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. 
INTRODUCTION 

During 1980 t h e  Panel ,  a s  i n  t h e  pas t ,  has a s s i g n e d  
a r e a s  o f  i n t e r e s t  t o  i t s  nembers. These s p e c i f i c  p e o p l e  
a r e  r e s p o n s i b l e  f o r  t h e  f a c t - f i n d i n g  i n  a g i v e n  a r e a  
a n d  a t  t i m e s  e n l i s t  t h e  a i d  o f  o t h e r  members t o  h e l p  them. 
As a p a r t  o f  o u r  r e g u l a r l y  s c h e d u l e d  f a c t - f i n d i n g  sess ions ,  
we have t i m e  t o  d i s c u s s  t h e  v a r i o u s  f a c t s  t h a t  t h e  members 
have a s c e r t a i n e d  SO ue can d e v e l o p  a concensus.  

I n  t h e  p r e p a r a t i o n  o f  t h e  Annua l  R e p o r t  t h e  i n d i v i d -  
u a l  members have w r i t t e n  t h e  s p e c i f i c  s e c t i o n s  f o r  w h i c h  
t h e y  have  been r e s p o n s i b l e .  Our r e p o r t  i d e n t i f i e r  t h e s e  
s e c t i o n s  and t h e  a u t h o r ,  a l t h o u g h  each s e c t i o n  does, i n  
f a c t ,  r e p r e s e n t  t h e  o p i n i o n  o f  t h e  P a n e l  as a whole.  

I n  t h e  p a s t  ue have had t h e  s u b j e c t  o f  a v i o n i c s .  
Dur ing  1980 t h i s  has been encompassed i n  t h e  h a r d w a r e  and 
s o f t w a r e  s e c t i o n s .  D u r i n g  t h i s  year,  e x p e r i e n c e  w i t h  t h e  
" b l a c k  boxes"  has m a t u r e d  and d i d  n o t  seem t o  w a r r a n t  a 
s e p a r a t e  t r e a t m e n t .  The m a t t e r  o f  i n t e r e s t  f rom an a v i -  
o n i c s  p o i n t  o f  v i e w  i s  t h e  s o f t w a r e  and t r e a t m e n t  o f  
changes. T h e r e  a r e  changes o c c u r r i n g  b u t  t h e y  a r e  u n d e r  
t h e  c o n t r o l  o f  t h e  C o n f i g u r a t i o n  B o a r d  and a r e  b e i n g  
h a n d l e d  p r o p e r l y .  
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'I. SUNMARY CONCLUSIONS 

The P a n e l  has s p e n t  t h e  m a j o r  p o r t i o n  o f  i t s  t i m e  
a n d  e f f o r t  i n  1980 on s a f e  r e a d i n e s s  of t h e  S h u t t l e  f o r  
i t s  f i r s t  f l i g h t ,  STS-1, n o u  s c h e d u l e d  f o r  t h e  s p r i n g  o f  
1981, The y e a r  has  been one o f  i n t e n s i v e  t e s t ,  r e v i e u ,  
and  s i m u l a t i o n .  T h i s  a c t i v i t y  has  u n c o v e r e d  some new 
a r e a s  o f  c o n c e r n  and n a r r o w e d  o t h e r s ,  but  i t  i s  s a f e  t o  
s a y  t h a t  t h e  S h u t t l e  has  p a s s e d  t h e  knee o f  t h e  m a t u r i t y  
cu rve .  

The S h u t t l e ' s  f i r s t  f l i g h t  w i l l  p r o v i d e  a v a r i e t y  
o f  d a t a  t h a t  s h o u l d  s u b s t a n t i a l l y  r e d u c e  many o f  t h e  un- 
c e r t a i n t i e s  and w i d e  v a r i a t i o n s  i n  p r e d i c t i o n s  n o u  t o n -  
f r o n t i n g  t h e  d e s i g n e r s .  However, work  4s s t i l l  underway 
and  any  p r e d i c t i o n  o f  r e a d i n e s s  must  be  c o n t i n g e n t  on  
t h i s  p l a n n e d  u o r k  b e i n g  s u c c e s s f u l l y  accomp l i shed .  T h e r e  
i s ,  i n  o u r  o p i n i o n ,  one p a r t i c u l a r l y  i m p o r t a n t  i t e m  and 
t h a t  i s  t h e  s u c c e s s f u l  c o m p l e t i o n  o f  t h e  f l i g h t  r e a d i n e s s  
f i r i n g .  Ue a l s o  have o u r  c o n s t a n t  c a v e a t  t h a t  t i m e  must  
b e  a l l o w e d  f o r  t h e  a s t r o n a u t s  t o  a d e q u a t e l y  t r a i n  f o r  
a n d  a b s o r b  any  l a t e  changes. 

The P a n e l  i s  o p t i m i s t i c  t h a t  t h e s e  r e s e r v a t i o n s  u i l l  
n o t  t u r n  o u t  t o  be  c o n s t r a i n t s  o r  u n d u l y  d e l a y  t h e  p r e s e n t  
f l i g h t  s c h e d u l e .  

The r e a d i n e s s  o f  t h e  S h u t t l e  f o r  t h e  b a t a n c e  o f  t h e  
f l i g h t s  i n  t h e  i n i t i a l  s e r i e s  i s  s t r i c t l y  a f u n c t i o n  o f  

t h e s e  f l i g h t s  expands t h e  f l i g h t  e n v e l o p e  and c h a l l e n g e s  
t h e  s y s t e m  more t h a n  t h e  p r e v i o u s  f l i g h t  i n  d e t e r m i n i n g  
t h e  c a p a b i l i t j e s  and  l i m i t a t i o n s  o f  t h e  system. F o r  
i n s t a n c e ,  t h e  c e n t e r  o f  g r a v i t y  f o r  t h e  f i r s t  f l i g h t  i s  
v e r y  n a r r o w l y  l i m i t e d  and can  o n l y  be  expanded i n t o  a 
more u s e f u l  r a n g e  by e x p e r i m e n t i n g  w i t h  v a r i a t i o n s  i n  t h e  
i n i t i a l  f l i g h t  s e r i e s .  T h i s  p r o g r e s s i v e  s e r i e s  r e q u i r e s  
t h a t  t h e  r e d u c t i o n  and a n a l y s i s  o f  d a t a  b e  a c c o m p l i s h e d  
b e t w e e n  f l i g h t s  so t h a t  l e s s o n s  l e a r n e d  can be a p p l i e d .  
I n  a d d i t i o n  t o  d a t a  a n a l y s i s ,  e x t e n s i v e  i n s p e c t i o n s  must  
b e  a c c o m p l i s h e d  a f t e r  e a c h  o f  t h e  e a r l y  f l i g h t s .  T h i s  
c a r e f u l  p r o g r a m  w i l l  o u t l i n e  t h e  l i m i t a t i o n s ,  if anyI 
o f  t h e  S h u t t l e  a s  a t r a n s p o r t  sys tem and p o i n t  o u t  t h e  
a r e a s  o f  improvemen t  n e c e s s a r y  i n  t h e  f i n a t  o p e r a t i o n a l  
v e h i c l e  t o  p r o v i d e  t h e  m i s s i o n  c a p a b i l i t y  and t u r n - a r o u n d  
tjme necessary .  

4 t h e  l e s s o n s  l e a r n e d  a s  t h e  s e r i e s  p r o g r e s s e s .  Each o f  



For some y e a r s  we have  been d i s t u r b e d  b y  t h e  i m p a c t  
o f  f u n d i n g  economies  on  t h e  NASA a p p r o a c h  t o  S T S - 1  i s s u e s ,  
W h i l e  t h i s  i s  n o t  d i r e c t l y  r e l a t e d  t o  s a f e t y ,  i t  may c r e a t e  
an  e n v i r o n m e n t  i n  which t h e  b e s t  s o l u t i o n s  t o  p r o b l e m s  a r e  

more r i s k  than n e c e s ~ a r y ,  As 1 p r o j e c t  such I S  t h e  S h u t t l e  
i s  i n e v i t a b l y  ahead o f  t h e  s t a t e  o f  t h e  a r t ,  I t  4s i m p o s s i b l e  
t o  know if, i n  f a c t ,  a m i n i m u m  r i s k  p r o g r a m  has  been ach ieved,  
hence, i t  i s  e q u a l l y  i m p r a c t i c a l  t o  q u a n t i f y  the P a n e l ' s  
p r e s e n t  assessnen t .  Ue do, houever,  u n a n i m o u s l y  f e e l  t h a t  
such  assessmen ts  be  a s  d e f i n i t i v e  a s  i t  i s  f e a s i b l e  t o  make 
then .  A c c o r d i n g l y ,  t h e  P a n e l  has  t h e s e  recommendat ions :  

' n o t  a l u a y s  p u r s u e d  and  n a y  r e s u l t  i n  t h e  a c c e p t a n c e  o f  

(1) P i o n e e r i n g  p rog rams  such  a s  t h e  S h u t t l e  must be  
c o n s e r v a t i v e l y  d e f i n e d  and a d e q u a t e l y  f u n d e d  a t  t h e  s t a r t  
and  t h r o u g h o u t  l i f e  i n  o r d e r  t o  i n s u r e  a t i m e l y  and s a t i s -  
f a c t o r y  c o n c l u s i o n  u i t h  a minimum o f  r i s k  and  maximum c o s t  
e f f e c t i v e n e s s .  

(2 )  S u f f i c i e n t  t i m e  must  be  s c h e d u l e d  be tween  f l i g h t s  
o f  t h e  i n i t i a l  t e s t  s e r i e s  t o  a n a l y z e  d a t a  and imp lemen t  
t h e  changes i n d i c a t e d  t o  u p g r a d e  t h e  s a f e t y  f o r  each subse-  
quent  c r i t i c a l  t e s t .  

(3) I n s u r e  t h a t  t h e  e v e n t u a l  o p e r a t i o n a l  o r g a n i z a t i o n  
i s  i n v o l v e d  i n  t h e  d e f i n i t i o n  o f  any  " p r o d u c t  improvemen t "  
p r o g r a m  f o r  t h e  o p e r a t i o n a l  S h u t t l e ,  

(4) D e f i n e  e a r l y  and imp lemen t  t h o s e  l o n g  t e r m  d e v e l o p -  
ments  n e c e s s a r y  f o r  t h e  o p e r a t i o n a l  S h u t t l e ;  f o r  i n s t a n c e ,  
u p r a t e d  e n g i n e s  f o r  more demanding m i s s i o n s .  

4 ( 5 )  D e v e l o p  and fmp lement  a more e f f e c t i v e  method 
o f  a s s u r i n g  q u a l i t y  c o n t r o l ,  p a r t i c u l a r l y  u i t h  r e s p e c t  t o  
r o u t i n e  a s  w e l l  as  new and  u n u s a l  m a t e r i a l s .  

1980 has  been a y e a r  o f  i n t e n s i v e  a c t i v i t y  on  t h e  p a r t  
of  t h e  p r o g r a m  and  s c r u t i n y  and  r e v i e w  by o u t s i d e  groups .  
D u r i n g  t h i s  p rocess ,  many q u e s t i o n s  have s u r f a c e d  and been 
e x p l a i n e d  o r  a c t e d  upon, The e n g i n e  has  m a t u r e d  and ue now 
know how t o  e f f e c t i v e l y  a t t a c h  t i l e s .  Consequent ly ,  t h e  
r a t e  o f  changes has  s u b s i d e d  someuhat, The P a n e l  i s  com- 
f o r t a b l e  w i t h  what  i t  sees f o r  STS-1 and i s  happy t h a t  i t s  
recommenda t ions  t h i s  y e a r  a r e  g e n e r a l ,  n o t  t e c h n i c a l l y  
s p e c i f i c .  
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2. NASA R E V I E W  SYSTEN 

The Aerospace S a f e t y  A d v i s o r y  P a n e l  was e s t a b l i s h e d  
by Congress  i n  the i f t t r a r t h  o f  t he  A p o l l o  204 t r a g e d y  t o  
p r o v i d e  NASA r n d  Congress  w 4 t h  a n  i n d e p e n d e n t  assessment  
o f  t h e  a c c e p t r b i l i t y  o f  r i s k  a s s o c i a t e d  w i t h  NASA's  space 
and a e r o n a u t i c s  programs, p a r t i c u l a r l y  t h o s e  i n v o l v i n g  
manned f l i g h t .  As t h i s  and  p r i o r  a n n u a l  r e p o r t s  i n d i c a t e ,  
t h e  P a n e l  t r k e s  i t s  r e s p o n s i b i l i t i e s  s e r i o u s l y .  Ye be- 
l i e v e  t h a t  NASA r e s p o n d s  i n  I s i m i l a r  way t o  t h e  P a n e l ' s  
f i n d i n g s  and  r e c o m m e n d r t ~ o n r .  We w o u l d  n o t  h e s i t a t e  t o  
d e c l a r e  t h a t  a p r o g r a m  i n v o l v e d  an u n a c c e p t a b l e  deg ree  o f  
r i s k  3 f  t h a t  w a s  our c o l l e c t i v e  judgment .  

None the less ,  even  t h e  most  d i l i g e n t  p a n e l  o f  o u t s i d e  
e x p e r t s  c a n n o t  s u b s t i t u t e  f o r  a c o n s c i c n t ~ o u s ,  f i g o r o u t ,  
and  u e l l - d e s i g n e d  s y s t e m  o f  r e v i e w  m a i n t a i n e d  b y  N A S A  i t -  
s e l f .  I n  t h e  case o f  t h e  Space S h u t t l e ,  a s  i n  a l l  a e r o -  
space endeavors,  r i s k s  u l t i m a t e l y  w i l l  be  j u d g e d  on  t h e  
b a s i s  o f  c r i t e r i a  e s t a b l i s h e d ,  i n t e r p r e t e d ,  and  e n f o r c e d  
by t h e  p r o g r a m  i t s e l f ,  c u l m i n a t i n g  i n  t h e  f i n a l  r e a d i n e s s  
r e v i e w s  c o n d u c t e d  by  NASA's t o p  management. P a n e l  members 
w i l l  a l s o  p a r t i c i p a t e  i n  t h e s e  f i n a l  r e v i e w s .  

On t h e  b a s i s  o f  f r e q u e n t  m e e t i n g s  t h r o u g h o u t  t h e  
S h u t t l e ' s  deve lopment ,  t o u c h i n g  a l l  m a j o r  areas,  t h e  P a n e l  
b e l i e v e s  t h a t  t h e  f i r s t  manned o r b i t a l  f l i g h t  w i l l  o c c u r  
o n l y  when NASA's t o p  management is c o n v i n c e d  t h a t  t h e  
l e v e l  o f  r i s k  i s  a c c e p t a b l e .  The r e v i e w  sys tem has been 
d e s i g n e d  t o  p e r m i t  N A S A  management a c c e s s  t o  a b r e a d t h  o f  
i n f o r m e d  o p i n i o n  on t h e  s t a t u s  o f  a l l  m a j o r  systems.  T h e r e  
i s  e v e r y  r e a s o n  t o  b e l i e v e  t h a t  s e r i o u s  r e s e r v a t i o n s  h e l d  
by  any  management l e v e l  w o u l d  be  b r o u g h t  t o  t o p  managesca t ' s  

a a t t e n t i o n  and  c a r e f u l l y  c v r l u a t e d .  I t  i s  n o t e u o r t h y  t h a t  
i n  k e y  a r e a s  o f  S h u t t l e  development ,  such  a s  t h e  ma in  e n g i n e  
and t h e r m a l  p r o t e c t i o n  system, more r i g o r o u s  p e r f o r m a n c e  
c r i t e r i a  have been s u b s t i t u t e d  f o r  t h e  i n i t i a l  s t a n d a r d s  i n  
r e s p o n s e  t o  deve lopmen t  p rob lems .  T h i s  has been done even 
t h o u g h  t h e s e  new c r i t e r i a  uere  l i k e l y  t o  r e s u l t  i n  f u r t h e r  
p r o g r a m  d e l a y s .  O f  c o u ~ s c ,  t h i s  i s  n o  g u a r a n t e e  a g a i n s t  
a c a t a s t r o p h i c  f a i l u r e  but  i t  r e v e a l s  an a t t i t u d e  o f  mind 
and  commitment  t o  s a f e t y  t h a t  s h o u l d  be welcomed--as w e l l  
a s  expec ted -by  Congress  and t h e  p u b l i c .  

I n  m a k i n g  t h i s  j udgmen t  a s  t o  t h e  adequacy  o f  NASA's 
r e v i e w  p r ~ ~ e d ~ r e s ,  t h e  P a n e l  f e e l s  c o m p e l l e d  t o  o f f e r  a 
f u r t h e r  o b s e r v a t i o n  o n  t h e  funding and  management p h i l o s o p h y  
t h a t  has  c h a r a c t e r i z e d  t h e  S h u t t l e  p r o g r a m  s i n c e  I t s  inseP'  
t i o n  a n d  t h a t  m r k c t  i t  c o n s i d e r a b l y  more d i f f i c u l t  t o  
m r i n t a i n  t h i s  " s a f e t y - f i r s t ' '  commitment. F r o m  t h e  moment 
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o f  i t s  i n c e p t i o n ,  t h e  Space S h u t t l e  p r o g r a m  h a s  b e e n  
s e r i o u s l y  u n d e r f u n d e d  and  i t s  " s u c c e s s - o r i e n t e d "  o r  
"success-dependent ' '  schedule, a d i r e c t  o u t g r o u t h  o f  t h i s  

. . u n d e r f u n d i n g ,  has been c o n s i s t e n t l y  t o o  o p t i m i s t i c .  The 
t e c h n o l o g i c a l  d i f f i c u l t y  o f  d e s i g n i n g  and b u i l d i n g  a 
r e u s a b l e  space v e h i c l e ,  w h i l e  a p p r e c i a t e d  f u l l y  by 
S h u t t l e  managers and eng i r reers ,  has  n e v e r  b e e n  f u l l y  
comprehended by e i t h e r  Congress  o r  t h e  p u b l i c .  The 
i n i t i a l  c l a i m  t h a t  t h e  S h u t t l e  w o u l d  be  c o n s t r u c t e d  
w i t h  " o f f - t h e - s h e l f "  t e c h n o l o g y  was b o t h  u n i n f o r m e d  and  
r e g r e t t a b l e .  

Tuo a r e a s  o f  S h u t t l e  d e v e l o p m e n t - - t h e  m a i n  e n g i n e  
and t h e  t h e r m a l  p r o t e c t i o n  system-have g e n e r a l l y  v i e d  
w i t h  each o t h e r  f o r  t h e  d u b i o u s  d i s t i n c t i o n  o f  b e i n g  
t h e  " l o n g  p o l e  i n  t h e  t e n t . "  I t  i s  s t r i k i n g ,  however, 
t h a t  t h e  P a n e l  i n  i t s  c o n t i n u i n g  r e v i e w s  has  e n c o u n t e r e d  
few deve lopmen1 a r e a s  t h a t  have been a b l e  t o  a d h e r e  t o  
a n y t h i n g  l i k e  t h e  i n i t i a l  b u d g e t  o r  schedu le .  I n  r e a l i t y ,  
t h e  S h u t t l e  p r o g r a m  i s  a t e n t  f i l l e d  w i t h  l o n g  p o l e s ,  
i n c l u d i n g  such  c r i t i c a l  a r e a s  a s  s o f t w a r e  deve lopmen t  
and t e s t i n g ,  c r e w  t r a i n i n g ,  f l i g h t  c o n t r o l s ,  l a u n c h  p r o -  
cess ing ,  s t r u c t u r a l  adequacy, a s  w e l l  a s  t h e  m a i n  e n g i n e  
and t h e r m a l  p r o t e c t i o n  system. 

