques t ion  happened t o  be an extremely wealthy one, and 
even i f  a s soc ia t ed  government agencies  had offered t h e i r  cooperation, 
which  they had not .  The fact  remained t h a t  technology necessary €or 
t h e  production of a r t i f i c i a l  auroras would  be p r e r e q u i s i t e  i f  l a r g e  
-scale atmospheric l i g h t f o r m s  w e r e  ever t o  become a medium for  envr- 
onmental art .  I n  t h e  con tex t  of GAS payload 266B, given both the  wide-  
spread s c i e n t i f i c  and t e c h n i c a l  i n t e r e s t ,  and t h e  breakthrough econom- 
ics of t h e  GAS program, an a u r o r a l  payload concept began t o  t ake  f o r m .  
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One p o s s i b i l i t y  wou ld  have been to  propose t h e  deployment of B a r i u m  
t r ip le -carbonates ,  and o t h e r  materials used  i n  conjunct ion w i t h  pyro- 
technic/chemical release w i t h o u t  t h e  pyrotechnics  i n  subcontainers  
designed to  qu ick ly  d i s i n t e g r a t e  on r een t ry ;  allowing for  t h e  ioniza-  
t i o n  of materials s o l e l y  by atmospheric heat ing.  I t  is  f a i r  to  assume 
a more favorable  response f r o m  t h e  space adminis t ra t ion  t o  payload 
concepts n o t  p e r t a i n i n g  to  t h e  use  of p l a s t i c  explosives ,  thermi te ,  
o r  o t h e r  pyrotechnic  materials, e s p e c i a l l y  i n  v i e w  of t h e  s e n s i t i v e  
and tenuous i s s u e  of deployment of anything a t  a l l ,  And, although 
t h e  u s e r ( s )  has  described an opt ion for t h e  use of one or  t w o  such 
subcannis te rs  i n  t h e  NEW WAVE RUBY FALLS payload accommodations re- 
quirements, launch agreement nego t i a t ions ,  etc., t h e  i n c l u s i o n  of 
s u c h  subcann i s t e r s  have been proposed only  op t iona l ly ,  as  t h e  use r  
pursues a h igher  o rde r  of compromise on the  matter of deployment. 

Natural  auroras  have been associated w i t h  surges  of e l e c t r o n s  i n  
t h e  ionosphere which,  i n  t u rn ,  have been associated w i t h  solar ac t iv -  
i t y .  Mimicking t h i s  n a t u r a l  process,  s c i e n t i s t s  have used  e l e c t r o n  
guns as su r roga te s  f o r  solar and magnetospheric a c t i v i t y  t o  in t roduce  
beams of e l e c t r o n s  i n t o  t h e  environment under control ' led condi t ions .  
An e l e c t r o n  gun c o n s i s t s  of a cathode(-) ,  which  c o n s i s t s  of ,  or  is 
coated w i t h  an e l e c t r o n  emi t t i ng  substance,  and anodes (+) , which focus 
and/or collimate t h e  e l e c t r o n s ,  and determine t h e  vo l t age  (energy) of 
t h e  e l e c t r o n  beam. The amperage or c u r r e n t  d e n s i t y  i s  work func t ion  
of t h e  cathode which  i s  usua l ly  heated t o  t h e  s p e c i f i c  temperature a t  
which desired emission takes  place,  E l e c t r o n  guns have been used  for 
a v a r i e t y  of purposes with and w i t h o u t  chemical release materials i n  
sounding rocket ,  as w e l l  as deep space missions,  and t w o  have flown 
i n  large, non-GAS s h u t t l e  experiments t o  date, Although t h e  t w o  guns 
involved i n  experiments c a r r i e d  o u t  on board shut t le(0SS-1 's  Fast P u l s e d  
Elec t ron  Gun on STS-3; and t h e  SEPAC experiment on STS-11) w e r e  n o t  
n e c e s s a r i l y  intended t o  produce emissions v i s ib le  t o  observers  on t h e  
ground, t h e  problem of determining t h e  c h a r a c t e r i s t i c s  of an e l e c t r o n  
gun intended t o  produce v i s i b l e  auroras  i s  an eminently so lvable  one: 
and t h e  road t o  t b a t  s o l u t i o n  h a s  bene f i t ed  g r e a t l y  by t h e  f r u i t s  of 
e a r l i e r  i n v e s t i g a t i o n s .  I t  w a s  w i t h  t h i s  p r o j e c t  i n  mind t F a t  NASA 
s igned a s tandard  launch s e r v i c e s  agreement t o  f l y  GAS payload 266A, 
NEW WAVE RUBY FALLS: t h e  f irst  launch agreement s igned for  a payload 
containing,  o r  p e r t a i n i n g  t o  a work of a r t ,  and t h e  f i r s t  p r i v a t e  
s e c t o r  payload launch agreement f o r  a GAS payload intended t o  a t  least 
p a r t i a l l y  deploy. T h a t  s ign ing  occurred May 4,  1982 nea r ly  four  years  
a f t e r  t h e  o r i g i n a l  submission of e a r n e s t  money. On June 8, 1982, t h e  
u s e r  reserved t w o  a d d i t i o n a l  payloads under t h e  auspices  of t h e  Center 
for  Advanced Visual  Studies(pay1oad i d e n t i f i c a t i o n  numbers 4 3 9  and 
440 i n  t h e  e a r n e s t  money q u e u e )  f o r  f u t u r e  payload p r o j e c t s .  

One of t h e  f irst  determinat ions made of t h e  'RUBY FALLS experi-  
ment parameters der ived  from published observat ion@ of n a t u r a l  auroras .  
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I n  t h e  process of documenting auroral observat ion,  i n t e r n a t i o n a l  
b r igh tness  c o e f f i c i e n t s  w e r e  established t o  s t anda rd ize  re ferences  
t o  i n t e n s i t y  of br ightness .  I n t e r n a t i o n a l  b r igh tness  c o e f f e c i e n t s  
a r e  incremented i n  t e r m s  of Rayleighs, a s tandard  of b r igh tness  which  
is i n  tu rn  t r a n s l a t a b l e  i n t o  photons per sq, cent imeter  per  second(i .e . ,  
1 Rayliegh = l o6  photons "cm2 -set. a t  5577 angstroms, a green emission 
l i n e  i n  oxygen). F u r t h e r ,  t h e  b r igh tness  i n t e n s i t y  of minimally v i s i b l e  
au ro ras ( so  called ' d i f f u s e '  auroras)  has  been established as having an 
i n t e r n a t i o n a l  b r igh tness  c o e f f i c i e n t  ( I E E C )  of 1, or 1 k i lo ray le igh .  
Thus t h e  b r igh tness  of minimum auroral v i s i b i l i t y  can be expressed i n  
t e r m s  of oxygen emissions a s  10 photons 
normally occur a t  an a l t i t u d e  of about 100 km, 'RUBY FALLS' parameter 
f o r  minimum v i s i b i l i t y  w a s  thereby established, as w e l l  as an i d e a l  
t a r g e t  a l t i t u d e  of 100 km, i n  t h e  e l e c t r i c a l l y  a c t i v e  a u r o r a l  zone. 

- 9 cm2 -sec for  auroras which 

The next  s t e p  w a s  t o  determine w h a t  ou tput  levels of c u r r e n t  and 
energy w e r e  required so t h a t  t h e  'RUBY FALLS e l e c t r o n  gun cou ld  pro- 
d u c e  t h e  prescr ibed  auroral  b r igh tness ,  and pene t r a t e  t o  t h e  prefer-  
red  a l t i t u d e .  For tuna te ly ,  these values w e r e  also calculable i n  t e r m s  
of ex tens ive  earlier i n v e s t i g a t i o n s ,  

I n  t h e  process  of i o n i z a t i o n  and recombination, atoms of gas  e m i t  
photons w i t h  a frequency o r  'color'  t h a t  d i r e c t l y  corresponds t o  t h e  
amount of energy consumed by t h e  atoms a t  t h e  start  of t h e  process.  
When an atom of gas absorbs energy from i ts  environment, an e l e c t r o n  
can move t o  a hfgher energy l e v e l .  Once i n  t h e  h igher  l e v e l ,  t h e  elec- 
t ron  tends t o  r e t u r n  quick ly  t o  t h e  o r i g i n a l  energy l e v e l ,  I n  t h i s  
downward t r a n s t i t i o n  a photon w i t h  an energy n e a r l y  e q u a l  t o  t h a t  of 
the energy absorbed i n  t h e  upward t r a n s i t i o n  i s  re leased .  A photon 
i s  released when an e l e c t r o n  moves f r o m  one of t h e  allowed energy l e v e l s  
i n  an atom t o  a lower l e v e l ,  Such e l e c t r o n  series t r a n s i t i o n s  are pre- 
d i c t a b l e  according to  t h e  spec ie s  and d e n s i t y  of gasses  involved, and 
t h e  amount of incoming energy. V i s i b l e  ( B a l m e r  Series) emissions i n  at- 
mospheric gasses a t  100 km(aurora1 zone) would  cor respond- to  a 
of L.6 amps at 6 kv f o r  t h e  RUBY FALLS e l e c t r o n  gun accordfng t o  the 
conclusions of t h e  :'RUi3Y FALLS.research group, I n  o rde r  t o  a l l o w  for  
a s i g n i f i c a n t  margin of error, a 10 amp/lO kv gun is  proposed which 
correspond t o  atmospheric emissions w i t h  an i n t e r n a t i o n a l  b r igh tness  
c o e f f i c i e n t  of three (IBC-111) , o r  three t i m e s  minimum observable  em- 
i s s i o n .  

Based on a 2 8  volt/40 amp-hour power supply, t h e  'RUBY FALLS elec- 
t r o n  beam w i l l  be pulsed a t  1 mill isec/l  sec, dur ing  d ischarge  sequenc- 
es over n i g h t  sky through one t o  several consecut ive orbi ts .  Again, 
given a 50% margin of error, approximately 3000 i n d i v i d u a l  m i l l i s e c -  
ond pulses  should be poss ib l e  according t o  c u r r e n t  estimates: includ- 
i n g  225 w a t t s  of cathode hea t ing  power. 3000 I B C - I 1 1  r a t e d  emissions 
are t h e r e f o r e  a n t i c i p a t e d .  

The process  of acqu i r ing  s p e c i f i c  payload hardware and support  ser- 
vices for  t h e  NEW WAVE RUBY FALLS p r o j e c t  has  matched t e c h n i c a l  chal- 
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lenges w i t h  s i g n i f i c a n t  economic ones. Due t o  thoroughly i n t e r d i s c i -  
p l i n a r y  p r o j e c t  characteristics, NEW WAVE RUBY FALLS has  n o t  been 
fundable by foundations or endowments designed t o  support  e i t h e r  t h e  
community of  t h e  ar ts ,  or t h e  sciences.  I n  the  larger view, t h e  l ack  
of ,  or dwindling scale of t r a d i t i o n a l  support  for  t h e  a r t s  and sci- 
ences r e f l e c t s  t he  society-wide economic cond i t ion  of course,  and 
t h e  s p e c i a l  n a t u r e  of t h e  'RUBY FALLS p r o j e c t  merely ampl i f i e s  t h a t  
effect. S t i l l  t h e  economic p r i n c i p a l  of such  a s i t u a t i o n  i s  t h a t  a 
shor tage  of currency accompanies a su rp lus  of goods and se rv ices .  
With  r e s p e c t  t o  t h i s  surp lus ,  co inc ident  i n t e r e s t s  w e r e  e s t a b l i s h e d  
w i t h  corpora te  and government sources  of 'RUBY FALLS-required hard- 
w a r e  and s e r v i c e s  i n  o rde r  t o  form t h e  basis for  p r a c t i c a l  r e l a t i o n -  
sh ips  w i t h  product development and market research groups i n  indus t ry ,  
as w e l l  as w i t h  research communities associated w i t h  government agen- 
cies and academic i n s t i t u t i o n s .  Likewise, emphasis h a s  been placed on 
u t i l i z a t i o n  of e x i s t i n g  s e r v i c e s  and a v a i l a b l e ,  off- the-shelf  hard- 
ware( when a t  a l l  poss ib l e  ) i n  o rde r  t o  f o s t e r  containment of t i m e  
and c o s t s  i n  t h e  development and t e s t i n g  phases of t h e  p r o j e c t .  The 
a t t e n t i o n  of t h e  p re s s  has a lso f igured  s i g n i f i c a n t l y  i n  developing 
r e l a t i o n s h i p s  w i t h  p r o j e c t  support  by disseminat ing information which 
has  helped t o  i n s t i g a t e  those r e l a t i o n s h i p s  i n  t h e  f i rs t  place,  and 
by represent ing  public-relations/advertising b e n e f i t s  t o  companies 
p a r t i c i p a t i n g  i n  a p r o j e c t  wi th  ex tens ive  media v i s i b i l i t y .  Companies 
c u r r e n t l y  cooperat ing i n  t h e  NEW WAVE RUBY FALLS p r o j e c t  inc lude  
EG&G CORPORATION, E l e c t r o n i c  Components Div., S a l e m  Mass; KILOVAC 
CORPORATION, Santa  Barbara, C a l i f  e ; TRI-CON INC.,  Cambridge, Mass: 
G-TEK INC. ,  Waveland, M i s s ;  STRUCTURAL COMPOSITES INDUSTRIES, Pomona, 
C a l i f . : .  ..( p a r t i a l  l i s t i n g  ) .  Addi t iona l ly  considerable  t e s t i n g  
support ,  as w e l l  as ex tens ive  re ference  and consu l t ing  has  been pro- 
vided by the  Space Physics  s e c t i o n  of t h e  A i r  Force Geophysics Lab- 
o r a t o r y  a t  Hanscom AFB i n  Bedford, Mass. 

I t  h a s  n o t  been the  u s e r ' s  i n t e n t i o n  i n  compiling t h i s  account t o  
imply t h a t  a l l  of t h e  problems a s soc ia t ed  w i t h  t h e  NEW WAVE RUBY FALLS 
p r o j e c t  have been solved,  for  c e r t a i n l y  they have not .  O n  t h e  other 
hand, some of t h e  i s s u e s  approached - and resolved - w i t h  regard t o  
r econc i l ing  t h e  a n t a g o n i s t i c  s e n s i b i l i t i e s  of t h e  c u l t u r a l  and tech- 
n i c a l  worlds have never been resolved before .  One of t h e  b e n e f i t s  of 
t h e  p r o j e c t  is  t h a t  technology has been represented  w i t h  a c e r t a i n  
i n t e g r i t y  as an i n t e r d i s c i p l i n a r y  resource.  'RUBY FALLS w i l l  h e l p  t o  
express  t h e  fact t h a t ,  e s p e c i a l l y  i n  A m e r i c a ,  technology i s  both access- 
ible  and adapt ive ;  and by expanding w h a t  i s  g e n e r a l l y  held poss ib l e  
for  an ar t is t  t o  do, i t  i s  abou t  the  r i g h t  t o  make a d i f f e rence .  
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C r y s t a l  G r o w t h  o f  A r t i f i c i a l  S n o w  

Shigeru Kimura, Akihi to Oka, Minoru Taki (Asahi Shimbun Co.) 
Ryushi Kuwano, Hiromi Ono, Riichi Nagura, Yoshi to Narimatsu, 
Jun Tanii, Yotsuo Kamimiyata (NEC Corp.) 

The Asahi Shimbun Co., the leading newspaper company of Japan, did GAS experi- 
ment twice in 1983 and succeeded in observing the growth of artificial snow crys- 
tals under weightlessness. 

The snow crystals grown onboard the Space Shuttle were polyhedrons looking 
1 ike spheres, which were quite unlike snow crystals produced in experiments on 
the earth. 

Q DEVICE FOR THE EXPERIMENTS 
The heart of the device for the experiments is two copper boxes, each 4 cm in 

On one side of each copper box, semi- both depth and width and 10 cm in height. 
conductor thermo-modudules (cooling units) are attached. The thermo-modules can 
lower the temperature in the box to -15 degrees centigrade in about 10 minutes. 
On the top of each copper box is a water container made of porous sintered metal 
which is similar to a sponge. 
vaporize the water at about 25 degrees centigrade. 

In the water container is a electric heater to 

As shown in the Figure 1, there is a heater to sublimate silver-iodine, fine 
particles of which serve as seeds for snow crystals. 

There is a observation window on 
the other side of the copper box, 
through which the snow crystals are 
observed with TV cameras and record- 
ed onto video- tapes. 

For the first experiment in April, 
the above-mentioned device was used. 

But after the failure of the first 
exper imen t , smal 1 fan was attached 
to the copper box in order to see the 
effect of air flow in the box on the Figure 1. Structure of the artificial 

snow exper imen t. growth of the snow crystals. 
For this device, four CCD TV-cameras 
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and four VTRs are used which are all for home use. Thus we have verified that 
some inexpensive hardwares for home use can be utilized for GAS experiments. 

Some characterics and features of the device are shown in table 1. 
TABLE 1 

3 RESULT OF THE EXPERIMENT 
( 1) First Experiment Size Diameter: 50 cm 
The first experiment was carried out on Height: 70 cm 

90 kg STS-6, which was the first flight of the Weight 
Challenger and was launched on April 4,1983. Subsytems 2 identical 

But the VTRs failed to record any snow 
crystals. The post-flight investigation re- 
vealed that the coldness of the space lower- 
ed the temperature inside the GAS canister 
to- 7degrees centigrade. Thus the water in 
the container was frozen at the start of the 
experiment. The heater inside the container Resolution 10 microns 
was of only 1 watt,so the temperature of the 3 microns 
water could not be warmed up to 25 degrees 
centigrade. The exper i men t was repea ted for 
four times but even at the last experiment the temperature of the water was about 
7 degrees cen ti grade. 

subsys tems 
Capacity of 
Water Container 15 grams 
Power Supply Ni-Cd Batteries 
Field of View ‘4.8X6.4 mm 

1.2X1.6 mm 

Recording Time 2 hours/lVTR 

It was inferred that, as a result, the amout of the water vapor generated was 
small. Thus snow crystals were not formed. And it is 
also suspected that the lack of thermal convection 
under weightlessness prevented the water vapor to 
travel 60 mm distance from the exit of the water con- 
tainer to the field of the view of the observation 
window. 

Activation of Small Fan 
1st exp. in. 

2nd exp. 

3rdexp. b - -  ON 

F 4thexp. 

So the device was improved. The power of the heat- Figure 2. 
er was raised up to 4.5 watt and an auxiliary fan of 

a blower type was installed in each box. The diameter of the fan was 1.5 cm. By 
turning this fan on and off, the comparative studies were conducted. 

The experiment was repeated twice for each box, tatalling four times. In each 
experiment, the mode of activation of the fan was changed as shown in Figure 2. 
( 2 Second Experiment 
The second experiment was carried out on STS-8, which was the third flight of 
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the Challenger and was launched on 
August 30, 1983. This time the ex- 
periment was successful. The re- 
sul ts of the experiments was record- 
ed on four video cassettes with a 
tatal time of about six hours and 50 
mi nu tes. 

In the second and third experi- 
ments, in which the auxiliary fan 
was activated to make an artificial 
breeze for the most of the experi- 
mental time, hexagonal and irregular- 
ly shaped snow crystals were formed 
on the four rabbit hairs which were installed in front of the observation window 
in order to catch the snow crystals. And frost was formed on the copper wire 
which is also installed in front of the the observation window in order to investi- 
gate the growth of the frost. The results of these two experiments were just as 
same as the results of the experiments which were carried out hundreds times on 
the ground. One of the result of the third experiment is shown above. Four verti- 
cal lines are rabbit hairs and a horizontal line is a copper wire . 

But the results were different in the first experiment, in which the fan was 
not activated for the initial 30 minutes and thus the weightlessness was main- 
tained, and in the fourth experiment, in which the fan was activated for five 
minutes when the silver-iodine was sublimated and then the weightlessness was 
maintained for about 50 minutes. 

No changes appeared when the fan 
was not activated in the field of 
view of the TV-cameras as shown in 
the picture (Right). 

But as soon as the fan was acti- 
vated, crystals of artificial snow, 
which were reasonably supposed to be 
formed and grown under weightless- 
ness, were brought into the field of 
view of the TV-cameras by the breeze 
the fan made. 
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The crystals were almost spherical 
looking like a ball. The diameter of 
the largest crystal was about 3 mm, 
One crystal traveled the fieled of 

the view from left to right and 
finnally collide with a rabbit hair. 
At the collision the shape of the 
sphere was not changed. Thus, i t was 
confirmed that the sphere was not a 
water droplet but a snow crysta 

One scene of the first exper 
is shown in serial pictures on 
page, 

Dr. Take 

men t 
his 

i ko 
c-AXIS Gonda analysed 

PYIIAEIIOAL FACET 7 FACKT the pictures 
FACET and supposed 

I I  I Y  
W the shape of 
L a w J  the snow crys- 

Figure 3*  tal as Figure 
3. 
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Getaway Special Competition 

On October 13 -- at a press conference in Ottawa -- Tefesat 
Canada, The National Research Council and Spar Aerospace 

Limited -- announced a competition for all Canadians to 

think of something they would like to put into space. Spar, 

in our view, had the most exciting end of the competition, 

since we addressed ourselves to ordinary citizens to come up 

with an idea. We cared not whether it was handwritten or 

typed -- elaborate or simple. And we reaped the returns by 

the hundreds ... all based on the notion that experiments in 
space were not necessarily the domain of the experts and 

scientists in white coats. 

From the 515 entries submitted to Spar -- 91 in French -- 
and all carefully review by Spar engineers and then screened 

by a blue ribbon panel -- we selected the nine finalists. As 

it was announced in the handsome brochure provided by Canada 

Post, the most important thing was the idea. Right along 

with this criterion was the quesion of do-ability -- or 

feasibility as the official word had it. The experiment had 

to be so constructed that it would survive up to eight weeks 

on the launch pad before liftoff. Finally, the experiment 

had to be affordable -- to be placed in a drum-size 

container weighing no more than 30 kilograms. 
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On that basis some finalists deserve special mention. They 

are : 

Denis Carrier of Notre Dame du Nord in Quebec who submitted 

an experiment to verify the behavior of wooden particles in 

a magnetic field under conditions of weightlessness and a 

vacuum. However, the engineering problems in operating such 

an experiment in a canister without human intervention 

seemed formidable. 

Guy Lambert, Michael Dennis and Normand Rondeau of 

Westmount, Quebec for testing the reaction in space of 

non-mixable liquids. 

Gilles Primeau of Cookshire, Quebec for the imaginative 

construction of an entire satellite. 

Brian Smith of Weston, Ontario to test the effects of 

weightlessness on sea urchin embryos. Since calcium growth 

(or l o s s )  is a vital consideration in future, long-duration 

space flights, the experiment could have shed some light on 

how sea urchins develop their casing in space. The major 

problem proved to be insurmountable in the canister 

environment. How to change the water every other day? 
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Douglas de la Matter, Sheryl Boyle and John Kotash of the 

Madawaska Valley District High School in Barrie, Ontario, 

for determining the reaction in weightlessness of magnetized 

steel spheres. 

Hugo Hohener of Elsa, Yukon Territory, to examine 

effects of space on cancer cells. 

Jessie Deslauriers of Kingston, Ontario to study 

configuration of slime molds in weightlessness. 
! 

the 

the 

A l l  of these experiments were imaginative, but posed special 

problems in terms of survivability or engineering. We were 

struck by the broad range of ideas: cockroaches, fruit 

flies, bread molds, fertilized eggs, silkworm cocoons, 

insulin, bacteria, cattle and chicken ,embryos, rat semen, 

wine, iron filings, bees and spiders spinning webs, to name 

but a few. 

A t  the risk of being accused of unwarranted selectivity, let 

me cite just a few of the more imaginative ones that 

confronted the judges. 

Four year o ld  Matthew Lyons of Toronto for suggesting 

spiders in space. 
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Peter Pawlyschyn of Toronto for designing what has to be the 

first popcorn making machine in space. 

David Brody of Port Hardy, British Columbia for sending in 

his five year old son's idea for seeing how a yo-yo would 

work in space. 

Pauline Ebelshauser of Bramalea, Ontario for asking whether 

cockroaches would "still be pestering us in future colonies 

in space." 

A registered nurse from Willowdale, Ontario, named B. Britz 

wonders whether your nose would still be able to smell "a 

rose, triffid or a roast beef out there in space'' ... and 
wishes good luck out there in the final frontier. 

Seven year old Benjamin Freeland from Sidney, British 

Columbia writes us simply in bold hand-writing, "1 would 

like to send a duck into space to see how it flies with no 

gravity." Benjamin's dad writes that he is in Grade 2 of 

the French immersion program in North Saanich and that the 

program "has stimulated an interesting discussion here that 

I think will be of long term value even if Benjamin does not 

win'!. 
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Could there be a more resounding endorsement of this 

competition? 

Nine year old Paul Dinga of Welland, Ontario asks that we 

put an iron net on the space arm to "catch a few meteors. 

See if there is life on them." He also provided a sketch of 

a habitat to "make space livable €or people to live in like 

this picture." 

Stanley Liu of Burlington, Ontario sends in an idea we will 

"probably think is crazy." It is for an entire house .in 

space "with all the luxuries of home." 

A.J. Maloney of Hamilton, Ontario asks in a poem "that we 

take along at least one empty container to fill up with 

refuse and garbage ... so you'll not licter space as you have 
the earth." 

Jane Hill, age 11, of Scarborough writes that the 

"astronauts should try playing catch next year in the 

spacecraft ... P.S . :  What is the prize and may I have a list 

of the winners? Thank you." 
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Winslow Clayborn of Montreal asks with the eloquent 

simplicity of a 10 year old: 'I1 would like to see what 

happens to medicines ... will they last as long as they do on 
earth. 

Helen Whelan, a housewife from Toronto, muses on what would 

happen to dishwashing in space . . . I '  When I wash my dishes 

using liquid detergent, will bubbles form? What shape will 

they take ... I think it is time to research a few more 

domestic matters in space, apart from my wish totknow about 

bubbles, that is." 

Robin Sturdy of Crawford Bay, British Columbia, wants to 

build a ceramic kiln in space and measure the effects of 

space on the first ceramic tile made in space ... and adds: 
"Don't you guys forget my decal." 

Then there was C.A. Simonsen of Alta, Alberta, who proposes 

sending the prime minister along for the ride. 

Finally, the arts ... Martin Kramer of Toronto who wants to 
be the poet laureate of the Canadian space program. 

Or Paul Hibbert of Nepean who wants to tell jokes in space 

-- "They should turn out to be funnier in space due to 

reduced gravity. " 

-43 - 



Now to the heart of the matter. The winners selected by a 

judging panel had ideas that were meritorious, eminently 

do-able and, in the view of those who are concerned with 

these matters, they were affordable. Coming from Nova 

Scotia, Quebec, Ontario, Alberta and British Columbia their 

suggestions, on handwritten notepaper or carefully typed 

entries, had one point in common: How would yeast react to 

the vacuum and weightlessness of space. 

These were all solid experimenters -- no pie in the sky for 
them. Instead it was bread -- the first Canadian bread in 

space. After some consultation with researchers it was 

determined that the effects of space on yeast and enzymes 

has not been fully explored. 

All of the finalists were guests of the,Sheraton Centre for 

a Cwo-night stay in Toronto, that included a meeting with 

U.S. astronaut Colonel John Fabian, who is in charge of the 

Canadarm and the Getaway Special Program. Canadian 

astronaut Dr. Roberta Bondar joined Fabian in the first 

public appearance of Canadian and U.S. astronauts together. 

With the assistance of experts in yeast experiments, Spar 

will develop an experiment to be placed aboard the shuttle 

late in 1985. 

-44 - 



It has been an exciting competition which the Globe and Mail 

summed up best with their editorial on Leavening Space: Man 

may not live by bread alone, but a surprising number of 

Canadians have bread on their minds. When Spar Aerospace 

Limited invited suggestions f o r  an experiment to be placed 

aboard the U.S. space shuttle next year, nine of 515 entries 

proposed sending up bread to see whether the yeast could 

survive in the cold weightlessness of space. And when the 

winning entry was announced at Toronto's Ontario Science 

Centre the other day, it was bread that carried the day. 
I 
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GETAWAY SPECIAL COMPETITION - JUDGES April l l . ,  1984 

ALEXANDER CURRAN is President and Chief Executive Officer of SED Systems in 

Saskatoon, a high technology systems engineering and production company. 

Before joining SED, Mr. Curran was Assistant Deputy Minister of the Space 
Program for the Department of Communications, and spent several years with 
Northern Telecom Canada Limited and Bell Northern Research. In addition to 

h i s  professional accomplishments, Mr. Curran is a member of several 
national technology committees, and has authored more than 2 0  publications. 

LYDIA DOTTO is a partner in Dotto and Schiff Science News Service, and 

co-director of Canadian Science News, a weekly syndication service. A 

freelance science writer since 1978, Ms Dotto specializes in computers, 

space, aviation, environment, ocean technology, and physiolbgy. She has 

been the recipient of many science and journalism awards, including the 

Royal Canadian Institute Sir Sandford Fleming medal, and a National 

Newspaper Award, as well as honorable mention in the National Magazine 

Awards for 19?8 through 1981. 

GERALD FARNELL is Dean of the Faculty of Engineering at McGill University 
in Montrhal, a position he has held since 1974. Dean Farnell joined this 

faculty in 1954 as an assistant professor, and Has continued with the 

university in several positions, including Chairman of the Department of 
Electrical Engineering for seven years. He is the author of over 50 

papers, is a member of several science and engineering committees, and has 
been the recipient of a Nuffield Fellowship, and an Institute of Electrical 
and Electronics Engineers Centennial medal. 

KAREN GIRLING joined Spar Aerospace Limited in 1981 as Manager, Corporate 

Public Relations. Before assuming this position, she was with the 
Education Resources Division of the Addiction Research Foundation oE 

Ontario. She is a member of t h e  International Association of Business 

Communicators and the Canadian Public Relations Society, sitting on the 

progra:;! committee of the latter. Ms Girling has received numerous awards 
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from technology and corrmunication o rgan iza t ions  i n c l u 4 i r . y  IAUC arid t h c  

Society for Technical  Communications. 

WALLACE IMMEN j o ined  t h e  s t a f f  of The  Globe and Mail i n  1972 ,  arid ha-; 

worked a t  the science desk  for t h e  p a s t  t h r e e  years. His most r e c e n t  major 

s tor ies  i n c l u d e  a c t i v i t i e s  a t  t h e  Ice S t a t i o n  CESAR, and t w o  weeks a t  t h e  

Canadian High A r c t i c  s e t t l e m e n t s ,  as  well as e x t e n s i v e  coverage of t h e  

United S ta tes  space s h u t t l e  program. A member of t h e  Canadian Sc ience  

Writers' Assoc ia t ion  Execut ive Board s i n c e  1980, M r .  Immen is P r e s i d e n t  for 

1983-04. 

J A Y  1NGRA:l has  been t h e  h o s t  of CBC Radio's s c i e n c e  program Qui rks  and 

Q u ~ r k s  s ince 1979, which has  garnered s e v e r a l  n a t i o n a l  and i n t e r n a t i o n a l  

awards s i n c e  his t enu re .  M r .  Ingram jo ined  CBC as a freelance s c i e n c e  

j o u r n a l i s t ,  a f te r  s e v e r a l  years t eaching  chemistry and biology a t  Ryerson 

Po ly techn ica l  I n s t i t u t e  and CJRT Radio's Open Col.l.ege program. H i s  

background and i n t e r e s t  i n  science LE exter&ve, b u t  focuses  on t h e  h i s t o r y  

of s c i e n c e ,  evo lu t iona ry  biology,  and astronomy. 

--. 

FRXSER MUSTARD is the Pres iden t  of The Canadian I n s t i t u t e  fo r  Advanced 

Research. Dr. Mustard w a s  w i th  McMaster Univers i ty  f o r  16 y e a r s ,  ho ld ing  

t h e  posit ion of Chairman, Department of Pathology, D e b  of tire F a c u l t y  of 

Medicine, and Vice P r e s i d e n t  of Heal th  Sciences.  He has p a r t i c i p a i x d  o n  

many committees and r e sea rch  o rgan iza t ions ,  i nc lud ing  h i s  p r e s e n t  

Appointment as Director of t h e  On ta r io  Heart Foundation. D r .  Idustard is a 

Fellow of t h e  Royal Co l l ege  of Phys ic ians  of Canada and t h e  Royal Society 

of Canada. 

DASID ONLEY is host of CKO Radio Network's SpaceWatch, a c ia i ly  radio show 

p r o f i l i n g  i n t e r n a t i o n a l  a c t i v i t i e s  i n  space. M r .  Onley is the a u t h o r  of 

Shuttle, which was nominated for Canadian Boak of t h e  Year i n  1981. !!e is 

an active member of t h e  Aviation-Space k?riters Assoc ia t ion ,  t h e  IC'iyiiJ. 

Canadian A i r  Force Assrjciativri, and t h e  Canadian Sc ience  Writc:rf';' 

Association. 

- 
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WLADIMIR PASKIEVICI is the Director of Research for Ecole Polytechnique in 

Montreal. Dr. Paskievici has been with Ecole Polytcchnique since 1958, 

holding both academic and administrative positions. He is a member of the 

Research Committee at the University of Montreal, and President of the 

Direction Committee of the Institute of Research in mineral exploration, a5 

well as several science committees in the United States. 

CHRISmPHER TRUMP joined the Chairman's Office of Spar Aerospace Limited in 

1982 after a 15-year career at Columbia University's Graduate School of 

Journalism, culminating as associate dean in charge of administration, 

student professional development, and external relations. Previous to 

Columbia, he operated as information director for NASA's New York-based 
Institute for Space Studies, and as lecturer for NASA's national 

educational programs. He is a member of the Canadian Science Writers' 

Association, serving as Membership Chairman for 1983-84. 

e 

TU20 WILSON has served as Director General for the Ontario Science Centre 

for 10 years, following almost three decades of teaching and administration 
at the University of Toronto. A member of several science committees, 

including the NATO Science Committee and the Science Council of Canada, Dr. 

Wilson is an Officer, Order of the British Empire, a Companion, Order of 
Canada, and the Chancellor of York University. 
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GETAWAY SPECIAL COMPETITION - FINALISTS - A p r i l  11, 1984 

A n n e t t e  Van Adrichem 

~ e w  L o w e l l ,  O n t a r i o  

A n n e t t e  Van Adr ichem i s  a p o u l t r y  farmer i n  New L o w e l l ,  a p p r o x i m a t e l y  

00 m i l e s  n o r t h  of Toronto .  Married, w i t h  t w o  c h i l d r e n  arid e x p e c t i n g  a 

t h i r d  i n  October, Mrs. Van Adrichem claims t h a t  h e r  Getaway S p e c i a l  idea 

was prompted by a home baking  s e s s i o n .  

With a background as  a c o r r e c t i o n a l  o f f i c e r ,  t h i s  versati le 28-year  

old a l so  worked i n  t h e  p r i v a t e  sector before embarking on h e r  new career i n  
fa rming .  

Mrs. Van Adrichem and h e r  e n g i n e e r  husband r e t u r n e d  from Winnipeg w i t h  

t . h e i r  f a m i l y  l a s t  September  t o  t h e i r  p o u l t r y  farm and have  ordered 30,000 

c h i c k e n s  t o  a r r i v e  i n  m i d - A p r i l .  

A n n e t t e ' s  husband,  J o h n ,  a l so  e n t e r e d  t h e  c o m p e t i t i o n .  Both were 

somewhat d i s a p p o i n t e d  t h a t  t h e  Canada i n  Space decal s e n t  t o  a l l  

c o n t e s t a n t s  w a s  n o t  t h e  i ron-on  v a r i e t y .  

Fam C a t h c a r t  

Greenwood, Nova Scotia 

Pam C a t h c a r t  is a n  e n e r g e t i c  34 y e a r  old mother o f  t w o  who s u p p l y  

t e a c h e s ,  i s  i n  c h a r g e  of t h e  maritime p r o v i n c e s '  DES A c t i o n  Canada g r o u p  

and  h a s  l ived from c o a s t  to coast i n  Canada w i t h  h e r  Canadian F o r c e s  

husband. 

M r s .  C a t h c a r t  ' s  husband and  a f r i e n d  were d i s c u s s i n g  t h e  Getaway 

Compet i t ion  and  a s k e d  h e r  what s h e  would "Bread," was h e r  o n e  word 

dnswer. Of course, s h e  is q u i c k  t o  p o i n t  o u t ,  it would have to  be her own 

special  mu1 t i - g r a i n  b r e a d  which s h e  ca l l s  " e v e r y t h i n g  b u t  tlie k i t c h e n  

s i n k .  *' 

send.  
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Warren C h i n  

'm ro t~  to , On t a r io 
-̂- 

Warren Chin was born and l i v e s  i n  Toronto, where h e  is  employed a t  the 

l v n i v e r s i t y  of T o r o n t o  conducti .nq s c i e n t i f i c  r e s e a r c h  i n  p h y s i o l o g y ,  

p t t i o l o g y  and immunology. Dr. Chi t i  r e t u r n e d  from post d o c t o r a l  work in 

A u s t r a l i a  i n  October -- j u s t  .in time t o  cnter t h e  Getaway Special 

Compe t i t i on .  He r e a d  a b o u t  t h e  Park Seed Company expe r imen t  t h a t  p u t  seeds 

into space and adapted his idea as a f u r t h e r  rcfimement.  

Married, D r .  C h i n  i s  a sports and camping c n t l i u s i a s t ,  and  a t  t h o  

moment is t a k i n g  gourmet  c o o k i n g  c l a s s e s .  
4 

Kat Iiy Clay  ton 

Ca l.gjary, Alberta 

Kathy C l a y t o n  has l i v e d  a l l  h e r  36 y e a r s  i n  C a l g a r y .  T h i s  mother  of 

two now w o r k s  part-t.ime i n  marke t ing  reSedrCh a f t e r  i i  carcc?r w i t h  

Environnent Canada as a l a b  t e c h n o l o g i s t  i n  w a t e r  a n a l y s i s .  

An avid stamp collector, Mrs. C l a y t o n  was v i s i t i n g  h e r  post o f f i c e  

when s h e  saw t h e  Getaway Special b rochure .  After t e s t i n g  a recipe a t  home 

she decided t o  submi t  h e r  idea t o  t h e  competition. 

Mrs. C l a y t o n  claims t h a t  her f a m i l y  members are a l l  space buffs. Her 

husband's  p o s i t i o n  3 s  a computer  a n a l y s t  a n d  h e r  part-time s t u d i e s  at: t h e  

U r i i v e r s i t y  of Athabasca  have  k e p t  a l l  c f  them well- informed on 

t e c h n o l o g i c a l  developments .  
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J e n n i f e r  DufOUr 

Richmond, B r i t i s h  Columbia 

J e n n i f e r  Dufour of Richmond, B r i t i s h  Columbia credits h e r  part-time 

employment w i t h  a w e s t e r n  Canada g r o c e r y  c h a i n  as t h e  i n s p i r a t i o n  f o r  h e r  

i m a g i n a t i v e  act ivi t ies  i n  t h e  k i t c h e n  as  w e l l  a s  h e r  Getaway Special idea. 

Married t o  a record sa lesman,  t h i s  30 y e a r  old mother  of o n e  is a n  

a r t s  a n d  c r a f t s  e n t h u s i a s t  and  is d e v e l o p i n g  h e r  i n t e r e s t  i n  w r i t i n g .  

E r i c  and Isobel Lowden 

P i n c o u r t ,  Quebec 

" W e  are e s s e n t i a l l y  retired," s a y s  E r i c  Lowden as h e  s h a r e s  credit 

w i t h  h i s  w i f e  Isobel for t h e  i n s p i r a t i o n  for t h e i r  Getaway S p e c i a l  e n t r y .  

The Lowdens, b o t h  i n  t h e i r  6 0 ' s  and g r a n d p a r e n t s  of e i g h t ,  emigra ted  from 

S c o t l a n d  t o  t h e  P r o v i n c e  of Quebec i n  1955 and c o n t i n u e  t o  p u r s u e  t h e i r  

many i n t e r e s t s  i n  P i n c o u r t ,  n e a r  Montreal.  S h e  is t h e  h o u s e p a i n t e r ,  

g a r d e n e r  and o i l  p a i n t e r ,  w h i l e  h e  applies h i s  background i n  e l e c t r o n i c s  t o  

his book and a r t ic le  w r i t i n g .  I n  f a c t ,  M r .  Lowden was m a i l i n g  o n e  of h i 5  

m a n u s c r i p t s  a t  h i s  local post o f f i c e  when h e  saw t h e  Getaway Special 

b r o c h u r e  which prompted t h e  c o u p l e ' s  e n t r y .  

Dorthy Munroe 

Galiano, B r i t i s h  Columbia 

Dorothy Munroe l i v e s  o n  G a l i a n o ,  a g u l f  i s l a n d  a t  t h e  s o u t h e r n  edge of 

E r i t i s h  Columbia. 

A n a t i v e  of Western Canada, Mrs. Munroe is a f i f t h  g e n e r a t i o n  Canadian  

who has l i v e d  i n  Vancouver as  w e l l  as i n  Vernon, where s h e  worked for  15 

years  i n  t h e  s u r g i c a l  ward of h o s p i t a l .  

Turn ing  6.1 i n  May, Mrs. Muiiroe t o o k  tier f i r s t  plane r ide  ever  t o  be 

w i t h  u s  at this spncp niglrt  g a l a .  A n  av id  hickyard a s t r o n o m e r ,  
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bird-watcher and theatre enthusiast, she also is a member of the Scottish 

country dancing group in Galiano, where the pace is a bit slower t h a n  in 

the city. 

hlrs. Munroe says tier inspiration for tht? Getaway Special competition 

came from her past experiences with food and beverage preparation. 

Wiiliam Pottie 

Glendale, Nova Scotia 

William Pottie's personal credo is "you're only a s  young as yciu feel.." 

Mr. Pottie, 62, has just embarked on a three-month sea voyage to Algeria, 

which accounts for his absence this evening. For the lastifive years he 

has been employed as a chef with the Canadian offshore marines services. 
At home in Glefidale, Nova Scotia, he pursues his favorite activities when 

not at sea: science and gardeninq. 

Mr. Pottie's culinary skills, combined with his interest in science, 
helped him concoct his Getaway Special competition entry. 

Annick Tremblay 

La Plaine, Quebec 

Twelve year old Annick Tremblay is the youngest finalist in Canada's 

f i r s t  Getaway Special competition. She based her idea on knowledge gained 

in her sixth grade natural science classes. When not at school, Annick 

takes ballet/jazz classes and is an enthusiastic summer swimmer. 
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MODULAR AND STANDARDIZED GAS PAYLOAD HARDWARE 

Guen ter Schmi tt 
Rayser-Threde GmbH 

Munich, FRG 

Objec t ives  : 

Numerous payloads have been carried o u t  w i th in  NASA's GAS 

program i n  t h e  p a s t  and much more w i l l  be flown i n  t h e  fu tu re .  
Therefore,  bes ides  t h e  e x i s t i n g  NASA GAS hardware, only modu- 
l a r  and s tandard ized  payload hardware w i l l  lead t o  a reliable,  
cost e f f i c i e n t  experimental  platform w i t h  s h o r t  t u r n  around 
t i m e s .  

E f f o r t  should be concentrated on sc ience  and experiments and 
n o t  t o  much spend with s tandard  s e r v i c e  systems and related 

l 

paperwork e 

Payload requirements: 

Common payload requirements wi th in  t h e  GAS program can be 
summarized t o  

- economic use of a v a i l a b l e  space and payload weight 
capac i ty  

- adequate power sources  

- v a r i a b l e  payload t iming and c o n t r o l  including t h e  GAS 
t y p i c a l  t h r e e  on-off commands 

- f l e x i b l e  housekeeping, data a c q u i s i t i o n  and recording 
sys  t e m s  

- s tandard ized  ground support  equipment 

All on board systems have to  be capable t o  surv ive  v i b r a t i o n  
and mission related temperature environment. 
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Standard payload s e r v i c e  systems: 

The design concepts for  s tandard  payload service systems are 
based on t h e  common payload requirements. 

Bas i ca l ly  t w o  d i f f e r e n t  conf igura t ions  of experiment/pay- 
load  suppor t  s t r u c t u r e s  are e x i s t i n g :  one which uses  round 
decks, hard mounted t o  s t r u t s  ( f i g .  I ) ,  whi le  r ec t angu la r  
she lves  are a t t ached  t o  columns v i a  shock absorbers  with t h e  

o t h e r  ve r s ion  ( f i g .  2 ) .  This design al lows a more unique use 
of t h e  GAS space and weight c a p a c i t i e s ,  adequate i n f l i g h t  
load c a r r y i n g  c a p a b i l i t y  and a g e n t l e  environment f o r  t h e  
deckmounted hardware. 

(AS REQUIRED) 

EXPERIMENTS AND 
RACK TO BE 
SUPPLIED BY 

EXPERIMENTER 

Figure 1 
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INTERMEDIATE PLATE 
I 

TOP PLATE 

I + 
- 2  

FIGURE 2 
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A s  power source s i l v e r  z inc  batteries w e r e  chosen p r e s e n t l y  
r ep resen t ing  t h e  best compromise w i t h  r e s p e c t  t o  energy den- 
s i t y ,d i scha rge  characteristics, l i f e  t i m e ,  s e l f  discharge 
rate, handl ing and s a f e t y .  Some e f f o r t  is  involved w i t h  
p ressure  t i g h t  and sealed b a t t e r y  boxes, t h e  H2 outgass ing  
l i n e s ,  temperature monitoring and fus ing  as w e l l  as t h e  l o w  
vol tage  cut-off.  Fusing and l o w  vo l tage  cut-off c i r c u i t r y  and 
the  i n t e r f a c e  t o  the  GAS PPC i s  i n t e g r a t e d  i n t o  the s tandar-  
dized power la tch modules housed sepa ra t e ly  o u t s i d e  of the  
battery boxes . 
To provide v a r i a b l e  payload t iming and c o n t r o l  the  three 
GAS t y p i c a l  on-off commands may n o t  be s u f f i c i e n t  f o r  m o s t  
app l i ca t ions .  Therefore a microprocessor c o n t r o l l e d  and easily 
programmable sequencer w i t h  low power consumption (0,3 W )  w a s  
designed. Redundancy is incorporated by us ing  independend sub- 
rou t ines .  

Experiment and housekeeping data are acquired a t  a data rate 
of 5 kb i t / sec  by a 16 channel,  12 b i t  PCM system. 
The PCM system provides  12 analog and one d i g i t a l  channel fo r  
t h e  experiments, whi le  us ing  t w o  d i g i t a l  channels for  house- 
keeping data and one a d d i t i o n a l  for  record ing  experiment t i m e  
i n  minutes. A l l  data are stored on a NAGRA cassette t ape  re- 
corder  w i t h  a t o t a l  running t i m e  of approx.’ three hours and a 
s to rage  capac i ty  of approx. 56 Mbit. I f  opera ted  i n  an i n t e r m i t t e n t  
mode, recording data fo r  one second every minute covers  a 
t o t a l  payload ope ra t ion  t i m e  of approx. 120 hours. 

During i n t e g r a t i o n  and ground tests the  payload w i l l  be operated 
mostly by i ts  ground support  equipment which also a l l o w s  
record ing  and d i s p l a y  of payload PCM data stream. The ground 
support  equipment c o n s i s t s  of s tandard  power supply,  ba t t e ry  
s imula tor ,  NASA i n t e r f a c e  s imula tor ,  modular payload opera- 
t i o n  panel ,  d i sp l ay  u n i t ,  PCM decoder and an Apple personal  
computer w i t h  dua l  floppy d i s k  and monitor. A l l  components are 
mounted i n  t w o  portable racks. L a s t  minute access to  the pay- 
load is  provided even if it is  already i n s t a l l e d  i n t o  t h e  f l i g h t  
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c a n i s t e r .  The  payload can be completely operated via the  NASA 

i n t e r f a c e  connector wh i l e  s t a t u s  and data are monitored a t  t he  
same t i m e .  

Standard experiment faci l i t ies :  

Besides t he  payload service systems f l i g h t  proven experiment 
f a c i l i t i e s  are a v a i l a b l e  a t  Kayser Threde, too. 

For f l u i d  physics  experiments a He-N laser Doppler i n t e r -  
ferometer w i t h  an o p t i o n a l  s p l i t t e d  beam e x i s t s .  The laser 
ou tpu t  power is  0,5 mW. 

e 

Op t i ca l  observa t ion  can be done by a modified 24mm x 36mm 
photographic camera (Olympus) w i t h  a 250 p i c t u r e  f i l m  storage 
and a t i m e  d i s p l a y  onto each p i c t u r e  by a LED ar ray .  F i l m  
cameras w i l l  be a v a i l a b l e  a t  a l a te r  date. 

0 For thermal process ing  of probes up t o  500 C an isothermal, 
multipurpose furnace can be provided. The chamber i s  4 0  mm i n  
diameter and 160 mm i n  length.  

P l a n t  development can be carried o u t  i n  growth compartments 
furn ished  w i t h  temperature c o n t r o l ,  day/night s imula t ion  
as w e l l  as l i q u i d  s to rage  and i n j e c t i o n  devices. 

Summary: 

The use of modular and s tandard ized  GAS payload hardware has 
many advantages. 

Standard hardware minimizes t i m e  e f for t  and c o s t  for  design 
and q u a l i f i c a t i o n .  F l i g h t  proven hardware ensures  proper  
func t ion  and 
w i t h  respect 
r equ i  remen ts 
use r  as w e l l  

ope ra t ion  dur ing  mission. I t  demands less e f fo r t  
t o  t h e  prepara t ion  of the payload accommodation 
and the  s a f e t y  review data packages f o r  t h e  
as f o r  NASA. 
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Modular systems allow t o  be combined i n  order  t o  serve an 
enlarged number of experiments i f  t w o  GAS can i s t e r s  are in t e r -  
connected. 

These facts enable t h e  user  or  experimenter t o  concentrate  on 
the experiments and related science instead of spending t i m e  
i n  development of own hardware while  standard,  f l i g h t  proven 
systems are avai lable .  

Nevertheless, cos t  eff ic iency f o r  standard serv ice  systems 
encreases by each r e f l i g h t .  
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Mr. Richard N. Azar, through reserving three Get Away Special 
(GAS) containers, began the GAS program for El Paso, Texas. 
"Space is a challenge, always has been," Azar said, "The 
canisters offered us an opportunity to challenge young minds." 

Azar got the idea for participation in the space shuttle 
program in 1977 when he read a magazine article about the 
National Aeronautics and Space Administration's off.er to let 
private individuals send experimental projects into space aboard 
what was then called the ('space truck" Columbia, 

Azar contacted NASA and made a down payment of $500 each for 
three canisters. Each capsule has a price tag of $10,000. 

One canister was set aside for the twin cities of El Paso 
and Juarez, another for the University of Texas at El Paso and 
the third was designated for projects developed by high school 
students. 

The El Paso containers are numbered 3 3 ,  3 4 ,  and 35, and are 
grouped under the Education queue. El Paso Indepen,dent School 
District and the Ysleta Independent School District have 
deposited the necessary $9,500 with the El Paso Community 
Foundation to complete the funding for payload # 3 4 .  

The El Paso/Juarez Space Shuttle efforts began in late 1977 
to provide research bpportunities and interesting space related 
activities for the El Paso Area school systems. In the Fall of 
1982 more than 100 students in the local school districts 
participated in an advanced science seminar giving background on 
the project. Any student interested in the study of space and 
space activities was invited to prepare research and prepare an 
experiment in his or her field of interest. Twelve students from 
the El Paso area have developed scientifically worthwhile 
projects. These students will have the opportunity to send their 
experiments on board the NASA Space Shuttle in August of 1984. 

This experimental opportunity for students is an effort to 
motivate those interested to reach new horizons through spac>e 
research. Through planned activities, trips, contests, seminars, 
and speaker programs, thousands of El Paso students have become 
aware of what the future holds in space. They, too, have 
contributed valuable insight and questions to be asked. 
Expanding young minds is the greatest resource for mankind. 

This GAS payload consists of an Aluminum 6061 frame, with 
four shelves supporting the experiment hardware, the system 
controller and power supply. This frame was designed developed 
and tested by Farah Manufacturing and El Paso Natural Gas of El 
Paso. The experiment hardware is machined out of plexiglass. 
Engineers Vernon Strickland and Mike Izquierdo assisted students 
with design plans. The containers were built to specifications 
by Whaller Specialties and Falco Machine & Tool Company, The 
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power supply for the payload consists of Gates lead-acid 
batteries with a power life of 4 5  hours at 1 amp/l2 volts DC. 
The power supply will be used to operate linear actuators, light 
emitting diodes, thin film heaters and other electronic devices 
in the payload. The cost of the batteries was underwritten by El 
Paso Electric Company. 

This particular GAS payload is unique in regard to the 
planned operational scenario. Experiment 7-P( the Fuel Wicking 
Experiment) is designed to measure the wicking of a simulated 
fuel on a thin wire screen during acceleration. Its operational 
period is from SSME ignition through the OMS-1 burn. Experiment 
7-P wi 11 have a self -con,tained power supply and controller 
separate from the main payload controller and power supply. It 
will be activated by the noise of the shuttle liftoff and, 
through a timer, shut itself down upon completion of the OMS-1 
burn. 

The container w i l l  be purged with dry nitrogen prior to 
installation in the Orbiter. An insulated cover will be 
instal led over the container experiment mounting plate exterior. 
No unique flight design requirements are requested for orbit 
altitude, inclination, or orientation and stabilization. The 
assignment of GAS Control Decoder (GCD) relay states to specific 
payload functions is shows in Table 3.2.2-1. The required 
payload crew activities during the flight are shown in Table 
3.2.2-2. 
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EL PASO/YSLETA SCHOOLS GET-AWAY SPECIAL 
SPACE SHUTTLE STUDENT PROJECTS 

2 . 0 . 1  DAVID BOWDEN - EXP. 1-B - GROWTH OF LETTUCE SEEDS 
PURPOSE: The  p u r p o s e  of t h i s  p ro jec t  i s  t o  see how t h e  L a c t u c a  
Sa t iva .  ( l e t t u c e )  seed w i l l  g e r m i n a t e  a n d  grow i n  a w e i g h t l e s s  
environment .  T h i s  project w i l l  a l s o  answer many ques t ions  such  
as: w h a t  t h e h e a l t h o f t h e  p l a n t s w i l l  be, t h e b i o m a s s  o f  p l a n t s  
grown i n  m i c r o g r a v i t y ,  and t h e  f o r m a t i o n  of new root s t r u c t u r e s  
i n  m i c r o g r a v i t y .  

PROCEDURE: The expe r imen t  hardware i s  a s e l f - c o n t a i n e d  a n d  f u l l y  
automated growth chamber p r o v i d i n g  a l l  t h e  r e q u i r e d  f a c t o r s  f o r  
p r o p e r  g e r m i n a t i o n .  I t  p r o v i d e s  a t e r r a r i u m  e n v i r o n m e n t  ( o n  a 
s m a l l  scale) w i t h  p i l o t  l i g h t ,  t o  one chamber l e v e l ,  t e m p e r a t u r e  
c o n t r o l  and t h e r m a l  i n s u l a t i o n .  The p r o j e c t  a l s o  p r e s e r v e s  a l l  
specimens f o r  f u r t h e r  ground based t e s t i n g .  

T h i s  e x p e r i m e n t  i s  d e s i g n e d  t o  r u n  1 1 2  h o u r s .  T h e  f i r s t  
f u n c t i o n ,  a f t e r  a c t i v a t i o n ,  w i l l  i n v o l v e  pumping growth s o l u t i o n  
i n t o  t h e  v a r i o u s  chambers .  The s e c o n d  pumping w i l l  o c c u r  a t  72 
hours .  The f i n a l  pumping w i l l  be t h e  f i x a t i v e  i n t o  t h e  chambers. 
The l i g h t i n g  c y c l e  w i l l  be 10  minu tes  of l i g h t  e v e r y  hour .  

2 .0 .2  GISELE BRYANT - EXP. 2-B - SEED GERMINATION 
PURPOSE: T h i s  expe r imen t  w i l l  o b s e r v e  g e n e t i c  changes i n  b a r l e y  
seeds g e r m i n a t e d  i n  m i c r o g r a v i t y .  F u r t h e r ,  t h e  e x p e r i m e n t e r  
p l a n s  t o  d e t e r m i n e  i f  these  seeds w i l l  have g e n e t i c  c h a n g e s  i n  
f u t u r e  g e n e r a t i o n s .  

PROCEDURE: P l a c e  1 0 0  r a w  s e e d s  i n  t h e  c d n t a i n e r .  B r i n g  t h e  
t e m p e r a t u r e  t o  2OoC +/- 5OC. I n j e c t  a p p r o x i m a t e l y  4 0  cc of 
h y d r o p o n i c  H 0. Turn  LEDs on 72 h o u r s  a f t e r  H20 is i n j e c t e d  i n  
i n t e r v a l s  of 1 0  m i n u t e s  e v e r y  h o u r .  I n j e c t  f i n a l  1 5  cc. 
hydroponic  H20 i n t o  chamber p r ior  t o  t e r m i n a t i o n .  

2.0.3 DONALD R. CAKE - EXPO 3-B - GROWTH OF BRINE SHRIMP 
PURPOSE: The goal  of t h e  expe r imen t  i s  t o  s t u d y  t h e  growth ra te  
of b r i n e  sh r imp  and m o r p h o l o g i c a l  deve lopmen t  d u r i n g  t h e  h a t c h i n g  
of b r i n e  s h r i m p  eggs ove r  a 72 -hour  p e r i o d .  The d a t a  f r o m  t h i s  
expe r imen t  w i l l  add i n f o r m a t i o n  t o  a n  organism t h a t  h a s  a l r e a d y  
received a great d e a l  of s t u d y .  

PROCEDURE: B r i n e  S h r i m p  w i l l  be i n j e c t e d  at 0 h o u r s ,  2 4  h o u r s ,  
48 hour s ,  and 6 0  h o u r s  i n t o  t h e  h a t c h i n g  chamber of t h e  c a n i s t e r .  
A t  T e l l 2  h o u r s ,  d u r i n g  d e a c t i v a t i o n ,  a f i x a t i v e  w i l l  be i n j e c t e d  
i n t o  t h e  chamber. 

2.0.4 PRISCILLQ CAMPOS - EXP. 4-8 - GERMINATION OF TURNIP SEEDS 
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PURPOSE: The g o a l  of  t h i s  expe r imen t  is two-fold.  The f i r s t  i s  
t o  c o l l e c t  s t a t i s t i c a l  d a t a  on t h e  g e r m i n a t i o n  r a t e  of t u r n i p  
s e e d s  i n  m i c r o g r a v i t y .  The s e c o n d  g o a l  i s  t o  c o n d u c t  a p o s t -  
f l i g h t  a n a l y s i s  of t h e  p l a n t  b i o m a s s  a n d  c e l l u l a r  s t r u c t u r e .  
S i n c e  p l a n t s  a r e  b e i n g  c o n s i d e r e d  f o r  u s e  i n  t h e  C l o s e  L i f e  
S u p p o r t  System, t h i s  d a t a  c o u l d  p r o v i d e  u s e f u l  i n f o r m a t i o n  on 
w h a t  t y p e s  of p l a n t s  are  best s u i t e d  f o r  such  a system. 

PROCEDURE: The t u r n i p  seeds w i l l  g r o w  i n  s p a c e  fo r  a p p r o x i m a t e l y  
f i v e  d a y s  and t h e n  be p r e s e r v e d  f o r  examinat ion .  The c o n t a i n e r  
w i l l  be k e p t  a t  a c o n s t a n t  t e m p e r a t u r e  o f  70°F (2OOC). The 
container a l s o  h a s  l inear  actuators  t o  i n j ec t  water o r  p r e s e r v a -  
t i v e  o n t o  t h e  seedbed a u t o m a t i c a l l y .  

The c o n t a i n e r  i s  made o f  c l e a r  p l e x i g l a s s  . I t  i s  s e c u r e d  b y  
fou r  b o l t s  w i t h  n u t s ,  washe r s ,  and s p l i t  washers.  The c o n t a i n e r  
h a s  t h r e e  m a i n  sec t ions  and it w i l l  be d i v i s i b l e  f o r  e a s y  c lass i -  
f i c a t i o n .  The f i r s t  s e c t i o n  i s  t h e  expe r imen t  e lectronics ,  t h e  
l i n e a r  a c t u a t o r s .  One of t h e  a c t u a t o r s  w i l l  i n j e c t  water  w h i l e  
t h e  second i n j e c t s  p r e s e r v a t i v e  o n t o  t h e  seeds. The second l e v e l  
i s  t h e  l i q u i d s  c o n t a i n e r  m e a s u r i n g  x 5 "  x 3".  I t  h a s  two  
h o l e s  b o r e d  i n t o  i t ,  a n d  e a c h  o n e  h a s  a p l u n g e r ,  w h i c h  w i l l  
i n d i v i d u a l l y  p u s h  water  a n d  f o r m a l i n .  The t h i r d  l e v e l  i s  t h e  
seedbed w h i c h  m e a s u r e s  5" x 5'' x 1" a n d  h a s  a 4 "  d i a m e t e r  c i r c l e  
bored i n t o  it. T h e r e  2 0 0  seeds w i l l  be p l aced  w i t h  a b o u t  e i g h t  
l a y e r s  of p a p e r  t o w e l s ,  f o u r  above and f o u r  below t h e  seeds. 

A t  T = l ,  t h e  l i n e a r  a c t u a t o r s  w i l l  i n j e c t  1 5 c c  o f  water i n t o  t h e  
s e e d  chamber .  A f t e r  t h e  water h a s  b e e n  i n j e c t e d ,  t h e  p l u n g e r  
w i l l  be r a i s e d  t o  re lease a i r  p r e s s u r e .  A t  t h e  same t i m e ,  t h e  
heaters w i l l  keep  a s t a b l e  t e m p e r a t u r e  i n s i d e  t h e  seed chamber. 
The s e e d s  w i l l  c o n t i n u e  t o  germina te  f o r  a b o u t  f i v e  d a y s .  The 
h e a t e r s  w i l l  be t u r n e d  o n  and  o f f  d u r i n g  t h e  f i v e  d a y s  a s  w e l l .  
A t  T=112?  a n o t h e r  l i n e a r  a c t u a t o r  w i l l  i n j e c t  10  cc of f o r m a l i n  
i n t o  t h e  seed chamber .  The  seeds w i l l  be p re se rved  t o  p r e v e n t  
t h e  t u r n i p  seeds  f r o m  d e c a y i n g .  D a t a  w i ' l l  be r eco rded  t o  
d e t e r m i n e  how many of t h e  seeds have ge rmina ted  and t h e  s t r u c t u r e  
of  t h e  p l a n t s .  

2.0.5 CLAY CASAREZ - EXP. 5-P - LIQUID LASER 
PURPOSE: The  l a s e r  h a s  many p h y s i c a l  uses i n  s p a c e ,  a n d  t h i s  
e x p e r i m e n t  w i l l  e v a l u a t e  t h e  c h a n g e s  i n . t h e  e f f e c t i v e n e s s  o f  a 
Dye Laser i n  a zero g r a v i t y  envi ronment .  

PROCEDURE: Br ing  t h e  t e m p e r a t u r e  up t o  O°C and m a i n t a i n  a t  O°C+. 
Then f o l l o w  p r o c e d u r e s  on f l o w  cha r t  f o r  l i q u i d  laser project .  

2.0.6 MONICA CHAVEZ - EXP. 6-B - PLANARIA REGENERATION 
PURPOSE: The p l a n a r i a  r e g e n e r a t i o n  ob jec t ive  i s  t o  observe t h e  
e f f e c t  of m i c r o g r a v i t y  on  c e l l  r e g e n e r a t i o n .  F u r t h e r ,  t h i s  
project  w i l l  d e t e r m i n e  i f  r e g e n e r a t i o n  w i l l  be a l te red  by e i t h e r  
be ing  a c c e l e r a t e d  o r  d e c e l e r a t e d .  I n  t h e  n e a r  f u t u r e ,  s u r g e r y  
w i l l  be p e r f o r m e d  i n  o u t e r  s p a c e ;  w i t h  t h i s  c e l l  r e g e n e r a t i o n  
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i n f o r m a t i o n  a v a i l a b l e ,  p o t e n t i a l  h a z a r d s  o r  b e n e f i t s  can  be a n t i -  
c i p a t e d  i n  t h e  h e a l i n g  p rocess .  

PROCEDURE: T h i s  expe r imen t  w i l l  send 1 5  P l a n a r i a  Dugesia  T i g r i n a  
(brown p l a n a r i a )  i n t o  t h e  growth chamber of t h e  exper iment .  They 
w i l l  be k e p t  a l i v e  by t h e  c i r c u l a t i o n  of t h e  l i q u i d  medium bo th  
p r i o r  t o  f l i g h t  a n d  t h r o u g h  f i v e  d a y s  o f  t h e  m i s s i o n .  P r i o r  t o  
d e a c t i v a t i o n ,  a f i x a t i v e  w i l l  be d i f f u s e d  t h r o u g h o u t  t h e  s o l u t i o n  
i n  order t o  p r e s e r v e  t h e  P l a n a r i a .  The f i x a t i v e  w i l l  e n a b l e  t h e  
o b s e r v a t i o n  of t h e i r  s u r v i v a l .  

2.0.7 KELLY FOSTER - EXP. 7-P - WICKING EXPERIMENT 
PURPOSE: T h i s  p r o j e c t  i s  d e s i g n e d  t o  c o l l e c t  d a t a  o n  t h e  
a c c u m u l a t i o n  of  f l u i d  on a m e t a l l i c  s c r e e n  due  t o  wicking.  T h i s  
i n f o r m a t i o n  w i l l  h e l p  e v a l u a t e  t h e  f u e l  r e c o v e r y  e f f i c i e n c y  of 
t h e  Space S h u t t l e  f u e l  ce l l s .  

PROCEDURE: A s m a l l  s a m p l e  o f  t h e  f u e l  screen u s e d  i n  t h e  f u e l  
s y s t e m  of t h e  space s h u t t l e ,  t o  t r a n s p o r t  f u e l  from t h e  s t o r a g e  
t a n k s  t o  t h e  combust ion s e c t i o n ,  is used i n  t h i s  exper iment .  The 
s c r e e n  i s  p l a c e d  i n  b e t w e e n  t w o  s i n g l e  s i d e d  pieces  of c o p p e r  
c l a d  m a t e r i a l  c r e a t i n g  a c a p a c i t o r .  The d i e l e c t r i c  of t h e  
c a p a c i t o r  c o n s i s t s  of t h e  s c r e e n  a n d  t h e  f l u i d .  In t h i s  c a s e  
f r e o n  113  r e p r e s e n t s  t h e  f u e l ,  w h i c h  w i l l  w i c k  on t h e  screen. 
T h e  i n c r e a s i n g  a n d  d e c r e a s i n g  of t h e  f l u i d  on  t h e  s c r e e n  w i l l  
c a u s e  t h e  c a p a c i t a n c e  of t h e  c a p a c i t o r  t o  c h a n g e .  T h e  c h a n g i n g  
c a p a c i t a n c e  w i l l  be d i g i t i z e d  and stored i n  t w o  2k EEPRONs. 

The e x p e r i m e n t  w i l l  be t u r n e d  o n  by  t h e  n o i s e  g e n e r a t e d  b y  t h e  
e n g i n e s  a t  l i f t o f f .  The n o i s e  w i l l  be c o n v e r t e d  t o  e l e c t r i c a l  
e n e r g y  b y  a p i e z o  c r y s t a l ,  w h i c h  t u r n s  on  a t r a n s i s t o r ,  w h i c h  
p i c k s  up a r e l a y ,  which p u t s  power on t h e  expe r imen t .  

Power w i l l  remain on t h e  exper iment  fo r  a p p r p x i m a t e l y  1 5  minutes .  
T h i s  is accompl i shed  t h r o u g h  a t i m i n g  c i r c u i t  which w i l l  remove 
power a f t e r  a p p r o x i m a t e l y  1 5  m i n u t e s .  P o w e r  i s  f e d  t h r o u g h  a 
magne t i c  l a t c h i n g  r e l a y  which i s  c o n t r o l l e d  by GCD r e l a y  B. When 
GCD r e l a y  B i s  i n  t h e  " l a t e n t "  p o s i t i o n ,  power i s  f ed  t h r o u g h  t h e  
m a g n e t i c  l a t c h i n g  r e l a y  t o  t h e  e x p e r i m e n t .  When G C D  r e l a y  B i s  
made "hot",  t h e  power i s  removed from t h e  expe r imen t  and remains 
removed even when GCD r e l a y  B goes  back t o  t h e  " l a t e n t "  p o s i t i o n .  

2.0.8 KAREN ~ E ~ ~ A  - EXP. 8-B - EFFECTIVENESS OF ANTIBIOTICS 
ON BACTERIA 

PURPOSE: T h i s  e x p e r i m e n t  w i  11 d e t e r m i n e  t h e  e f f e c t i v e n e s s  of 
a n t i b i o t i c s  on  bac t e r i a  i n  m i c r o g r a v i t y  a s  compared  w i t h  t h a t  
a c t i o n  on e a r t h .  The d a t a  w i l l  b e  o b t a i n e d  o n  a p h o t o g r a p h i c  
p l a t e  b e i n g  exposed th rough  t h e  p l e x i g l a s s  c o n t a i n e r  by LEDs. The 
s i g n i f i c a n c e  o f  t h i s  e x p e r i m e n t  w i l l  be t o  p r o v i d e  d a t a  t o  
f u t u r e  human s p a c e  c o l o n i e s ,  a s  t o  t h e  u s e  a n d  e f f e c t i v e n e s s  o f  
a n t i b i o t i c s  t o  t r e a t  bac t e r i a l  diseases. 