T h i s  f a c t  s u g g e s t s  t o  t h e  P a n e l  t h a t  i n i t i a l  f u n d i n g  
and  s c h e d u l e  commitments were s e r i o u s t y  i n  e r r o r .  I t  i s  
d i f f i c u l t  t o  a s c e r t a i n  u l t i m a t e  r e s p o n s i b i l i t y  o r  m o t i v a t i o n  
f o r  t h i s  s i t u a t i o n .  Some c r i t i c s  w i l l  p o i n t  t o  t h e  O f f i c e  
o f  Management and Budget  and t h e  w h i t e  House i n  t h e  Nixon, 
Ford, and C a r t e r  A d m i n i s t r a t i o n s  a s  m a j o r  c o n t r i b u t o r s  
by k e e p i n g  an u n r e a l i s t i c ,  i n d e e d  a r b i t r a r y ,  l i d  on  
S h u t t l e  deve lopmen t  f u n d i n g .  O t h e r s  w i l l  p o i n t  t o  N A S A  
management f o r  a c q u i e s c i n g  t o o  r e a d i l y  t o  t h e s e  u n r e a l i s t i c  
l i m i t a t i o n s .  S t i l l  o t h e r s  w i l l  say  t h a t  Congress  s h o u l d  
have been more a l e r t  t o  t h e  f u n d i n g  and s c h e d u l e  problems,  
even t h o u g h  Congress  has c o n s i s t e n t l y  v o t e d  w h a t e v e r  f u n d s  
t h e  r e s p e c t i v e  A d m i n i s t r a t i o n s  have r e q u e s t e d ,  I t  4s 
u n d o u b t e d l y  t r u e  t h a t  N A S A  management and S h u t t l e  c o n t r a c t o r s  
c o u l d  nave done a o e t r e r  j o b  o f  u s i n g  t h e  r e s o u r c e s  t h a t  
were  a v a i l a p l e .  I t  i s  t o  t h e  c r e d i t  o f  NASA's c u r r e n t  
team,up t o  and  i n c l u d i n g  t h e  A d m i n i s t r a t o r , t h a t  t h e y  have  
I n s i s t e d ,  a g a i n s t  c o n s t a n t  and  r e c u r r i n g  c r i t i c i s n ,  t h a t  
t h e  S h u t t l e  sys tems  b e  f i x e d  and p a s t  o m i s s i o n s  be  c o r r e c t e d  
w h a t e v e r  t h e  b u d g e t  o r  s c h e d u l e  i m p a c t  -- a l l  i n  t h e  in - -  
t e r e s t  o f  a r e a s o n a b l e  STS-1 r i s k .  I n  t h e  end, i t  i s  l e s s  
i m p o r t a n t  t o  a f f i x  u l t i m a t e  "blame" f o r  t h e  p r e s e n t  s i t u a -  
t i o n  than i t  i s  t o  r e c o g n i z e  and a c t  on t h e  lessons  of t h i s  
unhappy e x p e r i e n c e .  Yhat  a r e  t h e s e  t e t s o n r ?  
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F i r s t ,  u n r e a l i s t i c  b u d g e t s  a n d  s c h e d u l e s  p l a c e  an 
e x t r a o r d i n a r y  and  p o t e n t i a l l y  dangerous  b u r d e n  o n  p r o g r a m  
n r n 8 g e r s  t o  c u t  c o r n e r s  i n  8 w8y t h a t  c o u l d  jcop8rdite 
sa fe ty ,  A t  one v e t e r a n  o f  t h e  space business observed t o  

. t h e  P a n e l :  " t h e  sys tem encourages  managers t o  be u n r e a l -  
i s t i c , "  I t  speaks  w e l l  o f  t h e  S h u t t l e  p r o g r a m  management 
t h a t  t h e y  have n o t  a l l o w e d  t h i s  t o  i m p a c t  s a f e t y .  

a b a r g a i n  basement space program. E i t h e r  a C l i m a t e  o f  
o p i n i o n  e x i s t s  among t h e  E x e c u t i v e ,  Congress, and  t h e  
p u b l i c  t h a t  r e c o g n i z e s  t h e  s i g n i f i c a n t  c o s t s  and  b e n e f i t s  
o f  space R L D  o r  i t  d o e s n ' t .  I f  i t  d o e s n ' t r  t h e  S h u t t l e  
e x p e r i e n c e  s u g g e s t s  t h e  wisdom o f  n o t  t r y i n g  t o  compensate  
f o r  t h i s  l a c k  of  s u p p o r t  b y  d e s i g n i n g  a p r o g r a m  where  
e v e r y t h i n g  i s  supposed t o  w o r k  t h e  f i r s t  t i m e  i t  i s  t r i e d .  
To s a y  i t  c l e a r l y :  d o n ' t  b e g i n  m a j o r  a e r o s p a c e  p r o g r a m s  
u n l e s s  t h e  n a t i o n ' s  e l e c t e d  l e a d e r s h i p  i o  r e a d y  t o  p r o v i d e  
a r e a l i s t i c  base o f  s u p p o r t .  Moreover ,  a l t h o u g h  i t  i s  
i m p o s s i b l e  t o  p r o v e r  t h e  P a n e l  has t h e  s t r o n g  r u c p i c i o n  
t h a t  a more r e a l i s t i c  b u d g e t  f o r  t h e  Space S h u t t l e  e a r l i e r  
i n  t h e  p r o g r a m  w o u l d  have saved money i n  t h e ' t o q g  run, 
as  w e l l  a s  p r o d u c e d  an O r b i t e r  t h a t r o w  w o u l d  be w e l l  
a l o n g  i n  i t s  f l i g h t  t e s t  program. 

d e g r e e  o f  b u d g e t a r y  " r e a l i s m "  i n  a p e r i o d  o f  i n f l a t i o n  
and f i s c a l  r e s t r a i n t .  None the less ,  s i n c e  a c o n t i n u a t i o n  
o f  t h e  "success  dependen t "  f u n d i n g  p h i l o s o p h y  e n t a i l s  t h e  
p o t e n t i a l  of  e r o d i n g ,  o v e r  t i m e ,  t h e  b a s i c  commitment  t o  
s a f e t y  t h a t  must c h a r a c t e r i z e  t h e  U.S. space program, t h e  
P a n e l  b e l i e v e s  i t  i s  t i m e l y  and a p p r o p r i a t e  t o  e x p r e s s  
t h e s e  v iews .  

Second, t h e  U n i t e d  S t a t e s  c a n n o t  e x p e c t  t-o s u s t a i n  

These o b s e r v a t i o n s  c a l l  f o r  what may be  an i m p o s s i b l e  

, 



3. HAROUARE SYSTEMS 

I 
B a s i c  S t r  Acturc 

Under  " S t r u c t u r a l  Adequacy'' t h e  u n i q u e  e n v i r o n m e n t a l  
r e q u i r e m e n t s  t h a t  a f f e c t  t h e  s t r e n g t h  and  d e f o r m a t i o n  o f  
t h e  O r b i t e r  s t r u c t u r e  w i l l  be covered. From I f unc t i ona l  
s t a n d p o i n t ,  t h e  s t r u c t u r e  i s  s t r a i g h t f o r w a r d  a n d  c o r r e s p o n d s  
t o  good s t a n d a r d  p r a c t i c e .  T e s t s  have  c o n f i r m e d  i t s  ade- 
quacy  i f  t h e  t h e r m a l  p r o t e c t i o n  s y s t e m  f u l f i l l s  i t s  d e s i g n  
g o a l  t o  keep s t r u c t u r a l  t e m p e r a t u r e s  and g r a d i e n t s  w i t h i n  
d e s i g n  l i m i t s .  

I t  s h o u l d  b e  n o t e d  t h a t  r t t a c h m e n t  o f  h i g h  t e m p e r a t u r e  
n o n m e t a l l i c  e l e m e n t s  o f  t h e  s t r u c t u r e  ( l e a d i n g  edges)  t o  
t h e  a lum inum i s  a u n i q u e  and complex  prob lem.  T e s t s  have 
been accompl ished,  and  w i l l  c o n t i n u e ,  t o  a s s u r e  t h e  adequacy 
o f  t h e s e  m e c h a n i c a l  a t t a c h m e n t s .  Such a t t a c h m e n t s  as  w e l l  
as  m o v i n g  s u r f a c e  sea ls ,  and h i n g e  b r a c k e t s  have a l l  been 
t e s t e d  w i t h i n  t h e  c a p a b i l i t i e s  o f  g r o u n d  t e s t  f a c i l i t i e s .  
Based on  such  t e s t s  and t h r o u g h  ana lyses ,  i t  i s  b e l i e v e d  
t h a t  t h e  e n v i r o n m e n t  o f  t h e  p l a n n e d  STS-1  f l i g h t  can  be  
f u l l y  s u s t a i n e d  by t h e s e  o r b i t a l  v e h i c l e  e lemen ts .  

The u n i q u e  v i b r a t i o n  e n v i r o n m e n t  f o r  h o l d  down and 
l a u n c h  i s  s e v e r e  and p r e l i m i n a r y  f i r i n g  o f  t h e  m a i n  e n g i n e s  
must  b e  f o l l o w e d  b y  m i n u t e  i n s p e c t i o n  u h c r e  f e a s i b l e  n o t  
o n l y  o f  t h e  t h e r m a l  p r o t e c t i o n  sys tem components b u t  a l s o  
t h e  f l i g h t  c o n t r o l  system, p a r t i c u l a r l y  t h e  s u r f a c e s  and 
t h e i r  a t t a c h m e n t s ,  sea ls ,  h inges ,  and a c t u a t o r s .  

4 T h e r e  a r e  s e v e r a l  u n i q u e  and c r i t i c a l  d o o r  o p e r a t i o n s  
t h a t  must  be s u c c e s s f u l  i f  t h e  S h u t t l e  i s  t o  c o m p l e t e  i t s  
m i s s i o n .  The f i r s t  i s  t h e  c l o s u r e  o v e r  t h e  l a r g e  c r y o -  
g e n i c  c o n n e c t i o n s  ( l i q u i d  oxygen  and l i q u i d  h y d r o g e n  
l i n e s )  be tween  t h e  e x t e r n a l  t a n k  and t h e  O r b i t e r .  T h i s  
d o o r  sys tem i s  u n i q u e  i n  t h a t  i t  must  be  f u l l  open and 
f l a t  o n  t h e  b o t t o m  s u r f a c e  o f  t h e  O r b i t e r  and  must  be 
l o c k e d  i n  t h i s  p o s i t i o n  t o  s u r v i v e  t h e  s e v e r e  l a u n c h  en- 
v i r o n m e n t .  Once s e p a r a t i o n  o f  t h e  e x t e r n a l  t a n k  t a k e s  
p l a c e ,  t h e  compar tment  r n d  t h e  l i n e  t e r m i n a t i o n s  must  be 
r o t a t e d  180° t o  f i t  f l u s h  w i t h  t h e  b e l l y  o f  t h e  O r b i t e r  
w i t h  t h e i r  complement  o f  t h e r m a l  p r o t e c t i o n  t i l e s  i n  
p o s i t i o n  t o  p r o t e c t  t h e  c l o s e d  d o o r  s u r f a c e  d u r i n g  r e e n t r y .  
The c l o s i n g  and  l o c k i n g  o f  t h i s  d o o r  i n  t h e  h i g h  h e a t  p o r t i o n  
o f  t h e  b e l l y  i s  e s s e n t i a l  f o r  s a f e  r e e n t r y .  I n d i c r t i o n s  
o f  c l o s u r e  o f  t h i s  d o o r  p a i r  do n o t  f o l l o w  modern t r a n s p o r t  
a i r c r a f t  p r a c t i c e  f o r  r e l i a b i l i t y  o f  i n d i c r t i o n ,  but  t h e  
d o o r  a c t u a t i o n  and l o c k i n g  sys tem appear  a d e q u a t e  and 8 
m u l t i p l i c i t y  o f  g r o u n d  t e s t s  a f f i r m  t h i s  adequacy. There  
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i s  l i t t l e  t h a t  t h e  a s t r o n a u t s  can  do, e x c e p t  " recyc le, "  
i f  t h e  d o o r  l o c k  i n d i c a t i o n s  show an  " u n l o c k "  s i t u a t i o n  
t h u s  t h e  r e l i r b 4 l i t y  o f  i n d i t a t 4 o n  may be  t h e  l e a s t  c r i t i c a l  
element o f  t h e  system. 

. .  The u n i q u e n e s s  o f  t h e  p a y l o a d  b a y  d o o r s  i s  t h e i r  l a r g e  
s i t e  (2  doors,  each a p p r o x i m a t e l y  60' x 10'1, which, 
c o u p l e d  w i t h  t h e i r  c o o l i n g  p a n e l s  and  t h e  t h e r m a l  e n v i r o n -  
ment e x t r e m e s  ( i n c l u d i n g  o r b i t a l  soak) ,  impose s t r i n g e n t  
demands o n  t h e  l o c k i n g  and h i n g e  sys tems  t o  a c h i e v e  p o s i t i v e  
c l o s u r e  f o r  r e e n t r y .  The door  sys tem i n c o r p o r a t e s  s e a l s  
and s l i d i n g  c o n n e c t i o n s  be tween  d o o r  e l e m e n t s  S O  t h a t ,  
once l o c k e d  t h e  d o o r  s t r u c t u r e  c o n t r i b u t e s  t o  t h e  " S t i f f n e s s "  
o f  t h e  body  s t r u c t u r e  i n  b e n d i n g  and t o r s i o n .  S i n c e  t h i s  
c o n t r i b u t i o n  may be i n c o n s i s t e n t  due t o  l o c k  r i g g i n g  and 
seal  wear,  i t  has  been a s c e r t a i n e d  t h a t  S h u t t l e  c o n t r o l  
m a r g i n s  a r e  adequa te  even  when t h e  " s t i f f n e s s "  c o n t r i b u t e d  
by t h e  d o o r s  was assumed t o  be  n o n e x i s t e n t .  I n  s p i t e  o f  
t h i s  marg in,  i t  i s  e s s e n t i a l  t h a t  t h e s e  d o o r s  be l o c k e d  
du r ing  r e e n t r y .  The ' ' l ocked"  i n d i c a t i o n  sys tem has  e l e m e n t s  
o f  h a z a r d  but  t h e  sys tem can l a r g e l y  be v i s u a l l y  i n s p e c t e d  
f r o m  t h e  a f t  c r e u  s t a t i o n  t h r o u g h  a window i n  t h e  f o r w a r d  
w a l l  o f  t h e  p a y l o a d  bay. T h i s  " c o n f i r m a t i o n "  must  be 
i n c l u d e d  i n ' t h e  c rew p r o c e d u r e s  and t r a i n i n g  f o r  STS-1 
u n t i l  a more d i r e c t  sys tem o f  " d o o r s - l o c k e d "  i s  i n c o r p o r -  
a t e d  i n  t h e  O r b i t e r .  

r Systems 
/-- 

=% 

-1 The t h r e e  e l e c t r i c a l  power sys tems and  t h e  three( ,  
c r y o g e n i c  powered  f u e l  c e l l s  a r e  based  on  p a s t  expc r ieF icc  
i n  t h e  A p o l l o  and  S k y l a b  p rog rams  and c a r e f u l  a n a l y s i s  
o f  p o t e n t i a l  f a i l u r e s  and  emergenc ies .  The p l a n n e d  

c o v e r  a r e a s o n a b l e  s e r i e s  o f  f a i l u r e  c o n j e c t u r e s .  
4 down-moding o f  t h e  sys tem a p p e a r s  r a t i o n a l  and s h o u l d  

A s i m i l a r  3 - s o u r c e  a p p r o a c h  was t a k e n  i n  t h e  case 
o f  t h e  h y d r a u l i c  power  needed f o r  O r b i t e r  f l i g h t  c o n t r o l s ,  
m a i n  e n g i n e  v e c t o r i n g ,  l a n d i n g  g e a r  e x t e n s i o n ,  brakes,  e t c .  
T h r e e  a u x i l i a r y  power  u n i t s  a r e  i n s t a l l e d  i n  t h e  compar t -  
m e n t  a f t  o f  t h e  p a y l o a d  bay. T e s t  e x p e r i e n c e  w i t h  t h e s e  
u n i t s  has  been  i n c o n s i s t e n t .  The P a n e l  has  r e p e a t e d l y  
r e v i e w e d  p r o g r e s s  and  i n v e s t i g a t e d  O r b i t e r  c o n t r o l  on  
t h e  a s s u m p t i o n  t h a t  one o r  t w o  o f  t h e s e  u n i t s  f a i l  d u r i n g  
a m i s s i o n .  C o n t r o l  a p p e a r s  t o  be a d e q u a t e  w i t h  one f a i l u r e  
and p o s s i b l e  ( w i t h  n e a r l y  p e r f e c t  i n i t i a l  e n t r y  c o n d i t i o n s )  
u i t h  2 u n i t s  o u t .  T h i s  a p p e a r s  t o  b e  a r e a s o n a b l e  b a s i s  
f o r  S T S - 1  f l i g h t .  

A s i m i l a r ,  but  tuo a u x i l i a r y  poucr unft h y d r a u l f c  
s y s t e m  i s  i n s t a l l e d  i n  each  o f  t h e  t w o  s o l i d  b o o s t e r s .  
T h i s  s y s t e m  has  a v e r y  s h o r t  m i s s i o n  t i m e  i n  w h i c h  i t  
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must  o p e r a t e  w h i c h  c a n  j u s t i f y  t h e  a s s u m p t i o n  t h a t  d u a l  
r e d u n d a n t  r a t h e r  t h a n  t r i p l e  r e d u n d a n t  a s s u r a n c e  i s  
adequate.  An a d d i t i o n a l  h a z a r d  t h a t  can  b e  r e c t i f i e d  
i n  l a t e r  f l i g h t s  i s  t h e  f a u l t  o f  t h e  i n s t a l l a t i o n  where 
one u n i t  i s  fn  t h e  p l a n e  of  t h e  t u r b i n e  w h e e l  of  t h e  

. o t h e r  t h e r e b y  p o s s i b l y  e x p o s i n g  bo th  u n i t s  t o  8 f a i l u r e  
' i n  one. T h i s  i s  a s u f f i c i e n t l y  r e m o t e  h a z a r d  t h a t  i t  

can  be  a c c e p t e d  f o r  e a r l y  t e s t  f l i g h t s  but  changer  s h o u l d  
b e  made i n  subsequen t  o p e r a t i o n a l  s o l i d  r o c k e t  b o o s t e r s .  