P R O C E D U R E :  Once i n  o r b i t ,  t h e  heater  w i l l  be t u r n e d  o n  to h e a t  
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t h e  c o n t a i n e r  t o  37OC. Then a l i n e a r  a c t u a t o r  w i l l  p u s h  down t h e  
p l u n g e r  of  t h e  s y r i n g e  and p u n c t u r e  a membrane. T h i s  a l l o w s  t h e  
l y o p h i l i z e d  b a c t e r i a  t o  become a c t i v e  b y  b e i n g  mixed  w i t h  
n u t r i e n t  b r o t h .  I t  w i l l  b e  i n  t h i s  s t a t e  i n  t h e  s y r i n g e  f o r  6 
h o u r s .  Then t h e  l i n e a r  a c t u a t o r  o n c e  a g a i n  p u s h e s  t h e  p l u n g e r  
a n d  p u n c t u r e s  a n o t h e r  membrane so t h a t  t h e  m i x t u r e  o f  t h e  
bacteria and b r o t h  are  sp rayed  o u t  o n t o  a s u r f a c e  of  agar i n  t h e  
growth chamber. Two m i n u t e s  l a t e r  t w o  a n t i b i o t i c  d i s c s  w i l l  be 
l o w e r e d  a n d  placed o n t o  t h e  s u r f a c e  of t h e  aga r  b y  t h e  l i n e a r  
a c t u a t o r .  A f t e r  20 h o u r s  have  passed ,  a p i c t u r e  w i l l  be t a k e n  
from t h e  b o t t o m  o f  t h e  c o n t a i n e r  u s i n g  a p h o t o g r a p h i c  p l a t e  a n d  
t w o  y e l l o w  LEDs. On t h e  c o m p l e t i o n  of t h e  photograph  e v e r y t h i n g  
w i l l  be t u r n e d  o f f ,  i n c l u d i n g  t h e  hea t .  

2 .0 .9  REBECCA LOPEZ - EXP. 9-B - OBSERVING GROWTH OF SOIL MOLD 

PURPOSE: T h i s  expe r imen t  w i l l  examine t h e  growth p a t t e r n s  of t h e  
mold  Mucor r o u x i i  u n d e r  a n a e r o b i c  a n d  a e r o b i c  c o n d i t i o n s  w h i l e  
e x p o s e d  t o  m i c r o g r a v i t y .  The g r o w t h  of t h e  m o l d  i s  a f f e c t e d  b y  
t h e  e n v i r o n m e n t a l  c u l t u r i n g  c o n d i t i o n s .  I n  a n  a e r o b i c  e n v i r o n -  
ment s r o u x i i  c l o s e l y  resembles t h e  morphology of 'common bread 
mold .  S p o r a n g i u m  i s  p r o d u c e d  w i t h  s p o r e s  a n d  r h i z o i d s .  Under  
a n a e r o b i c  c o n d i t i o n s  t h e  5 r o u x i i  morphology i s  s i m i l a r  t o  t h a t  
of y e a s t .  T h e  d a t a  f r o m  t h i s  p r o j e c t  may g l e e n  new k n o w l e d g e  
a b o u t  t h e  l i f e  c y c l e  of M. r o u x i i .  I t  w o u l d  be u s e f u l  s i n c e  &,, 
r o u x i i  c a n  c a u s e  severe c r o p  damage. 

PROCEDURE: B o t h  o f  t h e  c o n t a i n e r s  t h a t  w i l l  be u s e d  f o r  t h i s  
e x p e r i m e n t  w i l l  be made out of p l e x i g l a s s ,  s e a l e d  w i t h  RTV 
s e a l a n t ,  a n d  b o l t e d  t o g e t h e r  w i t h  o n e  q u a r t e r  i n c h  s t a i n l e s s  
s teel  a l l - t h r e a d  b o l t s .  Be fo re  t h i s  expe r imen t  i s  p l a c e d  i n  t h e  
c a n i s t e r  75 m i l l i l i t e r s  of agar medium w i l l  be poured i n t o  e a c h  
of t h e  p l e x i g l a s s  c o n t a i n e r s ,  a n d  t h e  a t m o s p h e r e  o f  o n e  o f  t h e  
c o n t a i n e r s  w i l l  be changed t o  t h e  a n a e r o b i c  c o n d i t i o n  w i t h  ca rbon  
d i o x i d e  and n i t rogen  gases. The f o l l o w i n g  s t e p s  w i l l  b e  t h e  time 
l i n e  for t h i s  exper iment :  A t  T = l  t h e  t w o  h e a t e r s  w i l l  b r i n g  t h e  
t e m p e r a t u r e  t o  28OC p l u s  5 O  or  minus 3O and t h i s  t e m p e r a t u r e  w i l l  
be m a i n t a i n e d  t h r o u g h o u t  t h i s  e x p e r i m e n t .  Then t h e  # l  l i n e a r  
a c t u a t o r  w i l l  be t u r n e d  o n ,  d r i v i n g  s y r i n g e s  A a n d  B t o  e a c h  
i n j e c t  2 0  m i c r o l i t e r s  o f  -I__. Mucor ---- r o u x i i  s p o r e  i n t o  t h e  g r o w t h  
chambers .  A f t e r  35 1 / 2  h o u r s  h a v e  e l a p s e d ,  t h e  t w o  y e l l o w  LED 
l i g h t s  w i l l  be a c t i v a t e d  f o r  4 0  s e c o n d s .  T h i s  w i l l  t a k e  
pho tographs  of  t h e  growth s t r u c t u r e  of t h e  Mucor r o u x i i  c u l t u r e  
b e f o r e  i n j e c t i n g  t h e  p r e s e r v a t i v e .  A f t e r 0  m i n u t e s  h a v e  
e l a p s e d ,  #2 l i n e a r  a c t u a t o r  w i l l  be  t u r n e d  on, d r i v i n g  s y r i n g e s  C 
a n d  D t o  e a c h  i n j e c t  3 cc o f  F o r m a l i n p r e s e r v a t i v e o n o n e  s i d e o f  
t h e  agar medium. F i n a l l y ,  t h e  expe r imen t  can  be t u r n e d  o f f .  

2 - EXP. 10-B - POST F L I G R  
PLANT GENETIC STRUCTURE 

( W i l l  n o t  p a r t i c i p a t e  i n  f l i g h t  o p e r a t i o n s )  

2.0.11 
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PURPOSE: T h i s  expe r imen t  i s  t o  t es t  fo r  s i m i l a r i t i e s  o r  changes  
b e t w e e n  c r y s t a l s  of P o t a s s i u m  Aluminum S u l f a t e  grown i n  z e r o  
g r a v i t y  and t h o s e  grown on earth,  T h e  c r y s t a l s  grown a b o a r d  t h e  
s h u t t l e  w i l l  be compared  t o  a l i k e  s e t  of c r y s t a l s  grown u n d e r  
t h e  same c o n d i t i o n s  i n  E l  Paso. S e v e r a l  tests w h i c h  a r e  s t a n d a r d  
t o  c r y s t a l  t e s t i n g  w i l l  be  used. It i s  e x p e c t e d  t h a t  better,  o r  
e v e n  c l o s e - t o - p e r f e c t ,  c r y s t a l s  w i l l  be grown. They  w i l l  
p r o b a b l y  be much clearer and may p o s s i b l y  have a d i f f e r e n t  shape  
t h a n  t h o s e  grown on e a r t h .  

PROCEDURE: The s o l u t i o n ,  H20 a n d  Alum, w i l l  be p r e p a r e d  i n  E l  
Paso. It  w i l l  i m m e d i a t e l y  be p l a c e d  i n  t h e  growth chamber i n  t h e  
s t r u c t u r e  and t h e  l a t t e r  w i l l  b e  sealed and r e a d y  fo r  shipment .  
When t h e  e x p e r i m e n t  i s  t u r n e d  o n ,  a l i n e a r  a c t u a t o r  w i l l  p u s h  a 
p l u n g e r  down a small  s h a f t ,  t h u s  r e l i e v i n g  t h e  n e g a t i v e  p r e s s u r e  
w i t h i n  t h e  g r o w t h  chamber .  The c r y s t a l s  s h o u l d  t h e n  b e g i n  t o  
grow. A t  t h i s  t i m e  t h e  expe r imen t  w i l l  be f i n i s h e d  and r e a d y  f o r  
t e s t i n g .  (Dur ing  a l l  of t h i s ,  t h e  t e m p e r a t u r e  w i l l  be m a i n t a i n e d  
a b o v e  z e r o  d e g r e e s  C e l s i u s . )  The t i m e  d u r a t i o n  f o r  t h e  l i n e a r  
a c t u a t o r  t o  move t h e  p l u n g e r  w i l l  be one  minute ,  

2.0.12 - RUDY SANTINI - EXP, 12-B - SYMBIOTIC GROWTB OF CHLORELLA 
AND KEFIR IN MICROGRAVITY 

PURPOSE: The goal of t h i s  expe r imen t  i s  t o  e s t a b l i s h  a s y m b i o t i c  
l i f e  s u p p o r t  sys tem i n  m i c r o g r a v i t y  and  mon i to r  t h e  growth ra te  
o f  t h e  t w o  b i o l o g i c a l  organisms.  K e f i r ,  a c o m p o s i t e  l ac tose  
f e r m e n t i n g  y e a s t ,  w i l l  p r o v i d e  t h e  ca rbon  source .  C h l o r e l l a ,  a 
u n i c e l l u l a r  g r e e n  a lgae,  w i l l  u s e  t h e  ca rbon  d i o x i d e  p r o v i d e d  by 
t h e  K e f i r ,  and i n  t u r n  produce  oxygen. I n  effect, a c l o s e d  eco- 
s y s t e m  w i l l  be e s t a b l i s h e d .  C l o s e d  l o o p  l i f e  s u p p o r t  s y s t e m s ,  
c o n t a i n i n g  b i o l o g i c a l  o r g a n i s m s  h a v e  b e e n  p r o p o s e d  f o r  u s e  i n  
space  s t a t i o n s  and manned i n t e r p l a n e t a r y  space c r a f t .  The d a t a  
f r o m  t h i s  e x p e r i m e n t  w o u l d  be a f i r s t  s t e p  i n  u n d e r s t a n d i n g  t h e  
o p e r a t i o n a l  dynamics of such  a system i n  space.  

PROCEDURE: When t h e  power  i s  t u r n e d  on ,  t h e  h e a t e r  w i l l  be 
act ivated t o  m a i n t a i n  t h e  c o n t a i n e r  w i t h i n  t h e  t e m p e r a t u r e  r a n g e  
of 2Oo-2S0C. Then t h e  l i n e a r  a c t u a t o r  w i l l  move a b l a d e  forward 
(3 /16  i n c h )  b r e a k i n g  t h e  membrane w h i c h  i s  h o l d i n g  b a c k  t h e  
n u t r i e n t s  from t h e  C h l o r e l l a  a n d  K e f i r .  A f t e r  t h e  membrane is 
p u n c t u r e d ,  t h e  l i n e a r  a c t u a t o r  w i l l  p u l l  t h e  b l a d e  b a c k  3 / 1 6  
i n c h .  A f t e r  1 1 2  h o u r s  growth t i m e ,  t h e  ' l i n e a r  a c t u a t o r  w i l l  p u l l  
f u l l  back and ac t  as  a s u c t i o n  cup  p u l l i n g  t h e  p reserva t ive  i n t o  
t h e  chamber. A f t e r  f i v e  minu tes  have  e l a p s e d ,  a l l  of  t h e  power 
w i l l  be t u r n e d  o f f .  

2.0.13 JOHN THURSTON - EXP. 13-P - DRAM CHIPS 
PURPOSE: T h i s  p r o j e c t  i s  des igned  t o  f i n d  o u t  i f  t h e  c o n d i t i o n s  
o f  space s u c h  a s  cosmic r a y s  a n d  w e i g h t l e s s n e s s  a f f e c t  t h e  
p e r f o r m a n c e  of c o m p u t e r  c h i p s .  T h i s  w i l l  be a c c o m p l i s h e d  b y  
t e s t i n g  c o m p u t e r  memory c h i p s  on  t h e  g r o u n d  a n d  i n  s p a c e .  Bo th  
J a p a n e s e  a n d  American c h i p s  w i l l  b e  u s e d  t o  see i f  t h e r e  is a n y  
d i f f e r e n c e  i n  t h e i r  performance. A f t e r  t h e  f l i g h t ,  t h e  resu l t s  
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o b t a i n e d  i n  s p a c e  w i l l  be compared t o  t h e  r e s u l t s  p r e v i o u s l y  
ob ta ined  on t h e  ground and any d i f f e r e n c e s  analyzed.  

PROCEDURE: Dynamic Random Access Memory ( D R A M )  c h i p s  w i l l  be 
used. The DRAMs c o n s i s t  of thousands of t r a n s i s t o r s  i n  which t h e  
g a t e s  can  be c h a r g e d  t o  a c e r t a i n  v o l t a g e  l e v e l .  Because  t h e  
charge on t h e  g a t e s  l e a k s a w a y s l o w l y t h e  c h a r g e s h a v e  t o b e  read 
and restored t o  the i r  proper  l e v e l  p e r i o d i c a l l y .  This  p r o c e s s  i s  
known a s  r e f r e s h .  I f  r e f r e s h  i s  n o t  d o n e  w i t h i n  a c e r t a i n  t i m e  
l i m i t ,  t h e  c h a r g e  i n  t h e  ga tes  w i l l  have l e a k e d  away and  any  d a t a  
s t o r e d  i n  t h e  c h i p s  w i l l  be  l o s t .  

T e s t i n g  o f  t h e  D R A M s  w i l l  be  done by u s i n g  a m i c r o p r o c e s s o r  t o  
w r i t e  a t e s t  p a t t e r n  t o  t h e  c h i p s  and t h e n  count  any errors t h a t  
occur. A 2R EEPROM w i l l  be  used  t o  r e c o r d  t h e  number of errors 
t h a t  occur. This  t e s t i n g  w i l l  be done wi th  d i f f e r e n t  amounts of 
t i m e  be tween r e f r e s h  c y c l e s  t o  d e t e r m i n e  how fast t h e  c h a r g e  i s  
leaking away from the g a t e s .  , 
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Clay Casarez- 9B 
Project: Testing a liquid Laser 

The problem t o  be studied is the construction of a liquid laser capable 

a) - the temperature of the laser unit - l iquid laser mcl space 
surrounding the l igh t  pump area; 

b) the condition of the generated beam in  respect t o  color, 
intensity, and distortion; 

c) the relative power output of the laser under both conditions. 
The proposed experiment is t o  be limited t o  the use of a liquid laser 

Laser stands for L i  h t  

The solid laser consists of: 

of comparing the behavior of a liquid laser on earth and one i n  space 
regarding : 

only in  order to  observe how the liquid w i l l  react in  the near zero gravity 
of space as opposed t o  the earth's gravity. 

There are four kinds o e lasers. -e: solid, l i q u m  and semi- 
conductor. 

a) a rod of aluminum oxide with small 
amounts of impurities such as chronim; b) a l igh t  source suspended around 
the laser rod consisting of xenon flash tubes or similar l ight intensity 
(the l ight tube being ei ther  linear or spiral);  c) one ful ly  reflective 
mirror and one semi-reflective mirror system placed a t  opposite ends of 
the laser rod, as shown in  Figure 1.1 

chronium electrons causing the electrons t o  "jump" into a higher orbit. 
The chromium electrons then tend t o  return into their  normal orbit  and 
is  so doing, liberate energy in  the form of l ight .  The l ight  particles 
are then reflected back and for th  between the mirrors unt i l  the beam 
becomes strong enough t o  pi-iss through the semi-reflective mirror i n  a 
coherent beam. 

The liquid of dye laser works on the same principle as the solid 
laser except the medium is pusked through the optical cavity by means of 
a mechanical liquid p q  system. 
plished by the use of a p r i m  or a defraction grating? isolat  ng only 

l i f icat ion by Stimulated Emission of Radiation. 

The lasing action occurs when the l ight  source p q s  or excites the 

Tuning of the Coher n t  beam is accom- 

the part  of the s p e c t m  t o  be studied, as shown in Figure 2.  3 
The gas laser's operation consists of: 
a gas discharge tube that  is highly evacuated and then f i l l e d  with 
gas, placed between two mirrors forming a resonant optical cavity. 
When the gas is  excited via  an external energy source such as a current 
discharge, photons are produced and due t o  the ampli$ying action of 
the cavity and mirrors, laser radiation is produced. 
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GET AWAY SPECIAL S Y M P O S I U M  
AUGUST 1 - 2 ,  1 9 8 4  

GODDARD S P A C E  FLIGHT C E N T E R  
G A S  007 

MARSHALL AMATEUR R A D I O  CLUB E X P E R I M E N T  ( M A R C E )  
Edward  F. S t l u k a ,  W4QAU 

M A R C E  P r i n c i p a l  I n v e s t i g a t o r  

I N T R O D U C T I O N  

The M a r s h a l l  Amateu r  R a d i o  C l u b  E x p e r i m e n t  (MARCE), s t a r t e d  
i n  1978,  was d e s i g n e d ,  a s s e m b l e d  and  t e s t e d  b y  t h e  M a r s h a l l  Space 
F1 i g h t  C e n t e r  Amateu r  R a d i o  C1 ub  ( M A R C ) ,  i n  H u n t s v i  11 e , A1 abama, 
f o r  s u p p o r t i n g  t h e  Space S h u t t l e  Ge t  Away S p e c i a l  (GAS), #007 
s t u d e n t  s c i e n c e  e x p e r i m e n t e r s .  The P r o j e c t  E x p l o r e r ,  G A S  #007 i s  
p l a n n e d  t o  b e  l a u n c h e d  O c t o b e r  2, 1984 ,  on  S T S - 1 7  ( 4 1 6 )  and i s  
s p o n s o r e d  b y  t h e  A labama Space and R o c k e t  C e n t e r ,  H u n t s v i l l e ,  who 
p a i d  t h e  f e e ,  and  t h e  Alabama S e c t i o n  o f  t h e  I n s t i t u t e  o f  Ae ro -  
n a u t i c s  and  A s t r o n a u t i c s  ( A I A A ) .  The A I A A ,  w i t h  f o u r  u n i v e r s i -  
t i e s ,  U n i v e r s i t y  o f  A labama,  H u n t s v i l l e  and Tusca loo ,sa ,  t h e  
U n i v e r s i t y  o f  A u b u r n  and t h e  Alabama A&M U n i v e r s i t y ,  s e l e c t e d  t h e  
s t u d e n t  e x p e r i m e n t  p r o p o s a l s .  The M A R C  was r e q u e s t e d  t o  p r o v i d e  
a r a d i o  e x p e r i m e n t  when no  r a d i o  e x p e r i m e n t  p r o p o s a l  was s u b m i t -  
t e d .  

I n  a d d i t i o n  t o  s u p p o r t i n g  t h e  s t u d e n t  e x p e r i m e n t e r s ,  t h e  
o b j e c t i v e s  o f  t h e  M A R C E  a r e :  

( 1 )  D e m o n s t r a t e  a m a t e u r  r a d i o  d a t a  c o m m u n i c a t i o n  f r o m  t h e  
c a r g o  b a y ,  d u r i n g  a Space S h u t t l e  m i s s i o n ,  on a n o n - i n t e r f e r e n c e  
b a s i s  w i t h  t h e  O r b i t e r  and i t s  p a y l o a d s .  

s p a c e  c o m m u n i c a t i o n  o p p o r t u n i t i e s  f o r  l i k e  t j p e  v e n t u r e s  o f  
v o l u n t e e r  r e s e a r c h  and  c r e a t i v i t y .  

( 3 )  E n c o u r a g e  b r o a d e r  p a r t i c i p a t i o n  o f  a m a t e u r  r a d i o  
e n t h u s i a s t s  i n  t h i s  s p a c e  r e s e a r c h  a d v e n t u r e  c a p i t a l i z i n g  on t h e  
p i o n e e r i n g  s p i r i t  o f  v o l u n t e e r  a m a t e u r  r a d i o  o p e r a t o r s  and s h o r t -  
wave l i s t e n e r s  a r o u n d  t h e  w o r l d .  

( 2 )  I n v o l v e  e d u c a t i o n a l  g r o u p s  o f  a l l  ages  t o  emphas ize  

D e s i g n  C o n s i d e r a t i o n s  

1. I n t e g r a t i o n  - As a g u e s t  e x p e r i m e n t e r ,  t h e  MARC was 
r e q u e s t e d  t o  p e r f o r m  t h e  G A S  p a y l o a d  i n t e g r a t i o n  t a s k .  I n  
a d d i t i o n  t o  p r o v i d i n g  t h e  p r i m a r y  power ,  c o n t r o l  and  d i s t r i b u t i o n  
n e t w o r k s  t o  e l e c t r i c a l l y  i n t e g r a t e  t h e  e x p e r i m e n t s ,  an i n s t r u m e n -  
t a t i o n  m e a s u r i n g  s y s t e m ,  a d a t a  s y s t e m  and an RF d o w n l i n k  s y s t e m  
were  d e s i g n e d .  
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2. Measurement and Instrumentation - Figure 1 is a review of 
the MAHCJ3. Th e measurement inputs were first requested from the 
student experimenters in 1978 in an attempt to size the design 
required by the MARCE. Figure 2 shows the voice message formats 
and calibration data curves for the measurement list in Figure 1 
and the GAS #007 health status. The instrumentation conditions 
the measurement sensors for inputs to the Analog to Digital 
Converters (ADC). The Digitalkera system changes the ADC signals 
to voice (English). 

The Digitalkept was chosen to appeal to the widest possible 
segment of the amateur radio community as well as shortwave 
listeners. The downlinked message output from a 435.033 FM 
receiver can be recorded on a cassette during an Orbiter pass. 
During playback, the listener can, by using the data curves, 
status code and mission timeline, get a firsthand, real time 
experimentation progress report. Receiving a copy of the 
cassette at MARC from the ground stations around the world is 
vital to reconstructing the health of the experiments in flight. 
Relay of the data by amateur radio would greatly expedite the 
data flow. 

In the event that the Orbiter's cargo bay is facing space 
during an RF transmission and the OSCAR AO-10 satellite can relay 
the MARCE data, the 2 meter receiver or scanner set at 145.9720 
MHz could possibly receive the data, depending on the AO-10 
location, receiver sensitivity, antenna gain and other RF link 
parameters . 
3. Power and Control - The power, control and distribution 
system likewise was designed with the experimenters' inputs. 
Tradeoffs were continually required between student requirements 
and limited power and control methods. The more significant 
trades are: 

a. It was found that one central power source was more 
efficient than separate experiment power sources. With multiple 
power sources, long duration relay (300 ohm) loads would consume 
significant power. The CPU completes the ground circuit of the 
control relays in accordance with timed sequence. Experiment 3 
is the exception. It carries its own flash batteries, however, 
the l.5V precision reference voltage provides a continuous power 
source for the 24-hour crystal growth experiment. 

b. Continuous RF transmission would consume enormous power 
(75 ampere hours), therefore, three 8-hour downlinks were chosen 
(7 ampere hours). The RF transmission in each 8-hour period is 
made at the start of 4 minute segments and lasts long enough to 
transmit the data message. The first 8-hour period starts with 
GAS 007 initial "Power ON." Each data message (Format A) lasts 
less than 30 seconds. This data provides knowledge of the 
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payload health and monitors Experiment #2 heater operation and, 
at 00400 hours (4 hours after GAS #007 "Power ON), Pump A 
operation flows nutrient to the radish seeds. The second and 
third 8-hour downlinks provide Experiments 1 and 3 operational 
data and lasts about 45 seconds (Format B) every 4 minutes. See 
Figure 3 for power profile and mission timeline. 

e. Continuous operation of 11, the current sensor, likewise 
would consume significant power (6 ampere hours). Therefore, I1 
is turned trON'r for one second every ten minutes, except during 
the downlinks when it is turned on for ten seconds at the start 
of each radio transmission. The solid state sensor requires 50 
ma. 

d. The use of CMOS devices conserves power and allows non- 
volatile memory by use of alkaline rrD" size batteries. The 
memory will store all MARCE data every ten minutes throughout the 
120-hour mission. A less than one microampere drain over the 
period of several months should assure post-flight data 
retrieval. 

4. Special Problems 

a. RF transmission from the GAS container takes the lead in 
the problems encountered. The most difficult was the approval 
for lid modification to accommodate the RF coaxial cable feed 
through connector and approval for RF transmission from the cargo 
bay. 

To date, approval for RF transmission has not been 
received. The complexity of the STS-17 payload manifest 
indicates that another flighg should be selected; however, there 
are no other flbghts with 57 
greater than 95 inclination is scheduled for OASTA-5. 

inclination until mid-1986 when a 

Other problems include three notifications to the FCC, 
27 months, 15 months and 3 months prior to space operations; RFI, 
EMI, antenna pattern and other tests required to assure 
compliance with FCC regulations as well as proper operation in 
the cargo bay, and to assure non-interference with the Orbiter or 
the payloads. 

b. The lack of STS-17 timelines or Crew Activity Plan 
(CAP), forced MARCE to generate and use a simulated timeline for 
simulated flight test, thermal tests and other planning. GAS 
#OO7 expepiments 1 and 3 desire to operate and MARCE desires to 
transmit during crew sleep periods and the other STS-17 payload 
down times. During this time, the lowest ItGrf levels are expected 
and the potential for interference, at transmitter full power 
(approximately 4.5 watts), to the STS-17 payloads is reduced or 
eliminated. 

e. The RF transmitter power level is dependent on the 
location of the nearest payload component/assembly that is 
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susceptible to RF interference. The SIR-B electronics enclosure 
is located about 1-6 meters from the GAS #OO7 container. If 
there is a possibility that MARCE RF transmissions would occur 
during the SIR-B radar times, then the MARCE transmitter RF 
power would be limited to 0.5 watts. 

d e  The 23 cell silver zinc battery requires special 
attention that dry cells do not. Safety requires (1) redundant 
vent lines from the battery case to the GAS lid relief valve 
assembly; (2) safety requires absorbent material above the cells 
to absorb possible electrolyte (KOH) leakage, and Solethane 113 
chips placed between the absorbent material and the battery top 
cover, to displace any H2 expelled by the cells, when the GAS 
# O O 7  experiments take energy out of the battery; and (3) safety 
requires a fail safe thermal control circuit that w i l l  turn GAS 
#O07 power lrOFFfl when the battery case temperature reaches about 
75 C. Such a high temperature would indicate a critical cell(s) 
short and/or reversal. This is a most serious safety critical 
condition because of the potential consequences. 

5. Volunteers 

MARCE could not have been completed without the help of the 
many who responded to the request to work on MARCE. The major 
volunteers are noted here: Data System and Software - Chris 
Rupp, W4HIY. Antenna - Reggie Inman, design of antenna and lid 
feed through. Ed Martin helped Reggie with antenna evaluation 
tests, radiation patterns and balun tuning. Power, Control, 
Distribution, Instrumentation - Art Davis, WBaKKA. RF System - 
Leon Bell, WBLILTT, evaluated the transmitter, prepared the RF 
system test plan, performed the RF link analysis, conducted EM1 
tests, transmitter stability, transmission line design and VSWR 
measurements. Fabrication and Planning - Bill Richardson, W4LRE 
- mechanical, milling, fabrication work on the antenna and elec- 
tronic support assembly. Battery - A1 Henry activated, load 
tested and coordinated with KSC f or flight battery activation at 
KSC and with GSFC for battery flightworthiness preparations. 
Flight and Ground Operations - Leigh DuPre, WB4WCX, Ed Clark, 
K4KFH and Joe Appling, W4WIA - MARC station readiness, OSCAR 
relay and amateur radio community coordination. Mechanical 
Design - Ken Anthony and Jerry Hudgins. Stress - Tom Stinson. 
Assembly and Systems Test - Guy Smith, Chris Rupp, Leon Bell, 
Leigh DuPre. Payload Inspection, Quality and Documentation 
Compliance - Wiley Bunn, NO4S. 
6. Contributors 

MARCE could not have been completed without the companies 
and individuals contributing hardware and effort. Motorola - Jim 
Worsham, WA4KXY and the Fort Lauderdale, Florida, Motorola 
Portable Products Division provided the modified 5-watt trans- 
mitter and the handheld receiver (GSE). Zero Corporation - Jay 
Shorette and the Zero Corporation provided the MARCE electronic 
support assembly enclosure which houses the MARCE data system, 
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signal conditioning, power distribution and experiment control, 
and 11, the current sensor, National Semiconductor Corporation - 
Peter Lami and the Interep Association, Huntsville, Alabama, 
provided two sets of the CMOS modules for the MARCE data system, 
one set for the prototype, the other set for the flight unit. 
- RCA - Ivars Lauzuma and the Somerville, New Jersey, RCA Solid 
State Microsystems facility provided an 1802 CPU data system, A/D 
converter and related parts. The University of Alabama, 
Huntsville - The University's Environmental Lab provided space 
f o r  assembling and testing the GAS #007 package. The UAH machine 
shop provided the major portion of the GAS #OO7 structural 
fabrication, drilling, machining and final fitting work. Space 
Processing Applications Rocket Project (SPAR) - 28V DC, 20 ampere 
hour batteries, 7.5V DC regulator, instrumentation sensors, con- 
nectors, and related parts were obtained from surplus hardware. 
Midwest Components, Inc. - John Saling and MCI provided the 
thermal sensing switches f o r  the battery. 

Consultation 

The following organizations-persons provided guidance, 
recommendations and encouragement: 

American Radio Relay League (ARRL) 
Bernie Glassmeyer, WgKDR; and Dale Clift, WA3NLO. 

Radio Amateur Satellite Corporation (AMSAT) 
Rich Zwirko, KlHTV; Gordon Hardman, KE3D; Art Feller, KB4ZJ; 
Bill Tynan, W3XO; Perry Kline, K3KP; Doug Loughmiller, KO5I. 

Federal Communications Commission (FCC) 
John Johnston and James McKinney 

Goddard Space Flight Center (GSFC) 
Jack Gottlieb, Clark Prouty, Jim Barrowman, John 
Annen, KB3DN, Susan Oldin, Frank Bauer, KA3HDO. 

Johnson Space Center (JSC) 
Dick Fenner, WA5AV1, JSC technical representative 
for MARCE, Gilbert Carman, WA5NOM, Art Reubens and Dale 
Martin, KG5U. 

Kennedy Space Center (KSC) 
J. D. Collner, W4GNC, KSC technical representative for MARCE 
Eric E. Olseen, Andy Wheeler, WB4ZLW. 

Jet Propulsion Laboratory (JPL) 
Jim Lumsden, WAGMYJ, JPL technical representative for MARCE. 
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GYPSY MOTHS AND AMERICAN DOG TICKS: SPACE PARTNERS 

Dora K. Hayes and Neal 0. Morgan 
Livestock Insec t s  Laboratory, AeQI 

Agr i cu l tu ra l  Research Service, USDA 
B e l t s v i l l e ,  Maryland 20705 

Ralph E. Webb 
F l o r i s t  and Nursery Crops Laboratory, HSI 

Agr i cu l tu ra l  Research Service,  USDA 
Beltsville, Maryland 20705 

Mark D. Goans 
F l i g h t  Support Branch 

Goddard Space F l igh t  Center 
Greenbelt ,  Maryland 20770 

During t h e  f l i g h t  of Skylab I V  (86 day o r b i t a l  f l i g h t  around the  e a r t h ) ,  t he  
e f f e c t s  of zero g rav i ty  on the  diapause (h iberna t ion)  of gypsy moth, Lymantria 
d i spa r  (Linnaeus), eggs w a s  s tudied.  The r a t i o n a l e  was t h a t  t he  i n t r a c e l l u l a r  
organizat ion of the  embryonic b ra in  and membrane permeabi l i ty  might be dis turbed 
by zero g rav i ty  s o  t h a t  the  normal obl iga tory  6-9 month egg diayause might be 
prematurely broken. 

T h i s  study w a s  described by Sul l ivan et  a1 (1974); the  following e x t r a c t  
summarizes the  r e s u l t s .  "Five hundred eggs co l lec ted  from na ture  a t  S t a t e  
College, PA, on Oct 1, 1973 (est imated t o  have been layed the  1st o r  2nd week i n  
Ju ly ) ,  were labe led  wi ld ,  held a t  4OC from O c t .  2-30, and placed i n  the  space 
package. Five hundred eggs layed from Sept .  1-9, 1973, by a labora tory  reared 
s t r a i n ,  2nd generat ion,  a t  t h e  Methods Development Laboratory, USDA, APHIS, O t i s  
Air Force B a s e ,  were f u l l y  embryonated by O c t .  10, were c h i l l e d  at 4°C from O c t .  
10-26, labe led  tame, and and placed i n  the  space package. The t o t a l  weight of 
t h e  package (Egg Demonstration V i a l  Assembly, EDVA) w a s  less than 1 oz (28.3 g).  
A similar ground con t ro l  was packaged i n  the  same manner. The EDVA w a s  taped t o  
t h e  IMSS locker  i n  the  o r i t a l  workshop a t  ward room entrance and 1 crewman made 
d a i l y  observat ions of t h e  EDVA t o  a s c e r t a i n  egg hatch. 8 A s m a l l  but  
s i g n i f i c a n t l y  g r e a t e r  number of i n s e c t s  hatched when exposed t o  zero gravi ty  i n  
Skylab 4 than when maintained as ground cont ro l  ( 7  vs 0 ) ;  however, more work i s  
required to  demonstrate conclusively the p r i n c i p l e  tes ted .  

After r e t u r n  t o  e a r t h ,  most of the  remaining Skylab 4 and ground cont ro l  eggs 
were conditioned t o  induce hatching by e i t h e r  placing them a t  4°C f o r  30-120 
days and r e tu rn ing  them t o  22OC, o r  by holding them a t  22OC f o r  the  durat ion of 
the experiment. A t o t a l  of 10 gypsy moth eggs hatched and 1 i n s e c t ,  a female 
flown i n  Skylab 4, survived t o  the  adul t  s t age  a t  O t i s ,  MA, and w a s  mated to  a 
normal male. The r e s u l t a n t  egg mass was  conditioned at 4OC f o r  the  normal 
per iod of t i m e ,  but  t h e r e  was no hatch when returned t o  22OC; the  hatch i n  the  
con t ro l  egg mass w a s  22%. 

"Astromoth I" w a s  re turned t o  Beltsvil le and s tudied  by D r .  Edward L. Todd, 
Lepidoptera S p e c i a l i s t  a t  t h e  National Museum. He s t a t e d  t h a t  the  specimen was 
normal, l a r g e r  than usua l ,  b u t  wi th in  normal limits. 

Elec t ronic  micrographs of t he  sec t ions  through the  b ra in  of t he  embryos from 
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eggs t h a t  were subjected t o  condi t ions i n  space w e r e  compared with similar 
sec t ions  prepared from ground cont ro ls .  In  the  l imi t ed  number of s ec t ions  
examined, i t  appeared that small osmophilic granules were more numerous i n  the 
cytoplasm of cells from i n s e c t s  that were not on the Skylab mission than i n  
those t h a t  were. This osmophilic material could represent  neurosecretory 
substances.  This suggests  t h a t  some fea tu re  of t he  space f l igh t - - in  p a r t i c u l a r  
weightlessness-may have r e su l t ed  i n  a release of neurosecretory material, s ince  
a similar reduct ion w a s  not noted i n  cont ro ls  maintained under atmospheric 
condi t ions similar t o  those on Skylab. Because of the  l imi ted  number of 
samples--5 from each experimental  group were subjected t o  microscopy--this 
conclusion must remain a t e n t a t i v e  one, t o  be f u r t h e r  t e s t ed  i n  f u t u r e  space 
f l i g h t s . "  
studying b ra in  neurosecret ions during diapause and diapause breaks i n  
embryonated l a rvae  of the  gypsy moth. 

According t o  Loeb and Hayes (1980) a method has been developed f o r  

Eleven years have passed and the  development by NASA of the  small self-contained 
payload program f o r  s h u t t l e  missions has made ava i l ab le  a research payload 
container  t h a t  is s u i t a b l e  f o r  our type of experiments. New packets of gypsy 
moth eggs and poss ib ly  engorged female American dog t i c k s ,  Dermacentor 
v a r i a b i l i s  (Say),  and ca r t r idges  of j e l l e d  agar w i l l  be secured t o  and r o l l e d  i n  
a s t i f f  co t ton  mesh, placed i n  a nylon mesh bag, and packed i n t o  a G e t  Away 
Special  (GAS) conta iner  without the use of a support s t ruc tu re .  ' The ca r t r idges  
of j e l l e d  agar  w i l l  maintain the  humidity within the  sea led  can i s t e r .  A 
Tattletale@ thermograph w i l l  form the  core of the  experimental package. 

Engorged female American dog t i c k s  overwinter i n  diapause,  which is  normally 
broken i n  la te  March by increased photoperiodism. For t h i s  experiment, engorged 
female t i c k s  w i l l  be induced i n t o  a prearranged diapause,  beginning i n  August 
r a t h e r  than as normally occurs i n  October. Under cont ro l led  labora tory  
condi t ions,  t he  female t i c k s  should begin ovipos i t ion  when daylength exceeds 1 0  
hours. The a f f e c t s  of weightlessness plus t o t a l  darkness f o r  the durat ion of 
containment may alter the  photoperiod requirement needed f o r  oviposi t ion.  Also, 
t h e  e f f e c t s  of weightlessness may alter physiological  and reproductive 
funct ions.  

The objec t ives  are: (1) t o  reeva lua te  the e f f e c t s  of zero g rav i ty  on the  
terminat ion of diapause/hibernat ion of embryonated gypsy moth eggs, (2)  t o  
determine the  e f f e c t  of zero g rav i ty  on the  ovipos i t ions  and subsequent hatch 
from engorged female American dog t i c k s  t h a t  have been induced t o  diapause i n  
t h e  laboratory,  and (3)  t o  determine whether morphological o r  biochemical 
changes occur as a r e s u l t  of the  exposure i n  Skylab, a f t e r  quest ions posed i n  
objec t ives  ( 1 )  and (2) are answered. 
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Nuclear P a r t i c l e  Detection U s i n g  
a Track-Recording Sol id  

Mark Weber and David Weber 
bY 

Abstract 

This paper details the  design of t he  nuclear particle de tec tor  
located i n  Purdue University 's  "Get Away Special" package which was 
flown aboard STS-7 i n  June, 1983. 
of par t ic le-detect ing polymer sheets ,  
of t racks  throughout t he  block. 
fur ther  ana lys i s .  
i n  t he  fu ture  are discussed. 

The experiment consisted of a s tack  

A s l i d e  of each sheet has been made f o r  
The shee ts  show pos i t ive  r e s u l t s  

Recommendations f o r  similiar experiment& performed 

1. Introduction 

This experiment w a s  one of th ree  t h a t  were chosen t o  ride i n  

Purdue"s 2.5 cubic foo t  can is te r .  

by Christopher klachs, a s tudent  a t  Purdue. 

The or ig ina l  proposal was suggested 

The other  t i 0  experiments 

were t o  study the  effect of gravi ty  on seed germination and t o  f i l m  t he  

motion of mercury i n  a clear l i qu id  under low gravi ty .  Electrical and 

mechanical malfunctions prevented the  proper operation of these 

experiments. The rad ia t ion  experiment was divided i n t o  two parts: 

rad ia t ion  badges and the  main detector .  The badges were used t o  give a 

rough reading t o  back up data from the  main detector .  The main.detector 

itself was designed t o  record the passing of particles i n  t h e  atmosphere. 

Being e n t i r e l y  passive, it was not effected by the  other  malfunctions. 

2. Film Badges 

Film badges are used i n  nuclear related indus t r i e s  t o  keep t rack  

of exposure t o  personel. 

t h e  type of rad ia t ion  and energy range t h a t  they are sens i t i ve  to .  

Two types of badges were included i n  the  canis ter .  

were t h e  types T1 and B1 from the R.  S. Landauer company. 

They are d i f f e ren t i a t ed  from each other  by 

The badges chosen 

These can 
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detect neutron, x-ray, gamma, and beta  doses. 

obtained from t h e  Bionuclear Department of Purdue University, one being 

a cont ro l  and t h e  other  placed i n  the  canis ter .  

t he  Bionuclear Department t o  be processed normally. 

Two of each type were 

They were returned t o  

The badges do ind ica te  t h a t  higher than normal rad ia t ion  l eve l s  were 

present which is t o  be expected. 

as gamma and x-ray rad ia t ion  along with traces of beta and ' fas t  neutron 

radiat ion.  

badges ind ica te  a general  dose t o  the  experiment of twenty millirems 

which is thought t o  be a realistic value, Since the  de tec tor  material 

is not d i r e c t l y  sens i t i ve  t o  t h e  rad ia t ion  indicated by t h e  >ba,dges, it 

has not  been determined whether there  are any concurrent conclusions t o  

be drawn. 

The energy deposited appeared mainly 

One of t he  badges a l s o  gave a "high energy" indication. Both 

3. Main Detector 

In  recent years ,  dielectric s o l i d  p a r t i c l e  de tec tors  have become a 

viable  a l t e r n a t i v e  t o  older,  conventional methods for t h e  detect ion and 

measurement of radiat ion.  Charged p a r t i c l e s  passing through the  de tec tor  

material leave a path of damage on the  molecular scale. 

is p l a s t i c  i n  nature ,  it can then be etched i n  a caus t i c  solut ion which 

preferen t ia l ly  a t t acks  t h e  damaged spots  rendering them v i s i b l e  under an 

ordinary l i g h t  microscope. 

developed i n  a method similiar t o  that done f o r  ordinary camera f i l m  

a l s o  yielding a t r ack  that can be studied. 

If the  de tec tor  

If the  material is an emulsion, it can be 

The o r ig ina l  experiment idea used a s i l v e r  hal ide emulsion, which 

when processed i n t o  th in  shee ts  (called pe l l i c l e s )  of the proper 

dimensions, would be stacked and used as t h e  detect ion block. As C h a r g e d  
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particles pass through the material, they would be activated similiar t o  

camera film and could be developed t o  show the tracks. The manufacture 

of the emulsion pe l l i c l e s  and the developing thereaf ter  is a timely and 

complicated process. 

mechanical pressure, and a need f o r  a well controlled atmosphere, made the  

emulsion an impractical choice for a detector material, 

This, along with its sens i t iv i ty  t o  l i g h t  and high 

A s  the experiment developed, it became evident that pblymers would 

be a much better choice f o r  a detector material. 

as being al ternat ives:  cellulose n i t r a t e  and a l l y l  diglycol polycarbonate 

(trademark by Pittsburgh Pla te  Glass as CR39). After some investigation, 

it was found that i n  addition t o  greater  sens i t iv i ty  and be t te r  physical 

Two were singled out 

character is t ics ,  CR39 was cheaper and could be purchased i n  the mount 

needed. 

f o r  experimental requirements but could not be purchased i n  the quantity 

desired. 

alpha source. 

posit ive r e su l t s ,  it was decided t o  go with the CR39 monomer. 

The cel lulose n i t r a t e  material sold by Kodak was suf f ic ien t  

A sample of CR39 was acquired and tes ted by exposing it t o  an 

Upon etching i n  a solution of sodium hydroxide and noting 

In addition t o  the p las t ic ,  a boron converter was added i n  order 

t o  detect neutrons through secondary emissions of alpha particles. 

Alphas a r e  the r e su l t  of neutron capture i n  a boron nucleus. 

made by mixing boron oxide with polyeurethane wood f in i sh  and then 

"painting" it on a two inch by three inch piece of paper. 

it was placed on the stack of detector material. 

The monomer was received i n  sheets of .O25 inch i n  thickness. 

This was 

After drying, 

It 

was then cut t o  two inch by three inch rectangles by scribing and 

breaking it i n  a manner similiar t o  tha t  used f o r  glass.  The box was cut 
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from sheet aluminum (four sides,  top and bottom) so as t o  give inside 

dimensions of two inches by three inches by two inches. (See figure 1 .) 

A flange used t o  secure the box was machined as an in tegra l  part of the  

bottom plate .  

Each of the seventy-five sheets were engraved with a number and placed in to  

the box along with the previously mentioned boron converter and then 

bolted onto the canis ter  k se .  

It was held together with brass metal screws and tapped holes. 

4. Development 

Upon receiving the  canis ter  from NASA after the  f l i g h t ,  the  box 

was unbolted and stored u n t i l  the f a l l  school session. A t  t h i s  time 

the sheets were removed from the box. A Teflon rack was made t o  hold 
, 

the sheets during etching. 

normal solution of sodium hydroxide kept a t  approximately f i f t y  degrees 

Celsius by a hot plate .  

Forty sheets at  a time were etched i n  a 6.25 

To etch a l l  the sheets the process was carried out 

twice. Each time two control sheets were included i n  the solution. The 

t o t a l  etching time was eleven days for  each group. During t h i s  time the 

solution was s t i r r e d  daily.  Upon completion of the etching, the p l a s t i c  

was v is ib ly  spotted with w h a t  appeared t o  be p i t s .  The sheets were 

rinsed and then dried. 

5. Results 

A visual  inspection of the sheets has varif ied tha t  the experiment 

did detect particles. The par t ic les  are revealed by conical p i t s  i n  the  

surface of the p las t ic .  (see f igure  2.) 

can be used t o  determine the angle a t  which the  par t ic le  entered the 

plast ic .  

The shape of the surface pat tern 

Some of the par t ic les  l e f t  only a s ingle  p i t .  Others l e f t  a 
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Fig. 1. The components of the main detector of the radiation experiment. 
Shown are the container (upper right), its lid (upper left), 
and the sheets of CR39 plastic. 
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Fig. 2. An enlargement (20X) of a por t ion  of t h e  top shee t  of p l a s t i c  
( the  one next t o  t h e  boron impregnated paper), showing t h e  
conica l  entrance hole  of a p a r t i c l e .  The blurred e x i t  ho le  
is a l s o  v i s i b l e .  
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pai r  of cones i n  the sheet. 

top of the  sheet and then exited a t  the bottom. 

l e f t  pairs of cones through the top twelve sheets. 

tracks are only s ingle  p i t s  o r  i n  two or  three sheets. It is interest ing 

t o  note t h a t  some of the tracks start and end i n  the middle of the block. 

This indicates where the par t ic le  entered the 

The longest of these tracks 

However, most of the 

The analysis  of the sheets has been complicated by p i t s  caused by 

the etching tha t  are not particle tracks. 

since the p i t s  are rounded as opposed t o  the pointed track p i t s .  

t h i s  requires t ha t  each p i t  be looked at  t o  determine i f  it is a track 

ra ther  than j u s t  counting the par t ic les  on the surface of each sheet. 

A count of the par t ic les  on the sheet next t o  the boron is about f i f t een  

t o  twenty. 

These are easily distinguished 

However, 

The middle sheets a r e  l e s s  dense than the boron qoated end, 

6. Future Plans and Recommendations 

The r e su l t s  of the experiment a re  not obvious a t  first glance and an 

intensive catalog of a l l  tracks needs t o  be made, 

and wil l . take some time and e f fo r t .  This w i l l  enable ident i f icat ion 

of par t ic le  types and energies. 

and radiation planes i n  space w i l l  be determined. 

This is a major ac t iv i ty  

Also t rack direct ion r e l a t ive  t o  the shu t t l e  

Experience with t h i s  experiment has brought out some methods tha t  

The sheets should have an should be used i n  any similiar experiments. 

index of some s o r t  t ha t  w i l l  allow t h e  tracks t o  be accurately realigned 

a f t e r  development. 

p i t t i ng  should be used t o  ease counting of the tracks. 

could be used t o  speed the numerical calculations and keep a catalog of the 

tracks. If the expense is not prohibit ive,  another detector such as 

cel lulose n i t r a t e  would be used t o  verify data from the CR39 sheets. 

Products that reduce the amount of i r re levant  surface 

A small computer 
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DESIGN AND DEVELOPMENT OF SHUTTLE GET-AWAY-SPECIAL 
EXPERIMENT 6-0074 

George F. Orton 

McDonnell Douglas As t ronaut ics  Company - S t .  Lou is  D i v i s i o n  

Abs t rac t  

Th is  paper descr ibes a McDonnell Douglas As t ronaut ics  Company (MDAC) 
sponsored Get-Away-Special (GAS) experiment t o  i n v e s t i g a t e  more v e r s a t i  l e ,  
lower cos t  sur face  tens ion  p r o p e l l a n t  acquis t i o n  approaches f o r  f u t u r e  
s a t e l l i t e  and spacecraf t  p r o p e l l a n t  tanks. The e .periment, designated 6-0074, 
i s  designed t o  demonstrate a p r o p e l l a n t  o f f - l o a d  c a p a b i l i t y  f o r  a f u l l - t a n k  
g a l l e r y  sur face tens ion  device, such as t h a t  employed i n  the  S h u t t l e  React ion 
Contro l  Subsystem (RCS) , and demonstrate a low-cost r e f  i 11 able t r a p  concept 
t h a t  could be used i n  f u t u r e  o r b i t  maneuver p ropu ls ion  systems f o r  m u l t i p l e  
engine r e s t a r t s .  The experiment cons is ts  o f  a P l e x i g l a s  t e s t  tank, movie 
camera and l i g h t s ,  a u x i l i a r y  l i q u i d  accumulator, c o n t r o l  e lec t ron i cs ,  b a t t e r y  
pack, and associated va l v ing  and plumbing. The t e s t  l i q u i d  i s  Freon 113, dyed 
b lue f o r  c o l o r  movie coverage. The f u l l y  loaded experiment weighs 106 pounds 
and w i l l  be i n s t a l l e d  i n  a NASA f i v e - c u b i c - f o o t  f l i g h t  can is te r .  V i b r a t i o n  
tes ts ,  acous t ic  t es ts ,  and h igh  and low temperature t e s t s  were performed t o  
q u a l i f y  t he  experiment f o r  f l i g h t .  The experiment w i l l  be de l i ve red  t o  NASA- 
Kennedy Space Center (KSC) on 9 June 1984 and i s  scheduled t o  be f lown on the  
STS-41-F miss ion  on 23 August 1984. 

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

The 6-0074 GAS experiment has been p a r t  o f  an on-going research and 
development e f f o r t  a t  MDAC t o  evaluate advanced sur face tens ion  p r o p e l l a n t  
a c q u i s i t i o n  concepts. I n i t i a l  p lann ing  f o r  t he  experiment was begun i n  1981 
and a NASA Payload User 's  agreement was signed i n  A p r i l  1982. 

The o b j e c t i v e  o f  t he  experiment i s  t o  demonstrate an o f f - l o a d  c a p a b i l i t y  
f o r  a f u l l - t a n k  p r o p e l l a n t  a c q u i s i t i o n  system, a c a p a b i l i t y  t h a t  does n o t  e x i s t  
w i t h  c u r r e n t  f u l l - t a n k  sur face tens ion  devices such as the  S h u t t l e  RCS 
p r o p e l l a n t  a c q u i s i t i o n  system (F ig .  1). I n  the  a c q u i s i t i o n  system shown i n  
Fig. 1, the  g a l l e r y  legs  must be kept  f u l l  o f  p r o p e l l a n t  t o  ensure gas-free 
p r o p e l l a n t  d e l i v e r y  t o  t h e  engines. Th is  i s  n o t  poss ib le  when t h e  tank i s  
launched w i t h  a p a r t i a l  p r o p e l l a n t  load  because, uncovered, t he  forward 
g a l l e r y  l e g  screens are n o t  ab le t o  r e t a i n  p r o p e l l a n t  du r ing  launch acceler -  
a t ion .  The 6-0074 experiment i s  designed t o  so lve t h i s  problem by demon- 
s t r a t i n g  passive g a l l e r y  f i l l  f o l l o w i n g  o r b i t  i n s e r t i o n .  I n  add i t ion ,  i t  w i l l  
demonstrate a passive r e f i l l a b l e  t r a p  concept t h a t  cou ld  be used i n  an o r b i t  
maneuver p ropu ls ion  system t o  p rov ide  m u l t i p l e  engine r e s t a r t  c a p a b i l i t y .  

The f o l l o w i n g  paragraphs descr ibe the  design and opera t ion  o f  t he  ex- 
per iment and t e s t s  performed t o  q u a l i f y  t he  experiment f o r  f l i g h t  env i ron-  
ments. 
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PO84--348 

SURFACE TENSION 
SCREEN (TYPICAL) 

FORWARD COMPARTMENT 
GALLERY LEGS 

AFT COMPARTMENT 
GALLERY LEGS 

Fig. 1 Shuttle RCS Propellant Acquisition Device 

11. Desicln and ODeration 

The complete flight payload (Fig. 2) consists of a Plexiglas test tank, 
movie camera and lights, auxiliary liquid accumulator, control electronics, 
battery pack, and associated valving and plumbing. The entire payload with 
support structure will be installed within a NASA-supplied, five-cubic-foot 
flight canister. The payload support structure is a 6061-T6 aluminum frame 
assembly that is cantilevered from a mounting plate at the top of the canister 
and supported laterally by four "bumpers" at its opposite end. 

The test tank (Fig. 3) is a bolted assembly consisting of a cylindrical 
Plexiglas section, an aluminum forward dome, and an aluminum aft end plate. 
The tank is divided into forward and aft compartments by an internal Plexiglas 
bulkhead. The three gallery legs in the forward compartment are made of 
Plexiglas to allow visual (movie) evaluation of passive gallery fill. Each 
gallery leg has a flat, stainless steel screen surface along its outer face 
(adjacent to the tank wall) and a vent screen inside the forward vent baffle 
assembly. The internal bulkhead assembly contains a tapered Plexiglas vent 
stack t o  provide an exit passage for entrapped gas during passive fill of the 
aft trap compartment. The vent stack is covered by two perforated plate discs 
at its forward end. Gallery leg dimensions, screen mesh sizes, and perforated 
plate hole sizes are presented in Table I .  The variation in shape, cross 
section, and screen mesh for the three gallery legs will allow us to acquire 
parametric data. 

The tank operating sequence is shown in Fig. 4. The tank will be launched 
with a partial liquid load (Freon 113) in the forward compartment and a nearly 
empty aft compartment. During the zero-g interval following main engine 
cutoff, the three gallery legs will fill by capillary pumping. The baffle 
assembly at the forward end o f  the tank keeps the gallery vent screens dry until 
the gallery fill process is complete. 
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J- ACCUMULATOR 

I 
PD84-349 

F ig .  2 Experiment Layout 

ALUMINUM 

PLEXIGLAS CYLINDRICAL PO84--880 

P E G T I O N  
FORWARD 

LIQUID GALLERY GAS LIQUID LIQUID 
INJECTION PORT LEG ASSY. VENT TRANSFER TRANSFER 

STACK TUBE PORT 

F ig .  3 P lex ig las Test Tank 
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Table I Gallery Leg and Vent Stack Perforated Plate Geometry 

PD84--360 

GALLERY LEG DESIGN CHARACTERISTICS: 

150 x 150 PSW. 

30 x 25O TDDW 

30 x 250 TDDW 

30 x 250 TDDWQ) 

30 x 250 TDDW 

(1) PSW - PLAIN SQUARE WEAVE 1 ALL SCREEN MATERIAL 
(2) TDDW - WILLED DUTCH DOUBLE WEAVE IS STAINLESS STEEL 

VENT STACK PERFORATED PLATE HOLE SIZES 

.O IN. DIAMETER 

11 -5032 
5 - 2 5 - w  

VALVE CLOSED 

LIQUID INJECTED 
FROM ACCUMULATOR 

TANK\ 

- 
VALVE CLOSED 

-- 
VALVE CLOSED 

1. LAUNCH 2. GALLERY CAPILLARY 3. LIQUID INJECTION 
FILLING AFTER MAIN INTO FWD. 
ENGINE 'CUTOFF COMPARTMENT 

PRIOR TO TRAP 
FILL DEMONSTRATION 

Fig. 4 Experiment Operating Sequence 

(LIQUID TRANSFER 
FROM FWD. TO AFT 
COM PARTMENTI 

VALVE OPEN 

4. TRAP FILLING 
DURING OMS 
BURN 

The principle of gallery capillary pumping is illustrated in Fig. 5. The 
pressure, P i ,  in the bulk liquid is higher than that in the gallery leg, P2, for 
the common ullage pressure, Pa. The pressure differential (Pi - P2)  results 
from differences in the meniscus radii at these locations in a low-g 
environment. As a result, liquid i s  pumped through the gallery leg in order to 
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achieve a minimum free-energy position. During the gallery fill process the 
gas within the gallery legs is vented to the tank through the vent screens at 
the top of the gallery legs. The gallery fill rate is retarded by pressure 
losses due to liquid flow into the gallery legs, frictional and dynamic 
pressure losses due to liquid flow within the gallery legs, and pressure losses 
due to gas flow leaving the gallery legs. Predicted gallery fill times are 
shown in Fig. 6 as a function of gallery fill length. For the design gallery 
fill length of 6 inches, the maximum fill time (10.3 seconds) occurs for the 
rectangular leg with 30 x 250 twilled dutch double weave (TDDW) screen. 

16 

14 

12 

10 

8 -  

6 -  

0 

11-5031 

I pa I 5--25--84 

PDO+ 

- 

FREON 113 AT 70DF 
(30 x 250 TDDW SCREEN) 

- 

- 

(30 x 250 TDDW SCREEN 

(150 x 150 PSW SCREEN) 

8 

4 -  

2 -  

0 2 4 6 
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After the first Orbital Maneuvering Subsystem (OMS) burn, additional Freon 
113 will be injected into the tank forward compartment from an auxiliary 
positive displacement accumulator in preparation for the trap filling exper- 
iment (Fig. 4). The trap filling experiment will be performed during the 
second OMS engine firing. The transfer valve at the tank outlet will be 
signalled open to allow liquid flow from the forward to aft compartment. 
During the burn, gas inside the aft compartment will be expelled through the 
vent stack perforated plates by the hydrostatic pressure imposed across the 
entrapped gas bubble, allowing the aft compartment to fill. The aft com- 
partment fill rate is retarded by liquid flow pressure losses through the 
transfer line and valve and by gas flow pressure losses through the vent stack 
perforated plates. Predicted trap fill times are shown in Fig. 7 as a function 
of OMS acceleration level. For an OMS acceleration of 0.04 q ' s ,  the aft 
compartment 

I 

- 
fill time is approximately 30 seconds. 

t 
a 

Fig. 7 Aft Compartment Fill Time 

PO83485 

8 

The experiment is controlled by an electronics package consisting of 
acoustic switches and timing circuits. At lift-off, the experiment will be 
activated using redundant acoustic switches that sense main engine ignition. 
The switches activate timing circuits that perform three functions: (1) turn 
on lights and camera for three minutes at main engine cutoff to monitor gallery 
leg filling; (2) activate a solenoid valve to inject liquid from the 
accumulator into the test tank in preparation for the trap refill experiment; 
and ( 3 )  turn on lights and camera and activate the test tank transfer valve for 
the trap refill experiment during the second OMS burn. A photograph of the 
acoustic switches and timing circuits is shown in Fig. 8 and photographs o f  the 
assembled experiment are presented in Fig. 9. 

111. Testing 

Environmental testing was performed to qualify the experiment for flight. 
The testing consisted of high and low temperature operating tests, vibration 
tests and acoustic tests. 
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Fig. 8 Experiment Electronics 

Fig. 9 6-0074 Experiment 
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The high temperature test was performed by installing the fully serviced 
payload inside an insulated thermal enclosure. Conditioned air at 150OF was 
circulated through the enclosure for a five hour period to bring the payload to 
an equilibrium temperature of 1400F. The payload was activated, and an entire 
mission sequence was run while maintaining the equilibrium temperature. There 
was no evidence of structural damage, and all light, camera, valve and switch 
functions occurred normally. 

The vibration tests were performed with the fully serviced payload 
installed in a NASA shipping cylinder to simulate the flight canister. The 
imposed vibration spectrum ( 6  gRMS - overall) was in accordance with the NASA 
flight specification for GAS payloads. Tests were performed in each of three 
axes (2 lateral and 1 vertical) for 40 seconds per axis. There was no evidence 
of structural damage as a result of the vibration tests. 

An acoustic test was performed to verify the operational integrity of the 
payload following vibration testing. An acoustic environment was imposed 
which duplicated the sound pressure level and frequency spectrum measured 
inside the GAS canister on the STS-3 mission at liftoff. The payload was 
activated successfully with its acoustic switches at a threshold sound 
pressure level of 110 dB, and an entire mission sequence was run. All light, 
camera, valve and switch functions occurred normally. 

The low temperature test was performed by installing the fully serviced 
payload inside the same thermal enclosure used for the high temperature test. 
Conditioned nitrogen at -2OOF was circulated through the enclosure for an 18 
hour period to bring the payload to an equilibrium temperature of -1OOF. The 
payload was activated, and an entire mission sequence was run while maintaining 
the equilibrium temperature. There was no evidence of structurai damage, but 
one valve (the accumulator solenoid valve) failed to operate. All other light, 
camera, valve, and switch functions occurred normally.. The failure was traced 
to a faulty capacitor in the control circuit. The capacitor was replaced and 
a low temperature test was repeated successfully. 

On the basis of these tests, the experiment was certified for flight. 

IV. Summary 

The Get-Away-Special experiment described in this paper will demonstrate 
technology for designing more versatile, lower cost surface tension propellant 
acquisition systems. It will demonstrate a full-tank gallery concept for 
future altitude control systems that can be off-loaded to provide enhanced 
mission flexibility. In addition, it will demonstrate a low-cost method for 
propellant acquisition in future orbit maneuver propulsion systems requiring 
large diameter propellant tanks. 

The experiment has been fabricated and tested successfully to simulated 
flight environments. It will be delivered to NASA-KSC on 9 June 1983 and is 
scheduled to be flown on the STS-41-F mission on 23 August 1984. 
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An I n v e s t i g a t i o n  of t h e  Photo t ropic  E f f e c t  on Seedl ing Or ien ta t ion  

i n  a Microgravi ty  Environment: a Student  Involvement P r o j e c t  

John W. Barainca 

Brighton High School 

The prospec t  of extended space f l i g h t  and p o s s i b l e  space co loni -  

z a t i o n  demands t h a t  on-board systems b e  developed t o  provide a cont in-  

uing supply of food t o  s p a c e c r a f t  occupants.  

Boeing Aerospace f o r  NASA's Control led Ecologica l  L i f e  Support System 

A s tudy  conducted by 

(CELSS) looked i n t o  t h e  needs of such f u t u r e  space miss ions  and con- 

cluded t h a t  occupants of f u t u r e  space s t a t i o n s  could s u r v i v e  more eco- 

nomically by growing t h e i r  own food. 

t h e i r  own food and oxygen and have s t o r e d  t h e i r  waste, b u t  weight pe- 

n a l t i e s  f o r  longer  missions and l a r g e r  crews could p r o h i b i t  s t o r i n g  

and resupply.  

cyc l ing  are e a r t h  o r b i t i n g  s c i e n t i f i c  space  s t a t i o n s  and m i l i t a r y  com- 

mand pos t s ,  bo th  of which, i f  they  could produce f i f t y  pe rcen t  of 

t h e i r  food needs,  would become c o s t  e f f e c t i v e  i n  f i v e  t o  t e n  years .  

As t ronauts  have always c a r r i e d  

Two examples of miss ions  which would b e n e f i t  from re- 

1 

Various systems have been proposed t o  u t i l i z e  w a s t e  p roducts  t o  

grow a l g a e  and b a c t e r i a  which would b e  useab le  f o r  human n u t r i t i o n .  

However, as a food source ,  a l g a e  has  caused g a s t r o i n t e s t i n a l  problems. 

Experience has  a l s o  shown t h a t  even convent lona l  food products  i n  

squeeze tubes  and r e c o n s t i t u t a b l e  form do n o t  provide t h e  psychologi- 

cal s a t i s f a c t i o n  t h a t  accompanies convent iona l  food. Experience wi th  

Skylab and t h e  space  s h u t t l e  has  demonstrated t h a t  eat-ing can be  done 

i n  a q u i t e  normal way. 

2 

Research on c u l t i v a t i o n  of convent iona l  food p l a n t s  i n  a space  en- 
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vironment began e a r l y  i n  t h e  space  program. 

l i n g s  i n  B i o s a t e l l i t e  11, launched September 7 ,  1967, revea led  t h a t  

s h o r t  pe r iods  of weight lessness  do n o t  d i so rgan ize  t h e  normal process  

of growing wheat. 

havior  w e r e  found, which r e tu rned  t o  normal a f t e r  several hours.  How- 

ever, t h e  l a c k  of t y p i c a l  shoot  and r o o t  system i n  t h e  wheat p l a n t  made 

it d i f f i c u l t  t o  p r e d i c t  conf iden t ly  t h e  r e s u l t s  of growing p l a n t s  w i th  

A f l i g h t  of wheat seed- 

Only s m a l l  d e v i a t i o n s  from normal physiology o r  be- 

3 

more complex o rgan iza t ion  i n  t h e  absence of g r a v i t a t i o n a l  fo rce .4  I n  

add i t ion ,  t h e  seeds  began germinat ion be fo re  launch and were i n  o r b i t  

only f o r t y - f i v e  hours.  E i t h e r  s i t u a t i o n  could a f f e c t  t h e  outcome. 

A student-designed experiment t o  test pho to t rop ic  response and 

flown i n  Skylab f o r  twenty-two days r e s u l t e d  i n  a random growth of 

rice seed l ings  and l i t t l e  phototropism. The proposed explana t ion  w a s  

t h a t  t h e  auxin d i s t r i b u t i o n  system of p l a n t s  depends on g r a v i t y  and 

wi thout  i t  t h e  auxins  may have been d i spe r sed  unevenly, thus  causing 

i r r e g u l a r  s t e m  and r o o t  growth. More r e c e n t l y ,  a p l a n t  growth u n i t  

designed by NASA Ames Research Center t o  c a r r y  experiments by D r .  J. 

5 

Cowles and D r .  W. Sh ie ld  t o  s tudy  t h e  e f f e c t  of hypogravi ty  on p l a n t  

l i g n i n  f l ew  on STS-3. 

t r o p i c  response. '  

have produced c o n f l i c t i n g  o r  inconclus ive  r e s u l t s ;  t h e r e f o r e ,  a need 

f o r  more work i n  t h i s  area is evident .  The Getaway Spec ia l  Program, 

wi th  i t s  low c o s t ,  provides  a means by which more experimentat ion 

on phototropism may b e  conducted. I n  response t o  t h i s  oppor tuni ty ,  

t eache r s  and s t u d e n t s  a t  Brighton High School have designed a micro- 

g r a v i t y  growth chamber t o  i n v e s t i g a t e  t h e  pho to t rop ic  response of 

r a d i s h  seed l ings .  

The r e s u l t s  demonstrated a more p o s i t i v e  photo- 

Var i a t ions  i n  experimental  des ign  and cond i t ions  

-96- 



PURPOSE 

The purpose for Brighton High School's involvement in the Getaway 

Special Program is twofold. 

for students to learn the scientific process by allowing them to design 

and conduct an experiment for flight on the shuttle. 

does not need to be unique nor the idea of one individual, but can be 

a team effort. Our emphasis is to stimulate interest in scientific 

investigation through hands-on involvement. Second, since more infor- 

mation about phototropic response in microgravity is needed, we could 

make a scientific contribution by designing an experiment which might 

add to that body of knowledge. We propose to build a functional 

growth chamber which will provide an environment conducive to germi- 

nation and growth of plants and to investigate phototropic stimulation 

to determine if it is adequate to influence directional orientation 

in the growth of plant seedlings in a microgravity environment. 

EXPERIMENTAL DESIGN 

First, we want to provide an opportunity 

The experiment 

Due to their location in the payload bay, Getaway Special can- 

nisters are exposed to extremes of the space environment. 

on the experimenters' requirements, various options are available. 

The cannister may be sealed to maintain one atmosphere of pressure or 

Depending 

vented to attain the vacuum of space. 

be used at present, and the option of an opening lid is planned. All 

cannisters are covered with an insulating protective outer layer. 

our flight, we chose an opaque lid and a dry nitrogen atmosphere at 

An opaque or transparent lid may 

For 

sea level pressure. 

The two and one half cubic feet of space in the cannister was 

apportioned into three parts. Our share was a space four inches in 
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depth by twenty inches across.  

fou r th  inch th ick ,  hexagonal, fiberglass-foam spacepak nineteen inches 

ac ross  corners.  It c o n s i s t s  of a growth chamber and germination t r a y ,  

a w a t e r  r e se rvo i r  and solenoid valve, a f lo re scen t  l i g h t ,  a Minolta 

X700 camera with programmable back, a 5Omm macro l e n s  and f l a s h ,  a 

b a t t e r y  pack, and a computer cont ro l le r .  ( see  f i g u r e  1) 

The experiment w a s  enclosed i n  a one- 

The growth chamber and germination t r a y  are constructed from one- 

fou r th  inch p l ex ig l a s s  and painted i n s i d e  with f l a t  black epoxy pa in t  

t o  reduce i n t e r n a l  r e f l e c t i o n .  To maintain one atmosphere of a i r ,  t h e  

l i d  seals completely. Its geometry evolved from a need f o r  t h e  camera 

t o  see across  t h e  entire f ace  of t h e  germination t ray .  F e l t  s t r i p s  

w e r e  glued t o  t h e  i n s i d e  t o  prevent creeping of excess water toward 

t h e  t ransparent  camera window. 

l i n e r  medium on which seeds germinate. 

a b i l i t y  t o  absorb water r ap id ly  and hold it .  A mesh placed over t h e  

ind iv idua l  seed windows prevents seeds from v ib ra t ing  out  a t  launch. 

, 

The germination t r a y  contains a diaper 

This medium w a s  chosen f o r  its 

Surgica l  tubing w a s  used as a r e se rvo i r  f o r  water because i t  

could act  as a container and pump t o  fo rce  water i n t o  t h e  germination 

t ray .  Release of t h e  water is cont ro l led  by an electrical solenoid 

valve. T e s t s  determined t h e  exact amount of water required t o  s a t u r a t e  

t h e  diaper material without leaking any i n t o  t h e  growth chamber. 