S e p a r a t i o n  Sys tems 

Ground t e s t i n g  has  c o n f i r m e d  t h e  r e p e a t a b i l i t y  o f  
t h e  major s e p a r a t i o n  e l e m e n t s  (be tween O r b i t e r ,  e x t e r n a l  
t a n k  and s o l i d  r o c k e t  b o o s t e r s )  as  w e l l  a s  t h e  l a c k  o f  
h a z a r d  t o  t h e  t h e r m a l  p r o t e c t i o n  sys tems  f r o m  any  d e b r i s .  
One c o n j e c t u r e d  h a z a r d  du r ing  t h e  l a u n c h  t h a t  has  n o t  
been shown t o  be i n c o n s e q u e n t i a l  b y  g r o u n d  t e s t i n g  has  
been  t h e  p o s s i b i l i t y  o f  i c e  f o r m a t i o n  on  t h e  O r b i t e r - e x -  
t e r n a l  t a n k  a t t a c h m e n t  members o f  t h e  s e p a r a t i o n  system. 
T h i s  i c e ,  i f  shed d u r i n g  ascent ,  c o u l d  damage t h e  t h e r m a l  
p r o t e c t i o n  s u r f a c e s .  To e l i m i n a t e  t h i s  p o s s i b i l i t y  f o r  
STS-1 s p e c i a l  p r e c a u t i o n s  a r e  b e i n g  t a k e n  a t  t h e  l a u n c h  
p a d  t o  p r e v e n t  i c e  f o r m a t i o n  w h i c h  r e s u l t s  f r o m  f u e l i n g  
w i t h  c r y o g e n i c  l i q u i d s .  F l i g h t  and l a u n c h  e x p e r i e n c e  
w i l l  c o n f i r m  t h e  p r e v a l e n c e  o f  t h i s  h a z a r d  and may s u g g e s t  
s i m p l e  ways t o  a v o i d  i t  i n  t h e  f u t u r e .  

E x h a u s t  gas  f r o m  t h e  b o o s t e r  s e p a r a t i o n  m o t o r s  on  
t h e  s o l i d  r o c k e t  b o o s t e r s  i m p a c t i n g  t h e  O r b i t e r  s u r f a c e  
i s  a cause o f  some c o n c e r n  b u t  t h e  e x p o s u r e  t i m e  and 
i m p a c t  e n e r g y  do n o t  appear  s u f f i c i e n t  t o  c r e a t e  an STS-1 
hazard .  I n s p e c t i o n  o f  t h e  t h e r m a l  p r o t e c t i o n  t i l e  a f t e r  
t h e  S T S - 1  m i s s i o n  may i n d i c a t e  t h a t  t h i s  e f f e c t  i s  p r e s e n t  
bu t  t h e  P a n e l  b e l i e v e s  t h a t  t h i s  c o n c e r n  i s  u n n e c e s s a r i l y  
c o n s e r v a t i v e .  

f l i s h t  C o n t r o l  Systems 

Rudder  D i v e  B r a k e  System 

Of  a l l  t h e  m e c h a n i c a l  sys tems  on t h e  O r b i t e r  r e q u i r e d  
f o r  r e e n t r y  and l a n d i n g  t h e  P a n e l  b e l i e v e s  t h a t  t h e  
r u d d e r - d i v e - b r a k e  a c t u a t i o n  sys tem p r e s e n t s  t h e  maximum 
p o t e n t i a l  f o r  f a i l u r e .  The " s e r i e s "  n a t u r e  o f  t h e  system, 
i t s  d i f f e r e n t i a l  g e a r  se ts ,  t h e  s i n g u l a r  s u r f a c e  f r o m  r o o t  
t o  t i p  a l l  add  up t o  a l i s t  o f  i n d i v i d u a l l y  c r i t i c a l  eke- 
a e n t s .  The f a i l u r e  o f  any  one o f  t h e s e  c o u l d  i n v a l i d a t e  
t h e  t r i p l y  r e d u n d a n t  h y d r a u l i c  m o t o r  sys tem p r o v i d e d  f o r  
a c t u a t i o n .  Inspect ion,  ground t e s t i n g ,  and i n c o r p o r a t i o n  
o f  f i x e s  (some o f  w h i c h  a r e  i n  t h e  s o f t w a r e )  p r o v i d e  
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s u f f i c i e n t  c o n f i d e n c e  t o  a c c e p t  t h i s  sys tem f o r  S T S - I .  How- 
ever, t h e  P a n e l  b e l i e v e s  t h a t  t h e r e  a r e  o b v i o u s  changes 
i n  sys tem c o n c e p t  t h a t  s h o u l d  b e  i n c o r p o r a t e d  b e f o r e  t h e  
Orbiter is q u a l i f i e d  f o r  r o u t i n e  opcrition. 

E l e v o n  a n d  Body F l a p  C o n t r o l s  

As a r e s u l t  o f  a m a j o r  d e s i g n  r e v i e w  s e v e r a l  y e a r s  ago, 
t h e  O r b i t e r  d e s i g n  team r e s p o n d e d  t o  e l e v o n  a n d  body  f l a p  
c o n t r o l  s y s t e m  c o n c e r n s  by r e d u c i n g  t h e  s i n g l e  p o i n t s  o f  
f a i l u r e  t h a t  c o u l d  i n v a l i d a t e  t h e  t r i p l e  redundancy  con- 
c e p t  o f  t h e  h y d r a u l i c  power  system. T h i s  improvement,  
c o u p l e d  w i t h  t h e  m e t i c u l o u s  s i m u l a t i o n  and i n s p e c t i o n  o f  
t h e  p r e s e n t  sys tems  r e d u c e s  t h e  r i s k  dur ing  t h e  f i r s t  t e s t  
f l i g h t s  t o  an a c c e p t a b l e  l e v e l ,  

B o t h  e l e v o n s  a n d  body  f l a p  u s e  s e t s  o f  s i n g l e  a c t u a t o r s  
i n t o  w h i c h  a l l  t h r e e  h y d r a u l i c  sys tems  a r c  fed. Thus t h e s e  
i n d i v i d u a l  r c t u a t o r s  become s i n g l e  p o i n t  f a i l u r e  hazards .  
Such r f a i l u r e  w o u l d  appear  t o  be  r e m o t e  a n d  a change i n  
t h i s  c o n c e p t  i s  n o t  s u g g e s t e d  f o r  t h e  f l i g h t  t e s t  program. 

T h r u s t  V e c t o r  C o n t r o l s  on M a i n  E n g i n e s  rnd  
S o l i d  Rocke t  B o o s t e r s  

As n o t e d  p r e v i o u s l y ,  t h e  s o l i d  r o c k e t  t h r u s t  v e c t o r  
c o n t r o l s  a r e  o f  a d u a l  r e d u n d a n t  t y p e  w i t h  t w o  power u n i t s  
i n  each b o o s t e r  s u p p l y i n g  t h e  h y d r a u l i c  power t o  a c t u a t o r  
p i s t o n s .  The S p a c e  S h u t t l e  ma in  e n g i n e  g i m b a l  c o n t r o l s  
a r e  s i m i l a r  i n  t h a t  t h e y  have 8 d u a l  r e d u n d a n t  power 
s o u r c e  each  f r o m  a d i f f e r e n t  c o m b i n a t i o n  o f  t h e  t h r e e  
power u n i t s  i n  t h e  O r b i t e r .  T h i s  seeming i n c o n s i s t e n c y  

but  o n l y  t w o  a r e  u s e d  p e r  e n g i n e  c a n  be, a t  l e a s t  p a r -  
t i a l l y ,  j u s t i f i e d  by  t h e  f a c t  t h a t  t h e r e  i s  a h y d r a u l i c  
power  l o c k - u p  mode t h a t  m a i n t a i n s  a f i x e d  t h r u s t  d i r e c t i o n  
i n  t h e  e v e n t  o f  t w o  a u x i l i a r y  power u n i t  f a i l u r e s  t h e r e b y  
l e a v i n g  t h e  o t h e r  t w o  e n g i n e  t h r u s t  v e c t o r  c o n t r o l s  t o  
h e l p  m a i n t a i n  O r b i t e r  f l i g h t  d i r e c t i o n .  

1 i n  c o n c e p t  where t h e r e  a r e  t h r e e  a u x i l i a r y  power s o u r c e s  

B o t h  v e c t o r  c o n t r o l  sys tems  u s e  s i n g l e  p i s t o n s  S O  
t h a t  f a i l u r e s  a t  t h e  p i s t o n  a c t u a t o r  s y s t e m  w i l l  i n v a l i -  
d a t e  t h e  f u n c t i o n .  A c o m p l e t e l y  i n d e p e n d e n t  t h r u s t  v e c t o r  
c o n t r o l  f o r  each power sys tem s h o u l d  be s t u d i e d  a s  p a r t  o f  
a n y  m a j o r  improvemen t  program. 

A v e c t o r  c o n t r o l  o f  s u b s t a n t i a l l y  s m a l l e r  c a p a c i t y  i s  
u s e d  t o  g i m b a l  t h e  t w o  o r b i t a l  m a n e u v e r i n g  sys tem 
e n g i n e  n o z z l e s  u s e d  f o r  o r b i t  i n j e c t i o n  and  t r a n s f e r .  
These a l s o  u t i l i z e  a d u a l  r e d u n d a n t  power s o u r c e  f r o m  
e l e c t r i c  motors ,  each  i n d e p e n d e n t  o f  t h e  o t h e r  d r i v i n g  8 
t c r e u  j a c k  t o  move t h e  e n g i n e  n o z z l e .  
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O r b i t e r  R o l l  and Yaw T h r u s t e r s  

For  o r b i t  r t t i t u d e  c o n t r o l  and i n i t i a l  r e e n t r y  a t t i t u d e  
c o n t r o l ,  a number f i x e d  s m a l l  t h r u s t e r s  f o r m i n g  t h e  r e a c t i o n  
c o n t r o l  s y s t e m  are used wi thout  v e c t o r  con t ro l .  I t  was 

f l i g h t  phase a t  l o u  dynamic  p r e s s u r e  bu t  h i g h  Mach number 
may h a v e  an impor tant  i m p a c t  on t h e  no rma l  a e r o d y n a m i c s  o f  
t h e  v e h i c l e  t h a t  c o u l d  r e d u c e  t h e  e f f e c t i v e n e s s  o r  i n c r e a s e  
c o n t r o l  demands on t h e  aerodynamfc  c o n t r o l s .  . T h i s ,  t h o u g h  
d i f f i c u l t ,  has now been c a r e f u l l y  e v a l u a t e d  i n  w i n d  t u n n e l s  
and has  been  d e t e r m i n e d  t o  be  i n c o n s e q u e n t i a l  t o  c o n t r o l  
o f  t h e  r e e n t r y .  

.. s u g g e s t e d  t h a t  t h e s e  t h r u s t e r s ,  when u s e d  i n  t h e  r e e n t r y  

D u r i n g  e v a l u a t i o n  o f  t h e  l a n d i n g  g e a r  sys tem p r i o r  t o  
t h e  e x t e n s i v e  a p p r o a c h  and l a n d i n g  t e s t s ,  i t  was d e t e r m i n e d  
t h a t  t h e  m a r g i n  o f  s a f e t y  i n  t h e  wheels, b e a r i n g s ,  ax les ,  
and t i r e s  were m a r g i n a l  f o r  t h e  e x p e c t e d  O r b i t e r  t o u c h -  
down w e i g h t .  I n  r e s p o n s e  t h e  p r o g r a m  has p r o c u r e d  new 
wheels,  a x l e s ,  b e a r i n g s ,  and t i r e s  c o m p l y i n g  w i t h  t h e  i n -  
c r e a s e d  s t r e n g t h  r e q u i r e m e n t s .  T h i s  does n o t  remove one 
p o t e n t i a l  h a z a r d  n o t e d  i n  t h e  p r e v i o u s  r e v i e w .  H a v i n g  
o n l y  t w o  whee ls  p e r  s i d e  exposes  t h e  sys tem t o  a p r o b a b l e  
d u a l  t i r e  f a i l u r e  on one s i d e  due t o  t h e  o v e r l o a d  imposed 
o n  t h e  r e m a i n i n g  whee l  o f  t h e  p a i r  i f  t h e  o t h e r  one f a i l s .  
S t r e n g t h e n i n g  t h e  whee ls  and t i r e s  makes a " f i r s t "  f a i l u r e  
more remote  b u t  i t  may be j u d i c i o u s  f o r  t h e  N A S A  d e s i g n  
t e a m  t o  c a r e f u l l y  e v a l u a t e  a g e a r  sys tem w i t h  3 o r  4 t i r e s  
p e r  s i d e .  

The e x t e n s i o n  sys tem o f  t h e  ma in  and nose  g e a r  i s  a . " d u a l "  s y s t e m  w i t h  e i t h e r  h y d r a u l i c  p r e s s u r e  f r o m  one 
a u x i l i a r y  power u n i t  o r  a p y r o t e c h n i c  p r e s s u r e  u s e d  t o  un- 
l o c k  t h e  g e a r  a f t e r  w h i c h  t h e  d o o r  opens and t h e  g e a r  d e p l o y s .  
I t s  s i m p l i c i t y  i s  t o  be commended. I t  has been e x e r c i s e d  
d u r i n g  t h e  Approach and L a n d i n g  t e s t s  on  O r b i t e r  101 and 
w o u l d  appear  t o  be  e n t i r e l y  adequa te  f o r  STS-1 and  subsequent  
t e s t  f l i g h t s .  A l l  t h r e e  g e a r  u n i t s  w i l l  e x t e n d  w i t h o u t  
power due t o  g r a v i t y  and drag, but  t h e  t i m e  t o  e x t e n d  i s  
c r i t i c a l  f o r  l a n d i n g  and t h i s  f i n a l  backup  sys tem may be t o o  
SI OW. 

E n v i r o n m e n t a l  C o n t r o l  S v s t m a  

E v a l u r t i n g  t h e  l i f e  s u p p o r t  sys tem f o r  s a f e t y  i s  . 

c o m p l i c a t e d  by t h e  common f u n c t i o n s  o f  t h e  e n v i r o n m e n t a l  
c o n t r o l s  t o  p r o v i d e  oxygen  and h y d r o g e n  t o  f u e l  c e l l s ,  
p u r g e  o f  v a r i o u s  f u n c t i o n a l  compar tmen ts  and t h e  common 
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c o o l i n g  r e q u i r e m e n t s  o f  8ViOnfCS systems, c a b i n  atmo- 
sphere  and f u e l  c e l l  sys tems.  The i n t e r d e p e n d e n c e  o f  
t hese  systems d e f i e s  8 n a l y r i s  o f  any  one s y s t e m  i n  t e r m s  
o f  d u a l  or t r i p l e  r e d u n d a n c y  o f  t h e  e l e m e n t s .  N e v e r t h c -  

, l e s s ,  t h e  many p o s s 4 b i l i t i e s  f o r  doun-moding and  r e d u c i n g  
. dcrnrnds on t h e  s y s t e m  i n d f c r t e  t h a t  i t  i s  r d e q u a t t  f o r  

t h e  t e s t  f l i g h t  p rogram.  I t  i s  s u g g e s t e d  t h a t  a more 
t h o r o u g h  f a i l u r e  a n a l y s i s  o f  t h i s  s y s t e m  u l l l  y i e l d  
s u g g e s t i o n s  f o r  a more r e l l a b l e  system. 

. - -  .- . 
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4. STRUCTURAL A D E Q U A C Y  OF 

THE ORBITER 

The O r b i t e r  l o a d s  have gone t h r o u g h  s e v e r a l  r e v i s i o n s ,  
' w i t h  t h e  l a t e s t  b e i n g  t h e  i n t e r n a l  member l o a d s  d e f i n e d  b y  

t h e  A u t o m a t i c  Systems f o r  K i n e m a t i c  A n a l y s i s ,  5 . 4  l oads .  
The m e c h a n i c a l  p o r t i o n  o f  t h e s e  l o a d s  seems t o  be i n  good 
shape. However, q u e s t i o n s  as  t o  t h e  t h e r m a l  a s p e c t s  o f  t h e  
l o a d i n g  c o n d i t i o n s  s t i l l  e x i s t .  Based o n  t h e s e  5.4 loads ,  
t h e  s t r u c t u r a l  i n t e g r i t y  o f  t h e  O r b i t e r  f o r  t h e  f i r s t  
manned o r b i t a l  f l i g h t ,  STS-1, e x c e p t  as  n o t e d  below, i s  n o t  
i n  q u e s t i o n  so l o n g  as t h e  t h e r m a l  p r o t e c t i o n  sys tem t i l e s  
r e a a l n  i n t a c t  t h r o u g h  a t  l e a s t  t h e  h i g h  h e a t i n g  phase o f  
r e e n t r y .  T h i s  is ,  o f  course,  p a r t i c u l a r l y  t h e  case  f o r  
a l l  b l a c k  t i l e s  w h i c h  a r e  s u b j e c t e d  t o  t h e  h i g h e s t  h e a t  l o a d s  
and t e m p e r a t u r e s .  

A good number o f  t e s t s  have been  c o n d u c t e d  on  O r b i t e r  
p r i m a r y  s t r u c t u r e  components.  The second  f l i g h t  v e h i c l e ,  
099, u s e d  a s  a s t r u c t u r a l  t e s t  v e h i c l e ,  was t e s t e d  t o  
a p p r o x i m a t e l y  100% t o  120% o f  5.4 d e s i g n  l i m i t  m e c h a n i c a l  
l o a d s  and t h o s e  m i n o r  d e f i c i e n c i e s  w h i c h  showed up h r v e  
been c o r r e c t e d .  These d e f i c i e n c i e s  i n c l u d e d  f i t t i n g s ,  
b r a c k e t s ,  g u s s e t s  and t h e  l i k e  w h i c h  were bee fed -up  o r  
added a s  r e q u i r e d .  O t h e r  t h a n  f o r  t h e  f o r w a r d  f u s e l a g e ,  
n o  t h e r m a l  t o a d s  were i n c l u d e d  i n  t h e s e  t e s t s ;  a d d i t i o n a l  
t e s t  specimens, c o n s i s t i n g  o f  m a j o r  p a r t s  o f  t h e  o v e r a l l  
O r b i t e r  s t r u c t u r e ,  w i l l  b e  t e s t e d  t o  u l t i m a t e  l o a d s  
( m e c h a n i c a l  p l u s  e q u i v a l e n t  t h e r m a l  l o a d s  p r o d u c e d  me-. 
c h a n i c a l l y  where p r a c t i c a l ) .  Some o f  t h e s e  t e s t s  have 
been c o m p l e t e d  and a l l  a r c  e x p e c t e d  t o  be  f i n i s h e d  b y  t h e  

1 f a l l  o f  1981. 

The e f f e c t s  o f  s t r u c t u r a l  f l e x i b i l i t y  have been 
t a k e n  i n t o  a c c o u n t  i n  t h e  ae rodynamic  s t a b i l i t y  and con- 
t r o l  c o e f f i c i e n t s  u s e d  t o  p r e d i c t  t h e  f l i g h t  c h a r a c t e r -  
i s t i c s  o f  t h e  O r b i t e r  d u r i n g  r e e n t r y  f l i g h t .  

U i n d  t u n n e l  t e s t s  and  a n a l y s i s  i n d i c a t e  t h e  S h u t t l e  
i s  f l u t t e r - f r e e  up t o  a dynamic  p r e s s u r e  (q) o f  a p p r o x i -  
m a t e l y  1200 p t f .  The maximum q o f  any m i s s i o n  i s  819 p s f .  
The S T S - 1  m i s s i o n  w i l l  have  a w o r s t  case  qma, = 670 p s f .  
Ye b e l i e v e  t h a t  t h e  S h u t t l e  i s  i n  good shape w i t h  r e s p e c t  
t o  r e r o d y n r m i c  f l u t t e r .  

The O r b i t e r  102 Ground V i b r a t i o n  Survey  i n d i c a t e d  
some dynamic  c o u p l i n g  be tween  t h e  l o n g i t u d i n a l  c o n t r o l  
s y s t e m  r n d  a n a t u r a l  v i b r a t i o n  mode o f  t h e  O r b i t e r .  F u r t h e r  
work i s  b e i n g  done t o  r e s o l v e  t h i s  i s s u e  b e f o r e  f l i g h t  
r e r d i n e s s  r e v i e w .  
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A math  mode l  o f  t h e  c o m p l e t e l y  mated l a u n c h  v e h i c l e  
is used t o  a n a l y t i c a l l y  p r e d i c t  Pogo s t a b i l i t y  and t h e  
s t r u c t u r r l r e s p o n s e  t o  o t c i l l r t i o n r  i n  s o l i d  r o c k e t  and 

, ma in  e n g i n e  t h r u s t s .  T h i s  ma th  mode l  was a l s o  u s e d  t o  
. p r e d i c t  t h e  r e s p o n s e s  t o  o s c i l l a t i n g  f o r c e s  u s e d  i n  t h e  

H a t e d  V e h i c l e  Ground V i b r a t i o n  Tes ts .  C o r r e l r t i o n  be-  
tween  t h e s e  t e s t  r e s u l t s  and  r n a l y t i c r l  p r e d i c t i o n s  were 
n o t  comp le te .  F u r t h e r  work i s  b e i n g  done t o  i m p r o v e  
c o r r e l a t i o n ,  and t h e  f l i g h t  r e a d i n e s s  f i r i n g  w i l l  p r o v i d e  
a d d i t i o n 8 1  t e s t  v e r i f i c a t i o n .  

Based o n  5.4 loads,  t h e  t h e r m a l  p r o t e c t i o n  sys tem 
a p p e a r s  t o  be  t h e  weak l i n k  i n  t h e  t t r u c t u r a t  i n t e g r i t y  
o f  t h e  O r b i t e r .  U i t h  t h e  m a i n  e f f o r t  t o  i n s u r e  s a t i s -  
f a c t o r y  p e r f o r m a n c e  o f  t h e  t h e r m a l  p r o t e c t i o n  sys tem 
f o c u s e d  o n  S T S - 1  c a p a b i l i t y ,  t h e  many t e s t  and a n a l y s i s  
e f f o r t s  t o  m i n i m i z e  c o n c e r n s  a r e  p r o g r e s s i n g  w e l l .  E x t r e m e  
c a r e  i n  i n s t a l l a t i o n ,  v i g o r o u s  t e s t i n g  b o t h  o f f - l i n e  
8nd on  t h e  O r b i t e r  i t s e l f ,  and c a r e f u l  management r e v i e w  
s u p p o r t  t h e s e  e f f o r t s .  The O r b i t e r / e x t e r n a l  t a n k  i n t e r -  
face, f o r  example, has  been r e c o n f i g u r e d  u s i n g  r e i n f o r c e d  
c a r b o n - c a r b o n  m a t e r i a l  t o  e l i m i n a t e  t i l e  f a i l u r e ;  a d d i -  
t i o n a l  a t t a c h m e n t  a r e a  i s  p r o v i d e d  by c e m e n t i n g  t h e  t i l e s  
t o  t h e  " f i l l c r - b a r s : "  A p y r o s h o c k  t e s t  i n  t h e  O r b i t e r /  
e x t e r n a l  t a n k  i n t e r f a c e  a r e a  has  been s u c c e s s f u l l y  con- 
d u c t e d  t o  p r o v e  o u t  t h e  new and s t r o n g e r  m o d i f i c a t i o n .  
An i t e m  o f  c o n c e r n  i s  t h a t  some q u a l i f i c a t i o n  t e s t i n g  o f  
t h e  t i l e  s y s t e m  i s  l a t e ,  and " l i f e - t e s t i n g "  w i l l  n o t  be 
c o m p l e t e d  b e f o r e  STS-1. We a l s o  s u g g e s t  t h a t  f u r t h e r  work 
needs t o  be done t o  b e t t e r  u n d e r s t a n d  t h e  dynamic  c h a r a c -  
t e r i s t i c s  O f  t h e  S t r a i n  I s o l a t i o n  Pad. 

S h u t t l e  F i r s t  F l i g h t  C S T S - I )  

Uith t h e  f i r s t  f l i g h t  s c h e d u l e d  i n  March  1981,  t h e r e  
r e m a i n  S e V t r a l  a r e a s  w h i c h  a r e  o f  c o n c e r n :  

o The f i r s t  c o n c e r n  i s  t h a t  t h e  t h e r m a l  l o a d i n g  
o f  t h e  O r b i t e r  w i n g s  f o r  t h e  S T S - 1  m i s s i o n  
has  been d e f i n e d  as M i s s i o n  3 w h i c h  i s  t h e  
most  b e n i g n  o f  a l l  t h e  d e s i g n  l o a d  cases  w i t h  
r e s p e c t  t o  t h e r m a l  s t r e s s e s .  The M i s s i o n  3 
t h e r m a l  a s s u m p t i o n s  a r e  n o t  r e p r e s e n t a t i v e  
o f  any  r e a l  m i s s i o n .  S i n c e  t h e r m a l  g r a d i e n t s ,  
i n  a d d i t i o n  t o  m a t e r i a l  t e m p e r a t u r e s ,  a r e  o f  
g r e a t  concern,  t h e  O r b i t e r  i s  s e n s i t i v e  t o  
m i s s i o n  p r o f i l e s .  The a c t u a l  STS-1 g r a d i e n t s  
appear  t o  be  l a r g e r  t h a n  t h o s e  o f  M i s s i o n  3, 
w h i c h  was u s e d  f o r  w i n g  assessment .  T h i s  p r o -  
b l e m  m i g h t  be a l l e v i a t e d  b y  p r c - c o n d i t i o n i n g  
t h e  O r b i t e r ,  p r i o r  t o  d e o r b i t  rnd  e n t r y ,  t o  
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c o n t r o l  t h e  i n i t i a l  t e m p e r a t u r e s  and m i n i m i z e  
t h e  r e s u l t i n g  g r a d i e n t s .  However, t h e s e  
r e s u l t i n g  g r a d i e n t s  c o u l d  s t i l l  be more s e v e r e  
t h a n  t h o s e  of P l i s s f o n  3. Recommended a c t i o n  
r e g a r d i n g  t h i s  c o n c e r n  i s  a d d r e s s e d  l a t e r  i n  
t h i s  s e c t i o n  o f  t h e  r e p o r t .  

o A second  c o n c e r n  i s  t h a t  t h e  " r e a l "  s u r f a c e  
r o u g h n e s s  o f  t h e  O r b i t e r  l o w e r  s u r f a c e  (due 
t o  t i l e - t o - t i l e  m ismatch )  can  c e r t a i n l y  cause 
i n c r e a s e d  h e a t i n g .  This ,  i n  c o n j u n c t i o n  w i t h  
t h e  n o t  f u l l y  d e f i n a b l e  t e m p e r a t u r e s  o f  t h e  
STS-1 m i s s i o n ,  may r e s u l t  i n  o v e r a l l  n e g a t i v e  
s a f e t y  m a r g i n s  a n d  p o s s i b l e  m i d - f u s e l a g e  l o w e r  
c o v e r  b u c k l i n g .  A n a l y s i s  o f  t h e s e  p o t e n t i a l  
p r o b l e m s  i s  now i n  p r o c e s s  a n d  w i l l  b e  com- 
p l e t e d  p r i o r  t o  STS-1 f l i g h t  r e a d i n e s s  r e v i e w .  
A g r e a t  d e a l  o f  e f f o r t  t o  m i n i m i z e  t h e  s t e p  
and gap v a r i a t i o n s  has  been  made, i n c l u d i n g  
t h e  u s e  o f  t i l e - t o - t i l e  gap f i l l e r s  and a g a i n  
v e r y  c a r e f u l  i n s t a l l a t i o n s .  

o A t h i r d  c o n c e r n  i s  t h a t  t h e  "Abor t -Once-Around"  
c o n d i t i o n  may be more c r i t i c a l  i n  t e r m s  o f  
t h e r m a l  l o a d i n g  t h a n  t h e  t w o  day  STS-1  m i s s i o n .  
A l t h o u g h  t h i s  i s  an  emergency c o n d i t i o n ,  i t  
c o u l d  happen o n  STS-1 .  A n a l y s e s  a r e  i n  p r o -  
c e s s  t a k i n g  i n t o  a c c o u n t  b o t h  l a n d i n g  and  
maneuver  l o a d  f a c t o r s  a s  t h e y  a f f e c t  o v e r a l l  
d e s i g n  marg ins .  The r e s u l t s  o f  t h e s e  a n a l y s e s  
shou ld  be r e v i e w e d  i n  t i m e  t o  d e t e r m i n e  t h e i r  
i m p a c t  on t h e  S T S - 1  m i s s i o n .  

4 Based on  c o n c e r n s  one and t h r e e ,  t h e  P a n e l  f e e l s  t h a t  
p o s i t i v e  p l a n s  o f  a c t i o n  s h o u l d  be i m p l e m e n t e d  a s  soon a s  
p r a c t i c a l  t o  u p d a t e  t h e  t h e r m a l  s t r u c t u r a l  a n a l y s i s  and 
r e s o l v e  t h e  c o n c e r n s  n o t e d  above p r i o r  t o  t h e  S T S - 1  r e a d i n e s s  
r e v i e w .  

O p e r a t i o n a l  C a p a b i l i t y  

The e f f e c t s  o f  d i f f e r e n t i a l  t e m p e r a t u r e s  ( g r a d i e n t s )  
o n  t h e  s t r u c t u r a l  i n t e g r i t y  o f  t h e  S h u t t l e  O r b i t e r  u i l l  
p r o b a b l y  r e q u i r e  a n o t h e r  c y c l e  o f  a n a l y s i s  a f t e r  i n - f l i g h t  
r e a l - t i m e  d a t a  becomes a v a i l a b l e  f r o m  S T S - I .  T h i s  d a t a  
u i l l  be  u s e d  t o  c o r r e c t  and i m p r o v e  t h e  ma th  mode ls  
c u r r e n t l y  i n  u s e  and a l l o u  f o r  e x p a n s i o n  o f  t h e  f l i g h t  
e n v e l o p e  f o r  t h e  subsequen t  m i s s i o n s .  



t h e  pr imary  s t r u c t u r e  of  t h e  O r b i t e r  i s  l a r g e l y  
a luminum s h e e t  and  s t r i n g e r  c o n s t r u c t i o n .  The c o n p r e s -  

. sion s t r e n g t h  of  t h i s  s t r u c t u r e  i s  f r e q u e n t l y  d e t e r m i n e d  
’ by b u c k l i n g  or l o c a l  c r i p p l i n g  a t  s t r e s s  l e v e l s  c o n s i d e r -  

a b l y  l o w e r  t h a n  t h e  c o m p r e s s i o n  a l l o w a b l e  of  t h e  n r t e r i r l .  
D i f f e r e n t i a l  t e m p e r a t u r e s  c a n  i n d u c e  s e l f - b c l a n c i n g  t e n -  
t i o n  and  c o m p r e s s i o n  l o a d s  w i t h i n  t h e  s t r u c t u r e .  The 
most  w o r r i s o m e  o f  t h e s e  l o a d s  are t h e  compressJon l o a d s  
i n  t h e  s h e e t  rnd  s t r i n g e r  e x t e r n a l  s k i n s  t h a t  s u p p o r t  
t h e  t h e r m a l  p r o t e c t i o n  sys tem t i l e s .  ( T i l e  s t r u c t u r a l  
i n t e g r i t y  can  be j e o p a r d i z e d  b y  e x c e s s i v e  d e f l e c t d o n s  
of  t h e  s u p p o r t i n g  pane ls . )  These d i f f e r e n t i a l  t e m p e r a t u r e s  
w i t h i n  t h e  s t r u c t u r e  a r e  t h e  a c c u a u l a t f v e  r e s u l t  o f  t h e  
h e a t  i n p u t s  and o u t p u t s  t h a t  t h e  O r b i t e r  e x p e r i e n c e s  
t h r o u g h o u t  a g i v e n  m i s s i o n .  Aerodynamic  h e a t i n g  r a t e s  v a r y  
w i t h  s u r f a c e  r o u g h n e s s  and r e s u l t a n t  d e g r e e  o f  f l o w  t u r -  
b u l e n c e .  R a d i a t i o n  h e a t i n g  i n  space v a r i e s  w i t h  o r i e n t a -  
t i o n  w i t h  r e s p e c t  t o  t h e  sun. A n a l y t i c a l  p r o c e d u r e s  
a r e  complex  and r e q u i r e  c o n s i d e r a b l e  compu te r  t i m e .  How- 
ever ,  t h i s  P a n e l  b e l i e v e s  t h a t ,  b e f o r e  t h e  O r b i t e r  can  
be  c o m m i t t e d  t o  r o u t i n e  o p e r a t i o n ,  a n o t h e r  r o u n d  o f  
t h e r m a l / s t r u c t u r 8 l  a n a l y s i s  i s  d e s i r a b l e  t o  more accu-  
r a t e l y  c h a r a c t e r i z e  a e r o  thermodynamic  e f f e c t s  and s h o u l d  
b e  done b e f o r e  t h e  p r e s e n t  d e s i g n  team i s  r e a s s i g n e d .  
The new r o u n d  o f  a n a l y s i s  s h o u l d  have an u p d a t e d  d a t a  
b a s e  o f  h e a t i n g  r a t e s  and t h e r m a l  p e r f o r m a n c e  p l u s  u p d a t e d  
t h r e e - d i m e n s i o n a l  h e a t  t r a n s f e r  models .  The a n a l y s i s  
s h o u l d  be  done b y  a c l o s e l y  k n i t  team o f  s t r u c t u r a l  
a n a l y s t s  and h e a t  t r a n s f e r  a n a l y s t s ,  t h e  s t r u c t u r a l  a n a l y s t s  
p r o v i d i n g  i n s i g h t  i n t o  c r i t i c a l  s t r u c t u r a l  l o a d i n g s  i n  

t h i s  a d d i t i o n a l  t h e r m a l / s t r u c t u r a l  a n a l y s i s  w o u l d  a l l o w  
o p e r a t i o n a l  p l a n n e r s  t o  b e t t e r  and more s a f e l y  u t i l i z e  
t h e  f u l l  c a p a b i l i t y  o f  t h e  O r b i t e r  i n  f u t u r e  m i s s i o n s ,  and 
t o  p r o m o t e  a d v a n c e d / b e t t e r  t h e r m a l  p r o t e c t i o n  systems.  

1 t h e  s e a r c h  f o r  l i m i t i n g  m i s s i o n  s c e n a r i o s .  The P a n e l  f e e l s  
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5. PROPULSION SYSTEMS 

The d e v e l o p m e n t  o f  e a c h  o f  t h e  s e v e r a l  e l e m e n t s  t h a t  t 

c o m p r i s e  t h e  S h u t t l e  p r o p u l s i o n  s y s t e m s  h a s  made e x c e l l e n t  
. p r o g r e s s  dur ing  t h e  p a s t  y e a r .  A l b e i t  some t e s t i n g  r e m a i n s  

t o  be accomp l i shed ,  p r o s p e c t s  f o r  c o m p l e t i o n  of  a l l  t e s t i n g  
r e q u i r e d  f o r  c e r t i f i c a t i o n  f o r  STS-1 by J a n u a r y  1981 a r e  
j u d g e d  t o  be q u i t e  good. 

E x t e r n a l  l a n k  

Q u a l i f i c a t i o n  t e s t i n g  i s  e s s e n t i a l l y  comp le te .  F i n a l  
t a n k  f l o w  s y s t e m  f u n c t i o n a l  q u a l i f i c a t i o n  r e q u i r e s  s a t i s -  
f a c t o r y  c o m p l e t i o n  o f  t h e  r e m a i n i n g  t e s t  r u n s  o f  t h e  M a i n  
P r o p u l s i o n  T e s t  program. Mos t  o f  t h e  a e r o d y n a m i c  f a i r i n g s  
f o r  p r o t u b e r a n c e s ,  etc., have been  v e r i f i e d .  D i f f i c u l t y  
w i t h  t h e  a d h e s i o n  o f  t h e  wedge f a i r i n g s  f o r  t h e  i n s t r u m e n t  
i s l a n d s  has  l e d  t o  t h e i r  d e l e t i o n  f o r  STS-1 .  T h e r e  i s  t h e  
u s u a l  p a p e r w o r k  i n c l u d i n g  d e v i a t i o n s / w a i v e r s  t o  c l e a n  up 
but t h e r e  a r e  no o u t s t a n d i n g  p r o b l e m s  a t  p r e s e n t .  

S o l i d  R o c k e t  B o o s t e r  

A l l  q u a l i f i c a t i o n  f i r i n g s  have  been  c o m p l e t e d  s a t i s f a c -  
t o r i l y .  Only  a f ew  component o r  subassemb ly  t e s t s  r e m a i n  
t o  b e  a c c o m p l i s h e d .  The m o t o r s  f o r  STS-1 h a v e  been  s t a c k e d  
and  s u p p o r t  t h e  t o t a l  S h u t t l e  v e h i c l e .  A s p e c i a l  i n s p e c -  
t i o n  o f  t h e  p r o p e l l a n t  g r a i n  f o r  c r a c k s  was c o n d u c t e d  w i t h  
s a t i s f a c t o r y  r e s u l t s .  The a u x i l i a r y  power u n i t  f u e l  c o n t r o l  
v a l v e  p r o b l e m a s s o c i a t e d  w i t h  l e a k a g e  o f  h y d r o x y z i n e  f u e l  o n t o  
t h e  v a l v e ' s  e l e c t r i c a l u i r i n g  has  been  d i a g n o s e d  and p r o p e r  

changes w i l l  b e  made f o r  f u t u r e  r o c k e t  use. 
# s t e p s  a r e  b e i n g  t a k e n  t o  r e s o l o v e  t h i s  f o r  S T S - I .  F u r t h e r  

O r b i t a l  M a n e u v e r i n g  System 

The O r b i t a l  M a n e u v e r i n g  System p o d  a s s e m b l y  s u f f e r e d  
s t r u c t u r a l  f a i l u r e s  d u r i n g  t h e  a c o u s t i c  e x c i t a t i o n  t e s t s  o f  
t h e  p o d  a t  172 db. S e v e r a l  t a n k  s u p p o r t s  and o t h e r  b r a c k e t s  
f a i l e d .  C o r r e c t i v e  r e d e s i g n :  were  i m p l e m e n t e d  and have  been  
t e s t e d  f o r  s i x  m i s s i o n  c y c l e s  a t  t h e  q u a l i f i c a t i o n  l e v e l s .  
The r e s u l t s  were  s a t i s f a c t o r y .  Some subassemb ly  t e s t s  r e m a i n  
t o  b e  c o m p l e t e d  f o r  c e r t i f i c a t i o n .  These t e s t s  s h o u l d  be  
c o m p l e t e d  by t h e  e n d  o f  1980. P r o v i s i o n s  have  been  made t o  
m i n i m i z e  t h e  p r o b l e m  a s s o c i a t e d  w i t h  m o i s t u r e  a b s o r p t i o n  by 
t h e  c o m p o s i t e  g r a p h i t e / e p o x y  p o d  s t r u c t u r e  by e n c l o s i n g  t h e  
s y s t e m  i n  a c o c o o n  ( s u p p o r t e d  by t h e  R o t a t i n g  S e r v i c e  S t ruc -  
t u r e )  p u r g e d  w i t h d t y  n i t r o g e n  a t  a l l  t i m e s  e x c e p t  dur ing  
l a u n c h  d a y  o p e r a t i o n .  Tanks w i t h  s t r e n g t h e n e d  p r o p e l l a n t  
s c r e e n s  a r e  i n s t a l l e d  f o r  f l i g h t .  