The f lo re scen t  l i g h t  apparatus used f o r  photostimulation w a s  ob- 

tained from a hand held b a t t e r y  powered l i g h t  and operates adequately 

on four v o l t s .  S ix  t e n  amp G a t e s  X c e l l s  provide cu r ren t  t o  operate 

t h e  lamp. 

Data a c q u i s i t i o n  and s torage  is  provided pr imar i ly  by a Minolta 

X 700 camera which i s  programmed t o  shoot a p i c t u r e  every two hours 
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for thirty-six exposures. In addition, two temperature sensors and 

one light sensor located in the walls of the growth chamber provide 

temperature and illumination data. A computer-controller designed 

by Sawat Tantiphanwadi, of Utah State University, provides 8 K command 

and 34 K data storage capability. All systems were chosen for minimal 

power requirement due to limited battery capacity. 

on six volts, the solenoid six volts, and the lamp on four. 

EXPERIMENTAL PROCEDURE 

The computer runs 

After construction and trial runs, Getaway Special experiments are 

taken to Kennedy Space Center t o  be placed in a Getaway cannister. 

NASA engineers perform safety and operational checks, the cannisters 

are purged with dry nitrogen and readied for installation in the or- 

biter. At a predetermined time during the space flight, depending on 

shuttle and payload requirements, the astronauts send a signal to the 

Getaway Special latching relay which actuates the experiments. 

8 

When the latching relay actuates the computer-controller in the 

Brighton High School experiment, the sequence is as follows: 

1. 

2. 

3 .  

4 .  

5. 

6 .  

7. 

The solenoid valve opens to allow water to flow into the 
germination tray. 

Seeds germinate i n  the dark for ftfty hours. 

At fifty hours, commands are given to turn on the camera 
and light. 

The camera takes one exposure every two hours. 

The light operates for forty-six hours. 

At a total elapsed time of ninety-six hours, the control- 
ler shuts the system down. 

During the entire ninety-six hours, the computer takes a 
reading of temperature and illumination each thirty mi- 
nutes and stores it. 
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8. Within seventy-two hours  a f t e r  landing ,  w e  are a b l e  t o  
p i ck  up our  experiment. 

DISCUSSION 

When w e  opened our  experiment,  w e  determined t h a t  i t  had no t  been 

a c t i v a t e d .  A malfunct ioning l a t c h i n g  r e l a y  had s tuck  and caused t h e  

b a t t e r y  power level  t o  reduce t o  a p o i n t  t h a t ,  when a s t r o n a u t s  gave t h e  

s i g n a l  t o  start t h e  experiment,  it would not  func t ion .  

Although t h e  experiment d i d  no t  activate,  a major educa t iona l  goa l  

had been achieved. S tudents  had taken b a s i c  concepts  of geotropism and 

phototropism and designed around them a p l a n t  growth experiment t o  de- 

termine t h e i r  e f f e c t  i n  a microgravi ty  environment. They f u r t h e r  dem- 

o n s t r a t e d  a h igh  degree of innovat iveness  i n  us ing  off- the-shelf  mate- 

r ials t o  c o n s t r u c t  a completely se l f -conta ined  and se l f -conero l led  ex- 

periment.  The experiment w a s  run through i t s  e n t i r e  c y c l e  many rimes 

and worked s a t i s f a c t o r i l y  every t i m e .  Each subsystem w a s  designed and 

t e s t e d  thoroughly be fo re  t h e  f i n a l  p r o j e c t  w a s  i n t eg ra t ed .  Germination 

s t u d i e s  gave va luab le  experience t o  those  s t u d e n t s  who p a t i e n t l y  grew 

many types of seeds  t o  determine t h e  f a s t e s t  germinat ing and most 

pho to t rop ica l ly  s e n s i t i v e  v a r i e t y .  P lans  are being made and pre l imi-  

nary  arrangements made t o  r e f l y  t h e  experiment on STS 19 (51 A) i n  

la te  October of 1984. The p r o j e c t  w i l l  f l y  a lone  and w i l l  be  equipped 

wi th  a new space r a t e d  a c t i v a t i n g  r e l a y .  

CONCLUSION 

The prospec t  of extended s p a c e f l i g h t  calls  a t t e n t i o n  t o  t h e  neces- 

s i t y  f o r  growing food i n  space.  Pre l iminary  experimentat ion has  been 

conducted t o  determine growth c h a r a c t e r i s t i c s  of p l a n t s  i n  weight less -  

nes s  and r e s u l t s  have been var ied .  A major conclusion i s  t h a t  more 
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work remains to be done toward understanding the mechanisms of plant 

orientation in microgravity. Space research, which used to be limited 

to a few leading scientists, is now accessable to all levels of the 

educational community through the Getaway Special Program. 

are able to apply basic principles learned in class to exciting, mind 

expanding research projects. 

Students 
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UNDER VARIOUS AMBIENT TEMPERATURES ( - 1 5 ° C  AND + 22OC) 
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ABSTRACT 

Using a d u a l  channel  chart r e c o r d e r ,  t h e  v o l t a g e s  of two Eveready No. 
528 ba t te r ies - -one  the  t e s t  b a t t e r y ,  t h e  o t h e r  t h e  c o n t r o l  bat tery--were 
s imultaneously recorded as they  were discharged a c r o s s  30 0 l oads .  The tes t  
b a t t e r y  was i n i t i a l l y  pu t  i n  a freez'er a t  -15 f 3°C. After its v o l t a g e  had 
f a l l e n  t o  .6 V ,  it was brought  back o u t  i n t o  t h e  room a t  22 * 3°C.  A second 
run was made w i t h  60 0 loads. 

Assuming a 3.0 V c u t - o f f ,  the  t o t a l  energy o u t p u t  o f  t he  t e s t  b a t t e r y  
a t  -15OC was 26 WHr f9 30 0 and 35 WHr @ 60 0, and t h e  cor responding  numbers 
f o r  t h e  c o n t r o l  b a t t e r y  a t  22°C were 91  WHr and 100 WHr. When the  tes t  
ba t t e ry  was subsequent ly  a l lowed t o  w a r m  up, the  v o l t a g e  r o s e  above 4 V and 
the t o t a l  energy o u t p u t  r o s e  t o  80 WHr @ 30 n and 82 WHR @ 60 S I .  

INTRODUCTION 

During t h e  past three y e a r s ,  while  g e t t i n g  ou r  exper iments  ready ,  we 
have spen t  a c o n s i d e r a b l e  amount o f  time looking  for  a b a t t e r y  s u i t a b l e  f o r  
our payload. Most r e c e n t l y ,  ou r  a t t e n t i o n  has been focused  on a 6 V l k a l i n e  
lan tern- type  b a t t e r y ,  t he  Eveready Energizer  No. 528 (.850 kg, 434 cm 1. 4 

Our i n t e r e s t  i n  a l k a l i n e s  was motivated p r i m a r i l y  by t h e i r  g e n e r a l l y  
acknowledged e x c e l l e n t  shelf- l i fe ,  high energy d e n s i t y  and minimal hazzard 
po ten t i a l .  
ments called f o r  t h e  e q u i v a l e n t  o f  many D-size a l k a l i n e  cells. 
lantern- type wi th  i ts 4 F-size cells--each F ce l l  be ing  approximate ly  50% 
bigger than  a D cel l - -and i ts  rugged c o n s t r u c t i o n  would t h u s  c u t  down 
g r e a t l y  on t h e  number o f  e lectr ical  connec t ions  t h a t  would have t o  be 
checked o u t  every  time t h e s e  primary batteries had t o  be r ep laced .  The 
Eveready brand was chosen because Eveready D-size a l k a l i n e s  had a l r e a d y  
been s u c c e s s f u l l y  used by a n o t h e r  CAS user .  

We picked  t h e  6 V l an te rn - type  b a t t e r y  because o u r  power r equ i r e -  
The 6 V 

I n  s tudy ing  the  Eveready No. 528, we a t tempted  t o  answer t h e  fo l lowing  
quest ions:  

1. What do t h e  discharge curve  and t o t a l  energy  o u t p u t  

2. How are these two characterist ics affected by d i f f e r e n t  

look l i k e ?  

t empera tu res  and d i f f e r e n t  load  levels? 
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We were a b l e  t o  s e c u r e  from Eveready a handbook' and some data sheets on 
a l k a l i n e s .  Unfor tuna te ly ,  on ly  very  g e n e r a l  d a t a  was found f o r  t h e  F c e l l s  
and t h e  528. 

APPARATUS 

The s e t u p  used is seen  i n  Fig. 1. It c o n s i s t s  o f  a d u a l  channel  c h a r t  
r eco rde r ,  two decade r e s i s t a n c e  boxes,  two ba t te r ies - -one  t h e  tes t  b a t t e r y ,  
t h e  o t h e r  t h e  c o n t r o l  battery--and a freezer. 

Not shown i n  t h e  f i g u r e  is  a second c h a r t  r e c o r d e r  and two thermocouples 
used t o  monitor ambient t empera tu res  of the t es t  and c o n t r o l  b a t t e r i e s .  

PROCEDURE 

Two b a t t e r i e s  were chosen a t  random from a n  i n i t i a l  c o l l e c t i o n  o f  a 20 0 
donated by Union Carbide. Both decade r e s i s t a n c e  boxes were a d j u s t e d  f o r  

- 30.0 0 and checked wi th  a d i g i t a l  mul t imeter .  The c o n t r o l  b a t t e r y  was l e f t  
on t h e  l a b o r a t o r y  bench a t  22 * 3°C. 
f r e e z e r  a t  -15 k 3 O C .  Both bat ter ies  were s imul taneous ly  connected t o  t h e i r  
r e s i s t a n c e  boxes and t h e i r  v o l t a g e s  were monitored by d i g i t a l  mul t imeters  
and recorded by a c a l i b r a t e d  chart  r e c o r d e r  set a 1 cm/hr. 

The t e s t  b a t t e r y  was placed i n  t h e  

When t h e  t e s t  b a t t e r y  v o l t a g e  reached  .6 V ,  i t  was removed from t h e  
f r e e z e r  and placed a l o n g s i d e  t h e  c o n t r o l  b a t t e r y ,  where t h e  d i scha rge  was 
allowed t o  proceed u n i n t e r r u p t e d .  The r e c o r d i n g  o f  v o l t a g e s  cont inued u n t i l  
both were below .6 V. 

A second run was then  made u s i n g  t h e  same procedures  w i t h  two fresh 
b a t t e r i e s  and new load  r e s i s t a n c e s  o f  60.0 0. 

RESULTS AND D I S C U S S I O N  

The raw data r e s u l t i n g  from t h i s  s t u d y  was i n  t h e  form o f  curve  traces 
on c h a r t  r eco rde r  paper.  Even a t  t h e  s l o w e s t  s e l e c t a b l e  speed a v a i l a b l e  
(1 cm/hr) t h e  ou tpu t  f o r  t h e  30 n d i s c h a r g e  was 11 fee t  long  w h i l e  t h e  ou t -  
pu t  f o r  t h e  60 n d i scha rge  was 1 9  feet  long .  I n  o r d e r  t o  be a b l e  t o  e a s i l y  
see t h e  major p a t t e r n s  i n  t h e  d i s c h a r g e  c u r v e s ,  t h e  r e s u l t s  have been 
r e p l o t t e d  us ing  a h igh ly  compressed time scale (Fig.  2 ) .  The r e p l o t t e d  
curves  a c c u r a t e l y  r e p r e s e n t  t h e  o r i g i n a l  cu rves  wi th  one except ion.  Namely, 
i n  t h e  o r i g i n a l  cu rves  below 3.0  V ,  t h e r e  were occas iona l  small bumps (up 
t o  2 h r s  i n  d u r a t i o n  and .2  V h i g h )  and numerous s p i k e s  ( less  than  1 sec 
i n  du ra t ion  and up t o  .5 V high) .  The s p i k e s  were most abundant i n  t h e  
c o n t r o l  b a t t e r y .  Wherever t h e  bumps and s p i k e s  were found time ave rages  
have been used t o  s i m p l i f y  t h e  r e p l o t t i n g .  Above 3.0 V t h e  o r i g i n a l  cu rves  
were a l l  very smooth and t h u s  t h e  r e p l o t t e d  cu rves  are very real is t ic .  

I Eveready B a t t e r y  Engineer ing Data, Union Carbide,  Vol. 11, 1982. 
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The first major f e a t u r e  t h a t  can be r e a d i l y  seen  i n  t h e  discharge 
curves of  Fig. 2 is t h e  s i g n i f i c a n t l y  qu icke r  drop-off ra te  f o r  t h e  t e s t  
b a t t e r y  a t  -15OC. A t  30 61 w i t h  a 3.0 V cu t -of f  t h e  c o n t r o l  b a t t e r y  l a s t e d  
f o r  about  6 days ,  whereas t h e  t e s t  b a t t e r y  l a s t e d  approximate ly  2 days.  
A t  60 n t h e  same g e n e r a l  p a t t e r n  is  seen  w i t h  t h e  number of days  be ing  
approximately 13 days  and 6 days  r e s p e c t i v e l y .  

The second,  and d e f i n i t e l y  most s u r p r i s i n g ,  f e a t u r e  seen  i n  t h e  d i s -  
charge cu rves  o f  bo th  r u n s  is  t h e  r i se  i n  t h e  v o l t a g e  of t h e  tes t  b a t t e r y  
from .6 V t o  ove r  4.0 V when it  w a s  removed from t h e  freezer and pu t  a l o n g  
s i d e  t h e  c o n t r o l  b a t t e r y .  

Some numerical  a n a l y s i s  of the chart r e c o r d e r  d a t a  w a s  a l s o  done. For 
each run ,  a convenient  sampling t i m e  i n t e r v a l  w a s  chosen. For t h e  30 n run  
qua r t e r  days were used ;  f o r  t h e  60 61 run half-days.  
t h e  average v o l t a g e  was determined from t h e  c h a r t  r e c o r d e r  ou tpu t .  If t h e  
d ischarge  was l i n e a r  ove r  t h e  i n t e r v a l ,  mid p o i n t s  were used ;  i f  t h e  d i s -  
charge was non- l inea r ,  t h e  i n t e r v a l  was broken down f u r t h e r  i n t o  a s u b s e t  
o f  smaller i n t e r v a l s  from which a n  o v e r a l l  average  v o l t a g e  was c a l c u l a t e d .  
Using t h e  ave rage  v o l t a g e s  found,  f u r t h e r  c a l c u l a t i b n s  were done for  each  
i n t e r v a l  t o  g i v e  ave rage  c u r r e n t ,  average  power and ave rage  energy o u t p u t  
i n  amp-hours and wat t -hours .  I n  a d d i t i o n ,  a running  t o t a l  of amp-hours and 
watt-hours was kept .  The r e s u l t s  are g iven  i n  Tables  1, 2 ,  3 and 4 and 
summarized i n  Table  5. 

For each time i n t e r v a l ,  

Table 5 shows how t empera tu re  affects  t h e  528 Energ izer .  
a 3.0 61 c u t - o f f ,  t h e  t o t a l  energy output  o f  t h e  t es t  b a t t e r y  a t  -15OC was 
26 WHr @ 30 61 and 35 WHr @ 60 61. The cor responding  numbers from t h e  c o n t r o l  
b a t t e r y  a t  22OC were 91 WHr and 100 W H r .  I n  a d d i t i o n ,  when t h e  t es t  b a t t e r y  
was subsequent ly  a l lowed t o  w a r m  up t o  22OC, t h e  t o t a l  energy o u t p u t  recovered 
t o  80 WHr @ 30 i2 and 82 WHr @ 60 Q.  

Again u s i n g  

CONCLUSION 

The performance o f  t h e  Eveready No. 528: 

1. Is s e v e r e l y  h u r t  a t  t he  low tempera tures  used i n  t h i s  

2. Improves s i g n i f i c a n t l y  i f  t h e  b a t t e r y  i s  subsequen t ly  

3. Is, as expec ted ,  greatest wi th  t h e  s l o w e s t  d i s c h a r g e  rate. 

s t u d y  . 

warmed back up. 

ACKNOWLEDGEMENTS 

We are g r a t e f u l  t o  M r .  Wayne Crigler, V i s i t i n g  P ro fes so r  o f  Electrical 
Engineering from B e l l  Labs, for he lp ing  d i r e c t  t h i s  s tudy .  We would also 
l i k e  t o  thank  t h e  s t u d e n t s ,  Mr. Brian Burne t te ,  Mr. Derrick Hood and 
M s .  Tonya Crawford, who worked so d i l i g e n t l y  c o l l e c t i n g  and a n a l y z i n g  t h i s  
da ta .  

-105- 



-106- 



n 
m 
21 

P 

Q) 
81 
d c 
U 
PI 
0) 
P 
m 
4 
W 

n c 
n 
m 
Y 
rl 
0 * 
P, 
bo m 
c) 
rl 
0 * 

m 
Y 

Y 

.. 
v1 
W * 
3 
0 
W 

< 
T 
V 

P 

w 
c. 
& w 
m 

m 

E 

2 
n 

s 

cu 
W 
m 
3 

Irr 
uw 

0 

-107- 



-108- 





C 
0 

0 
\D 

t 
W u z 
4 
E-c 
rn 
H 
rn 
W 
p: 

tl 
4 
0 
IJ 

* 

c 
0 

0 
M 

I I  

* 

W u z 
4 
E+ 
rn 
H 
rn 
W 
P= 

CI 
4 
0 
b 3  

tr 
P; 
W 
E-c 
E-c 
4 
m 
b3 
0 
P; 
E+ z 
0 u 

I W  1 
I Z #  I 

rn 
2 
0 
H 
E-c 
H 

z 
0 u 

n 

E-c 
rn 
W 
E-c 

rn z 
0 
H 
E-c 
H 

z n 

n 
cu cu cu cu 

3 0  0 
I * I  

B O + ,  R +, 
0 *I O Q  1 
O M 0  0 * O  
E- z- 

VI m cu =r 
M M co co 

tr 
p: 
W 
E-c 
E+ 
4 

b3 
0 
P; 
E-c z 
0 u 

m 

# z 
0 
H 
E-c 
H !a z 
0 
0 

c cu cu 
3 0  

I 
B O + ,  
0 * 7  
O M 0  
P;- 

In 
m 

W 
5 

$.I 
p: 
W 
!3 
b 
4 
cp 
E-c 
rn 
W 
E-c 

rn z 
0 
H 
E-c 
H 

z n 

\o M 0 =r cu M co a3 

n 
cu cu * o  

I 
R O + ,  
0 * 7  
O M 0  
P;- 



PROJECT EXPLORER: 

by 

GET AWAY SPECIAL #007 

Ar thu r  J .  Henderson, Jr. 
GAS EXPERIMENTERS SYMPOSIUM AT GSFC 

August 1-2, 1984 

INTRODUCTION 

PROJECT EXPLORER i s  a program t h a t  w i l l  f l y  student-developed exper i -  
ments onboard the  Space S h u t t l e  i n  one o f  NASA's "Get-Away Specia l "  (GAS) 
conta iners designated as G #007. 
Space and Rocket Center, t h e  Alabama-Mississippi Sect ion o f  t h e  American 
I n s t i t u t e  o f  Aeronautics and Ast ronaut ics  Alabama A&M U n i v e r s i t y  and r e -  
qu i res  extens ive support by t h e  U n i v e r s i t y  of Alabama i n  Hun tsv i l l e .  P r o j e c t  
Explorer  i s  t e n t a t i v e l y  scheduled t o  f l y  on October 5, 1984, on STS-17 (416). 
A unique feature o f  t h i s  GAS miss ion w i l l  demonstrate amateur r a d i o  t rans -  
missions t o  g loba l  ground s t a t i o n s  i n  t h e  Eng l ish  language. 

The program i s  co-sponsored by t h e  Alabama 

I n  1978, the  co-sponsoring agencies undertook t h i s  p r o j e c t  t o  encourage 
h igh  school students t o  become involved i n  space-oriented engineering e f f o r t s .  
A brochure was d i s t r i b u t e d  nationwide t o  h igh  schools throughout t h e  Uni ted 
States s o l i c i t i n g  proposals by h igh  school students. 
chure read: "Students, Can You See Your Ideas i n  Space ( ? ) ' I .  

posals were submitted and t h i r t e e n  students were selected. Only two o f  t h e  
o r i g i n a l  t h i r t e e n  students remai n. One a d d i t i o n a l  s tudent  P. I .  has been added 
on s ince  the  l o s s  o f  t h e  others i n  1981. 

experiments on t h e  Space S h u t t l e  and t o  ob ta in  s c i e n t i f i c  data on t h e  unique 
cond i t ions  o f  space f l i g h t ,  espec ia l l y  i n  t h e  area o f  l ow-g rav i t y  cond i t ions .  

t he  s o l i d i f i c a t i o n  o f  lead-antimony and aluminum-copper a l l o y s ,  t h e  germin- 
a t i o n  o f  r a d i s h  seeds, and t h e  growth o f  potassium-tetracyanoplatinate hydrate 
c r y s t a l s  i n  an aqueous so lu t i on .  
based data. 

The c a p t i v a t i n g  bro-  
Over 150 pro-  

The concept o f  t he  p r o j e c t  i s  t o  design, develop, and f l y  se lected s tudent  

Experiments No. 1, 2, and 3 use the  m ic ro -g rav i t y  o f  space f l i g h t  t o  study 

F l i g h t  r e s u l t s  w i l l  be compared w i t h  ear th -  

Experiment No. 4 ( the  Marshall  Amateur Radio Club Experiment - MARCE) 
features r a d i o  transmissions and w i l l  a l so  prov ide  t i m i n g  f o r  t h e  s t a r t  of 
a1 1 o the r  experiments. A microprocessor w i l l  o b t a i n  r e a l  - t ime data from a1 1 
experiments as w e l l  as temperature and pressure measurements w i t h i n  t h e  GAS 
can is te r .  These data w i l l  be t ransmi t ted  on p rev ious l y  announced amateur 
r a d i o  frequencies a f t e r  they have been converted i n t o  t h e  "English language'' 
by a d i g i t a l  ke r  f o r  general recept ion .  

-111- 



OPERATIONAL SCENARIO 

The G #007 Payload will require a duration of f ive  (5 )  fu l l  days and 
a "turn-on" of the experimental package as early in the Space S h u t t l e  
mission as possible. Experiment No. 1: The Sol idif icat ion of Alloys 
experiment will be s tar ted a t  a time when about 8 hours of very low "g" 
operations can be expected, such as du r ing  a sleep period fo r  the crew. 
A t  that  time, a signal from the GAS Operations Panel within the crew 
compartment wi 11 t r igger  the operation of this experiment. Subsequent 
operations will be s tar ted by bui l t - in  controls and do not need additional 
signals.  Another period o f  low-gravi ty  operations for  a second sol i d i f i  - 
cation will occur about a day l a t e r .  

Experiment No. 2: The Radish Seed Germination and Growth experiment 
must be in i t ia ted  as soon as feasible ,  .e., a t  about  the time when the 
Shuttle reaches i ts  o rb i t  t o  obtain the longest possible growth period 
for the seeds. 
for meaningful resul ts .  Operational control will be provided ,by MARCE: 
Upon the i n i t i a l  G #007 power-up, a relay will act ivate  pump "A" to  supply 
the water/fert i  lizer solution to  the seeds. Upon power-down, approximately 
120 hours l a t e r ,  another relay will act ivate  pump l1Br1 and freeze any fur ther  
seed development by the application of buffered formaldehyde to the seeds. 

An orbi ta l  operation of a t  l eas t  f ive  (5 )  days is  needed 

Experiment No. 3: The Crystal Growth experiment will be activated 
when micro-gravity conditions ex is t .  
able low-g period las t ing 4 hours or more, MARCE will power-up the elec- 
t ro lys i s  cel l  by a 1.3 V DC power supply, and crystals  will s t a r t  t o  form 
on the anode. A 35 mm camera and i t s  electronic f lash will have been 
activated a t  the same time, and will take a picture every 40 minutes. This 
experiment requires 24 hours for completion. 

Experiment No. 4: The Marshall Amateru Radio C l u b  Experiment (MARCE) 
wi 11 control a1 1 other experiments in accordance with individual require- 
ments. The "ORBITER'S ATONOMOUS PAYLOAD CONTROLLER (APC) provides AFT- 
F l i g h t  Deck control for  experiments "turn-on" and tlturn-offll and can a1 so 
terminate a l l  GAS operations i f  SAFETY NEEDS require such premature cessation 
of experimentation. 

A t  the beginning of the f i r s t  avail-  

Three transmission cycles of 8 hours each are  planned. A transmission 
cycle consists of a 30 second transmission every 4 minutes. When experi- 
ment #1 i s  act ive,  transmissions will l a s t  about 45 seconds. The f i r s t  
8-hour cycle will be activated a t  G #007 "turn-on". 
will be s tar ted dur ing  the two experiment #1 operations. 

Second and t h i r d  cycles 
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DESCRIPTION 

ALL  experiment packages and/or t h e i r  components are  mounted on a 
rectangular mounting plate ,  which i s  i n  turn bol ted to  the r i b  of a round 
plate  which is  bolted d i rec t ly  to  the GAS canis ter  t o p  l i d .  

Experiment No. 1 will  so l id i fy  two alloy samples (Lead-Antimony and 
Aluminum-Copper) inside of an internally insulated aluminum cylinder (15" 
long and 6" diameter). 
two miniature furnaces 46" H and 3/4" Diameter. (see Figure 1) .  The wall 
thickness of the cylinders are  1/16" thick. 
of lava cores and are  wrapped w i t h  Nichrome wire (spr ing  co i l s ) .  
samples a re  centrally located i n  the middle of each furnace core and can 
be heated to  temperatures of up to  7 00 C. The heat i s  generated by a 28 
VDC e l ec t r i c  current from a centra! pcwer supply. Moreover, while the 
in t e r  part of the small can i s  700 C ,  the outer surface is only around 
60 C.  

I t  will house two small cylinders that  will encompass 

The melting furnaces are made 
The al loy 

The Data Acquisitions and Control U n i t  (DAQ2-K)  exter ior  i s  also made 
of aluminum and i t  contains the experiment control system which supervises 
the two separate metallurgical experiments. I t s  primary functions include 
measuring temperatures of the experimental vessels,  storing measured values 
for l a t e r  r eca l l ,  operating the two furnaces used i n  the experiment and 
sending experimental data to  external telemetry equipment. 
control system has two modes of operation, normal and t e s t .  The normal mode 
is used dur ing  f l i g h t  t o  run the experiments solely under control of the i n -  
ternal system. 
the experiment's parameters. 

metry equipment (located i n  Expt .  #4) once a minute v i a  a TTL se r ia l  
data port i n  (Exp. #1). 
cal data is  also routed t o  the RS232 por t .  Telemetry data consists of  an 
ident i f icat ion of the mode currently executing the current time as main- 
tained by the system and the measured values from a l l  eight thermocouples. 
These messages a re  formatted on a computer as shown below and are  terminated 
by a carriage return and l i ne  feed: 

AA T=HHMM T C l = R R  TCZ=RR TC3=RR TC4=RR TC5=RR TCG=RR TC7=RR TC8=RR 

The experiment 

The t e s t  mode is  used in the laboratory to  insert and display 

During operation of the experiment, data i s  sent t o  the external t e l e -  

If  the system i s  operating in the t e s t  mode, identi-  

Where AA i s  a two character abbreviation of the current mode, HH i s  the 
current hour i n  24 hour format, MM i s  the current minute and RR i s  the actual 
reading - a l l  in hexadecimal notation. This experiment will weigh less  than 
30 l b s .  

MARCE will provide the signal t o  s t a r t  the melting and sol idif icat ion 
process of experiment No. 1 a t  a time when about 8 hours o f  very low "g" 
operations can be expected, such as d u r i n g  a sleep period for the crew. 
that time, a signal from the GAS APC w i t h i n  the  crew compartment will t r igger  
the operation of this experiment. Subsequent operations a re  control led 
automatically and do not  need additional signals from the crew. 

A t  
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Experiment No. 2 will be conducted inside o f  an aluminum container. 
The radish seeds will be held in place by f i l t e r  paper as the growth sub-  
s t r a t e .  Gear-type pumps will i n i t i a l l y  deliver a water / fer t i l izer  solution 
t o  the seeds, and a t  the end of the mission supply a buffered formeldehde 
solution t o  stop any fur ther  growth d u r i n g  descent and disassembly a f t e r  
return. 

Operational control of the experiment will be provided by the MARCE 
radio experiment. One hour a f t e r  i n i t i a l  G #007 power-up, a control relay 
will be closed for 30 seconds and t h u s  act ivate  pump "A" which supplies 
the water / fer t i l izer  solution t o  the seeds. Prior t o  G #007 power-down 
(approximately 120 hours l a t e r )  a second control relay will close for 30 
seconds and thus act ivate  pump "B", which supplies the buffered formal- 
dehyde solution. 

Should temperatures inside the growth chamber go below 20 C ,  a small heater 
will be activated t o  maintain required tempeIatures. There will be no 
cooling provisions for temperatures above 40 C. 

an experiment operations time of 5 fu l l  days i n  o r b i t .  
micro-gravity levels are desired, b u t  10.-3 g ' s  i s  acceptable. 
periment will weigh less than 15 lbs. 

Experiment No. 3 will be conducted i n  an electrolysis  cel l  of 6 ml volume. 
The cel l  i s  made o f  Plexiglas and f i t t e d  with two small platinum electrodes. 
An optical system consists of  a 35 mm NIKON F-2 camera with a 50 mm close-up 
lens; camera auto-winder MD-3 w i t h  camera battery pack MB-1; and a small 
NIKON SB-E electronic flash.  The battery pack holds 10 AA s ize  bat ter ies  
(15 V DC)  and is  used t o  power the camera. The electronic flash holds 4 
AAA s ize  (6 F D C )  bat ter ies .  Operational control of  the experiment consists 
of  application of a 1.3 V DC precision reference supply t o  furnish the 
potenti a1 across the platinum electrodes for  nucl eatifon of crystal growth ; 
camera operation will be synchronized w i t h  the flash t o  photograph the crystals  
a t  a r a t e  of one exposure per four minutes for  24 hours. A thermistor is  
attached t o  the e lec t ro ly t ic  cell  t o  monitor the temperature fluctuations 
of the experiment's environment. The precision reference supply and a 
control timer will be furnished by MARCE. The experiment will weigh less  
than 10 lbs. 

T h i s  experiment will require a temperature of 30°C pius/minus 10°c. 

A turn-on signal as early in f l i gh t  as possible is  desired as well as 
Best available 

This ex- 

Experiment No. 4 provides power, control and on-board storage of G #007 
experiments environmental data. MARCE will acquire these data for  i n p u t  t o  
analog-to-digital converters through signal lines. A voice synthesizer 
Digital ker system will convert the experimental data i n t o  "ENGLISH LANGUAGE" 
and will modulate the transmitter 

The weight of a l l  MARCE equipment besides the battery will be about 
10 pounds. 
and 20 amp-hrs. 

A 25 pound surplus SPAR battery will provide power a t  28 V [IC 
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SUPPORT STRUCTURE 

The support structure for the G #007 experiments consists of two 
primary plates and four "bumper" assembli.es. One o f  the primary plates 
is  a round plate  which mounts to  the GAS canister t o p  l i d .  This round 
plate has a machined rib along a diameter, t o  which the second rectangular 
plate  is  bolted. This rectangular plate  divides the GAS canister volume 
i n  two equal halves along the longitudinal axis.  The bottom of the rec- 
tangular plate ,  which supports a l l  experiments, i s  supported by four 
"bumpers" contacting the inside of the canister.  Two of these "bumpers" 
are mounted on the lower corners of the rectangular plate.  The other two 
"bumpers" are mounted on l l T f i  mounts perpendicular t o  the faces o f  the 
rectangular plate.  (See Figures). 

TECHNICAL LESSONS LEARNED 

Even from the simplest of experimental ideas, there i s  much, much more 

From the i n i t i a l  ideas, t o  the design and fabrication o f  a l l  experi- 

t h a n  meets the eye. The main lesson learned was the complexity involved 
i n  preparing a simple GAS payload - i n  addition to  the tons and tons o f  paper 
work. 
ments, as well as integrating the four experiments into one functional 
package made the whole endeavor invaluable. 

For experiment No. 1, the major problem was f i n d i n g  a way to  monitor 
and s tore  the experimental parameters d u r i n g  operation. This problem 
prompted the development of  the DAQ2-K. 

For experiment Nos. 2 and 3 ,  the main problem was maintaining a constant 
temperature fo r  an extended period of time. Miniature heaters were designed 
to  f a c i l i t a t e  t h i s  problem. 
the c rys t a l ' s  growth was questionable until a modified 35 mm camera was 
acquired t o  compensate t h i s  essenti a1 requirement . 

Experiment No. 4 ' s  major hurdle was obtaining approval t o  mount an 
external antenna an the outside of the GAS canister.  
overcome. 

In a d d i t i o n ,  for  experiment No. 3 ,  recording 

Also, t h i s  problem was 

Overall, PROJECT EXPLORER has come a l o n g  way from i t s  i n i t i a l  beginning 
and has accomplished 90% o f  its original objectives. 
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FIGURE 1 

-116- 



P1 E LE CTRO N IC  

l o  O O I  
0 

GAS # 007 
PROJECT EXPLORER 

0 0  

@o 

e 0 

0 

0 

0 

0 

0 

0 

0 

0 

EXPERIMENT $4 FIGURE 2 

-117- 



-118- 



6-38, 39 and 40 

An Artist's Exploration of Space 

Joseph W. MCShane * 
C. Daniel Coursen 3** 

Some say they see poetry in my painting: I see only science." 11 

From the notebook of the pointillest painter Georges Seurat. 

This paper is a tripartite exploration of (1) the human imagination in space, 
(2) a synopsis of the concepts expressed in Payloads G-38, 39 and 40 and 
(3) the systems of G-38 and technical lessons learned during the design and 
fabrication of the payload (sections 1 and 2 by Joseph W. McShane, section 3 
by C. Daniel Coursen). 

1 

20,000 years ago, on the edge of the European ice sheet, in caves like 
Altamira in Spain, the visionary hunter/artist held brush in band and sought 
understanding by creating an image of the animals that formed the basis of 
his culture. 
and hand he was using a tool on the cutting edge of his technology. 

When that artist grasped the brush as an extension of his eye 

The computer on G-38 and the systems it interacts with are tools on the 
cutting edge of our technology. 
and hand as I seek to understand 20,000 years later the nature of the vacuum, 
weightlessness and scale of space that will become the basis of the next 
20,000 years of man's future. 

They form an extension of the artist's eye 

Anasazi pictograph, 
painted 1200 years ago. 
photographed in the 
GrandGulchof the 
San Juan Basin, Utah 
by Charles Lyon. 

The mathematician/philosopher Jacob Bronowski saw the cave painting as a 
sort of timelock. "For us, the cave paintings re-create the hunter's way 

* I%rsWWShane, Eewtt, Arizona 

He G.M. Vacuum Gating Laboratory, Newport Peach, California 
%ulptor/Payload k g e r  

Optical Design and hgjneering/Paylmd Ehgineer 
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of life as a glimpse of history: 
for the painter/hunter, I suggest, they were a peep-hole into the future: 
he looked ahead. 
telescope tube of the imagination: 
to what can be inferred or conjectured." 

we look through them into the past. But 

In either direction, the cave paintings act as a kind of 
they direct the mind from what is seen 

The analogy of a telescope of the imagination that Bronowski applie'd to the 
cave paintings also aptly applies to the sculptures that will be created by 
the technological experiments in space of payloads G-38, 39 and 40. 
the first time since man first gazed at the stars and from an earth-bound, 
one-atmosphere, one-gravity perspective sought understanding of the 
unfathomable heavens through his art, the opportunity has been presented 
to make use of man's technology as an extension of the artist's eye and 
hand to venture forth directly into the vacuum and weightlessness of space, 
seeking understanding. 

For 

Until the opportunity was presented to work directly in space by the Small 
Self-contained Payload Program, the artist has always been earth-bound, 
able to only create imaginary images of a space he could never know. 
program offers the opportunity for the artist to develop and interact with 
a technology unique to space: 
with new materials on a scale never before possible. 

The 

to create new artistic concepts of space 

On a fall day in 1981, standing with astrophysicist Phillip Morrison at 
MIT's Steinbrenner Stadium, watching Japanese kites soar through the sky, 
Phillip said (and I quote as accurately as I remember), "The earth is flat. 
Please don't quote me out of context," he hurried on to say, "but the scale 
involved in the few kilometers distance between the bottom of the Mariana 
Trench and the top of Mt. Everest becomes relatively insignificant and flat 
when one looks to space and contemplates not only how far away the Andromeda 
Nebula is, but how may light years older the light reaching us from the far 
side is than that from the edge nearest to us. 
have to come to terms with as he ventures off the face of the earth and 
into space . " 

That is the scale man will 

Today, with certain significant exceptions, sculpture remains fastened to 
earth somewhere between Mt. Everest and the Mariana Trench and to interact 
with it one walks slowly around its base observing a form constructed in 
such a way as to support itself in a one-gravity environment. 

2 

The intent of payload G-39 is to explore space with sculptural concepts: 
creating art on a scale never befor accessible, using materials and 
processes in a way specific to, and possible only in, the vacuum and 
weightlessness of orbit. 

For a number of years, in addition to solid sculpture, I have created a 
series of sculptures out of bubbles, free for brief moments to flow as a 
diaphanous form with the breeze. On earth, due to gravity, the largest 
size any of these sculptures have attained is less than three feet in 
diameter. I owe a special thank you to GAS pioneer Gilbert Moore for 
providing the inspiration that permits the extension of this sculpture 
series from earth to space. 
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G-39 will expand on this series by ejecting a canister that, when safely 
away from the shuttle, will inflate bubbles in orbit out of a plastic 
material that will cure and harden in orbit. 
enable the bubbles to attain a size not possible on earth and clearly 
visible in the night sky from earth. 

The absence of gravity will 

Looking to create a subtle reordering, of at least my own sense of scale 
and place, the sculpture becomes not the bubbles themselves, but concep- 
tually the 30,000 mile circumference of the orbit they travel, creating 
a sculpture on a scale never before achieved. 
center of this art work and instead of walking around the sculpture, the 
orbit/sculpture would surround us and we will exist inside of, and look 
out at, it. 

The earth will form the 

G-39 will be a peaceful celebration of man's venture into space, an art 
work possessed by no one and equally accessible to all. 

As I first began t o  dream of using new technology to create art in space 
most thoughts centered on projects that would be ejected from the GAS can 
and placed in orbit, helping the mind make the transition from the one- 
gravity, one-atmosphere , horizon limited preconceptions that man has 
evolved with since his beginnings on an African plain, to the zero-gravity, 
vacuum, unlimited scale of space where man seems destined t o  venture. Each 
time I envisioned returning a payload to earth it became enmeshed in these 
innate earth-bound preconceptions. 
for use on GAS containers until 1985, it became apparent that if I wanted 
to orbit an early experiment the payload would have to be processed in 
orbit and returned to earth. G-38 evolved to meet that condition. 

Since the operable lid was not scheduled 

G-38 is an interrelated group of nine glass spheres, blown for the experiment 
by the Schott Glass Works in Germany and modified for use in G-38. 
the spheres, ranging in size from 50Oml to 3,000m1, will go into orbit as 
clear glass and while exposed to the unlimited vacuum of space be coated 
using two separate vacuum deposition techniques, with8 gold, platinum, 
aluminum and multi-layered coatings, creating eight lustrous sculptures 
formed in space. 

Eight of 

h CoUrsen and Joseph KShane 
inspecting ccnnpleted gold vapor 
depition test at G.M. Vacuum 
bating Laboratory. 
Photographer: R. JawsHills 
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The ninth and largest sphere is the simplest in concept, but the one that, 
for me at least, provides the greatest play of the human imagination. This 
22,OOOml sphere will ride into orbit containing a 15psi earth atmosphere. 
Once in orbit the Eptak 210 controller will direct a valve to open, linking 
the sphere directly to the vacuum of space. Over a three day period the 
sphere will attain an equilibrium with the vacuum of the orbit, becoming 
one with space. 
vacuum of space. A copper tube connecting the sphere to the valve will be 
cold welded, permanently sealing the sphere. 
31GCH5-10 Baratron Capasitance Manometer, a vacuum gauge capable of a very 
exact digital reading of the vacuum in the sphere, expected to be in the 
iX10-5 torr range. 

The valve will close and the sphere will return with the 

Attached to the sphere is a 

The sculpture then is not the glass, but the outer space contained within. 
The sphere serves only to keep the one-g earth atmosphere from intruding on 
the space within, creating an anomaly of our common experience. 

I would hope that this piece of sculpture, created using the tools of our 
technology, would find a place where one might view it as a "telescope of 
the imagination": observe, wonder about the nature and meaning of space, 
touch and know that only 1/8" of glass separates us from thk purest outer 
space, a proximity to space heretofore reserved for only those few 
privileged to be astronauts. 

"To see a World in a Grain of Sand 
And Heaven in a Wild Flower 
Hold Infinity in the palm of your hand 
And Eternity in an hour.'' 

William Blake 
Auguries of Innocence 

Joseph KShane inspectjng an 
iridescent multi-layered 
coating on a 3,000 m l  test 
sphere. 
photographer: k l e s  Lyon 
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3 

The principle of vacuum thin film deposition (evaporation) is based on two 
concepts. First, some material is raised to a high enough temperature that 
it becomes a gas. Second, most of the gas must travel directly to the 
object being coated, the substrate, without first striking another molecule. 
This is, in effect, governed by "mean free path" conditions. If most 
molcicules of evaporant reach the substrate unimpeded the coating will be 
reasonably dense and adherent. 

The most common example of vacuum deposition is the dark coating in a light 
bulb that forms as the filament slowly evaporates itself. If that filament 
had been impregnated with aluminum, for example, the lamp would have become 
a shiny opaque ball the instant it was turned on. 

By working at short distances in a clean vacuum of less than l ~ l O - ~  torr, 
about 1/10,000,000 of an atmosphere, we expect to produce excellent coatings, 
in spite of some restrictions in the pumping speed caused by the restricted 
openings in the NASA lid and thermal cover. Extensive tests of the filaments 
and evaporation equipment have been run at G.M. Vacuum Coating Laboratory to 
verify the system's performance. 8 

Sputtering is a unique type of vacuum deposition related to evaporation. In 
this case, molecules of the material to be deposited are mechanically knocked 
loose from a relatively cold source called the target. 
ionizing an inert gas at as low a pressure as practical and by charging the 
target negative, excellerating a positively charged gas, usually argon ions, 
into its surface. The reaction is similar to billiard ball behavior and 
target molecules are ejected by the impact of the ions at a high rate toward 
the substrate. In this type of system, the substrate is usually much closer 
to the source than in vapor deposition. This is why we elected to sputter 
the smaller spheres and evaporate in the larger ones. 

This is done by 

It is our hope to use the space environment to our advantage. 
for several days without using power o r  adding contamination from organic 
oils often used in conventional vacuum pumps. We can also evapoate materials 
from filaments which normally tend to drip off during heat up and melt phase. 
In space the weightlessness should eliminate much of the risk of a droplet 
falling into the sphere. 

We can pump 

The methods and results of G-38 will help supply useful data for simplified 
coatings of large antennas and heat shields in space where vacuum chamber 
size is unlimited. This device could have been made, for example, as a 
free floating module to coat rather large devices, such as bubbles, in space. 

G-38 had three basic objectives. 
to evacuate a large glass sphere with a vacuum gauge attached, seal it and 
return it in permanently sealed condition, allowing us to measure our working 
vacuum. Second, we were to perform eight depositions of thin films attempt- 
ing to make best use of the space environment: vacuum, wightlessness and 
freedom from organic oil. 
limitations, using as much commercial technology as possible. 

First, we were to design a sampling system 

The third task was to operate within budget 
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Several major areas of difficulty soon became apparent and we feel that in 
general they must apply to many GAS projects. 
experiment are a serious design challenge. 
simple solutions would exist. 
the payload: 
where needed) and run a low density 6-watt heater to prevent battery 
freezing. 
overheating in certain locations than it was to provide enough battery 
power to heat and cool  the system. 
and evaporation filaments, generate up to 300-watts of heat for one or 
two minutes and then slowly leak it through polyimide foam to the rest 
of the system. 

Temperature swings in the 
If power were not limited, 

insulate the experiment (with a few select thermal leaks 
We elected to use a cool option in designing 

It was in most cases easier to find materials to survive brief 

Some components, high current relays 

3 liter sphere I 

center, prepared 

photographer : R 

Lth tmgston filam 
for vacuum coating 

. Jams €Ells 

at in 
test. 

The Eagle controller was selected for its E'Prom memory, needing no backup 
power to retain program and current status inputs. Should battery power 
decline due to low temperature, the device merely waits for a warm cycle 
in the orbit and then continues. The same shutdown and continue mode 
occurs if over temperature sensors temporarily disconnect power and let 
the system cool down. 

Location of space worthy materials was a major hurdle to overcome. 
tion of excellent polymers to replace heavier metallic components was aided 

Selec- 
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dramatically by the NASA Outgassing Data Compilation of Spacecraft Materials 
Publication 1014. 
ceramic is in the evapoation hardware. 
hold the filament and glow discharge cleaning electrodes. 
manganese nickel leads isolate the hot tungston from the polymer support 
which has a working temperature above 500'F. 
have eliminated many clamps and fittings in the system. 
have been almost impossible without NASA's list of suppliers. 
obtaining specialized materials was a time consuming and frustrating 
challenge. 

An unusual example of plastic in place of more breakable 
A piece of VRl040PPS is used to 

Only short 

Viton and TFE shrink tubing 
The project would 

Even s o ,  

Delivery times and prices can be shocking. 

The power budget controls most final decisions in an experiment of this type. 
Our system needs both long term power for control and servo functions and 
high short term (1 minute/40amp) output for performing thermal evaporation 
and medium (2 hour/3amp) power for the sputtering tests. 
experiment consists of light polyimide foam and empty glass spheres, battery 
weight was not the main problem. 
Acid Batteries (sealed) were selected to meet the requirement and lab tests 
have been very encouraging. 
very low drain sleep cycle to our controller or it would have used too much 
power over seven days. 
itself completely off for six hours and then reactivates. 
cycle current drain is about 12 micro amps. 
currernt status of all valves and relays. 
from the R.D. Mathis Corporation, coated with the intended evaporant, allows 
short low power evaporation in three large spheres. 
DC converter drives the sputtering targets for a two hour coating cycle with 
metals tolerant to possible poor vacuum conditions, should all not go as 
well as expected. Globe gear motors and Swagelok plug valves running in 
a sealed nitrogen environment control the vacuum process and use power only 
when changing states. 

Since much of our 

YUASA Captured Electrolite Calcium Lead 

In spite of good batteries, we had to add a 

At preset points in the program the controller turns 
During the off 

The E'Prom memory retains 
The use of miniature filaments, 

A high fequency DC to 

Housing fabrication proved to be a challenging stumbling block. 
important lesson learned from this phase of the project is to select a 
single machine and welding shop that has helium leakttest equipment and 
experience. Coordinating the difficulties of separate machining, welding 
and testing facilities is almost impossible. 
steel was so much more reliable to weld and fabricate that the weight and 
cost benefits of aluminum were negated. 
for other experiments. 

The most 

We found that stainless 

Of course, this may not be true 

If all goes well, we will soon have a beautiful group of gold, platinum, 
chrome, aluminum and multi-layered spheres. But whether the experiment 
performs perfectly or not, it has been a challenging experience that none' 
of us will forget. 
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A s  Jacob Bronowski said, "Man is unique not because he does science and 
he is unique not because he does art, but because science and art equally 
are expressions of his marvellous plasticity of mind." 

The Greek root of Technology, Technical and Technique is TECHNE, meaning 
man's ART, CRAFT and SKILL. 

From the cave as man first explored and strove to perfect his techne and 
continuing forth wherever he ventures, man leaves the imprint of his 
tech@', saying: 'This is my mark. This is man.' 

The hand of Anasazi nran, painted 12cK) years ago. 
Photographed in the Grand Gulch of the San Juan Basin, U t a h  

by Qlarles Lyon, photographer for 638, 39 and 40. 
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Adjunct A s s i s t a n t  P i ~ f e 5 ~ 0 r  

N C  A % T  S t a t e  U n i v e r s i t y  
Greensboro, NC 27411 

M e c tt a n i c a 1 En 3 i ne er i n g ne p ar t ~ e n t  

ABSTRACT 

This paper  d e s c r i b e s  a s t r u c t u r e ,  and sone of i t s  c h a r a c t e l - i s t i c s ,  
tdhich i s  t o  be used by t h e  ABT S tuden t  Space S h u t t l e  Prografi for 
c a r r y i n g  G A S  e x p e r i ~ e n t s .  The s t r u c t u r e  i s  s u f f i c i e n t l y  ve i - sa t i l e  that .  
o t h e r  GAS e s p e r i m e n t e r s  nay be a b l e  t o  use it. The concept  is eas i ly  
capatl lE o f  being  ex tended  t o  the  5 cu . f t .  c a n n i s t e r .  

, 

DESCRIPTION OF STRUCTURE 

The concept  i s  5 i M p l y  t h a t  o f  a s t r o n g ,  s q u a r e  Ci-.oSS-5ec'tiGn, cerit i ial  
c (1 1 u A n  t o  w h i c h ex per  i n e 11 t a 1 and ac  c e ssor y c o #par t M en t 5 a r e  a t  t a c hecl , 
The a t t a c h n e n t  nay be t ty  d i r e c t  b o l t i n g  or through v i b r a t i o n  anct/or 
thei-fial i s o l a t o r s ,  a5  needed. 

I t  war f e l t  t h a t  ZI hollow 4">:4", I f Z "  wa 1 1 t ti i c kpe s 5 ,  4106 1 - T &  A1 C ~ H  i n ~ i ~  
L a l u m n  would be adequate .  Because Alu#i inun  t u b e s  of t h e s e  diplensions are 
n o t  c o n n e r c i a l  s t o c k  i t e n s ,  i t  was f a b r i c a t e d  i n  t h e  fo l lowing  nanner: 
Four 318" t h i c k  6061-T6 A l u h i n u n  p l a t e s ,  two o f  which a r e  3.35" wide and  
the re f ia in ing  two a r e  3" wide, were slid i n t o  a 9 " ~ 4 " , l f 8 "  wal l  t h i c k -  
iie55, 6063-TS Allminun tube ,  and sean-welded a t  each  end t o  t h e  tube .  
(Chamfer5 Mere n i l l e d  on t h e  p l a t e 5  p r i o r  t o  welding t o  p rov ide  space 
for  t h e  ue ld  n a t e r i a l  t o  e n t e r  and c r e a t e  a strong tIond.1 The ends o f  
!.his ~ o c i p o s i t e  coluliln W E ~ E  H i l l e d  t o  renove excess  weld n a t e r i a l ,  and 
l o  fiak.e i t s  ends a t  r i g h t - a n g l e s  t o  i t s  5ide5.  D e t a i l s  o f  the co1c;m 
a r e  f u r t h e r  e l u c i & t e d  i n  Fi . jure 1 .  There is na r eason  f o r  t h e  c h o i c e  
o f  a d i f f e r e n t  a l l o y  f o r  the o u t e r  tube  o t h e r  than  t h a t  i t  was r e a d i l y  
i w a  i 1 a b  1 e.  

The next  5 t e p  was t o  provide  Means f o r  a t t a c h i n g  t h e  colur-tn t o  NASA'E 
!2tandai7d Experiment t iounting P l a t e  (Ni.IP1 C l l ,  p . 1 9 ,  and C21, i t em ( a ) ,  
Elnd t o  i n c o r p o r a t e  l a t e r - a 1  s u p p o r t s  C21, i t e n  ( h ) .  This was accofiplishec 
I:ty coj i s t ruc t l i ig  two i i i i t i a l l y  i d e n t i c a l  19.75" d i a r t e t e r ,  1 /4"  th ic l , ,  
6061 -T6 A l u m i n u m  p l a t e s ,  with 3 " ~ 3 " ,  13.75" deep,  s t i i b ~  a t  t h e i r  c e n t e r s  
each  f a b r i c a t e d  a5 fo l lows :  A 1 "  t h i c k  bO5l-Tb Alufiinirfi p l a t e  #as 
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m i l l e d  down t o  0.25" t h i c k n e s s  l e a v i n g  the s t u b  a t  the c e n t e r .  (The r e a -  
% a n  f o r  this rrethod of manufacture  i s  t h a t  b o l t i n g  o r  welding a s t u b  
a n t o  a 0.25" p l a t e  could ,  i t  was f e l t ,  c r e a t e  s t r e n g t h  protllefis.) The 
r e n a i n i n g  0.25" p l a t e  uas  he ld  through f o u r  h o l e s  on a r o t a r y  t a b l e  and 
t he  edge was n i l l e d  t o  19.75" d i a n e t e r ,  E i g h t  countersunk c l e a r a n c e  
I-mles, two per  s i d e ,  were d r i l l e d  a t  each end o f  t h e  colunn,  cor respond-  
i n g  h o l e s  were d r i l l e d  and tapped  i n  the s t u b s  t o  a c c e p t  T r i d a i r  
I<H420J inserts E31 , and the colunn v a s  secu red  , u s i n g  Unkvako 
1960 series l i 4 - 2 0 x 3 / J 1 ' ,  a l l o y  s t e e l  s o c k e t  head cap  screws 141 , to  -the 
stutts. Dne p l a t e  is in t ended  f o r  a t tachr ren t  t o  N#F, the o t h e r  t o  c a r r y  
l a t e r a l  suppor t s .  ble s h a l l  r e f e r  t o  these,  r e s p e c t i v e l y ,  a s  A & T " s  Toy 
I:'late (ATP) and A8T's Botton P l a t e  ( A B P ) .  T h i s  a s s e n b l y  i s  Skiown i n  
F i g u r e  2 .  

I t  was i n i t i a l l y  f e l t  t h a t  the a t t a c h n e n t  of  ATP t o  NMP should  
i n c o r p o r a t e  t h e r n a l  i s o l a t o r s .  For this purpose twelve  Polypento  Nylon 
'101(6/5) E51 s p a c e r s ,  each  a s  s p e c i f i e d  i n  F i g u r e  3, were f a b r i c a t e d  
a n d  inserted a t  twe lve  l o c a t i o n s  i n  ATP. Twelve Unbrako 1960 s e r i e s  
10 -32~1 .25"  a l l o y  s t e e l  s o c k e t  head c ~ i p  screws  CJI a re  expec ted  t o  be 
a d e q u a t e  t o  hold t h e  corsplete  s t r u c t u r e  and a p p a r a t u s  i t o t a l  4ueigh.t 
at mst 100 1bs.I  t o  NHY dur ing  f l i g h t .  D e t a i l s  of t h e  rrounting o f  ATP 
L o  NHP a r e  shawn i n  F igu re  3. T h i s  Method of noun t iny  c r e a t e s  ail a i r  
space ,  aiid p u t s  Nylon h a r r i e r s  in t h e  h e a t  conduc t ion  pa th  hetween 
ATP and HHP. The e f f i c a c y  of  t h i s  dev ice ,  a s  a t t se rna l  i s o l a t o r ,  will 
B e  connented upon i n  the next  s e c t i o n .  However, the  a i r  gap r e n a i n s  
n e c e s s a r y  t o  pi*event o b s t r u c t i o n  o f  t h e  purge pOi'tS and grounding I:Ioint,s 
un N W .  The foui- h o l e s  i n  ATP w h i c h  were used t o  ho ld  i t  down f o r  
machining purposes  now s e r v e  t o  p rov ide  conven ien t  a c c e s s  t o  NiqP f o r  a 
groundi i ig  s t r a y ,  p lunb ing  f o r  p o s s i b l e  v e n t i n g  o f  b a t t e r i e s ,  ai7d peiv i i t  
pu rg ing .  

The s t r u c t u r e  USES foui' l a t e r a l  5Upj?rJPts, Each iiounted oi l  t o p  of 
ABP w i t h  f o u r  Unbrak.0 1860 s e r i e s  1 0 - 3 ? ~ 7 / 8 "  a l l o y  s t e e l  s o c k e t  head C Z I ~  

s c r ews  C91 , The l o c a t i o n s  o f  t h e  l a t e r a l  s u p p o r t s  a r e  shown i n  F i g u r e  4 ,  
'The d e t a i l s  of a l a t e r a l  suppor t  ai-e shown i n  F igu re  5. I t  c o n s i s t s  o f  
a thi.eaded base  thrGUgh w h i c h  a 1 /2-13 galvai i ized s t e e l  thireaded r o d  
i+Iovez. The rod i s  provided  wi th  a lock  n u t .  One end o f  the rod is 
squa red  t o  a l l o u  t h e  use  o f  a wrench t o  t u r n  i t ;  t h e  o t h e r  end i s  tu rned  
a n d  p r e s s - f i t t e d  i i i t o  the coiie ( p a r t  no. 13203:) O f  a Tifiken tZipei-.ed 
i-oiler hea r ing .  The c u p  i p a r t  no. A2126)  of  t h e  b e a r i n g  is  fiolli-sted i n  
FI Pcilypenco Nylon 101 ( 6 / 6 f  C51 hunper. Bade a iC0rd ing  t o  C21,- its& i h l ,  
The o p e r a t i o n  i s  s i n p l y  t h a t  o f  t u r n i n g  t h e  th readed  ~ o d s  by a wrench 
,Lhrough s lots  i n  ASP u n t i l  t h e  hunyers  pi-ess a g a l n s t  t h e  G A S  cannis te i -  
I d a 1 1 5  as n u c h  a s  dSSi red .  The lock  n u t s  a r e  t i g h t e n e d  t o  p reven t  .the 
' threaded rod f r o n  v i b r a t i n g  loose  d u r i n g  launch.  

The s t r u c t u r e  d e s c r i b e d  above c a n  e a s i l y  tie used i n  t h e  5 cii. f t .  
crai lnis ter  tly coins t ruc t ing  a l onge r  c e n t r a l  colufiii, p o s s i b l y  l f ic i- . ; .easi i iy 
L.he t h i cknes ;  of t h e  Top and Bottom P l a t e ;  ( i n  uhich case  t h e  stu t ls  
r-lay he b o l t e d ) ,  and poss i t t ly  i n c r e a s i n g  the nunher o f  screws holdii ig 
t h e  Top P l a t e  t.o N H P .  
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CHARACTERISTICS OF STRUCTURE 

This s e c t i o n  coi i ta i i is  a t v i e f  p r e s e n t a t i o n  of  sone  c h a r a c t e r i s t i c s  
o f  t h e  s t r u c t u r e  which a r e  p u b l i s h a b l e  a t  t h i s  tirie. The  c t l a r a c t e r i s t i c s  
m n t i o n e d  below a r e  anong t h o s e  which a r e  r e q u i r e d  t o  be  cons ide red  by 
NASA-NHE 16700.71 C h l  , t h e  a s s o c i a t e d  Gas Payload S a f e t y  Hanual E71 , 
%be GAS Exper i t ien te r  HandlooR C l l  , and A?iT"s own r e q u i r e n e n t s .  

(3 1 S t r u  c t u r  a 1 : 

The f o l l o u i n g  f o r n a t  c o i n c i d e s  with t h a t  i n  the S t r u c t u r e s  Hazarcls 
C h e c k l i s t  of t h e  S a f e t y  Manual E71 , pp.165-169. 

!j t r u c t u  r a 1 An a 1 y s e s 

i -cqui renents  of Appendix A of C71 i s  heyonil the scope  of this paper. 
:Et s u f f i c e s  t o  say  t h a t  our  p r e l i n i n a r y  e s t i a a t e s  trave shown t h a t  a l l  
elements i n  t h e  s t r u c t u r e  a r e  c a p a l l e  of w i ths t and ing  t h e  f l i g h t  l oads  
w i t h  & o r e  than t h e  f iargin of s a f e t y  r equ i r ed .  

a. The p r e s e n t a t i o n  of a d e t a i l e d  s t r e s s  a n a l y s i s  accordi i ig  t o  t h e  

I t  is  of  i i ipor tance  t o  o b t a i n  some insight. i n t o  the v i t s -a t ion  f r e -  
q u e n c i e s  of the s t r u c t u r e  wi thout  any c h a d l e r s  a t t a c h e d  t o  t h e  col?i#n. 
The s t r u c t u r e  will Le e x c i t e d  b y  t h e  no t ion  of NHP. If we r e g a r d  the 
ATP a n d  MMP assenb ly  a5 a r i g i d  tody  t h e  colufin fiay be regarded  as 
a n  e l a s t i c  tody  which i s  claf iped a t  i ts  upper end and a t t a c h e d  t o  aii 
c s l a s t i c  s u p p o r t  i i . e . ,  ABP) a t  i t s  lower end. U t i l i z i n g  t h e  g e n e r a l  
p r i n c i p l e  t h a t  s t i f f e n i n g  a s t r u c t u r e  r a i s e s  i t s  v i b r a t i o n  f r e q u e n c i e s ,  
w e  f i ay  o b t a i n  lowei: hounds t u  t h e  f r e q u e n c i e s  of t h e  colufin Ly i----egardiiiq 
i t  as f r e e  a t  i t s  lower E i l d .  I n  this Manner, W E  f i n d  t h a t  a l l  l o n g i t u -  
d i n a l  vibration f r e q u e n c i e s  a r e  g r e a t e r  t han  

1225 Hz 

a n d  a l i  l a t e r a l  v i t w a t i o n  f r e q u e n c i e s  a r e  grea tk i .  t tmn 

333 Hz 

Tt1es.e v a l u e s  a r e  f a r  i i i  excess  of the rninirrum value 35 Hz s p e c i f i e d  
b y  Appendix A o f  171.  ble t h e r e f o r e  conclude t h a t  t h e  colunn is r i g i d  uith 
i-e5pECt t o  any v i b r a t o r y  e x c i t a t i o n s  t r a n s m i t t e d  b y  NMP. These exc i -  
t a t i o n s  will L E  t r a n s n i t t e d  a l n o s t  u n a l t e r e d  t u  ABP. I t  now t ~ E C o i i E 5  
:iiipairtant t , ~  cu i i s ider  v i t r a t i o n  freqlleiiCie5 of ABF. Eecaiise dBF is 
!supported i n  a c o q l i c a t e d  R Z I ~ ~ W ,  cle nust r e s o r t  t o  t h e  f o l l o u i n g  
kechnique  f o r  t h e i r  de t e r f i i na t ion :  ABP is  c e r t a i n l y  f a r  fiui-e s t i f f  
t h a n  a 19.75" d i a n e t e r ,  0 .25"  t h i c k  A l u d i i i u f i  p l a t e  which i s  clanpelj 
;:it i t s  boulidary, t lecause of  t h e  4 " x 4 "  r eg ion  in ABP which i s  a l s o  
c-lanpeij. The fundafiental  f requency  o f  t h e  forprer p l a t e  is 

34 Hz 

We CoilClUde t h e r e f o r e  t h a t  n e i t h e r  t h e  ColUNil n o r  ABP will i7esoiiFrtE. 
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b. With  the excep t ion  of  i t e n s  (42 B (31 ,  which a r e  p rocedura l  r e q u i r e -  
ments  which will be fo l lowed  i n  s t r u c t u r a l  a n a l y s e s ,  i t  will tie e a s i l y  
!seen t h a t  a l l  o t h e r  g e n e r a l  p r a c t i c e s  l i s t e d  have been fol lowed.  

S t r u c t u r a l  Ma te r i a l ;  
A t  the t i n e  of w r i t i n g  we have n o t  conv inc ing ly  denons*trated t o  OUIP 

s e l v e s  t h a t  danaging s t r e s s  c o r r o s i o n  c r a c k i n g ,  hydrogen e n b r i t t l e t e n t ,  
or g a l v a n i c  c o r r o s i o n  will no t  occur .  Nor have we checked t h a t  the 
r r a t e r i a l s  have s u f f i c i e n t  f r a c t u r e  toughness  t o  be a b l e  t o  t o l e r a t e  
c r a c k s  of t h o s e  s i z e s  which nay be expec ted .  S t u d i e s  of t h i s  s o r t  will 
t a k e  p l a c e  soon a f t e r  we o b t a i n  docuf ien ta t ion  o f  r e l i a t t l e  reconnended 
p r a c t i c e  such as  NASA-MSFC-SPEC-522A. 

S t r u c t u r a l  Suppor t s  

’These will a l s o  be t aken  i n t o  c o n s i d e r a t i o n  i n  t h e  des ign  of s u p p o r t s  f o r  
t h e  chanbe r s  which a re  t o  be a t tac t red  t o  the colunn.  

I t  will be seen  t h a t  a l l  r e q u i r e n e n t s  of  this s e c t i o n  have been net. 

IC;) Therna l :  
I 

I t  is o f  c o n s i d e r a b l e  i n t e r e s t  t o  know how well t h e  s t r u c t u r e  is  
t .hern,ally i s o l a t e d  f r o n  t h e  c a n n i s t e r .  For this pLli’pOSe, W E  have dune 
sofie c a l c u l a t i o n s  a s sun ing  t h a t  t h e  s t r u c t u r e  and caii i i ist .er  intie? wa l l  
a r e  a t  c o n s t a n t  t e n p e r a t u r e ,  and h e a t  f l ows  tletweei-i then  i n  t h e  fo l lowing  
m d e s : 

i 1 Conduction through Nylon-Cap S c r e w  Assentlly 
i i )  Conduction through Air Gap tietween ATP and NlYP 

i v )  Radia t io i i  f r o #  ATP and AEF ta Caniiistei. liiliec U~dl 
i i i  1 Conductioii thixough La tepa l  SUpp!Ji7ts 

I f  R deno tes  the h e a t  flou r a t e ,  T C  deno tes  c a n n i s t e r  i n n e r  wai l  tekpe-  
r - a t u r e ,  and TS deno tes  s t r u c t u r e  t e q t e i r a t u r e ,  the energy ba lance  equat,ion 
1-eads a s  tielow: 

4 4 
G y  ITS) + 5, (TSj = D f G4 ( T C j  + G i l T C )  

l.rhere t h e  ii’s a r e  c a l c u l a b l e  treat coiidiictances.  

Given t h e  space  a v a i l a b l e  f o r  t i a t t e r y  s t o r a g e ,  ue expec t  t o  be a b l e  
t o  prov ide  a naxifiun va lue  f o r  R of 2.4  w a t t s .  Assufiiiig T C  = -15 ctegrees 
C e n t i g r a d e ,  t h e  above equa t ion  can be so lved  f o r  TS t o  g i v e  

The above c a l c u l a t i o n  i s  an i i lpcrrtant one showing . tha t  wi th  2.9 
m t t s  of power a v a i l a b l e  f o r  h e a t i n g ,  there i s  p r a c t i c a l l y  no t.herr;ial 
1 5 o l a t i o i i  of the  s t r u c t u r e  f rofi t h e  cai inls te iT.  They a r e  p r a c t i c a l l y  Fi t  
t h e  5 a t i ~  tEt ipei~atUre.  U E  do iiijt expec t  t o  tie atale t o  r a i s e  t h e  I:iO!4Ei7 

crva i lah le  f o r  t reat ing t o o  m c h  tieyond 2.4 w a t t s  because of bat-tery space 
u n a v a i l a b i l i t y .  We nay t h e r e f o r e  q u e s t i o n  t h e  n e c e s s s i t y  for t h e  Nylon 
::pacers and use Metal s p a c e r s  i n s t e a d .  I t  i s  a l s o  app?ii-.Eiit t h a t  any 
des  i I- e d t e np e r a t  LI r e c on t r ij 1 of  e ;.: p e r i n e n t a 1 a TI d a c c e s 5 0 i’ y c ha  nbe r S A list 
-1ak.e p l a c e  by i n s u l a t i o n  and h e a t i n g  of t h e  chanbe r s  d i r e c t l y .  
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THE G-002 JUFO-1 PAYLOAD, ITS  OBJECTIVES AND RESULTS 

Guenter S chmi tt 
Kayser-Threde GmbH 

Munich, FRG 

Object ives:  

The G-002  JUFO-1 payload w a s  success fu l ly  flown during t h e  

STS-7 mission i n  June 1983. 

I t  w a s  in tended to: 

- e s t a b l i s h  a forum f o r  space r e l e v a n t  experiments of 
t 

high school and u n i v e r s i t y  s tuden t s  

- demonstrate t h a t  simple and cheap technology can be 
flown on t h e  s h u t t l e  without  compromising s a f e t y  and 
r e l i a b i l i t y  

- experience t h e  c a p a b i l i t i e s  of t h e  GAS f l i g h t  oppor- 
t u n i t i e s ,  i t s  advantages and r e s t r a i n t s  

- eva lua te  proceeding of d i f f e r e n t  experiment types 
mainly with r e s p e c t  t o  t h e  long standby t i m e  ahead 
of t he  mission 

Concept of payload and i t s  operat ion:  

The payload b a s i c a l l y  c o n s i s t s  of  the  mechanical support  
s t r u c t u r e  wi th  t w o  shock i s o l a t e d  mounting she lves  f o r  t h e  
experiment hardware and t h e  s e r v i c e  systems. 

For t h e  envisaged opera t ion  t i m e  of 72  hours t h r e e  28 VDC 

batteries, w i t h  a t o t a l  capac i ty  of approx 1 , 7  kWh are chosen 
as p a r t i a l l y  redundant power source.  
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t G-002 JUFO-1 PAYLOAD 

SL‘PFC ‘ST PLATE SO. 
\ 

1 %  

HOUSE- 

KEEPIfiG 

ELECTRO? 

SLCL’ENCI: 

IEXP. bo 

Every minute, experiment and housekeeping d a t a  are acquired 
by a 12  b i t  PCM system and s t o r e d  on a cassette tape  recorder .  
The PCM system provides  twelve analog and fou r  d i g i t a l  channels 
a t  a d a t a  rate of 5 kb i t / s ec .  

Payload and experiments are a c t i v a t e d  by switching the  GAS 

r e l a y  con tac t s  and are con t ro l l ed  by an i n t e r n a l  sequencer. 