I 
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A l l  o t h e r  q u a l i f i c a t i o n  t e s t s  f o r  STS-1 have been 
s a t i s f a c t o r i l y  c o m p l e t e d  and  t h e  O r b i t a l  M a n e u v e r i n g  System 
i s  e s s e n t i a l l y  ready.  

R e a c t t o n  C o n t r o l  System 

T h i s  h a r d w a r e  4s a l s o  i n  good shape f o r  STS-1. The 
p r o b l e m  r e p o r t e d  i n  last y e a r ' s  r e p o r t  have bean r e s o l v e d  
by a c o m b i n a t i o n  o f  h a r d w a r e  and s o f t w a r e  b O d i f i C a t i O n S .  
A l l  o f  t h e  changes have been v e r i f i e d  by t e s t .  

T h e r e  r e m a i n s  one c o n c e r n  a b o u t  a p o s s i b l e  passage 
o f  a b u b b l e  o f  p r e s s u r a n t  gas  t h r o u g h  t h e  p r o p e l l a n t  t a n k  
s c r e e n s  u n d e r  e x t r e m e  f l i g h t  c o n d i t i o n s .  A c o m b i n a t i o n  
o f  a n a l y s i s  and  t e s t  p r o g r a m  i s  4n p r o c e s s  t o  r e s o l v e  t h i s  
i s s u e .  The p r e s e n t  assessment  i s  t h a t  f o r  n o r m a l  f l i g h t  
c o n d i t i o n s  t h e  t a n k s  a r e  q u i t e  adequa te  but  t h a t  f o r  t h e  
e x t r e m e  case  o f  a r e t u r n  t o  l a u n c h  s i t e  a b o r t  t h e r e  may 
b e  n o  marg in .  T h i s  work s h o u l d  be c o m p l e t e d  by t h e  end o f  
J a n u a r y  1981. 

Space S h u t t l e  M a i n  E n g i n e  

The m a i n  e n g i n e  has  made m a j o r  s t r i d e s  t o w a r d s  c e r t i f -  
i c a t i o n  f o r  S T S - I .  The f o u r t h  c y c l e  o f  c e r t i f i c a t i o n  Cat 
102 p e r c e n t  t h r u s t )  i s  comp le te .  A f ew  r e m a i n i n g  component 
deve lopmen t  v e r i f i c a t i o n  s p e c i f i c a t i o n  t a s k s  ( t e s t s )  w i l l  
b e  c o m p l e t e d  i n  J a n u a r y  1981. The e n g i n e  has  shown i n c r e a r -  
i n g  m a t u r i t y  du r ing  a l l  t e s t  o p e r a t i o n s .  The e n g i n e  has 
been  run a t  109 p e r c e n t  ( f u l l  power )  f o r  s u f f i c i e n t  t i m e  t o  
p r o v i d e  c o n f i d e n c e  t h a t  a m a r g i n  e x i s t s  a n d  t h a t  i n  an 
emergency s i t u a t i o n  t h e  e n g i n e  c o u l d  be  c a l l e d  on  t o  p e r f o r m  
a t  t h a t  t h r u s t  l e v e l .  

b 

The t w o  more s i g n i f i c a n t  open prob lems,  v i t :  t h e  f u e l  
p r e b u r n e r  w a l l  b u r n - t h r o u g h  o f  m i d y e a r  and t h e  p o t e n t i a l  
o v e r s p e e d  o f  t h e  h i g h  p r e s s u r e  oxygen  tu rbopump dur ing  s h u t -  
down i n  f l i g h t  a r e  f a s t  a p p r o a c h i n g  s o l u t i o n .  The p r e b u r n e r  
l i n e r  has  been r e d e s i g n e d  and t e s t e d .  A molybdenum i n s e r t  
f o r  f u r t h e r  p r o t e c t i o n  has  been d e v i s e d  and  qs i n  t h e  l a t t e r  
p a r t  o f  i t s  t e s t s .  The tu rbopump o v e r s p e e d  p r o b l e m  s o l u t i o n  
a d o p t e d  i s  t o  c l o s e  t h e  p r e v a l v e s  e a r l y  i n  t h e  Shutdown 
sequence and t o  p r e s s u r i z e  t h e  oxygen  f e e d  l i n e s  t h r o u g h  
t h e  Pogo a c c u m u l a t o r  du r ing  shutdown. T e s t i n g  c o m p l e t e d  t o  
d a t e  has g i v e n  e n c o u r a g i n g  r e s u l t s .  

most  o f  t h e  o t h e r  p r o b l e n s  a r e  t h o s e  a f f e c t i n g  m u l t i p l e  
r e u s e  o f  t h e  eng ines .  Those i n c l u d e  such  i t e m s  a s  s p a l l i n g  
o f  t h e  t u r b o p u m p  b e a r i n g s ,  t u r b i n e  b l a d e  c racks ,  e t c .  F o r  
STS-1 t h e  i n s p e c t i o n  p r o g r a m  keeps t h e s e  u n d e r  c o n t r o l .  The 
e n g i n e  p r o g r a m  c o n t i n u e s  t o  f e e l  t h e  e f f e c t s  o f  hardware  
s h o r t a g e s  i n  t e s t i n g  w h i c h  does  n o t  a f f e c t  STS-1. 
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T e s t i n g  o f  t h e  f u l l  p o u c r  c o n f i ' g u r a t i o n  h r s  begun, 
and w i t h  t h e  P r e l i m i n a r y  F l i g h t  C e r t i f i c a t i o n  T e s t s  f o r  
S T S - 1  t o m p l e t e d , t h i r  i s  t h e  f o c u s  o f  upcoming m a i n  e n g i n e  
t e s t  a c t i v i t y .  

A l l  t o l d ,  t h e  e n g i n e  i s  i n  good shape  f o r  STS-1 and 
should be a b l e  t o  suppor t  t h e  f i r s t  f l f o h t m  

I t  must  be  n o t e d  t h a t  i n  a l l  t h e  p r e c e d i n g ,  emphas is  
h a s  been p l a c e d  on p r o p u l s i o n  sys tems  r e r d i n e s s  f o r  
STS-1. F o r  subsequen t  f l i g h t s  a d d i t i o n a l  and  more  s t r i n g e n t  
c e r t i f i c a t i o n  r e q u i r e m e n t s  must  be met r n d  much added t e s t i n g  
w i l l  be r e q u i r e d .  
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6. THERMAL PROTECTION SYSTEM 

Dur ing  t h e  p a s t  year, t h e  O r b i t e r  t h e r m a l  p r o t e c t i o n  
s y s t e m  has  had  v e r y  r i g o r o u s  s c r u t i n y  and  b a s i c  p r o b l e m s  
have  b e e n  u n c o v e r e d  and, t h e  P a n e l  b e l i e v e r ,  r e s o l v e d .  

The d e f i n i t i o n  o f  uhat t h e  l o r d s  on i n d i v i d u a l  t i l e s  
w e r e  h a d  n o t  been a c h i e v e d  u n t i l  m idyear .  T h i s  i n c l u d e s  
b o t h  n a t u r e  and  magn i tude .  I m p r o v e d  and  a g r e e d  upon  
a n a l y s e s  were f l n a l l y  a c h i e v e d  so " e n g i n e e r i n g "  c o u l d  b e  
r e l e a s e d .  A m a j o r  p r o b l e m  has  been t h e  s t r u c t u r a l  i n t e g r i t y  
o f  t h e  b r i t t l e  t i l e  a t  t h e  t i l e - S I P  bond  l i n e .  E a r l i e r  
a t t e m p t s  a t  r e s o l v i n g  t h i s  by  a t h i n  p l a s t i c  o r  m e t a l  
l a m i n a t e  were s t e p s  i n  t h e  r i g h t  d i r e c t i o n ,  but  not a r o l u -  
t i o n .  The p r o b l e m  has  n o u  been  s o l v e d  by d e n s i f y i n g  t h e  
b o t t o m  l a y e r  o f  t h e  i n d i v i d u a l  t i l e  i t s e l f  b y  i m p r e g n a t i n g  
t h a t  i n t e r f a c e  l a y e r  w i t h  a s u s p e n s i o n  o f  f i n e  s i l i c a  
p a r t i c l e s .  Consequent ly ,  i f  t h e r e  a r e  t i l e  f a i l u r e s  i n  
t e n s i o n  t h e y  a r e  b r e a k s  i n  t h e  body  o f  t h e  t i l e ,  r a t h e r  
t h a n  a p a r t i n g  a t  t h e  bond  l i n e  a t  r e l a t i v e l y  u n p r e d i c t a b l e  
l o a d s .  

T h i s  d e f i n i t i o n  o f  l o a d s  and t h e  f u n d a m e n t a l  i m p r o v e -  
ment i n  t h e  t i l e  s t r u c t u r e  has been c o u p l e d  w i t h  a much 
i m p r o v e d  a p p l i c a t i o n  and t e s t i n g  p r o c e d u r e .  The a p p l i -  
c a t i o n  is a monumenta l  t ask ,  i n v o l v i n g  many s t e p s  t h a t  a r e  
l a b o r  i n t e n s i v e  and must  be  o f a n  u n i f o r m a l l y  h i g h  q u a l i t y .  
To a c h i e v e  t h i s ,  new t e s t  equipment ,  p rocedures ,  and . 

t r a i n i n g h a d  t o  be  deve loped,  and  c o n s i s t e n t l y  and c o m p l e t e l y  
a p p l i e d .  I n  a d d i t t o n ,  v e r y  d e t a i l e d  r e c o r d s  were c o m p i l e d  
s o  t h a t  t h e  h i s t o r y  and s t a t e  o f  each s t e p  i n  t h e  p r o c e s s  
c o u l d  be d e t e r m i n e d .  T h e r e  a r e  some u n f i n i s h e d  combined 

t h e  l o a d  a n a l y s e s .  These t e s t s  a r e  i n  a t i g h t  s c h e d u l e  
s i t u a t i o n .  Upon t h i s  s a t i s f a c t o r y  c o n c l u s i o n  and a f t e r  o u r  
e x a m i n a t i o n  o f  t h e  p a i n s t a k i n g  process ,  t h e  P a n e l  c o n c l u d e s  
t h a t  t h e  t h e r m a l  p r o t e c t i o n  s y s t e m  w i l l  b e  s a t i s f a c t o r y  f o r .  
t h e  O r b i t e r ' s  f i r s t  f l i g h t ,  but  c a u t i o n s  t h a t  t i m e  n u s t  be  
made a v a i l a b l e  t o  p r o p e r l y  f i n i s h  t h e  a p p l i c a t i o n .  

6 l o a d s  t e s t s  t h a t  must  be  s a t i s f a c t o r i l y  c o n c l u d e d  t o  v e r i f y  

B e f o r e  one can  p r e d i c t  t h e  f u t u r e  o f  t h e  t h e r m a l  p r o -  
t e c t i o n  system, t h e  P a n e l  f e e l s  t h a t  t h e  e x p e r i e n c e  o f  t h e  
f i r s t  f l i g h t  i s  necessa ry ,  f o r  f o u r  reasons :  

(1) The amount o f  t i l e  damage due t o  t h e  f l i g h t  and, 
i n  f a c t ,  due t o  h a n d l i n g  a f t e r  t h e  f l i g h t ,  must 
be  a s c e r t a i n e d .  

(2) The gap f i l l e r s  seem s a t i s f a c t o r y  from a t h e r m a l  
p o i n t  o f  v i e w  but  w i t h o u t  some e x p e r i e n c e  t h e i r  
l i f e  i s  u n p r e d i c t a b l e .  

(3) The s t r a i n  i s o l a t i o n  p a d  on  w h i c h  t h e  t i l e  i s  
atounted i s  n o t  w e l l  c h a r a c t e r i z e d ,  f o r  t h e  r e a s o n  
t h a t  t h e  demands on i t  p r o h i b i t  t h e  use  o f  many 



o f  t h e  more p r o s a i c  s t r u c t u r a l  m a t e r i a l s .  The 
n e t  r e s u l t  1s t h a t  one c a n n o t  be  s u r e  o f  i t s  
c h a r a c t e r i s t i c s  f o r  r e u s e  u n t i l  8 d d i t i o n r l  t e s t s  
are aade a f t e r  t h e  f i r s t  f l i g h t .  t h i s  comment 
a p p l i e s  o n l y  t o  t h o s e  p o r t i o n s  o f  t h e  I n s t a l l a t i o n  
t h a t  a r e  e x p o s e d  t o  h i g h  t h e r m a l  and  s t r u c t u r a l  
l o a d s  and, as  such, v i 1 1  most  l i k e l y  a f f e c t  turn- 
a r o u n d  t i m e .  The p r e s e n t  e f f o r t  t o  f i n d  a b e t t e r  
s t r a i n  i s o l a t i o n  p a d  s h o u l d  b e  c o n t i n u e d  and, a t  
no ted ,  s h o u l d  be  a i d e d  b y  d a t a  from t h e  f i r s t  
f l i g h t .  

( 4 )  The need t o  have w o r t h w h i l e  n o n d e s t r u c t i v e  e v a l u -  
a t i o n  t e s t s  o f  t h e  t i l e s  b e f o r e  and  a f t e r  each 
m i s s i o n  t o  a s s u r e  sys tem i n t e g r i t y .  

An a d d i t i o n a l  a r e a  o f  r e u s e  c o n c e r n  i s  t h e  need  f o r  
w a t e r p r o o f  t i l e s  and  c a p a b i l i t y  t o  do t h e  p r o p e r  u a t e r -  
p r o o f i n g  upon l a n d i n g  a f t e r  t h e  STS-1 m i s s i o n  and  p r i o r  t o  
O r b i t e r  t e r r y  back  t o  KSC. T h i s  i s  u n d e r  r e v i e w  and  a 
w a t e r p r o o f i n g  t e s t  p r o g r a m  has  been s t a r t e d .  

The P a n e l  f e e l s  t h a t  work s h o u l d  c o n t i n u e  t o  l o o k  f o r  
a l t e r n a t e  t h e r f i a l  p r o t e c t i o n  systems, w i t h  an  emphasis 
upon a l e s s  f r a g i l e ,  more e a s i l y  m a i n t a i n e d  sys tem f o r  
r e p e a t e d  reuse, e.g., i n c r e a s e d  t i l e  c o a t i n g  t h i c k n e s s  o r  
u s e  o f  a c o n t i n u o u s  s t r a i n  i s o l a t i o n  p a d  i n s t e a d  o f  " t i l e  
f o o t p r i n t  + f i l l e r  bars . "  However, we do  f e e l  t h a t  t h e  
p r e s e n t  sys tem does n o t  pose  an undue r i s k  f o r  t h e  S h u t t l e ' s  
f i r t t  f l i g h t .  
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7. PYROTECHNIC SYSTERS 

t h e  S h u t t l e  r e q u i r e s  t h e  use o f  a l a r g e  number o f  
p y r o t e c h n i c  d e v i c e s  f o r  a v a r i e t y  o f  f u n c t i o n s ,  m a i n l y  
s e p a r a t i o n  and a c t u a t i o n .  I t  a l s o  c a r r i e s  a r a n g e  s a f e t y /  
d e s t r u c t  package  rnd, o f  ~ o u r s e ,  t h e  s o l i d  r o c k e t  b o o s t e r  
m o t o r s  a r e  pyrotechnically-initiated. The e j e c t i o n  s e a t s  
a r e  a l s o  p y r o - a c t u a t e d ,  as i s  t h e  i n i t i a l  power a s s i s t  t o  
t h e  g r a v i t y - d r o p  l a n d i n g  gear .  The n a t u r e  o f  t h e  O r b i t e r  
and t h e  S h u t t l e ' s  s t a c k e d  c o n f i g u r a t i o n  i s  s u c h  t h r t  t h e s e  
p y r o t e c h n i c  d e v i c e s  must  be  i n s t a l l e d  a t  d i f f e r e n t  t i m e s  
and a l l  o f  t h e n  must  be i n  p l a c e  d u r i n g  t h e  c h e c k o u t  phase 
i n  t h e  v e h i c l e  assemb ly  b u i l d i n g  and  a t  t h e  l a u n c h  pad. 
D u r i n g  t h a t  t i m e  t h e y  a r e  w i t h o u t  t h e  b e n e f i t  o f  m e c h a n i c a l  
s a f e  and arm d e v i c e s ,  b u t  a r e  e l e c t r i c a l l y  d i s c o n n e c t e d  
( e x c e p t  t h e  O r b i t e r  f i r e  s u p p r e s s i o n  system).  

The P a n e l  has  been c o n c e r n e d  a s  t o  w h e t h e r  o r  n o t  t h e  
d i f f e r e n c e s  be tween  NASA's a p p l i c a t i o n  o f  p y r o t e c h n i c s  and  
t h e  t r a d i t i o n a l  o r d n a n c e  t e c h n o l o g y  m a i n t a i n s  t h e  same 
d e g r e e  o f  s a f e t y  t r a d i t i o n a l l y  o b t a i n e d .  

Our i n v e s t i g a t i o n  s t a r t e d  w i t h  t h e  NASA s t a n d a r d  
i n i t i a t o r  and i t s  q u a l i t y  c o n t r o l .  We f o u n d  a knowledgeab le ,  
compe ten t  g r o u p  o f  p e o p l e  w i t h  an e x c e l l e n t  t e s t  and  r e c o r d -  
k e e p i n g  p r o g r a m  t h a t ,  i n  o u r  o p i n i o n ,  e s t a b l i s h e s  t h e  
q u a l i t y  o f  t h e  i n i t i a t o r .  I t  s h o u l d  be p o i n t e d  o u t  t h a t  
NASA's use  o f  i n i t i a t o r s  i n  space r e p r e s e n t s  a s m a l l  number 
o f  u n i t s  as  compared t o  many o r d n a n c e  p rog rams  and, hence, 
g r e a t e r  a v e r a g e  c o n t r o l  i s  p o s s i b l e  i n  a p r a c t i c a l  sense. 