I n  o r d e r  t o  maintain adequate payload temperatures a t  a 
l o w  power consumption, a thermally i n s u l a t e d  endpla te  w a s  used 
w i t h  t h e  GAS conta iner .  



Experiments i n  var ious  areas of science:  

Five experiments, concerning physics ,  chemistry,  biology and 
technology w e r e  carried wi th in  t h i s  payload. 

Experiment no. 1 ) : Crys ta l  growth 

The growth of a c r y s t a l  i n  a l i q u i d  KH2 PO4 sal t  s o l u t i o n  
- s a t u r a t e d  a t  6 0  OC - w a s  observed under micro g r a v i t y  
environment. 

A thermally isolated experiment ce l l ,  furn ished  with four  
or thogonal ,  o p t i c a l  windows, four  f o i l  heaters (20 W), a 
mixer and a neoprene membrane conta ins  approx 160  c c m  l i q u i d  
s o l u t i o n .  Leading ac ross  t h e  ce l l  a nylon rope acts as an 
i n i t i a t o r  f o r  c r y s t a l  growth i n  t h e  c e n t e r  of the  cell .  The  

experiment ce l l  i s  i n t e g r a t e d  i n t o  a laser Dopplgr i n t e r f e r o -  
m e t e r  w i t h  an or thogonal ly  s p l i t t e d  He-Ne laser beam of 
approx. 0,5 mW output  power. 

1 

DEAH SPLITTER 

WOLLASTON PR1S.Y 
POLARIZATION FILTER 

INTERFEROMETER 
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During t h e  c o n t r o l l e d  cool ing period of  t he  experiment dens i ty  
s t r u c t u r e s  of t h e  s o l u t i o n  around t h e  growing c r y s t a l  are de- 

tected. 

Every four  minutes t w o  p i c t u r e s  of interferograms i n  ortho- 
gonal planes are taken i n  between t e n  seconds. Though a 
t o t a l  of 250 interferograms is  r e g i s t e r e d  by a photographic 
camera. For a s s o c i a t i o n  t o  the  recorded temperature data t h e  
experiment t i m e  i s  displayed on each p i c t u r e .  

The experiment performed as expected, t h e  predetermined t e m -  
p e r a t u r e  p ro f i l e  w a s  achieved, a c r y s t a l  w a s  growing i n  t he  cen- 
ter of t h e  ce l l  and s t i l ls  of interferograms were obtained. One 
o p t i c a l  window could n o t  be cleared completely because some 
s a l t  crystals  d i d n ' t  g e t  d i sso lved  during the  prehea t ing  phase. 
Some unexpected gas bubbles caused d i s tu rbanc ie s  i n  t he  dens i ty  
s t r u c t u r e s ,  too. Some of the  experiment r e s u l t s  are s t i l l  
eva lua ted  a t  the  p resen t  t i m e .  



Experiment no. 2 ) :  Nickel  c a t a l y s t s  

Nicke l  c a t a l y s t s  w e r e  manufactured by thermal process ing  of 
fou r  specimen c a r t r i d g e s  i n s i d e  a furnace.  

The 55 W isothermal  furnace heats up four  n i c k e l  Car t r idges  
t o  2 4 0  OC. Each c a r t r i d g e  conta ins  a mixture of potassium 
hydroxide/nickel formiate o r  sodium hydroxide/nickel formiate  
and dry n i t rogen  t o  avoid moisture. 
TEMPERATURE 
r *Cl 

f 
TEMPERATURE PROFILE 
NICKEL CATALYST 

During t h e  hea t ing  per iod  the  materials i n s i d e  t h e  c a r t r i d g e s  
are exposed t o  a temperature environment above 180 OC for  
mre than 15 minutes and a peak temperature minimum of 205 6. 

A f t e r  reaching a predetermined temperature the  furnace gets 
switched off wh i l e  the cartridges are cooled down pass ive ly .  
The furnace performed as predic ted .  

0 

A comparison of ground tes t  r e s u l t s  w i t h  " i n  space" and 
"on earth" processed n i c k e l  c a t a l y s t s  shows s i g n i f i c a n t  
d i f f e rences .  I n  space processed c a t a l y s t s  experience higher  
e f f i c i ency .  The experiment r e s u l t s  are s t i l l  under eva lua t ion .  
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Experiment no. 3 ) :  P l a n t  contamination 

Water cress shoots w e r e  used t o  determine the t r a n s p o r t  
mechanisms of heavy metals i n  p l a n t s .  

Three c y l i n d r i c a l  growth compartments conta in  approx. 60  
seeds each, l i q u i d s  f o r  i n i t i a t i o n  and f i x a t i o n  stored i n  
s tandard  syr inges  and a i r  a t  atmospheric pressure .  
The seeds are glued t o  c e l l u l o s e  wadding a t  the  bottom of 
bores i n  p l e x i g l a s s  cy l inders .  For i n i t i a t i o n  of the  experi-  
ment s p r i n g  loaded plungers are released and the  l i q u i d s  
are i n j e c t e d  i n t o  t h e  wadding using H20/Cd  ( N 0 3 ) 2  s o l u t i o n  
w i t h  t w o  compartments and H 2 0  w i t h  t h e  t h i r d .  The  temperature 
is c o n t r o l l e d  c l o s e l y  t o  24 

a c t i v a t i o n  t i m e .  Within t h i s  per iod three 12 hours day/night  
cyc les  are s imulated by LED a r r ays .  For f i x a t i o n  of t h e  seeds 
af ter  three days s a t u r a t e d  Reinecke sa l t  s o l u t i o n  i s  i n j e c t e d  
i n t o  t w o  compartments whi le  formaldehyd and methanol s tab i l i -  
zed i n  H 2 0  i s  i n j e c t e d  i n t o  the  t h i r d .  

0 C during the  three 'day experiment 

The experiment performed s a t i s f a c t o r i l y .  Some plungers  could 
n o t  be dr iven  by i t s  s p r i n g  load after release m o s t  l i k e l y  
because of t h e  long standby period. 

However micro c u t s  through the  " i n  space" developped p l a n t s  
show s i g n i f i c a n t  d i f f e r e n c e s  i n  t he i r  ce l l  s t r u c t u r e s  com- 
pared with p l a n t s  grown on earth. Traces of Cd have been 
detected i n  the  p l a n t  shoots, Some of the  r e s u l t s  are s t i l l  
to be evaluated.  

Experiment no, 4 ) :  B i o s t a c k  

The biostack w a s  designed to  determine the inf luence  of 
cosmic r a d i a t i o n  on p l a n t  seeds. 



Four d i f f e r e n t  p l a n t  seeds - wheat, g ra in ,  o a t s  and beans - 
are embedded i n  s i n g l e  bores of f l a t  p l e x i g l a s s  blocks.  
Diallyl-diglycolcarbonate f o i l  i s  a t t ached  t o  t o p  and 
bottom o f  each block t o  d e t e c t  and locate impact of p a r t i c l e s .  

NASA 
RELAY CONTACT 

A 

Mostly impacts o fo<-pa r t i c l e s  were detected, however, three 
impacts of heavy p a r t i c l e s  were located. Comparing p l a n t  de- 

1 I 

I I I '  

velopment tests are s t i l l  i n  progress  and n o t  f i n i s h e d  ye t .  

I I I 

B I I  I 

Experiment no. 5 ) :  Microprocessor-sequencer 

I 1 

The microprocessor c o n t r o l l e d  sequencer uses  a new approach 
f o r  payload c o n t r o l  and sequencing a t  a l o w  power consumption. 

A l l  payload func t ions  are t i m e d  by t h e  sequencer based on a 
NSC 800 CPU. Its main r o u t i n e  is  a c t i v a t e d  by GAS r e l a y  con- 
tact  A. This r o u t i n e  controls data a c q u i s i t i o n ,  t ape  recorder, 
housekeeping system and water cress experiment during the  whole 
payload opera t ion  t i m e .  Subroutines f o r  t iming of  c r y s t a l  



growth and n i c k e l  c a t a l y s t s  experiments are i n i t i a t e d  by GAS 

r e l a y  con tac t s  B and C. Therefore redundancy is obtained i n  
processing t h e  d i f f e r e n t  experiments. The sequencer performed 
as predic ted .  

Summary: 

The G-002 JUFO-1 payload w a s  very success fu l  under t h e  a spec t  
of  i t s  ob jec t ives .  Micro g r a v i t y  r e l e v a n t  s c i e n t i f i c  r e s u l t s  
w e r e  obtained.  

However, c r i t i ca l  i t e m s  w e r e  experienced due t o  t h e  long stand- 
by per iod  of  t w o  months and more i n  advance of t h e  mission. 
Nevertheless ,  a basis t o  maintain a l o w  cost program w i t h  f requent  
f l i g h t s  could be e s t a b l i s h e d  encouraging j u n i o r  s c i e n t i s t s  t o  
p a r t i c i p a t e  i n  space a c t i v i t i e s .  Today a fol low on mission 
is a l ready  planned. 
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GAS - 286 

ULTRALIGBT REACTIVE METAL FOAMS PRODUCED 

AS STBUC"UR& SHAPES IN SPACE: SYS'IW DESIGN 

Franklin H. Cocks, Jeffrey P. Morrill, and Michael R. Feldman 

Duke University 
Department of Mechanical Engineering and 

Materials Science 
Durham, NC 27706 

Introduction. A s e r i e s  of studies both inside 
and outside of NASA have concluded tha t  the 
production of foamed metals i s  an important space- 
manufacturing poss ib i l i ty  (1-6). It i s  possible t o  
produce foamed metals on ear th  by a var ie ty  of 
powder metallrugical and other methods (7-10); 
therefore it  i s  unlikely tha t  it would be econranical 
t o  produce s t ruc tura l  foamed metals i n  space and 
then return them t o  earth fo r  actual use. Produced 
in  space for use i n  space, however, foamed metals 
can have very s igni f icant  s t ruc tura l  advantages 
(11). I n  the absence of subs tan t ia l ly  a l l  a i r  and 
water vapor (although t races  of active gases are 
present i n  near earth o rb i t s )  it is  possible t o  use 
u l t r a l igh t  reactive metals such as Mg-Li alloys of 
high lithium content, whose use on ear th  in  
s t ruc tura l  applications i s  precluded. The use of 
such alloys would enable extremely l i g h t  (0.1 g/cc) 
foams t o  be produced. By foaming such materials i n  
o r b i t  into useful shapes such as I-beams, earth 
based handling is made very much easier.  
Substantial studies are currently underway t o  
investigate the mechanical fabrication of trusses 
and triangular beams in  o rb i t  from so l id ,  non-foamed 
materials but there appears t o  have been l i t t l e  or 
no e f fo r t  directed t o  the in  s i t s  production of 
s t ruc tura l  members by foaming methods. Certainly 
there has been no work done involving the use of 
u l t ra - l igh t  alloys.  As large scale space 
engineering projects are considered. the s t i f fness .  
strength, and density of the materials chosen 
becomes of increasing importance and ultra-l ight 
reactive foams produced as s t ruc tura l  shapes in  
Space, may well offer significant engineering 
advantages, par t icu lar ly  fo r  s a t e l l i t e  allpour 
aPPliCationS. I n  the following sections we describe 
O u r  GAS payload design, which i s  designed t o  prodace 

alloys. 
I-bem shapes of Al-Mg-Zn, Mg-AI, and Mg-Al-Li-Ca 

Systems and Subsystems: Experiment Design 

The Duke-Omni GAS 286 payload dimensions a re  
2.5 cubic f e e t  and 60 pounds. Engineering i s  
constrained by NASA safety guidelines and 
regulations as outlined i n  NBB 1700-7A (Safety 
Policy and Requirements for  Payloads Using the Space 

Transportation System) and the GAS Safety Manual. 
Implementation of the experiment was a l so  heavily 
constrained by the expected storage l i fe t ime before 
launch of the sealed experiment (approximately 90 
days). This long storage time precludes the use of 
Ni-Cd b a t t e r i e s  whose se l f  discharge r a t e s  approach 
1-3 % per day. 

This autonomous experiment for  foaming metals 
i n  space involved ( a )  payload support structure;  (b) 
furnace and foaming apparatus; ( e )  e lec t ronic  
controls; (d) ba t te ry  power; and ( 6 )  metallurgy. 
Emphasis was l a i d  on a modnlar design which was 
eas i ly  modifiable and which offered maximum 
durabili ty,  safety,  and f a i lu re  tolerance. 

Payload Samort strat-. This design 
primarily requires a skeleton with a high strength- 
to-weight r a t i o  capable of withstanding a 10 g 
acceleration along the axis of the payload and a 6 g 
acceleration transverse t o  t h i s  axis, as might be 
experienced i n  an emergency landing. The ultimate 
factor of safety phould be a t  l ea s t  1.5 i f  ver i f ied  
by t e s t  o r  2.0 i f  ver i f ied  by analysis. Our payload 
has a f.s. of greater than 2.0 ver i f ied  by 
mechanical tes t s .  

Figure 1 shows an overview of the basic payload 
support structure.  The payload pa l l e t  p l a t e  i s  held 
t o  the NASA top-plate by sixteen s t ee l  bo l t s  
extending through individual thermal stand-of f 
washers. Lateral support a t  the top-plate end i s  
accomplished with eight bumper assemblies. 

The design of the bumpers i s  shown i n  Figure 2. 
This design cons is t s  of a 6061-T6 aluminum bracket, 
one side of which i s  bolted t o  the Duke "bottonr 
plate." The bo l t  which drives the bumper p l a t e  has 
a rotatable foot of the type used i n  C-clamps. 
attached using s i l v e r s o l d e r  t o  the s t ee l  bumper 
plate.  This p la te  is  four square inches i n  area and 
has a t en  inch radius of curvature t o  confoIln t o  the 
walls of the cylinder. The surface of the p l a t e  is 
covered with a sheet of Viton, an extended 
temperature range synthetic rubber. 

The primary load-carrying structure cons is t s  of 
two 1/4" end or pa l l e t  p la tes  held 8 inches apart by 
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CONNECTING ROD 

BATTERiES (4 BOXES) 

BARERY BOXES (0) 

DUKETOP PUTE 

610 FIBERGLASS 

Fisvre 1. Support structure, exploded 
view. 
U = Microprocessor System. 
L = Furnace Power Batteries. 
F = Furnace Housings. 

EkUrs 2. Bumper, top view. Scale in 
an. 

four 318" rods and eight 112"x1/2" corner brackets. 
a l l  machined out of 6061-T4 alaminum. This alloy i n  
t h i s  temper i s  very res i s tan t  t o  s t r e s s  corrosion 
cracking. Twelve type 1100 aluminum sheet metal 
boxes are fastened between the p la tes ,  each box 
containing a separate subsystem. This use of 
multiple boxes allows for  a modular and f lex ib le  
design. A l l  e l ec t r i ca l  interconnections between 
boxes were realized using Canon m i l .  spec. 
connectors. 

As stated,  the Duke top-plate i s  fastened t o  
the NASA-provided top-plate by sixteen s t ee l  bolts.  
The use of our own top-plate allows us t o  transfer 
the en t i r e  assembly to  the f ina l  launch container 
in tac t  a d  as  a single unit .  In order t o  minimize 
tho response of the payload t o  temperature changes 
on the ontside of the c rn is te r ,  the Duke t o g p l a t e  
i s  separated from the NASA-provided top-plate using 
318" thick thermal stand-offs 112" i n  diameter made 
of 6 1 0  (a phenolic material impregnated with g lass  
f ibe r s ) .  The f i n a l  structure i s  covered with a f o i l  
designed t o  minimize the emissivity of the payload. 
thereby minimizing the radiation heat t ransfer  from 
the payload t o  the cannister. The f o i l  chosen is 
type #852 aluminum on W l a r  (with acry l ic  adhesive) 
purchased from the 3M Company. The usa of thermal 
stand-offs and re f lec t ive  coatings is  c r i t i c a l l y  
important i f  excessively lo r  payload temperatures 
are t o  be avoided. 

Alloy a tee l  fasteqers were used in  a l l  cases 
due t o  the i r  high strength. Locbashers were used 
l i be ra l ly  t o  prevent vibration from loosening 
connections. 

Bat tem Power. Temperature considerations play 
a key role i n  determining tho design of the 
experiment. The primary problem is the f ac t  that  a 

fu l ly  charged ba t ta ry  contains progressively l e s s  
usable energy as the temperature of the c e l l  drops. 
Thus i n  the worst case, where the shut t le  t a i l  is 
pointing t o  the sun. the bay area i s  radiating in to  
deep space. The equilibrium temperature for  the 
ba t t e r i e s  i n  t h i s  f l i g h t  a t t i tude  would be -100 C 
(see GAS Thermal Design Snmmary, X-732-83-8). This 
i s  unacceptable for  any choice of ba t t e r i e s .  A well 
insulated payload requires a r e l a t ive ly  long time 
(several days) t o  approrch such temperatures. 

Many di f fe ren t  tppes of ba t t e r i e s  were 
considered fo r  use, including Ni-Cd c e l l s  and 
primary (non-rechargeable) ce l l s .  Gates sealed 
rechargeable lead-acid D-cell (2 vo l t )  sized 
ba t t e r i e s  (Gates Energy Products, Denver, Colorado) 
were choaen for  t h o i r  a b i l i t y  t o  supply high (2  amp) 
current r a t e s  a t  low (-40 C) temperatures, t h e i r  
lack of free electrolyte,  and t h e i r  sealod nature. 
Even though sealed, they w i l l  still  release 
significant hydrogen especially a f t e r  charging but 
w i l l  not release oxygen. Such D c e l l s  have a 
capacity of 18,000 joules  per c e l l  fu l ly  charged 
(room temperature). as well as acceptable operation 
when cooled down t o  -40 C. The D-Cells were 
r e l a t ive ly  easy t o  mount in to  boxes, and are 
provided with plus-and-minus tabs on the same side 
of the c e l l ;  the l a t t e r  feature proved t o  be a great 
advantage mechanically over the typical f l a sh l igh t  
battery design, because lug terminals could be used 
t o  make a l l  e l ec t r i ca l  connections. 

Each furnace requires roughly 50,000 jou les  of 
energy, including heat l o s t  t o  the environment, t o  
reach approximately 650 C. Because the payload mry 
s i t  on the o rb i t e r  up t o  90 days, the c e l l s  a re  
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assumed t o  be only 314 charged by the time of l i f t  
o f f .  In addition, because the experiment may be run 
a t  very low temperature, the remaining available 
energy within each c e l l  i s  assumed fur ther  cut i n  
ha l f ,  leaving a s t a t e  of about 35 % charge or 
roughly 5000 joules per battery.  With t h i s  
rationale we have a l lo t t ed  18 ba t t e r i e s  for  each of 
three experiments fo r  a t o t a l  of 54 ce l l s .  The 
furnace requires twelve vol t s ,  allowing each s e t  of 
18 t o  be composed of three stacks of six connected 
i n  para l le l .  Each stack of s ix  i s  diode protected 
(two 2.5 amp diodes i n  pa ra l l e l )  t o  prevent a 
stronger stack from recharging a lower voltage 
staqk, thus preventing the consequent release of 
hydrogen gas. Each s e t  of 18  uses a 10 amp fuse i n  
l i ne  i n  case of an e l ec t r i ca l  short. A s  a resu l t .  
roughly 90,000 joules is  provided fo r  each 50.000 
joule experiment. With t h i s  excess capacity, the 
experiment should s t i l l  function even with the 
f a i lu re  of one stack of s ix  ba t t e r i e s ,  as might 
occur with the f a i lu re  of a single ce l l .  

The ba t te ry  housing is  shown i n  Figure 3. 
Twelve ba t t e r i e s  per box are  a l lo t t ed  t o  4"xS"x6" 
boxes. Thus four and one-half boxes a re  required 
for  the lead acid ba t te r ies .  Bat te r ies  are held by 
right-handed and left-handed "S-carves" (upper and 
lower, respectively),  plus a template i n  the middle. 
The ba t t e r i e s  r e s t  on a f iberg lass  mat on the box 
bottom, and are held on top by an aluminum re ta iner  
bar. 

A l l  aluminum p a r t s  within the ba t te ry  boxes are 
coated with PT-201 Epoxy Resin coating. This paint 
i s  designed t o  r e s i s t  highly corrosive envirommonts. 
PT-201 i s  NASA-approved, provided a bake out a t  360 
F for 1 hour i s  used t o  remove vo la t i l e s  
(ProductslTechniqaes, Inc., Loo Angeles, 
California).  Between the ba t t e r i e s  and the box 
bottom we have placed 2-ply f iberg lass  c lo th  for  
additional thermal insulation (Aircraft  Spruce 4 
Specialty Co., Fullerton, CA). The in t e r s t i ce s  of 
the ba t t e r i e s  are f i l l e d  with fiberglass-covered 
acid-absorbing pillows which contain sodium s i l i c a t e  

l%gu.e 1. Housing f o r  12 lead-acid 
batteries, t o p  view. Diodes i n  white ,  
p laced  i n  l i n e  w i t h  b a t t e r y  s t a c k s  of 
six. Scale i n  cm. 

t o  absorb any possible spil lage even though those 
ba t t e r i e s  normally do not contain f ree  e lec t ro ly te .  

Electronics & Controls. This payload 
u t i l i z e s  indus t r ia l  and mi l i ta ry  ( r a the r  than 
commercial) components wherever possible, together 
with back-up systems where appropriate. The overall  
e l ec t r i ca l  schematic i s  shown i n  Figure 4 .  

TWO completely independent systems were 
employed i n  order t o  decrease the severity of a 

A dedicated single component fa i lure .  
microprocessor. described below, was used f o r  
measurement of temperature change and control of two 
of the furnaces. u t i l i z ing  36 ba t t e r i e s .  Such 
temperature measurements allow for  f lex ib le  controls 
i n  order t o  get the most out of ba t t e r i e s  performing 
a t  low temperatures; but t h i s  advantage must be 
weighed against an increased chance for  control 
fa i lure .  Therefore a second, relay-controlled 
system was employed t o  run the th i rd  furnace. This 
second system i s  composed of two mechanical relays 
(Rl3 and Rl4) and controls 1 8  bat te r ies .  The basic 
relay system is considered highly r e l i ab le  but takes 
no account of temperature. As a resu l t ,  furnace 3 
runs immediately upon payload activation. 

In order t o  prevent the ba t t e r i e s  from being 
drained t o  exhaustion in  the event of a 
microprocessor o r  other f a i l d e ,  a l l  power to  the 
furnaces flows through voltage sensit ive relays (It4 
and lU3) which open the c i r c u i t  i f  ba t te ry  voltage 
drops below 9.5 vo l t s  (5 % of ba t te ry  power 
remaining). Additionally, timed relays (Rl1, Rl2. 
and 824)_are. used i n  l i n e  with each furnace SO t ha t  
t o t a l  heating time can be controlled t o  fixed 
lengths ( typ ica l ly  1 0  minutes). (Relays R l 1  and R12 
are redundant when the microprocessor i s  fdnctioning 
correctly.)  

The microprocessor controls the heating 
sequence for  furnaces F1 and F2. I ts  in te rna l  
design i s  described under a separate heading. 
Furnace F1 is  activated by causing output l i n e  Hl t o  
go high. This aotivates the power bus ( re lay  84) 
through re lay  R2; output Hl a l so  causes re lays  R6 
and It9 t o  close, therefore sending power t o  the 
furnace co i l s .  The microprocessor sends output Hl 
low agai.n a f t e r  e i the r  10 or 15  minutes, thereby 
shutting off the furnace. After allowing the lead 
acid b a t t e r i e s  t o  recover (112 hour), furnace F2 i s  
activated i n  a similar fashion. Power is  not put t o  
the co i l s  on voltage sensing re lay  R4 u n t i l  power is  
t o  be run t o  furnace F1 or F2, i n  order t o  conserve 
energy. 

In order t o  reduce the severity of a 
microprocessor f a i lu re ,  a relay-based by-pass system 
was integrated in to  the microprocessor controls. 
Bypass is  accomplished by programing the 
microprocessor t o  s tore  two binary b i t s  of data upon 
power-up i n  special output port  positions. I f  an 
incorrect value i s  stored i n  e i the r  of those 
positions, the back-up system begins i t s  sequence; 
otherwise the microprocessor is assuated t o  be 
working and the relay bypass w i l l  be held inactive 
by holding the FAIL l ine  high. I f  the "not f a i l "  
l i ne  in  Figure 4 stays low. the bypass system 
engages. F i r s t ,  power is  sent t o  furnace F2 through 
relays RlO and Rl2; XU2 opens t h i s  c i r cu i t  a f t e r  10  
minutes. A s  the bypass system engages, power is  
a l so  put t o  delay relay R8, which closes a f t e r  2 
hours t o  put power t o  fprnace P1; relay X U 1  opens 
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Piaure 1. Overall electrical 
schematic, including furnaces. R 3 ,  R4, 
R6, and R7 are reed relays. R!5 is low 
current bypass activation relay. R1 is 
low current microprocessor activation 
relay. 

this c i r c u i t  a f t e r  12 minutes. Delay re lay  B8 
allows f o r  b a t t e r y  recovery i n  the i n t e r v a l  between 
running furnace F1 and furnace F2. 

Furnaces gg&Foaminn Anoaratus. In order  t o  
mel t  the alloys, vacuum furnace assemblies had t o  be 
b u i l t  which could reach a t  l e a s t  650 C. Nickel- 
chromium res i s tance  heat ing wire  ( r ibbon)  having 1.3 
ohmslft was used. A schematic showing the  vacuum 
furnace assembly is  shown i n  Figure 5. Furnaces 
were s ized t o  draw about 7 amps and t o  reach 650 C 
i n  approximately 8 minutes. 

The a c t u a l  alloy samples a r e  p e l l e t s  of 
approximately l c c  volume placed i n s i d e  g l a s s  I-beam 
shaped channels; quartz  g l a s s  was used f o r  i t s  
high-temperature d u r a b i l i t y .  Around t h e  quar tz  was 
wrapped the hea t ing  wire ,  which was i t s e l f  encased 
i n  a 3/8" l ayer  of furnace cement (#33 from 
Saueriesen Cements Co., Pi t t sburgh)  in order  t o  
p r o t e c t  the  c o i l s  and t o  increase the  thermal 
e f f i c i e n c y  of the furnace. This unit was then 
wrapped i n  Kaowool, an asbestos-free high- 
temperature f ibrous  mater ia l  t o  a c t  a s  a mechanical 
support as well  a s  thermal insu la t ion .  A t  th is  
poin t  it was necessary t o  place the  assembly ins ide  
a Pyrex ampoule which could be evacuated in order  t o  
insure  non-oxidizing condi t ions  during melting. 
Ampoules a r e  hermetical ly  sealed w i t h  Vac-Seal 
( P e r k i r E l m e r  Vacuum Products, Eden P r a r i e ,  M i n n . ) ,  Fiaure 5. Furnace 
a very low vapor pressure epoxy. The ampoule i s  cross-section. 
then enclosed i n  i t s  own 3 " ~ 3 " x 8 "  aluaiinum box, and 
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r---------- 7 Eiaure h. Microprocessor schematic. 
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correspond to I microprocessor indicated in Figure 4. 

-7 
+ fit1 

packed with additional Kaowool. Because the battery 
voltage drops as a function of operating time. the 
furnaces consistently peak i n  temperature a f t e r  7-8 
minutes a t  approximately 650 C, so tha t  even i f  
power i s  never shut off these maximum temperatures 
a re  not exceeded. 

Metallarm. To cause foaming. magnesium 
carbonate or manganese carbonate was mixed in to  t h e  
alloys while they were held near t h e i r  eu tec t ic  
temperatures (about 433 C) .  This mixture of a l loy  
and carbonate was then ca r t  by asperation in to  a 
boros i l ica te  glass tube t o  form the desired pe l l e t .  
Foaming does not occur un t i l  the p e l l e t  i s  remelted 
and heated t o  w e r  500 C. Decomposable hydrides 
were not used due t o  the possible d i f f i c u l t i e s  
associated with the result ing hydrogen gas. Pe l l e t s  
and furnace ampoules were sized so tha t  one 
atmosphere pressures inside the ampoules were not 
produced. 

The Microcomputer 

Having allocated approximately half  the weight 
of the GAS canis te r  t o  the ba t t e r i e s  needed fo r  the 
experiment, i t  is  not feas ib le  t o  oonsider 
additional b a t t e r i e s  for use i n  warming the en t i r e  
payload. Instead, a microcomputer system controls 
furnaces F1 and FZ based on the measured ba t te ry  
temperatnres. Power-up on the microcomputer occurs 
when the PPC switch i s  closed, thereby closing re lay  
R l  ( f igure  1). 

The control system schematic i s  shown i n  Figure 
4 .  This microcomputer could be viewed as a general 
purpose, compact, low cost. low power, dedicated, 
programmable cont ro l le r  for  space applications. 
Sufficient de t a i l  i s  provided so t ha t  the 
reconstruction of t h i s  microcomputer by other GAS 
groups should be s t r a igh t  forward. It is  f lex ib le  
and general enough t o  recieve a multitude of 
e l ec t r i ca l  inputs (e.g. accelerations, pressures, 
displacements), as well as generate several types of 
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electro-mechanical outputs (such as control of 
servo-motors. valves, and tape recorders) through 
expanded use of the I / O  ports available. 

Hardware. Figure 6 d e t a i l s  the hardware layout 
of the microcomputer. A temperature sensor sends an 
analog signal t o  the Temperature Sensor Interfacing 
cjomponents. These components amplify and b i a s  the 
temperature signal and convert it in to  an eight b i t  
d i g i t a l  signal. This d i g i t a l  signal i s  sent t o  the 
microprocessor v ia  an eight b i t  data bus. The data 
bas also receives data from one EPROM memory chip. 
This data i s  accessed by a nine b i t  address bus. 
Four b i t s  of the data bus are used t o  send signals 
t o  the &lay Interfacing components. These 
components control the ac t iva t ion  of the power 
relays tha t  switch power t o  the furnaces. Control 
signals,  generated by simple logic gates. control 
the ac t iva t ion  of the input port ,  the output port  
and the EPROM. 

The main components of the microcomputer are a 
National Semiconductor NSC8OO CMOS microprocessor 
and 27C16 CMOS EPROM memory chip. These IC's 
consume very l i t t l e  power, a great advantage since 
the microcomputer w i l l  need t o  operate for up t o  27 
Goits. The microcomputer control system requires 
only 15 mh a t  +7.5 t o  + 20 v o l t s  and 4.0 mA a t  -7.5 
t o  -20 vol t s .  The power i s  implemented through the 
use of one and one half  pounds of alkaline b a t t e r i e s  
t ha t  are rated a t  ten times the required cppacity 
(SO that  continuous power for  27 hours i s  insured 
even a t  -40 C ) .  I n i t i a l l y ,  the microcomputer 
ba t t e r i e s  w i l l  supply the control system with +12 V 
and -15 V. Hwever, during the course of the 27 
hours in  which the payload i s  activated. the supply 
voltages may drop t o  values as low as +8.5 V and 
-8.5 V (depending on the cargo bay temperatures and 
on the i n i t i a l  charge s t a t e  of the ba t t e r i e s ) .  For 
convenience, the microcomputer power supply voltages 
are labeled i n  a l l  f igures i n  t h i s  report  as +10 V 
8nd -10 V. 

Since a l l  d i g i t a l  logic i s  based on m i l .  spec. 
voltage references (Analog Devices AD584's) which 
have a minimum supply voltage of 7.5 V, functional 
operation i s  insured fo r  the en t i r e  expected range 
of the power supply voltages. In  addition, these 
microprocessor components o f f e r  the following 
advantages : 

(1) They have ample memory and I/O addressing 
capabi l i t i es .  

(2) They have more than adequate speed. ( the  
maximum expected r a t e  of temperature change of the 
contents of the GAS canis te r  i s  about 1.5 C per 
hour. ) 

(3 )  There i s  ample l i t e r a tu re ,  software, and 
hardware support fo r  these and similar components 
available.  

(4) Indus t r ia l  spec i f ica t ion  versions 
(operating a t  temperatnres down t o  -40 C) of these 
chips are available a t  reasonable cos ts  with short 
delivery times. Although mi l i ta ry  versions of these 
and other components are avilable with operating 
temperature ranges extending t o  -55 C, the high cost 
and long delivery times of these components made 
them infeasible.  

The NCS8OO microprocessor i s  operated with a 
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102 LHz crys ta l .  This small frequeicy i s  employed 
i n  order t o  conserne power. One Harris Corporation 
82C82 CMOS la t ch  serves a s  a demultiplexer for  the 
microprocessor's multiplexed addresddata bus. The 
4071 and 4069 chips are cM)S logic gates used fo r  
debouncing the RESET XN signal and generating simple 
control signals. 

Temuerature Sensing. The main caponen! of the 
temperature sensing apparatus i s  an Analog .Devices 
AD590 temperature transducer that  i s  located i n  the 
power ba t te ry  stack. This device produces a current 
tha t  i s  d i r ec t ly  proportional t o  the temperature of 
the power ba t te ry  stack i n  degrees Kelvin: Since 
sach degree K corresponds t o  1 micro-amp, passing 
this current through a 5 K r e s i s to r  causes the 
voltage across t h i s  r e s i s to r  t o  vary 5 mV per K. 
This voltage i s  input t o  an instrumentation 
amplifier t ha t  i s  biased by 1.050 V on i t s  inverted 
input. The output of t h i s  amplifier i s  input t o  an 
Analog Devices AD7574 analog t o  d i g i t a l  converter 
with a -5V reference. The resu l t ing  eight b i t  
d ig i t a l  output covers a range from -63 C t o  C, 
thereby extending well outside the expected 
temperature extremes. The accuracy, both 
theoretical  and experimental, i s  within 1 degree C. 
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Analog t o  d ig i t a l  conversion i s  i n i t i a t e d  by 
anx I / O  read. This w i l l  cause the M7574's BUSY pin 
t o  go lw. forcing the microprocessor's WAIT pin l o w  
and generating a NCS800 wait s ta te .  Since the 
AD7574 has a t r i - s ta te  microprocessor compatable 
output, the d ig i t a l  output of the ADC i s  connected 
d i r ec t ly  t o  the NSC800's data bus. The use of a 
high bpcdence device such as an instrumentation 
amplifier i s  essent ia l  because the analog t o  d i g i t a l  
converter has a r e l a t ive ly  low input impedence tha t  
i s  sensit ive t o  temperature. 

R& Control InterfacinK. A l l  of the relay 
control signals are latched from the NSC8OO data bus 
by an 82C82 eight b i t  latch.  Since t h i s  i s  the only 
output port  and since no RAMS are used, the 
microcomputer w i l l  write t o  t h i s  port exclusively. 
The output signals of t h i s  la tch  are buffered by a 
4053 CMOS t r i p l e  switch tha t  drives four Magnecraft 
W107DIP-2 reed d.i.p. relays. These reed re lays  
switch the 150 dA necessary t o  drive the co i l s  of 
the power latching relays tha t  supply 6 A t o  the 
f urnace s * 

Software. The microprocessor control system 
has two primary functions: 

1. To ac t iva te  furnaces F1 and F2 for  5 

temperature dependent amount of time in a sequential 
manner with a 112 hour prase in  between t o  allow for  
ba t te ry  recovery. 