Ue have l o o k e d  a t  t h e  methods  o f  r a f i n g - - p r i n c i p a l l y  
d i s c o n n e c t - - a n d  t h e  t e s t i n g  r o u t i n e s  t o  e s t a b l i s h  t h e  p r e s e n c e  
o r  absence o f  a b r i d g e w i r e  on  t h e  c i r c u i t .  The c o m p l e x i t y  
and makeup o f  t h e  c o m p l e t e  S h u t t l e  t o  a c e r t a i n  e x t e n t  
d i c t a t e s  t h e  p r o c e d u r e s .  The p rocedures ,  b o t h  t o  s a f e  and  
t o  a s s u r e  t h a t  a l i v e  i n i t i a t o r  i s  on a c i r c u i t  when i t  i s  
needed, i m p r e s s  u s  as b e i n g  e x c e l l e n t .  T h e  r i s k  o f  a m a l -  
f u n c t i o n ,  e i t h e r  a d v e r t e n t  o r  i n a d v e r t e n t  i s  a c c e p t a b l e .  

The P a n e l  has  a l s o  r e v i e w e d  t h e  Range S a f e t y / D e s t r u c t  
Systems and Procedures .  We f i n d  t h e  s y s t e m  i n  good shape 
and  t h e  c o o p e r a t i o n  be tween  NASA and t h e  E a s t e r n  T e s t  Range 
p e r s o n n e l  e x c e l l e n t ,  w i t h  a good t r a i n i n g  and o p e r a t i n g  
p r o g r a m  i n  p l a c e .  The p r e c a u t i o n s  t o  p r e v e n t  i n a d v e r t e n t  
i g n i t i o n  o f  t h e  sys tem a r e  s a t i s f a c t o r y .  

S h u t t l e  m f s r i o n t  u l t h  e j e c t i o n  s e a t s  i n  c a s e  o f  c e r t a i n  
emergenc ies ;  f o r  i n s t a n c e ,  t h e  n e c e s s i t y  t o  use t h e  r a n g e  
s a f e t y  d e s t r u c t  system. A m i l i t a r y  s e a t  t h r t  had h i g h  

A d e c i s i o n  was made t o  e q u i p  t h e  e a r l y  two-man c r e u  



a l t i t u d e  u s e  was chosen  and a d a p t e d  t o  t h e  S h u t t l e .  T h i s  
seat, h o r i z o n t a l  a t  launch, i s  o f  v e r y  l i m i t e d  u s e  e a r l y  
i n  t h e  l a u n c h  sequence and, o f  course, h a s  a n  u p p e r  a l t i -  
t u d e  L i m i t  o f  p e r h a p s  120,000 f e e t .  A d d i t i o n a l l y ,  i t  
n i g h t  c o n c e i v a b l y  be o f  use  i n  r e e n t r y ,  under some cond i -  

a c c e l e r a t i o n s  when t h e  c h u t e  opens t h a t  may be  t 8 s e d  by 
b a l l a s t i n g  t o  change t h e  c e n t e r  o f  g r a v i t y .  If such m i n o r  
changes i m p r o v e  t h e  p e r f o r m a n c e - - f i n e - - b u t  t h e  P a n e l  w o u l d  
c a u t i o n  a g a i n s t  m a j o r  changes t h a t  m i g h t  i n v r l i d a t e  t h e  
s e a t ' s  s u c c e s s f u l  h i s t o r y ,  w i t h  i n s u f f i c i e n t  t i n e  b e f o r e  
f l i g h t  t o  r e q u a l i f y  t h e  un i t .  

. .  t i o n s .  Under some dep loymen ts ,  t h e r e  a r e  h i g h  L a t e r a l  

The i n i t i a t o r s  f o r  t h e  s o l i d  b o o s t e r s  emp loy  a s a f e  
and arm d e v i c e  t h a t  i s  c o n v e n t i o n a l  i n  p h i l o s o p h y ,  and 
t h e  P a n e l  b e l i e v e s  t h a t  t h i s  c r i t i c a l  w i t  i s  s a f e  when 
i t  s h o u l d  be. The s o l i d  r o c k e t  m o t o r s  t h e m s e l v e s  a r e  a 
m a s s i v e  p y r o t e c h n i c  and s h o u l d  an  i n a d v e r t e n t  i g n i t i o n  
o f  t h e  motor,  o r  one o f  i t s  segments, o c c u r  f r o m  any cause  
a c a t a s t r o p h e  w o u l d  r e s u l t .  The P a n e l  has  r e v i e w e d  t h e  
r e s u l t s  o f  an  i n - d e p t h  s t u d y  o f  t h i s  m a t t e r  and c o n c u r r e d  
i n  a c o u r s e  o f  a c t i o n  t o  r e s u l t  i n  a s a t i s f a c t o r y  r i s k ,  
f r o m  a s a f e t y  and a n a t i o n a l  a s s e t  p o i n t  o f  View. The 
P a n e l  has  r e p o r t e d  s e p a r a t e l y  t o  t h e  A d m i n i s t r a t o r  on  
t h i s  m a t t e r .  
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8. S O F T U A R E  P R O G R A M S  

A t  l e r t t  8 y e r r  r g o ,  t h e r e  was 8 push t o  v r l i d r t e  
t h e  O r b i t e r  s o f t w a r e  f o r  an  e a r l i e r  s c h e d u l e d  STS-1 

. . l a u n c h  da te .  T h i s  r e s u l t e d  i n  v e r i f i c a t i o n  a n d  change 
c o n t r o l  a c t i v i t i e s  t h a t  b e n e f i t e d  t h e  f l i g h t  s o f t w a r e .  
The S h u t t l e  s c h e d u l e  d e l a y  has  a l l o w e d  t i m e  f o r  the 
a b s o r p t i o n  o f  t h o s e  changes w h i c h  have o c c u r r e d .  However, 
t h e r e  has  been  one m a j o r  a r e a  o f  c o n c e r n :  O r b i t e r  r c -  
e n t r y  f l i g h t  s t a b i l i t y  and  c o n t r o l  m a r g i n s  r e q u i r e m e n t s  
n i g h t  v e r y  w e l l  r e s u l t  i n  some s o f t u a r e  changes  t h a t  
a f f e c t  s i m u l a t i o n  and  c rew t r a i n i n g  a c t i v i t i e s .  The 
p r o g r a m  i s  aware o f  t h e  s e r i o u s n e s s  o f  t h i s  snd t h e  P a n e l  
i s  c o n f i d e n t  t h a t  o n l y  n a n d r t o r y  changes u i l l  be  made. 
The P a n e l  h a r b o r s  a n a g g i n g  c o n c e r n  a b o u t  t h e  s u r p r i s e s  
t h a t  can  d e v e l o p  f r o m  s o f t w a r e  p a t c h e s  t h a t  have  n o t  been 
t h o r o u g h l y  t e s t e d .  Q u i t e  n a t u r a l l y ,  m i s s i o n  s i a u l a t f o n s  
and o t h e r  t e s t  e x e r c i s e s  u n c o v e r  t h e  need  f o r  improvemen ts  
w h i c h  most e r s i t y  and  q u i c k l y  a r e  a c c o m p l i s h e d  i n  compu te r  
p r o g r a m  changes. However, i n  a s y s t e m  so complex  w i t h  
s o p h i s t i c a t e d  i n t e r d e p e n d e n t  components, c o n f l i c t  i n  t h e  
compu te r  l o g i c  can  a r i s e  u n l e s s  t h e - s o f t w a r e  m o d i f i c a t i o n s  
a r e  v e r y  t h o r o u g h l y  t e s t e d .  T h e r e  i s  p o t e n t i a l  h e r e  f o r  
s c h e d u l e  i m p a c t .  

The amount o f  s o f t w a r e  t e s t i n g  i n  t h e  v a r i o u s  f a c i l -  
i t i e s ,  such  a s  t h e  S h u t t l e  A v i o n i c s  I n t e g r a t i o n  L a b o r a t o r y  
and t h e  o t h e r  s i m u l a t o r s ,  i s  i m p r e s s i v e  and t h e  P a n e l  i s  
c o n f i d e n t  t h a t  t h e  f l i g h t  s o f t w a r e  w i l l  r d e q u a t e l y  s u p p o r t  
t h e  S h u t t l e ' s  f i r s t  o r b i t a l  m i s s i o n .  

A n o t h e r  a s p e c t  t o  be c o n s i d e r e d  i s  t h e  s o f t w a r e  i n -  
valved i n  t h e  Launch P r o c e s s i n g  System. T h i s  system, 
w h i c h  i s  new t o  NASA!s l a u n c h  a c t i v i t i e s ,  i s  a computer -con-  
t r o l l e d ,  a u t o m a t i c  i m p l e m e n t a t i o n  o f  t h e  countdown p r o c e -  
dure, w h i c h  i s  d i s c u s s e d  s e p a r a t e l y .  O e v t l o p m e n t  o f  t h e  
s o f t w r r e  f o r  t h i s  sys tem has o c c u r r e d  l a t e  i n  t h e  p rog ram 
and  i s  u n i q u e  i n  t h a t  t e s t  e n g i n e e r s  can  w r i t e  t h e i r  own 
segments  o f  t h e  t o t a l  package.  Over t h e  l a s t  year,  t h e  
P a n e l  has  been c o n c e r n e d  a b o u t  t h e  i n t e g r a t i o n  r n d  v e r i f i -  
c a t i o n  o f  t h e s e  v a r i o u s  segments and t h e  p o s s i b i l i t y  o f  
unwan ted  i n t e r a c t i o n  o f  t h e  v a r i o u s  r o u t i n e s  t h a t  c o u l d  
a f f e c t  t h e  l a u n c h  a d v e r s e l y .  The S h u t t l e  p r o g r a m  has been 
r u n n i n g  v e r y  e x t e n s i v e  v e r i f i c a t i o n  t e s t s  i n  t h e  S h u t t l e  
A v i o n i c s  I n t e g r a t i o n  L a b o r a t o r y  f a c i l i t y  o f  t h e  many 
l a u n c h  p r o c e s s i n g  and  countdown r o u t i n e s .  In our o p i n i o n ,  
t h i s  t e s t i n g  s h o u l d  p r e c l u d e  any m a l f u n c t i o n s ,  
t h e  KSC T e s t  D i r e c t o r  can  o v e r r i d e  t h e  system, a t  any t i m e  

* 

4 

A d d i t i o n a l l y ,  
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8nd a h a r d w i r e  emergency c a p a b i l i t y  4s p r o v i d e d .  Pre-  
v e n t i n g  t h e  Launch P r o c e s s i n g  System f r o m  m o d i f y i n g  
t h e  f l i g h t  s o f t w a r e  i n  t h e  O r b i t e r  u n d e r  a n y  c o n d i t i o n s  
mutt c o n t i n u e  t o  be a p a r t  o f  t h e  d e v e l o p m e n t  work.  

We would deem t h i s  system t o  be  s a t i s f a c t o r y  8nd 
4 t  w i l L  be i n d t s p e n s a b l c  i n  t h e  f u t u r e  r o u t i n e  o p e r a t i o n  
o f  the Space T r a n s p o r t a t i o n  System. 
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9 .  FLIGHT CONTROLS 

The P a n e l ' s  c o n c e r n  o v e r  s t a b i l i t y  8nd c o n t r o l  o n  
r e e n t r y  i s  b a s e d  on an a p p r e c i a t i o n  o f  t h e  e x t r e m e l y  

. . d i f f i c u l t  p r o b l e m  f a c i n g  t h e  d e s i g n  e n g i n e e r  of  t h e  con- 
t r o l  system. The e n t r y  t r a j e c t o r y  "window" i s  t i g h t l y  
bounded  by s t r u c t u r a l  a n d  t h e r m a l  c o n s t r a i n t s .  t h e  a b i l i t y  
o f  t h e  f l i g h t  c o n t r o l  s y s t e m  t o  g u i d e  t h e  O r b i t e r  i n  t h a t  
t r a j e c t o r y  i s  c o m p l i c a t e d  by t h e  v a r y i n g  d e g r e e  o f  a u t h o r -  
i t y  o f  t h e  c o n t r o l  means. A t  l o w  dynamic  p r e s s u r e s ,  t h e  
r e a c t i o n  c o n t r o l  j e t s  a r e  necessa ry ;  a s  q i n c r e a s e s  i t  
i s  n e c e s s a r y  t o  use t h e  l i f t  v e c t o r  t o  augment d r a g  
c a l l i n g  for r o l l  and a n g l e  o f  a t t a c k  i n c r e a s e s  c a u s i n g  
b o t h  t h e  r u d d e r  t o  b e  b l a n k e d  and  v o r t i c i e s  s h e d d i n g  f r o m  
t h e  nose, a l l  o f  w h i c h  add  t o  t h e  somewhat u n c e r t a i n  a e r o  
e f f e c t s .  A c c o r d i n g l y  yaw j e t s  a r e  u s e d  w e l l  i n t o  t h e  
a e r o d y n a m i c  r e g i o n ,  a d d i n g  t o  t h e  u n c e r t a i n t i e s  of  p o s s i b l e  
v e h i c l e  i n t e r a c t i o n s .  

The d e r i v a t i o n  o f  t h e  c o n t r o l  e q u a t i o n s  t h a t  g o v e r n  
t h e  s i g n a l s  t o  t h e  r e a c t i o n  j e t s  a n d  aero s u r f a c e  c o n t r o l s  
i n v o l v e  s e v e r a l  c o o r d i n a t e  t r a n s f o r m a t i o n s ,  c o n s i d e r a t i o n  
of  i n e r t i a  c o u p l i n g ,  as w e l l  as  a e r o  c r o s s  c o u p l i n g ,  
s c h e d u l i n g  o f  t h e  c o e f f i c i e n t s  t h a t  v a r y  w i t h  Mach No. 
a n d  dynamic  p r e s s u r e ,  a s  w e l l  as t h e  g a i n  a n d  l e a d /  
l a g  t e r m s  n e c e s s a r y  f o r  s t a b i l i t y .  The d e s i g n  must  p r o v i d e  
m a r g i n s  t h a t  accommodate t h e  v a r i a t i o n s  and  u n c e r t a i n t i e s  
i n  t h e  a t r o d y n a m i c  c o e f f i c i e n t s ,  s t r u c t u r a l  responses,  
a n d  c o n t r o l  e f f e c t i v e n e s s .  

I n h e r e n t  i n  t h e  d e s i g n  a r e  t h e  f r e q u e n c i e s  o f  t h e  
s t r u c t u r a l  modes o f  v i b r a t i o n  w h i c h  have been  o b t a i n e d  b o t h  
f r o m  a n  e l a b o r a t e  m a t h e m a t i c a l  mode l  o f  t h e  v e h i c l e  as w e l l  
as f r o m  l a b o r a t o r y  t e s t s  c o n d u c t e d  o n  a c a r e f u l l y  a u t h e n t i c a t e d  
q u a r t e r - s c a l e  model. D e s p i t e  t h e  c a r e  and  a t t e n t i o n  o f  t h e  
s t r u c t u r a l  mode l i ng ,  t h e r e  e x i s t s ,  i n  some q u a r t e r s ,  an  
u n e a s i n e s s  c o n c e r n i n g  t h e  p r e d i c t a b i l i t y  o f  v i b r a t i o n  modes 
o f  t h e  a c t u a l  v e h i c l e .  The l a t e s t  dynamic  s t a b i l i t y  t e s t i n g  
a t  KSC d i d  n o t  l a y ' t o  r e s t  t h e  c o n c e r n s  o f  t h e  s k e p t i c a l .  
R e f i n e m e n t s  o f  t h e  m o d e l i n g  and  i m p r o v e d  a n a l y s i s  must  con- 
t i n u e  S O  t h a t  n o  s i g n i f i c a n t  d i s c r e p a n c i e s  rema in .  

f l i g h t  c o n t r o l  s y s t e m  a r e  d e t e r m i n e d  i n  f l i g h t  by i n d i r e c t  
I n f e r e n c e  made f r o m  n a v i g a t i o n  i n f o r m a t i o n  g l e a n e d  f r o m  
gyros,  a c c e l e r o m e t e r s  a n d  TACAN d a t a .  
a i r  d a t a  q u a n t i t i e s  a r e  n o t  r e a d i l y  a v a i l a b l e .  Research  o n  
a d i r e c t  a i r  d a t a  m e a s u r i n g  s y s t e m  i s  underway  i n  NASA.  
A l t h o u g h  i t  w i l l  b e  u n a v a i l a b l e  o n  i t s  cur ren t  s c h e d u l e  f o r  
t h e  f i r s t  f l i g h t ,  i t s  development ,  i f  s u c c e s s f u l ,  s h o u l d  be 
s e r i o u s l y  c o n s i d e r e d  f o r  r e t r o f i t t i n g  a t  t h e  e a r l i e s t  
p o s s i b l e  t i n e .  

b 

Many o f  t h e  c o n t r o l  p a r a m e t e r s  and  g a i n s  o f  t h e  d i g i t a l  

The more c o n v e n t i o n a l  



. . . 

The b a s i c  d a t a  bare f o r  t h e  e n t r y  a e r o d y n a m i c s  has  
been t h e  s u b j e c t  o f  the most e x t e n s i v e  Z n v e s t i g r t f o n  p o s s i b l e .  
A l t h o u g h  most  e x p e r t s  e x p r e s s  c o n f i d e n c e  i n  t h i s  a r e a ,  

’ neu j n f o r m r t i o n  o n  t h i s  s u b j e c t  c o n t i n u e s  t o  grow, I t  i s  
. e s s e n t i a l  t h a t  when a v a i l a b l e ,  t h e s e  new d r t r  s h o u l d  be 

i n c l u d e d  whereve r  a p p r o p r i a t e .  T h e r e  i s  n o  f l i g h t  e x p e r i e n c e  
a t  t h e  h i g h  Mach numbers and h i g h  angles of a t t a c k  t o  w h i c h  
t h e  S h u t t l e  w i l l  b e  s u b j e c t e d .  . 

of  t h e  c o n t r o l  d e s i g n .  S h o r t  o f  a c t u a l  f l i g h t ,  t h e  o n l y  
method i s  t h a t  o f  h i g h  f i d e l i t y  s i m u l a t i o n .  

The r b o v e  c o m p l e x i t y  r a i s e s  t h e  q u e s t i o n  o f  v e r i f i c a t i o n  
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10. F.LICHT INSTRUMENTATION 

During t h e  p a s t  y e a r 0  the P a n e l  has i n i t i a t e d  some 

. ' v e h i c l e  depends h e a v i l y  o n  e x t e n s i v e  u s e  o f  t r a n s d u c e r s  
s t u d i e s  i n t o  S h u t t L e  i n s t r u m e n t a t i o n .  T h i s  v e r y  complex  

and  e l e c t r o n i c s  f o r  p r o p e r  o p e r r t i o n t  and  8 1 8 0  t o  c o l l e c t  
d r t r  t h a t  w i l l  c o n f i r m  p e r f o r m a n c e  p r e d i c t i o n s  f o r  f u r t h e r  
f l i g h t  t e s t s  8nd  expans ion  of  f l i g h t  enve lope .  

I n  t h e  c o n d u c t  o f  t h e s e  l e a r n i n g  e n c o u n t e r s  a t  
Johnson Space Center ,  Kennedy Space Center ,  and  Dryden 
F l i g h t  Research  C e n t e r  ( i n c l u d i n g  a c o m p l e t e  m i s s i o n  
s i m u l a t i o n ) ,  i t  a p p e a r s  t h a t  a d e q u a t e  I n f o r m a t i o n  and r e -  
dundancy  i s  p r o v i d e d  by f l i g h t  i n s t r u m e n t a t i o n .  C o n s i d e r -  
i n g  t h e  on -board  l i m i t s  i n  a b i l i t y  t o  p r o c e s s  i n f o r m a t i o n ,  
s t o r e  a n d / o r  t e l e m e t e r  aero ,  t e m p e r a t u r e ,  and  o t h e r  a i r -  
f r a m e  data ,  backup  r e c o r d i n g  c a p a b i l i t y  i n  t h e  deve lopmen t  
f l i g h t  i n s t r u m e n t a t i o n  m i g h t  u e l l  be i n c r e a s e d .  The P a n e l  
b e l i e v e s ,  however, t h i s  i s  an a c c e p t a b l e  r i s k  f o r  t h e  
f i r s t  f l i g h t .  

. 
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11. CREW TRAINING 

The d e l r y s  I n  t h e  f l i g h t  s c h e d u l e  of  t h e  S T S - 1  have 
. .  p r o v i d e d  a d d i t i o n a l  time f o r  c rew t r a i n i n g ,  f e r m i n r l  

a r e a  e n e r g y  management f l i g h t s  i n t o  Edwrrds,  a n d  i n t o  t h e  
U h i t e  S 8 n d t  str ip w i t h  t h e  S h u t t l e  T r a i n i n g  A i r c r a f t  have  
s e r v e d  t o  m a i n t a i n  p r o f i c i e n c y .  The S h u t t l e  t r a i n i n g  
A I r c r r f t  r nd  o t h e r  i n f l i g h t  s i n u l r t o r r  h r v e  been u s e d  t o  
v e r i f y  and  t u n e  c o n t r o l  s y s t e m  r e f ~ n e s e n t s ,  Such a s  t h e  
p i l o t  i n d u c e d  o s c i l l a t i o n  s u p p r e s s i o n  f i l t e r .  A l t h o u g h  
t h e  s i m u l a t o r s  h a v e  been m i n t y  engaged i n  f l l g h t  c o n t r o l  
d e s i g n  work, t h e  a s t r o n a u t s  have p a r t i c i p a t e d  and c o n t r i -  
b u t e d  t o  t h a t  e f f o r t .  

A number o f  s i m u l a t o r s  a r e  b e i n g  u s e d  t o  e x p l o r e  a 
w i d e  r a n g e  o f  emergency and c o n t i n g e n c y  p r o c e d u r e s .  I n  
p a r t i c u l a r ,  t h e  t e c h n i q u e  o f  "down mod ing"  a s  a c rew 
o p t i o n  a p p e a r s  t o  many t o  be c r i t i c a l  f o r  f l i g h t  s a f e t y .  
The c r e w  i s  l e a r n i n g  t o  f l y  t h e  s i m u l a t o r  i n  t h e  down 
moded c o n f i g u r a t i o n  and  t o  d e v e l o p  c r i t e r i a  f o r  t h e  c i r -  
cums tances  w h i c h  m i g h t  d i c t a t e  i t s  use. For  example, i n  
t h e  e v e n t  o f  a c o n t r o l  p r o b l e m  such  a s  l o s s  o f  r e a c t i o n  
c o n t r o l  j e t s  o r  u n e x p e c t e d  v a r i a t i o n s  i n  c r i t i c a l  a e r o -  
dynamic  c o e f f i c i e n t s  w h i c h  m igh t  p r o d u c e  o t h e r w i s e  uncon-  
t r o l l a b l e  o s c i l l a t i o n s ,  t h e  c rew can  s e l e c t  a manua l  
mode o f  f l i g h t  w i t h  r e d u c e d  c o n t r o l  sys tem g a i n s .  

Down mod ing  o r  any such  i n t e r f e r e n c e  w i t h  t h e  a u t o -  
m a t i c  f l i g h t  c o n t r o l  sys tem i s  r e g a r d e d  by  t h e  c rew a s  
an  emergency measure o n l y .  For  t h e  f i r s t  f l i g h t  t h e y  
p r e f e r  o n l y  t o  i n i t i a l i z e  t h e  a u t o m a t i c  sys tem and assume 
t h e  r o l e  o f  d i s p l a y  m o n i t o r i n g  d u r i n g  t h e  d e s c e n t  t h r o u g h  

The s i m u l a t o r  does  e x h i b i t  some p r o b l e m s  w h i c h  m i g h t  
hamper e f f e c t i v e  c rew t r a i n i n g  e s p e c i a l l y  i n  t h e  manual  
modes, A 350 m i l l i s e c o n d  d e l a y  i n  t h e  d i s p l a y  a p p e a r s  t o  
be  nore t h a n  j u s t  an  annoyance and c o n t r i b u t e s  a l s o  t o  
t h e  d i f f i c u l t i e s  o f  m o n i t o r i n g  e n t r y  f l i g h t  c o n t r o l  p e r f o r -  
mance. T h i s  problem, w h i c h  i s  r e l a t e d  t o  an  i n h e r e n t  
d e v 4 a t i o n  i n  t h e  s i m u l a t o r  f i d e l i t y  has been  c a l l e d  t o  
t h e  a t t e n t i o n  o f  t h e  program.  

I t h e  h i g h  Wach number reg imes.  

E l e v o n  o s c i l l a t i o n s ,  which a r e  m a n i f e s t e d  i n  t h e  
s i m u l a t o r ,  r a y  o r  n a y  n o t  be c h a r a c t e r i s t i c  o f  a c t u a l  
v e h i c l e  b e h a v i o r .  S i n c e  i t  i s  a l w a y s  p r e s e n t ,  t h e  c o n d i -  
t i o n  n i g h t  s i m p l y  be s y m p t o m a t i c  o f  I s i m u l a t o r  ha rdware  
p r o b l e m .  I n  t h e  f l i g h t  v e h i c l e ,  t h e  a s t r o n a u t s  f e e l  t h a t  
such o s c t l l a t i o n s  uould be intolerrblc, P o t e n t i a l  re- 
s o l u t i o n s  a r e  u n d e r  c o n s i d e r a t i o n  f o r  a p p l i c a t i o n  t o  t h e  
s i m u l a t o r s  as a f i r s t  s t e p .  
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The Panel ,  o f  course,  has  had l i m i t e d  o b s e r v a t i o n s  
o f  t h e  c rew t r a i n i n g  s i m u l a t o r s  4n o p e r a t i o n .  They a r e  
r e c e i v i n g  t h e  most  c o m p e t e n t  a t t e n t i o n  possible I S  con- 
t i n g e n c y  p l a n n i n g  causes  an e x p a n s i o n  o f  t h e  p r o c e d u r e s  
.necessary t o  cope w i t h  emergenc ies .  The c r e w  4 s  c x p e r i -  

' enced as  a r e  a l s o  t h e  i n s t r u c t o r s  and t h e  P a n e l  f e e l s  
c o n f i d e n t  t h a t  crew t r a i n i n g  w i l l  be a d e q u a t e  f o r  t h e  
F i r s t  Planned O r b i t a l  F l i g h t .  
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1 2 m  GROUND SIMULATIONS 

R e c o g n i z i n g  t h e  impor tance o f  s i m u l a t i o n  t o  t h e  
- .des ign  o f  t h e  c o n t r o l  e q u a t i o n s  and  t h e  v e r 4 f i c a t ~ o n  
o f  t h e  c o n t r o l  sys t tm,  t h e  P a n t 1  recommended i n  1979 
t h a t  Johnson Space C e n t e r  o r g a n i z e  1 t e c h n i c a l  management 
g r o u p  t o  c o o r d i n a t e  t h e  e f f o r t s  o f  v a r i o u s  o r g a n i z a t i o n s  
t h a t  u e r c  engaged i n  s i m u l a t i o n s .  The E n t r y  f l i g h t  
S i m u l a t i o n  I n t e g r a t i o n  Group was f o r m e d  and h a s ' m e t  
m o n t h l y  t h i s  p a s t  yea r .  I n  a d d i t i o n  t o  d e f i n i n g  and 
a s s i g n i n g  t a s k s  t o  t h e  v a r i o u s  t a l e n t e d  g r o u p s  a v a i l a b l e ,  
i t  has  been v e r y  e f f e c t i v e  i n  " I n t e g r a t i n g "  ( c r o s s  
f e e d i n g  o f  i n f o r m a t i o n ,  and e n g e n d e r i n g  a p p r e c i a t i o n  o f  
p r o b l e m s )  t h e  s e p a r a t e  t e c h n i c a l  d i s c i p l i n e s ;  i m C m ,  
aerodynamics ,  c o n t r o l s ,  t h e r m a l ,  S ~ ~ U C ~ U ~ C S ,  and  f l i g h t  
o p e r a t i o n s .  The g r o u p ' s  c h a r t e r  i n c l u d e s  c o n s i d e r a t i o n  
o f  c o n t r o l  p r o b l e m s  on ascent ,  r e t u r n  t o  l a u n c h  s i t e  
and a b o r t - t o - o r b i t  and abor t -once -a round .  T h i s  work 
s u p p o r t s  S f S - 1  as w e l l  as f u t u r e  m i s s i o n s .  

The c o n c e n t r a t e d  work  on a n a l y s i s  and s i m u l a t i o n  o f  
t h e  p r o b l e m s  o f  r e e n t r y ,  and t h e  p r o g r e s s  t h a t  i s  becoming 
a p p a r e n t ,  has  done much t o  a l l a y  t h e  P a n e l ' s  c o n c e r n  
a b o u t  t h e  d a n g e r s  i n c i d e n t  t o  r e e n t r y .  The c o n t r o l  p r o -  
b lems  d u r i n g  a s c e n t  b e n e f i t  f r o m  t h e  a v a i l a b i l i t y  o f  g r e a t  
a u t h o r i t y  f r o m  t h e  v e c t o r e d  t h r u s t  o f  t h e  m a i n  e n g i n e s  
and t h e  o r b i t a l  m a n e u v e r i n g  system. 

Ground s i m u l a t i o n  i s  a p o u e r f u l  and n e c e s s a r y  t o o l  
i n  t h e  d e s i g n  and f i r s t  t i m e  use  o f  t h e  c o n t r o l  system; 
but,  n o t  s u f f i c i e n t  t o  f u l l y  p r o v e  t h e  a c c u r a c y  and  com- 

' p r e h e n s i v e n e s s  o f  t h e  d e s i g n  f o r  o p e r a t i o n a l  use. T h a t  
w i l l  come o n l y  t h r o u g h  t h e  g a t h e r i n g  and u s e  o f  d a t a  f rom 
l a t e r  o r b i t a l  m i s s i o n s .  I t s  o t h e r  Smpor tan t  f u n c t i o n  i s  
i n  t r a i n i n g  o f  t h e  crews.  
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13. FLIGHT RULES 

The c u r r e n t  p u b l i s h e d  F l i g h t  R u l e s  ( p r e l i m i n a r y ,  
. R e v i s i o n  C, June 20, 1980, and  R e v i s i o n  C, Augus t  27, 
1980) have  been rev iewed .  The P a n e l  i s  i m p r e s s e d  b y  
t h e  scope o f  t h e  c o n t i n g e n c i e s  covered,  and  b y  t h e  d e p t h  
o f  d e t a i l  p r o v i d e d .  I t  w o u l d  be p resumptuous  of  t h e  
P a n e l  t o  c r i t i c i z e ,  o r  even  t o  s u g g e s t  m o d i f i c i t l o n s  
t o  t h e s e  Rules;  i nasmuch  I S  t h e  s u b j e c t s  c o v e r e d  a r e  
S O  s p e c i a l i z e d ,  a n d  t h e  vo lumes have been p r e p a r e d  b y  
compe ten t  e n g i n e e r s  w i t h  w i d e  e x p e r i e n c e  i n  such  m a t t e r s .  
H i s s i o n  s i m u l a t i o n s  w i l l  e x e r c i s e  t h e s e  r u l e s  under t h e  
c o n c e r n e d  eyes  o f  t h e  crews. I f  any i n c o n s i s t e n c i e s  
a r e  found, o r  i f  i t  becomes d e s i r a b l e  t o  r e l a x  some 
s t a n d a r d s ,  t h e  changes w i l l  be s u b j e c t  t o  c a r e f u l  r e v i e w  
u n d e r  management c o n t r o l s  such  a s  C o n f i g u r a t i o n  C o n t r o l  
B o a r d  p r o c e d u r e s .  

I 
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14. LAUNCH P R O C E S S I N G  SYSTEM 

E r r l y  i n  t h e  p r o g r r n  i t  U 8 S  r e c o g n i z e d  t h r t  t h e  
- .  checkout ,  t e s t  and  l a u n c h  o f  r e c u r r i n g  S h u t t l e  f l i g h t s  

w o u l d  r e q u i r e  a d e g r e e  o f  a u t o m a t i o n  t h a t  was new t o  
t h e  space f r a t e r n i t y .  As a r e s u l t ,  t h e  Launch  P r o c e s s i n g  
Sys tem was d e v e l o p e d  a r o u n d  a compu te r  t h a t  c o n t r o l s  t h e  
v a r i o u s  c h e c k o u t  and  l a u n c h  f u n c t i o n s .  The s o f t w a r e  
l a n g u a g e  f o r  t h i s  compu te r  was c o n s t r u c t e d  so t h a t  an 
e n g i n e e r  u s i n g  t h e  s y s t e m  c o u l d  w r i t e  t h e  s o f t w a r e  f o r  
t h e  p a r t i c u l a r  segment o f  t h e  o p e r a t i o n  i n  w h i c h  he was 
i n t e r e s t e d  and c o u l d  t h e n  check  i t  o u t  t o  see  t h a t  i t  
p e r f o r m e d  t h e  f u n c t i o n s  r e q u i r e d .  These v a r i o u s  sub- 
r o u t i n e s  a r e  s t o r e d  i n  t h e  memory f o r  r e c a l l  dur ing 
checkout ,  when a p a r t i c u l a r  f u n c t i o n  o f  t h e  l a u n c h  p r o -  
c e s s  i s  needed. The i n t e g r a t i o n  o f  such  i n t e r a c t i v e  
p r o g r a m i n g  must  be  c a r e f u l l y  v e r i f i e d  f o r  t h e  o v e r a l l  
p r o g r a m  t o  work  s a t i s f a c t o r i l y .  

The s y s t e m  c o n s i s t s  o f  8 g r o u p  o f  conso les ,  essen-  
t i a l l y  o p e r a t i n g  i n  p a r a l l e l ,  each o f  w h i c h  can  c a l l  up 
a n d  i n i t i a t e - a n y  o f  t h e  r o u t i n e s  i n  t h e  compu te r  du r ing  
t h e  o p e r a t i o n .  The memory a l s o  i n c l u d e s  t h e  l a u n c h  
management p r o g r a m  t h a t  c o n t r o l s  t h e  countdown, t h e  
s e q u e n t i a l  p e r f o r m a n c e  o f  t h e  many s u b r o u t i n e s .  T h i s  
management s o f t w a r e  has  p r o v i s i o n  f o r  I@anU8l and  a u t o -  
m a t i c  ho lds ,  as  a p p r o p r i a t e  t o  t h e  c o n d i t i o n s  and t i m e  
p e r i o d s  l e a d i n g  t o  l aunch .  The a b i l i t y  o f  many c o n s o l e s  
t o  have c o n t r o l  p u t s  a p remium on  p r a c t i c e  so a s  t o  
a c h i e v e  s t r i c t  d i s c i p l i n e  on  t h e  p a r t  o f  t h e  Launch Con- 
t r o l  C e n t e r  p e r s o n n e l .  I t  i s  s i g n i f i c a n t  t h a t  l a t e  i n  
t h e  countdown t h e  c o n t r o l  f u n c t i o n  i s  r e s t r i c t e d  t o  
s e v e r a l  m a s t e r  conso les ,  u n d e r  t h e  c o g n i z a n c e  o f  t h e  
Launch  D i r e c t o r .  The P a n e l  f e e l s  t h a t  t h i s  c o n c e n t r a t i o n  
o f  a u t h o r i t y  i s  good, i n  t h a t  i t  removes t h e  p o s s i b i l i t y  
o f  p e o p l c - t y p e  f a i l u r e s  due t o  m i s u n d e r s t a n d i n g  o r  m i s -  
communica t ion .  

1 

Launch Commit C r i t e r i a  a r e  an i n t e g r a l  p a r t  o f  t h e  
L a u n c h  P r o c e s s i n g  Sys tem which a r e  i n t e r l o c k e d  i n  t h e '  
Launch sequence v i a  t h e  s o f t w a r e  program. The S h u t t l e  i s  
8 complex  s y s t e m  t h a t  has  many e l e m e n t s  a r r a n g e d  i n  a rc -  
d u n d a n t  f a s h i o n  t o  i n s u r e  r e l i a b i l i t y .  I n  o r d e r  f o r  man- 
d a t o r y  r e d u n d a n c y  t o  be  a v a i l a b l e  i n  f l i g h t ,  t h e  v e h i c l e  a s  
l a u n c h e d  must  be i n  t h e  s p e c i f i e d  c o n d i t i o n .  To i n s u r e  t h i s  
t h e r e  a r e - - a f t e r  r c rubb ing - - l , 276  measurements o r  c o n d i t i o n s  
w h i c h  a r e  m o n i t o r e d  dur ing  f i n a l  l a u n c h  p r e p a r a t i o n s .  From 
1-9 a f n u t e r  t o  1-27 seconds t h e i r  number 1 s  reduced t o  
q,089 w h i c h  a r e  m o n i t o r e d  b y  t h e  g r o u n d  l a u n c h  sequencer  
u h i c h  can  c a l l  a " h o l d "  i f  any  o u t - o f - t o l e r a n c e  c o n d i t i o n  
e x i s t s .  During t h e  f i n a l  t e q ~ e n c e s ,  1-27 seconds t o  l a u n c h  
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when t h e  a u t o m a t i c  r e d u n d a n t  s e t  p r o g r a m s  t a k e  over, 
t h e r e  a r t  o n l y  254 r u t o m a t i c - h o l d  n e a s u r e m e n t t  o r  
r c d - l i n e s .  These d e a l  p r i m a r i l y  w i t h  t h e  p r o p u l s f o n  
sys tems  i n v o l v i n g  t h e  eng ine ,  b o o s t e r s  a n d  t h e  e x t e r n a l  
t r n k  and most  a r e  t e r m e d  " s i n g l e  mandatory ' '  a e a s u r e -  
ment i ,  f o e . @  measurements w i t h  no r e d u n d a n t  s e n s o r  o r  
d a t a  r e a d i l y  a v a 4 l a b l e .  The r e m a i n i n g  835 p 8 r a m e t e r s  

' a r e  m o n i t o r e d  but  can  n o t  cause  a n  a u t o m a t i c  h o l d .  P r i o r  

cause  a h o l d .  S i n c e  many o f  t h e s e  measurements p r e s e n t  
d i f f i c u l t i e s ,  we may be  g e t t i n g  c l o s e  t o  t h e  p o i n t  where 
i n  some c a s e s  t h e  S h u t t l e  i s  more r e l i a b l e  t h a n  t h e  sys tems 
d e s i g n e d  t o  measure t h a t  r e l i a b i l i t y ,  and t h e  c u r r e n t  
Launch  Commit C r i t e r i a  w i l l  be h a r d  pu t  t o  cope w i t h  t h e  
l a t e r  S h u t t l e ' s  r o u t i n e  o p e r a t i o n a l  phases. 