2. To begin t h i s  heating sequence a t  an optimum 
time. 

The f i r s t  primary function presents no problem; 
the second one depends upon re la t ive  changes i n  
payload temperatures and therefore requires 
temperature sensing a s  well as calculations of 
temperature gradient. 

The rated capacity of the ba t t e r i e s  is attained 
a t  approximately 25 C, and the available energy 
drops off markedly a t  temperatures below 0 C. Tests 
indicate tha t  a t  temperatures below -19 C, the 
ba t t e r i e s  may not have enough capscity t o  heat the 



furnaces t o  over 600 C. 

According t o  the GAS Thermal Design Summary, 
internal temperatures are estimated a t  between -20 C 
and 0 C for  most of the mission (assuming the 
payload i s  properly insulated). Two c r i t e r i a  are 
used fo r  establishing the optimum time t o  ac t iva te  
the heating sequence: F i r s t  the temperature must be 
above -19 C and second it  must be fa l l ing .  I n  t h i s  
way i f  the experiment i s  activated when the top of 
the shut t le  i s  facing the sun, the microcomputer 
w i l l  wait u n t i l  the maximum temperature is reached 
(and the ba t t e r i e s  w i l l  a t t a i n  maximum capacity) 
before i t  ac t iva tes  the furnaces. I f  a f t e r  12 hours 
the temperature remains below -19 C, a lan 
temperature heating sequence i s  activated 
unconditionally. This lor temperature sequence 
applies power t o  the f i r s t  furnace (F1) fo r  a longer 
time than i n  the normal sequence i n  the hope tha t  a t  
l e a s t  one alloy w i l l  receive enough energy t o  
properly melt. 

Upon astronaut ac t iva t ion  of the experiment, 
the control system w i l l  f i r s t  s e t  a l l  the re lay  
outputs t o  a logic leve l  zero. A t  the same time it  
w i l l  s e t  the "not f a i l "  l i n e  high,' disengaging the 
bypass system. Next the microprocessor system w i l l  
begin sampling the temperature. The microprocessor 
receives temperature information i n  the form of an 
eight b i t  binary number, "EW. I f  'RJEIp is l e s s  than 
0 F. then the microprocessor rill continue 'to 
monitor the temperature u n t i l  e i t he r  DIEW r i s e s  
above 0 F o r  un t i l  12 hours elapse, causing 
activation of the low temperature heating sequence, 
This seqmnce consists Of ba t te ry  power being 
supplied t o  the f i r s t  furnace fo r  9.5 minutes, a 30 
minute PaUSe and then battery power diverted to the 
second furnace for 13 minutes. 

I f ,  however, the temperature does r i s e  above 0 
P during the f i r s t  12 hours of activation, the 
control system w i l l  seek the maximum temperature. 
The microprocessor looks fo r  a s igni f icant  
temperature drop a s - i t s  indication tha t  temperature 
has peaked. While the temperature is r i s ing ,  the 
current temperature (TNIIIII) i s  continually stored i n  
a r eg i s t e r  and referred t o  as m. m i l e  the 
temperature i s  fa l l ing ,  RlEIl is  compared w i t h  TOLD 
( the  maximum temperstare thus f a r ) .  I f  ' M W  drops 
be lor  TOLD by more than 3 dogrees F, or  i f  a t  any 
time TNEsl r i s e s  above 19 C. or  i f  the temperature 
continues t o  r i s e  or remain steady fo r  a period of 
12.5 hours, the high temperature heating sequence i s  
carried out. This sequence cons is t s  of power being 
supplied t o  the f i r s t  furnace for  8.5 minutes, a 30 
minute pauso and then power i s  switched t o  the 
second furnace fo r  10 minutes. 

The program was wri t ten  i n  I n t e l  8080 8saemblor 
pneamonics and hand assembled in to  machine language. 
It occupier. 218 bytes of RON and requires no w. 

Conclusion 

The in t en t  of t h i s  project is  t o  demonstrate 
t ha t  u l t r a l igh t ,  reactive metal foams can be 
produced d i r ec t ly  as s t ruc tura l ,  I-beam shapes i n  a 
zero gravity environment. The design of the payload 
needed t o  accomplish this go81 $1 given in de ta i l .  
A lightweight computer t ha t  may be useful i n  other 
GAS payloads is  a l so  described i n  suf f ic ien t  de t a i l  
tha t  its duplication by other in te res ted  groups 
should be straightforward. 

E&ue 2. GAS 286 design team. 
Payload is displayed on table .  
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AN EXTREME ULTRAVIOLET SPECTROMETER EXPERIMENT 
FOR THE SHUTTLE GET AWAY SPECIAL PROGRAM 
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ABSTRACT 

An extreme u l t r a v i o l e t  (EUV) spectrometer experiment developed a s  a Get Away Special  (GAS) payload f o r  t h e  Space Shu t t l e  
operated success fu l ly  on June 20, 1980 during t h e  STS-7 mission. 
and d iu rna l  va r i a t ion  of t h e  EUV airglow. The spectrometer i s  an f 3.5 Wadsworth mount with mechanical co l l ima to r ,  a 75 x 75 
mm gra t ing ,  and a bare  microchannel p l a t e  de t ec to r  providing a s p e c t r a l  r e so lu t ion  of 7 8 FWHM. 
through d i s c r e t e  channels o r  r e s i s t i v e  anode techniques.  The experiment includes a microcomputer, 20 Mbit t ape  recorder ,  and 
a 28V, 40 Ahr s i l ve r - z inc  ba t t e ry .  It is t h e  first GAS payload t o  use an opening door. The spectrometer 's  0.1 x 4.2 deg 
f i e l d  o f  view is pointed v e r t i c a l l y  ou t  of t h e  Shu t t l e  bay. During t h e  STS-7 f l i g h t  da t a  were acquired continuously f o r  a 
period of 5 hours and 37 minutes,  providing spec t r a  of t h e  
cyc le s  of t h e  584 8 emission of neu t r a l  helium and t h e  834 3 emission of ionized atomic oxygen were recorded. The experiment 
a l s o  recorded ion events  and pressure pulses  associated with t h r u s t e r  f i r i n g s .  The experiment w i l l  f l y  again on Mission 41-F 
scheduled fo r  August 1984. 

The ob jec t ive  of t h e  experiment is t o  measure t h e  g loba l  

Read-out o f  t h e  s igna l  i s  

70 8 t o  850 8 wavelength region o f the  airglow. Five d iu rna l  

INTRODUCTION 

Observations of t h e  ea r th ' s  u l t r a v i o l e t  airglow from rocke t s  and s a t e l l i t e s  have been ca r r i ed  ou t  for  more than twenty 
years and t h e  i n t e r p r e t a t i o n  o f  t hese  measurements has  played an important r o l e  i n  our understanding of t h e  upper atmosphere. 
However, it is only during t h e  l a s t  few years  t h a t  t h e  airglow spectrum i n  t h e  EUV wavelength region,  below 1200 8, has been 
measured spectroscopical ly  (Ref. 1 ,  2, 3, 4).  It is now known t h a t  t h e  EUV spectrum i s  dominated by She emission l i n e s  of 
neu t r a l  and ionized ni t rogen and oxygen atoms. These l i n e s  r e s u l t  e i t h e r  from t h e  absorpt ion of sun l igh t  d i r e c t l y  o r  from 
c o l l i s i o n s  with ene rge t i c  photoelectrons.  

Laboratory is a c t i v e l y  developing both t h e  f l i g h t  instrumentation and t h e  t h e o r e t i c a l  models necessary t o  measure and analyze 
ionospheric emissions from e a r t h  o r b i t .  An EUV spectrograph has  been developed a s  a S h u t t l e  GAS payload (Ref. 5 ,6) .  It was 
success fu l ly  flown on STS-7, launched on June 18, 1983 and is scheduled t o  f l y  again on Mission 41-F i n  August, 1984. Called 
t h e  Space Ul t r av io l e t  Radiation Environment experiment (SURE), t h e  experiment i s  sponsored by t h e  Air Force Space Test 
Program. It was t h e  f i r s t  GAS payload t o  u t i l i z e  t h e  opening l i d  with t h e  standard GAS cannis ter  and was a l s o  t h e  f i r s t  EUV 
spectrometer experiment t o  ope ra t e  on t h e  Space Shu t t l e .  

As pa r t  o f  a program t o  develop continuous global  monitoring o f  t h e  ionosphere, our group a t  t h e  Naval Research 

The s c i e n t i f i c  ob jec t ives  of t h e  SURE experiment a r e  t o  obtain EUV spec t r a  o f  t h e  e a r t h ' s  airglow and t o  measure its 
global  and d iu rna l  va r i a t ion .  
t h e  SURE da ta  we obtain a b e t t e r  understanding o f  t h e  va r i a t ions  o f  t h e  d e n s i t i e s  o f  atoms, molecules, ions and e l ec t rons  
t h a t  c o n s t i t u t e  t h e  region above an a l t i t u d e  o f  100 km. 

By modelling t h e  in t e rac t ion  of t h e  atmosphere with sun l igh t  and comparing t h e  r e s u l t s  with 

THE INSTRUMENT 

The Spectrograph 

The spectrograph c o n s i s t s  o f  a mechanical col l imator ,  a concave d i f f r a c t i o n  gratin 'g with a r ad ius  of curvature  of 50 cm, 
and a bare  microchannel p l a t e  (MCP) detector .  These elements a r e  arranged i n  a Wadsworth configurat ion with an instrumental  
fhurnber of 3.5, and t h e  instrument i s  operated i n  f i r s t  order .  The l i g h t  path i s  shown i n  Figure 1. The col l imator  is 
assembled from f i f t e e n  molybdenum g r i d s  75 mm square with v e r t i c a l  slits 0.0075 inches wide separated by 0.005 inches.  The 
g ra t ing  i s  a l s o  75 mm square,  and i t s  sphe r i ca l  su r f ace  was holographical ly  ruled t o  a densi ty  of 4800 grooveslmm. The 

COLLIMATOR7 ROTATABLE GRATING7 
I 

MOVABLE ARRAY DETECTOR A 

Figure 1. Light path for t h e  SURE spectrometer.  
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s p e c t r a l  coverage of t h e  instrument is determined by t h e  2 x 3.46 om s i z e  o f  t h e  ac t ive  area of t h e  de t ec to r  which is 
posit ioned to i n t e r s e c t  t h e  focal  curve o f  t h e  g ra t ing .  
band pass  of 280 8 i s  imaged on t h e  f r o n t  p l a t e  of t h e  de t ec to r .  
can be operated i n  e i t h e r  of two modes with d i f f e r e n t  angles  o f  incidence.  
motor t o  r o t a t e  t h e  g ra t ing -de teo to r  assembly i n  t h e  dispers ion plane while t r a n s l a t i n g  t h e  de t ec to r  t o  maintain focus. The 
t w o  modes g ive  a coverage from 570 t o  850 8 and from 810 t o  1080 8. The s p e c t r a l  r e so lu t ion  is  determined by t h e  divergence 
from a s i n g l e  angle of incidence of t h e  l i g h t  beam passing through t h e  col l imator .  P re f l igh t  measurements i n  t h e  l abora to ry  
and f l i g h t  d a t a  i n d i c a t e  a r e so lu t ion  o f  7 8. 
0.1' by 2 4.2'. 

The Detectors 

Since t h e  p l a t e  f a c t o r  of t h e  spectrograph a t  640 8 is 8.1 8/mm, a 
In order  t o  increase t h e  s p e c t r a l  coverage t h e  instrument 

Changing modes i s  accomplished using a s tepper  

The f i e l d  of view of t h e  instrument was measured i n  t h e  laboratory t o  be 2 

The de tec to r  used f o r  t h e  STS-7 f l i g h t  c o n s i s t s  of two 40 mm MCP's s tacked i n  a tandem o r  chevron configurat ion and 
proximity focussed on an a r r ay  of 128 anodes, each measuring 0.260 x 200 mm and separated by 0.010 mm. 
t h e  s igna l  cab le  connectors are permanently mounted i n  an aluminum b a r r e l .  The charge co l l ec t ed  by each anode is  processed 
by a sepa ra t e ,  minature. hybrid amplif ier /counter  circuit. The e l e c t r i c a l  connection to t h e  MCP's put 1100 V across  each 
p l a t e  and held t h e  f ron t  p l a t e  a t  - 2800 V. No photocathode o r  f i l t e r s  were used. In order  t o  prevent i ons  from en te r ing  
t h e  spectrograph and being a t t r a c t e d  by t h e  de t ec to r  su r face ,  a l l  outgassing ports were covered by mult iple-ref lect ion caps.  

These components and 

This discrete-anode de tec to r  has subsequently been replaced by a two-dimensional r e s i s t i v e  anode device and pos i t i on  
determining e l e c t r o n i c s  purchased from Surface Science Laboratories.  A s  before ,  two MCP's a r e  stacked i n  a chevron 
arrangement. However, t h e  MCP's a r e  biased so t h a t  t h e  f r o n t  p l a t e  is  a t  ground and t h e  anode is a t  +2400 V. I n  addi t ion a 
f i n e  n i cke l  mesh i s  mounted i n  f r o n t  of t h e  MCP's and kept a t  -100 V t o  r epe l  s t r a y  e l ec t rons  and c o l l e c t  ions.  During 
f l i g h t  t h e  col l imator  w i l l  be f loa t ed  a t  +28 V t o  form a t r a p  for  ions which otherwise may stream i n t o  t h e  spectrograph. 

The Cal ibrat ion 

The instrument performance was character ized i n  t h e  laboratory before f l i g h t  using a va r i e ty  of windowless discharge 
l i g h t  sources.  The r e l a t i v e  channel-to-channel response of each of t h e  de t ec to r s  was measured by i l luminat ing t h e  de t ec to r  
through a 0.260 x 20 mm slit and moving t h e  slit across  t h e  face.  
The two measurements together  cha rac t e r i ze  t h e  f l a t - f i e l d  response which must be divided i n t o  everyfspectrum. The r e l a t i v e  
response a s  a function o f  wavelength was measured by viewing a col l imated,  monochromatic beam with the  instrument and 
comparing t h e  r e s u l t i n g  count r a t e  with t h a t  of a ca l ib ra t ed  reference channeltron de tec to r .  
r e spons iv i ty  was measured by viewing an i l luminated d i f f u s e r  screen of aluminum-coated ground-glass with both t h e  instrument 
and t h e  reference channeltron. The screen was i l luminated with He, Ne and Ar discharges and t h e  resonance l i n e  emissions (He 
584.3, Ne 743.7, Ne 735.9, A r  1048.2, and 9 1064.7) were observed. 
d i s c r e t e  a ode e t e c t o r ,  was 1.3 counts s- R- a t  584 8,  1.0 count s-l R-' a t  834 8 i n  t h e  sho r t  wavelength mode, and 0.2 
counts  s-' R-' a t  1000 8. The uncertainty of t h e  absolute  c a l i b r a t i o n  i s  estimated a t  2 30%. 

Character izat ion o f  t h e  resistive anode de tec to r  followed a process of baking i n  a vacuum fo r  48 hours and scrubbing 
with Ly 0: l i g h t .  The p l a t e  vol tages  were set j u s t  below t h e  l e v e l s  a t  which t h e  MCP's became noisy.  These l e v e l s  were found 
t o  increase over s eve ra l  days. The f i n a l  vol tages  were s e t  when t h e  s e n s i t i v i t y  was found acceptable and were not increased 
fu the r  because of unce r t a in t i e s  i n  t h e  pressure l e v e l s  f" be expected once t h e  s h u t t l e  a r r i v e s  on o r b i t .  
t he  de t ec to r  is cons i s t en t ly  between 5 and 10 counts  s- 
response. 
peaked toward t h e  center .  
discharge i n  a mixture of 10% 0 i n  He. Figure 3 shows a spectrum of t h i s  discharge taken i n  t h e  laboratory with t h e  
instrument using t h e  resistive &ode de tec to r .  
f ea tu re s  i d e n t i f i e d  i n  t h e  f igu re  a s  well  a s  t h e  r a r e  gas resonance l i n e s .  

The f u l l  de t ec to r  was a l so  i l luminated with d i f f u s e  l i g h t .  

F ina l ly ,  t h e  absolute  

The meas red r e sp  n s i v i t y  o f  t h e  instrument with t h e  

The dark count o f  

t h e  f l a t  f i e l d  changed shape and became more 
over t h e  qhole 1250 rym . 

Many of t he  emissions present  i n  t h e  EUV airglow of t h e  upper atmosphere a r e  produced from a 

Figure 2 shows t h e  measured f l a t  f i e l d  
We did note  t h a t  when t o t a l  count r a t e s  exceeded 5 x 10 counts  s- 

The wavelength s c a l e  was determined by performing a l e a s t  squares fit t o  t h e  
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Figure 2. F l a t  f i e l d  response of r e s i s t i v e  anode de tec to r .  Figure 3. Laboratory spectrum of 0 and t h e  discharge 
measured with SIRE spectrometer and'resist ive anode 
de tec to r .  

DATA AND POWER SYSTEMS 

The operat ion of t h e  SURE experiment, a f t e r  it i s  powered up on o r b i t ,  i s  con t ro l l ed  by a Motorola 6800 microcomputer. 

When t h e  experiment i s  ac t ive ,  da t a  i s  temporarily s tored i n  random-access memory 
Figure 4 is a block diagram showing t h e  components of t h e  computer and its in t e r f ac ing  t o  t h e  experiment. 
memory con ta ins  t h e  con t ro l l i ng  program. 
(RAM) and pe r iod ica l ly  recorded on magnetic t ape  by t h e  experiment t ape  recorder .  

The read-only 

The computer a l s o  performs regular  hea l th  



checks, including monitoring component temperatures,  checking fo r  t h e  sun near t h e  f i e l d  of view, and recording vol tage and 
cu r ren t  l e v e l s .  

The degree o f  involvement of t h e  processor i n  t h e  photon-counting process depends on t h e  de t ec to r  e l ec t ron ic s .  The 
discrete-anode e l e c t r o n i c s  includes a counter for  each channel so t h e  processor simply reads t h e  counters  a t  t h e  end o f  every 
in t eg ra t ion  period ( t y p i c a l l y  about 5 see.) .  
t ime a pulse  pos i t i on  is encoded. 
p ixe l  address i n  memory. 
dead-time. 

On t h e  other  hand, t h e  resist ive-anode e l ec t ron ic s  s igna l s  t h e  processor each 
The processor then must  read t h e  coordinates  o f  t h e  pulse  and increment t h e  corresponding 

The time required t o  execute t h e  necessary code becomes an important p a r t  of t h e  instrument 

The experiment t ape  recorder  is t h e  SETS-I manufactered by Sundstrand Data Control,  Inc.. It is  a four t r ack  recorder  
The recorder  and its c o n t r o l l e r  e l ec t ron ic s  a r e  housed i n  a hermetic box measuring 12 x 13 x 25 

The da ta  l i n k  between t h e  c o n t r o l l e r  and t h e  experiment microcomputer uses  a synchronous communications port .  

Experiment power is provided by a b a t t e r y  constructed from 19 s i l v e r / z i n c  wet c e l l s ,  each providing 40 Ah a t  1.5 V. 

with a capac i ty  of 20 Mbits. 
em. 

The 
b a t t e r y  is housed i n  a vacuum box measuring 32 x 22 x 22 cm and, when assembled, weighs 125 kilograms. 
more than two months between t h e  f i n a l  charging and launch, very l i t t l e  charge deplet ion occurred. 

Despite t he  delay of 
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power t o  d r ive  t h e  door mechanism is drawn from b a t t e r i e s  which a r e  p a r t  of t h e  NASA equipment; however, t h e  experiment must 
provide power t o  a r e l a y  which enable  t h e  d r ive .  
t h e  door always c loses  when t h e  experiment is deact ivated.  
ac t iva t ion  and closes it only a f t e r  it has  completed i t s  observing program. 
i n  the  cann i s t e r  and t o  prevent overheating. 

GAS - User I n t e r f a c e  

The EUV airglow i s  extremely f a i n t  and the re  a r e  no window mate r i a l s  which t ransmit  e f f i c i e n t l y  a t  wavelengths below 
For t h i s  reason opening of t h e  MDA on o r b i t  d i r e c t l y  exposes t h e  SURE experiment t o  t h e  Shu t t l e  environment. The 

Therefore when t h e  experiment is a c t i v e  it has con t ro l  over t h e  door, bu t  

This  is both to a s su re  minimum pressure l e v e l s  
The SURE experiment opens t h e  door immediately following 

The e l e c t r i c a l  i n t e r f a c e  between a GAS payload and GAS i n t e r f a c e  to t h e  S h u t t l e  system includes:  

1) power - a l l  experiment power is routed through t h e  Payload Power Contactor on t h e  GAS In te r f ace  Equipment P la t e  
(IEP). 
i s s u e  of s a f e t y  on a manned mission. 

2) commands - t h e r e  a r e  t h r e e  la tching r e l a y s  whose s t a t e s  can be used by t h e  payload t o  provide commands. 
i s  dedicated t o  payload power con t ro l  so t h e  two s t a t e s  o f  t h e  remaining two r e l a y s  can be used fo r  experiment 
con t ro l  by t h e  Shu t t l e  crew. 

This g ives  t h e  S h u t t l e  system absolute  con t ro l  of experiment power - a requirement demanded by t h e  overr iding 

One of t hose  

3) door con t ro l  - t h e  i n t e r f a c e  allows t h e  payload t o  ac t iva t e  t h e  Motorized Door Assembly (MDA) and monitor t he  door 
pos i t i on .  

4) test connections - payload test po in t s  a r e  passed through t h e  I E P  i n  o rde r  t o  provide Ground Support Equipment (=E) 
access  t o  t h e  payload. 

The SURE de tec t0  r e  uires pressure l e v e l s  l e s s  than l ~ l O - ~  Torr. Higher l e v e l s  cause the  de t ec to r  t o  become ndisy and 
pressures  above l x l O d  c z  permanently damage t h e  microchannel p l a t e s .  I n  order  t o  a s su re  t h a t  t h e  i n t e r i o r  of the  GAS 
cann i s t e r  reaches operat ing l e v e l s  a s  quickly a s  possible  a f t e r  t he  door has  opened on o r b i t ,  t h e  payload is  kept c lean and 
d ry  during in t eg ra t ion  and a 3 inch  pumping po r t  was added t o  t h e  I E P  t o  permit t h e  cann i s t e r  t o  be pumped following 
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i n t eg ra t ion .  

C r e w  In t e rac t ion  

The use of a microcomputer a s  an experiment c o n t r o l l e r  allows t h e  observing program o f  t h e  SURE experiment t o  be 
t a i l o r e d  t o  t h e  mission time l i n e  fo r  almost any f l i g h t .  Once t h e  per iods of favorable  operat ing condi t ions have been 
i d e n t i f i e d ,  t h e  con t ro l l e r  program can be optimized. Data can be acquired i n  a s i n g l e  18 hour period o r  pa r t i t i oned  i n t o  a s  
many a s  four s h o r t e r  periods.  
The experiment r equ i r e s  t h e  following commands: 1) ac t iva t ion  - t h i s  powers up t h e  experiment computer and opens t h e  door, 
2 )  mode s e l e c t i o n  - t h i s  i n i t i a t e s  da t a  acqu i s i t i on  and 3) deac t iva t ion  - t h i s  t u rns  o f f  t h e  experiment and c loses  t h e  door.  

Commands t o  t h e  payload a r e  sent by t h e  crew using t h e  Autonomous Payload Control ler  (APC). 

Pos t f l i gh t  Pointing History 

Unlike other  GAS payloads,  SURE i s  an o p t i c a l  experiment acquiring geophysical da t a .  It is c r i t i c a l  t o  t h e  
i n t e r p r e t a t i o n  of those da t a  t h a t  w e  a r e  ab le  t o  i d e n t i f y  t h e  o r i en ta t ion  o f  t h e  f i e l d  of view and i t s  geographic loca t ion  
fo r  every spectrum. 
Pos t f l i gh t  Att i tude and Trajectory History (PATH) products.  

Although t h i s  information i s  not  rou t ine ly  provided t o  GAS experimenters it may be ava i l ab le  i n  t h e  

The SURE experiment uses  t h e  vectors  t o  t h e  sun and t o  t h e  e a r t h  t o  determine so la r  i l luminat ion condi t ions,  and the  
o r b i t e r  s t a t e  vector r e fe r r ed  t o  t h e  Creenwich meridian t o  determine long i tude ,  l a t i t u d e  and a t t i t u d e .  These vec to r s  a r e  
ava i l ab le  a t  10 second i n t e r v a l s  with accuracies  of 0.2 degrees.  

RESULTS OF THE STS-7 FLIGHT 

The SURE experiment was in t eg ra t ed  with t h e  GAS equipment on March 29, 1983. It was i n s t a l l e d  aboard t h e  chal lenger  
o r b i t e r  i n  l a t e  Apr i l ,  1983 fo r  t h e  STS-7 mission, and launched on June 18, 1983. The ac t iva t ion  command was issued a t  
Mission Elapsed Time (MET) 1/05:40 (day/hours:minutes). A t  MET 2/08:17 t h e  experiment was commanded t o  s t a r t  taking da ta  and 
was deact ivated a t  MET 3/05:50. 
experiment and door during in t eg ra t ion  and Figure 6 is a photograph from t h e  a f t  f l i gh tdeck  showing t h e  pagload with t h e  door 
open during t h e  f l i g h t .  
p a r a l l e l  with t h e  long a x i s  (x-body ax i s )  of t h e  o r b i t e r  and viewed d i r e c t l y  up and ou t  of bay. 
I n e r t i a l  Measurement Unit  (IMU) alignments,  t h e  o r b i t e r  was i n  t h e  bay-to-earth (-ZLV) a t t i t u d e  during t h e  SURE observat ions.  

The crew confirmed t h a t  t h e  door opened and closed as scheduled., Fjgure 5 shows t h e  

The experiment was al igned so t h a t  t h e  long a x i s  o f  t h e  field-of-view (0.1' x 4.2 ) was nea r ly  
Except fo r  sho r t  per iods of 

Figure 5 .  SURE mated with door assembly and i n t e r f a c e  
equipment during in t eg ra t ion .  

Figure 6. 
mission. 

SURE with open door during STS-7 

The Dayglow 

The emissions which comprise t h e  EUV dayglow a r e  pr imari ly  e i t h e r  t h e  d i r e c t  r e s u l t  o f  t h e  absorption of sun l igh t  by t h e  
neutral atoms and molecules i n  t h e  e a r t h ' s  upper atmosphere (above an a l t i t u d e  of 100 km) or  t h e  r e s u l t  of ColliSionS with 
photoelectrons - t h e  ene rge t i c  e l e c t r o n s  formed when sun l igh t  is absorbed. 
b r i g h t e s t  dayglow emissions a r e  t h e  l i n e  a t  584 3 due t o  resonant  s c a t t e r i n g  of sun l igh t  by atmospheric helium, and t h e  Set  
o f  t h r e e  l i n e s  around 834 8. r e s u l t i n g  from t h e  ion iza t ion  and exc i t a t ion  of atomic oxygen by f a s t  photoelectrons.  
emission ( ca l l ed  O+ 834 9). is p a r t i c u l a r l y  important as a d i agnos t i c  tool fo r  cha rac t e r i z ing  t h e  ionosphere ( r e f .  7). 
Understanding t h e  i n t e n s i t y  of t h i s  emission is complicated because although t h e  i n i t i a l  exc i t a t ion  and emission t akes  Place 
a t  a l t i t u d e s  around 135 km. t h e  f r e e  O+ which c o n s t i t u t e s  t h e  ionosphere a t  higher a l t i t u d e s  (above 300 km) is  very e f f i c i e n t  
in s c a t t e r i n g  t h e  r ad ia t ion  and forms a kind of fog l aye r  a t  s h u t t l e  a l t i t u d e s  which is brightened by t h e  i l luminat ion from 
below. Extensive modelling is required t o  d i sen tang le  t h e  physics of t h i s  emission but  it promises to be very in)POrtant t o  
global  monitoring of t h e  ionosphere. 

In t h e  wavelength region below 850 9, two of t h e  

The Oxygen 
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Figure 7.  Time s e r i e s  of spec t r a  from STS-7 mission. Se r i e s  on l e f t  is  night  da t a  and s e r i e s  on r i g h t  is 
recorded j u s t  a f t e r  sunrise .  Each spectrum i s  integrated f o r  7s. 

Two s e t s  o f  spec t r a  a r e  shown i n  Figure 7. The s e t  on t h e  l e f t  is  a t ime s e r i e s  taken a t  night  and t h e  s e t  on t h e  r i g h t  
is a s e r i e s  s h o r t l y  a f t e r  sunrise .  Each spectrum is  in t eg ra t ed  fo r  7 seconds. The night  spec t r a  demonstrate t h e  inherent  
noise  l eve l  o f  t h e  de t ec to r  and a r e  s imi l a r  t o  t h e  p r e f l i g h t  ca l ib ra t ion  da ta  taken i n  t h e  laboratory.  The sunr i se  s e r i e s  
c l e a r l y  shows t h e  He 584 8 and O+ 834 8 f e a t u r e s  br ightening a s  the  so l a r  zen i th  angle g e t s  smaller.  The very s t rong s igna l  
i n  t h e  c e n t r a l  region of t h e  spec t r a  is  probably due t o  ions which were allowed t o  enter t h e  instrument as a r e s u l t  o f  t h e  
misconnection o f  t h e  instrument 's  ion r epe l l e r .  Post-f l ight  simulation with an ion source produced very s imi l a r  s i g n a l s  but  
did not achieve t h e  f l i g h t  l eve l s .  The edges of t h e  de t ec to r  (where t h e  He 584 8 and O+ 834 8 f ea tu res  a r e  focussed) were 
protected from ions by a grounded aperture  p l a t e .  

The experiment operated success fu l ly  fo r  about f i v e  hours before t h e  t ape  recorder con t ro l l e r  apparent ly  malfunctioned, 
causing t h e  recorder  t o  run continuously t o  t h e  end o f  t h e  tape.  
helium and oxygen emissions and is  of very high qua l i ty .  Figure 8 compares t h e  va r i a t ion  of t h e  O+ 834 8 emission and a 
simple theory which p red ic t s  t h e  changes i n  t h e  i n i t i a l  exc i t a t ion  e f f i c i ency  i n  response t o  changes i n  t he  s o l a r  zeni th  
angle.  More de t a i l ed  analyses  are expected t o  yield information on t h e  a f f e c t  o f  winds i n  t h e  upper atmosphere on t h e  
s t r u c t u r e  o f  t h e  ionosphere. 

The recovered da ta  samples f i v e  d iu rna l  cyc le s  of t h e  

800 I I I I 
O+ 834 A 

.O 

MISSION ELAPSED TIME (HOURS OF DAY 2) 

Figure 8.  Diurnal v a r i a t i o n  of Of 834 emission compared 
t o  o p t i c a l l y  t h i n  theory.  Instrument w a s  viewing t h e  nad i r .  

Orbi ter  Environment 

A t  t he  moment t h e  experiment began taking da ta  on t h e  STS-7 mission, t h e  o r b i t e r  was i n  t h e  process of maneuvering f o r  
an I M U  alignment. 
40 minutes l a t e r ,  when t h e  o r b i t e r  was i n  darkness,  t h e  vernier  t h r u s t e r s  were f i r ed  t o  begin t h e  maneuver back t o  an e a r t h  
viewing a t t i t u d e .  
d e n s i t i e s  and increased pressure l e v e l s  i n s i d e  t h e  GAS cann i s t e r .  

The f i e l d  of view was swept from an e a r t h  viewing a t t i t u d e ,  through t h e  horizon and out  i n t o  space. 

A t  t h e  same moment t h e  SURE de tec to r  saw an impulse of s igna l  which is ind ica t ive  of both increased ion 
The sudden onset  of t hese  s igna l s  is shown i n  Figure 9. 

About 
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Figure 9.  Sudden impulse of s igna l  during t h e  night  coincident  
with start of o r b i t e r  maneuver. 

These da t a  point out  t h e  s u s c e p t i b i l i t y  of Shu t t l e  experiments t o  t h e  var ious contaminates created by o r b i t e r  systems. 
On t h e  other  hand we have demonstrated t h a t  high q u a l i t y  EUV spec t r a  can be obtained from t h e  Shu t t l e  platform. 
ana lys i s  using t h e  PATH da ta  w i l l  provide information on t h e  e f f e c t s  o f  regions of high p a r t i c l e  f lux such a s  t h e  South 
At l an t i c  Anomaly. 

Further 

REFERENCES 

1. Christensen, A.B., Geophys. Res. Let t . ,  3, 221, 1976. 

2. Gentieu, E.P., P.D. Feldman, and R.R.  Meier, Geophys. Res. Let t . ,  5, 325, 1979. 

3. 

4. Chakrabarti ,  S.F., F. Paresce,  S. b u y e r ,  R .  Kimble, and S. Kumar, J. Geophys. Res., E, 4898, 1983. 

5. Weller. C . ,  A I A A  Sixth Sounding Rocket Conference, 32, 1982. 

6. 

7. 

Gentieu, E.P., P.D. Feldman, R.W. Eastes,  and A.B. Christensen, Geophys. Res. Let t . ,  3, 1242, 1981. 

Conway, R.R., R.R. Meier, R.P. McCoy, D.K. Pr inz,  J.M. Young, and G.R. Carruthers ,  EOS, 64, 788. 1983. 

McCoy, R.P. and D.E. Anderson, Symposium on t h e  e f f e c t s  of t h e  ionosphere on C31 systems, Naval Research Laboratory, 
Washington, DC 20375, 1984. 

-156- 



. Title and Subtitle 

1984 GET AWAY SPECIAL EXPERIMENTER'S SYMPOSIUM 

. Author(s) 

1. Performing Organization Name and Address 
Clarke R. Prouty, Editor 

NASA Goddard Space Flight Center 
Greenbelt, MD 20771 

3. Recipient's Catalog No. 

5. Report Date 
J u l y  1984 

6. Performing Organization Code 

8. Performing Organization Report No 

740 

IO. Work Unit No. 

11. Contract or Grant No. 

13. Type of Report and Period Coverec 

Conference Pub l i ca t ion  2. Sponsoring Agency Name and Address 

National Aeronautics and Space Admini s t r a t i o n  
Washington, D.C. 20546 

14. Sponsoring Agency Code 

I 

5. Supplementary Notes , 

16. Abstract 

The 2984 Get Away Special (GAS)  Experimenter's Symposium will provide 
the f i r s t  formal opportunity for  GAS Experimenter's t o  share the resu l t s  
of t h e i r  projects. The focus of t h i s  symposium i s  on payloads that  have 
been flown on Shuttle missions, and on GAS payloads tha t  will be flown 
i n  the near future. 

17. Key Words (Selected by Author(s)) 
Get Away Special - flown and unflown 
Pay1 oads 

19. Security Classif. (of this report) 20. Security Clas I 

18. Distribution Statement 
Unclassified - unlimited 

STAR Category 1 2  

f. (of this page) I 21. No. of Pages I 22. Price" 

221 61 For sale by the National Technical Information Service, Springfield, Virginia 

NASA-Langley, 1984 