. t o  1-9 m i n u t e s  any  one o f  t h e  1,276 p a r a m e t e r s  can  

B e t t e r ,  more r e l i a b l e  ~ n s t r u m e n t a t ~ o n  f s  8 n e c e s s i t y  
but  t h e r e  a r e  a l s o  o t h e r  t h i n g s  t h a t  can  b e  done. F o r  
i n s t a n c e ,  s i n c e  t h e r e  i s  i n s u f f i c i e n t  t i m e  t o  make an 
i n f a l l i b l e  a n a l y s i s  o f  a measurement, go/no-go c r i t e r i a  
s h o u l d  be u s e d  f o r  l a t e  t i m e  c o n s t r a i n t s .  P r i o r  t o  launch,  
t h e r e  i s  a l s o  a f i n i t e  t i m e  t h a t  a t h e n  p r o p e r l y  o p e r a t i n g ,  
r e d u n d a n t  subsys tem c o u l d  be  removed f r o m  t h e  go/no-go 
s y s t e m  t o  a i l o w  e f f e c t i v e  c o n c e n t r a t i o n  upon t h e  more 
c r i t i c a l  i s s u e s .  I n  t h e  P a n e l ' s  d i s c u s s i o n s ,  we have 
d i f f i c u l t y  r e a l i z i n g  t h e  e f f e c t i v e  management o f  o v e r  
1,200 p r i m e  measurements some o f  w h i c h  a r e  a l t e r n a t e  (232) 
o r  b a c k u p  ( 2 1 4 )  measurements.  W i t h  c u r r e n t  t r a i n i n g  and 
s p e c i a l  a t t e n t i o n  p a i d  t o  t h e  o v e r  800 "must measure= 
ments"  t h e r e  i s  less c o n c e r n  f o r  S f S - 1 .  A t  o p e r a t i o n a l  
l a u n c h  p r e p a r a t i o n  t i m e  g e t s  s h o r t e r ,  r e l i a n c e  must  be  
p l a c e d  on  f e w e r  p r i m a r y  c r i t e r i a ,  because  t h e  t i m e  r e -  
m a i n i n g  i s  s i m p l y  n o t  a d e q u a t e  f o r  a n a l y s i s  o r  c o m p a r i s o n  
a n d  d e c i s i o n .  

* 

The P a n e l ' s  r e v i e w  o f  t h e  p r e l a u n c h  o p e r a t i o n s  and 
l a n d i n g  o p e r a t i o n s  c e r t a i n l y  i m p r e s s e s  upon u s  t h a t  much 
work  and  s t r e a m l i n i n g  must  be done b e f o r e  t h e  t u r n - a r o u n d  
t i m e  i n i t i a l l y  e n v i s i o n e d  can  be a c c o m p l i s h e d .  I n  l i g h t  
o f  t h e  p r o p o s e d  t w o  l a u n c h  s i t e s ,  i n  f a c t ,  i t  may be more 
e c o n o m i c a l  and  s a f e r  t o  p r o c u r e  a t  l e a s t  one a d d i t i o n a l  
O r b i t e r ,  so a s  t o  g i v e  more t i m e  f o r  t h e  b e t w e e n - f l i g h t  
p r o c e s s i n g .  



1s. L A N D I N G  OPERATIONS 

A f t e r  t h e  r i g o r s  of r e e n t r y ,  any  c o n s i d e r a t i o n  o f  
t h e  L a n d i n g  o p e r a t i o n  w i l l  seem tame by compar ison.  How- 
ever,  t h e r e  a r e  c r i t i c a l  f u n c t i o n s  t h a t  must  be done 
p r o p e r l y .  F o r t u n a t e l y ,  t h e  l a n d i n g  i s  t h e  one phase o f  
t h e  S h u t t l e ' s  f l i g h t  t h a t  has  been a c t u a l l y  p r . a c t i c e d  i n  
t h e  a p p r o a c h  and  l a n d i n g  t e s t s .  T h i s  s e r i e s  o f  f l i g h t s  
u n c o v e r e d  a s e n s i t i v e  c o n t r o l  c h a r a c t e r i s t i c  t h a t  r e s u l t e d  
i n  a p i l o t - i n d u c e d  o s c i l l a t i o n .  T h i s  o s c i l l a t i o n  has 
been  a n a l y z e d  and a c o n t r o l - g a i n  f i l t e r  d e v i s e d  t o  c o r r e c t  
t h e  C h a r a c t e r i s t i c .  T h i s  has  been e x t e n s i v e l y  s i m u l a t e d  
8nd s h o u l d  pose no h a z a r d  f o r  t h e  crew. 

s i t e s - - N o r t h r u p  s t r i p  a t  U h i t e  Sands f o r  Abor t -Once-Around 
and  KSC f o r  Return-To-Launch-Site--have had t h e  M i c r o -  
u a v e  S c a n n i n g  Beam L a n d i n g  System i n s t a l l e d  and t e s t e d .  
The l t n g t h  o f  t h e  Edwards and N o r t h r u p  s t r i p s  a r e  such  
t h a t  t h e r e  s h o u l d  be  n o  d i f f i c u l t y  due t o  b r a k i n g  o r  
o v e r  runs .  

B o t h  t h e  p t imc- -Edwards  AFB--and t h e  a l t e r n a t e  l a n d i n g  

The g r o u n d  e r e u s  t h a t  a s s i s t  t h e  a s t r o n a u t s  f r o m  
t h e  S h u t t l e  a f t e r  l a n d i n g  and s e c u r e  t h e  v e h i c l e  a r e  
f r o m  Kennedy Space C e n t e r  and have h a d  e x t e n s i v e  t t a i n -  
ing.  The g r o u n d  s u p p o r t  equ ipmen t  a t  Edwards and Kennedy 
i s  comp le te .  The g r o u n d  s u p p o r t  equ ipmen t  a t  N o r t h r u p  
i s  s u f f i c i e n t  t o  c o v e r  t h e  c rew e g r e s s  and  t o  s a f e  t h e  
v e h i c l e  f r o m  h a z a r d o u s  m a t e r i a l s .  

I n  l i g h t  o f  t h e  p r e p a r a t i o a s  and t r a i n i n g ,  t h e  P a n e l  
I does  n o t  e x p e c t  any  t r o u b l e s  t o  d e v e l o p  du r ing  t h e  r o l l -  

o u t  and  p o s t l a n d i n g  a c t i v i t i e s .  



16. PAYLOADS AND GROUND OPERATIONS 

The P a n e l ' s  f o c u s  h a s  been on t h e  p r e p a r a t i o n s  f o r  
t h e  f i r s t  manned o r b i t a l  m i s s i o n ,  STS-1, w h i c h  i n c l u d e s  
a m i n i m u m  o f  what  m i g h t  b e  c a l l e d  pay load ,  i.eOl Aero- 
d y n a r i c  C o e f f i c i e n t  I d e n t i f i c a t i o n  Package (ACIP), In -  
d u c e d  E n v i r o n m e n t a l  C o n t a m i n a t i o n  M o n i t o r  ( I E C M ) ,  a n d  
Deve lopmen t  F l i g h t  I n s t r u m e n t a t i o n  ( D F I ) .  Consequen t l y ,  
a s a f e t y  o f  p a y l o a d s  a r e a  h a s  r e c e i v e d  o n l y  a c u r s o r y  
r e v i e w  du r ing  t h i s  p a s t  yea r .  W i t h i n  t h i s  c u r t a i l e d  
a c t i v i t y ,  houever ,  t w o  i t e m s  have  been  examined: (1) 
L e v e l  I - Space T r a n s p o r t a t i o n  System s a f e t y  p o l i c y  and  
r e q u i r e m e n t s  and (2 )  t h e  c u r r e n t  s t a t u s  o f  t h e  European  
Space Agency ' s  f l i g h t  and  d e v e l o p m e n t  S p a c e l a b  and  
p a l l e t  ha rdware .  I n  s u p p o r t  o f  upcoming  P a n e l  a c t i v i t i e s ,  
t h i s  r e p o r t  o u t l i n e s  some areas we hope t o  r e v i e w  and  
a s s e s s  a s  t h e  S h u t t l e  s y s t e m  b e g i n s  i t s  o r b i t a l  f l i g h t  
t e s t  p e r i o d  and  s e t s  t h e  s t a g e  f o r  t h e  e a r l y  o p e r a t i o n a l  
f l i g h t s .  

B a s i c  Space T r a n s p o r t a t i o n  O p e r a t i o n s  s a f e t y  p o l i c y  
i s  t o  m i n i m i z e  N A S A  i n v o l v e m e n t  i n  p a y l o a d  and  a t t e n d a n t  
g r o u n d  s u p p o r t  e q u i p m e n t  des ign ,  c o n s t r u c t i o n  a n d  t e s t i n g  
w h i l e  m a i n t a i n i n g  a n  a c c e p t a b l e  l e v e l  o f  s a f e t y .  Thus, 
p a y l o a d s  n e i t h e r  i n t e r f e r e  u i t h  t h e  S h u t t l e  s y s t e m  i t -  
s e l f  ( p a r t i c u l a r l y  t h e  O r b i t e r )  n o r  a d v e r s e l y  a f f e c t  
m i s s i o n  o p e r a t i o n s .  Based on  d i s c u s s i o n s  a t  NASA Head- 
q u a r t e r s  and  KSC and a b r i e f  r e v i e w  o f  NASA d o c u m e n t a t i o n  
t h e r e  i s  n o  d o u b t  t h a t  NASA has  and i n t e n d s  t o  c o n t i n u e  
t o  p l a c e  g r e a t  emphas is  o n  p a y l o a d  s a f e t y .  T h i s  t h r o u g h  
b o t h  s e t t i n g  r e a l i s t i c  r e q u i r e m e n t s  a n d  m a k i n g  a v a i l a b l e  
t e c h n i c a l  s u p p o r t  f o r  t h o s e  who r e q u e s t  i t .  The " S a f e t y  
P o l i c y  and  R e q u i r e m e n t s "  document, NHB 1700.7 i s s u e d  by  
NASA H e a d q u a r t e r s  e s t a b l i s h e d  p o l i c y  and s a f e t y  r e q u i r e -  
m e n t s  a p p l i c a b l e  t o  a l l  S T S  p a y l o a d s  and  t h e i r  g r o u n d  
s u p p o r t  e q u i p m e n t  ( G S E ) .  T y p i c a l  i m p l e m e n t i n g  documenta- 
t i o n  f o r  u s e r s  i s  t h e  "Space T r a n s p o r t i t i o n  System P a y l o a d  
S a f e t y  b u i d e l i n e s  Handbook" # 11123, i s s u e d  by J S C -  
Day- to-day c o v e r a g e  i s  p r o v i d e d  b y  t h e  STS P a y l o a d  S a f e t y  
Rev iew P a n e l  a t  JSC, e s t a b l i s h e d  i n  1977. T h i s  w o r k i n g  
g r o u p  a s s u r e s  t h a t  s a f e t y  c r i t i c a l  p a y l o a d  subsys tems  a r e  
a p p r o p r i a t e l y  v e r i f i e d ,  and  p r o v i d e s  c o n f i d e n c e  i n  adherence  
t o  s a f e t y  r e q u i r e m e n t s  t h r o u g h o u t  t h e  p a y l o a d  community. 
A m a j o r  o r g a n i z a t i o n a l  change t o  b e t t e r  r e f l e c t  c u r r e n t  
a n d  f u t u r e  needs  was made a t  NASA H e a d q u a r t e r s :  The O f f i c e  
of  Space T r a n s p o r t a t i o n  o p e r a t i o n s  ( o p e r a t i o n a l  o r g a n i -  
z a t i o n )  was e s t a b l i s h e d  s e p a r a t e  f r o m  t h e  O f f i c e  o f  Space 
T r a n s p o r t a t i o n  System <a d e v e l o p m e n t  o r g a n i z a t i o n )  w i t h -  
out  a f f e c t i n g  t h e  g e n e r a l  r o l e s  and r e s p o n s i b i l i t i e s  a t  
t h e  N A S A  c e n t e r s .  I n  l i n e  u i t h  t h i s ,  t h e  e x i s t i n g  H e a d q u a r t e r s  
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H e a d q u r r t e r s  R e l i a b i l i t y ,  Q u a l i t y  and S a f e t y  O f f i c e  w i t h i n  
Space T r a n s p o r t a t i o n  Sys tem o r g a n i z a t i o n  was s e t  up so i t  
c o u l d  s u p p o r t  b o t h  t h e  o p e r a t i o n a l  and  d e v c t o p n e n t r l  

. .  o r g a n i z a t i o n s  t h u s  p r o v i d i n g  c o n t i n u i t y  be tween  them. 

An i n d i c a t i o n  o f  p r o g r a m  r e s p o n s e  t o  P a n e l  S a f e t y  
recommenda t ions  ( s e e  P a n e l ' s  Annua l  R e p o r t  1978) 4 s  seen 
i n  t h e  r e c e n t  NASA r n d  ESA agreement  t h r t  d u r i n g  t h e  Crew 
Compartment F i t  and  F u n c t i o n  ( ~ 2  2 )  r e v i e w  a " S a f e t y  w a l k -  
t h r o u g h "  w i l l  be c o n d u c t e d  I S  d e f i n e d  i n  t h e  a p p e n d i x  t o  
PL-ER-0111, d a t e d  Augus t  12, 1980, o f  t h e  " P o l i c y  and  P r o -  
c e d u r e s  f o r  S p a c e l a b  F l i g h t  S a f e t y  E n g i n e e r i n g  Walk-Around 
I n s p e c t i o n s . "  T h i s  s . r f e t y  w a l k - t h r o u g h  i s  t o  b e  c o n d u c t e d  
c o n c u r r e n t l y  w i t h  t h e  Crew S t a t i o n  Rev iew and t h e  Space- 
l a b  F l i g h t  U n i t  c 2  2. More s p e c i f i c a l l y ,  p a r a g r a p h  2.2 
o f  t h i s  document n g t e s :  
s i s t  o f  ESA, NASA, and ERNO members a s  f o l l o w s :  

" T h i s  i n s p e c t i o n  Team s h a l l  con-  

EIASA FSA FRNd 

Co-Chai rman Co-Chairman 
Systems E n g i n e e r i n g  
Crew Systems 
Aerospace  S a f e t y  A d v i s o r y  

P a n e l  R e p r e s e n t a t i v e  
P r o d u c t  Assu rance  8 S a f e t y  

Co-Chairman 

Dur ing  t h e  Walk -Around I n s p e c t i o n ,  an ERNO Q u a l i t y  Assu rance  
r e p r e s e n t a t i v e  w i l l  b e  r e q u i r e d  f o r  r e c o r d i n g  f i n d i n g s  t o  
be  u s e d  i n  f u r t h e r  team d i s c u s s i o n s  and t o  d e t e r m i n e  any 
f u t u r e  c o r r e c t i v e  a c t i o n s . "  

f 

4 A t  t h i s  p o i n t  i n  t i m e  t h e  p a y l o a d s  a s s i g n e d  t o  STS-1 
and STS-2 t a k e  p r i o r i t y ,  and a r e  d e s c r i b e d  i n  T a b l e  I .  
The P a n e l ' s  p a y l o a d  r e v i e w  a c t i v i t y  i n  t h e  coming y e a r  i s  
e x p e c t e d  t o  c o v e r  t h e  a r e a s  n o t e d  i n  T a b l e  11. I n  a d d i -  
t i o n ,  i f  t h e  l i q u i d  p r o p e l l a n t  C e n t a u r  v e h i c l e  i s  s e l e c t e d  
as a p o s s i b l e  u p p e r  s t a g e  p r o p u l s i o n  u n i t  f o r  h i g h - o r b i t  
p a y l o a d s  t h e  P a n e l  w i l l ,  o f  course,  i n c l u d e  i t  i n  i t s  r e v i e w s .  
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TABLE I - PAYLOADS F O R  STS-1, STS-2 
I 

8 )  STS-1 M i s s i o n  

0 Aerodynamic  C o e f f i c i e n t  I d e n t i f i c a t i o n  Package 
(ACIP) w e i g h i n g  165 pounds. The ACIP e x p e r i m e n t  
c o n s i s t s  o f  a s e l f - c o n t a i n e d  package  o f  3 l i n e a r  
a ~ c e l e r o m e t e r s ,  3 a n g u l a r  a c c e l e r o m e t e r s ,  3 
r a t e  gyros,  s i g n a l  c o n d i t i o n i n g  and PCM equipment .  
I t  i s  mounted o n  t h e  O r b i t e r  w i n g  box  c a r r y  
t h r o u g h  s t r u c t u r e  n e a r  t h e  l o n g i t u d i n a l  c e n t e r  
o f  g r a v i t y  (C.C.). 

0 The I n d u c e d  E n v i r o n m e n t a l  C o n t a m i n a t i o n  M o n i t o r  
(IECM) w e i g h i n g  985 pounds. The IECM i s  u s e d  
t o  measure and r e c o r d  ( t a p e  and p h o t o g r a p h )  
c o n c e n t r a t i o n  l e v e l s  o f  gaseous r n d  p a r t i c u l a t e  
c o n t a m i n a t i o n  i n  t h e  v i c i n i t y  o f  t h e  p a y l o a d  
bay. Mounted  on  D F I  (Development  F l i g h t  In-  
s t r u m e n t a t i o n )  System P a l l e t .  (Note :  C u r r e n t l y  
n o t  e x p e c t e d  t o  f l y . )  

0 Deve lopment  F l i g h t  I n s t r u m e n t a t i o n  u e i g h i n g  
9,015 pounds. I n c l u d e s  p a l l e t ,  sensors ,  c o o l i n g ,  
and c o l d  p l a t e s  p l u s  w i r i n g .  

b) STS-2 M i s s i o n  

- I n s t r u m e n t s  ( c a l l e d  O S T A - 1  p a y l o a d )  

o MAPS (Measurement o f  A i r  P o l l u t i o n  f r o m  S a t e l l i t e s )  
o S M I R R  ( S h u t t l e  M u l t i s p e c t r a l  I n f r a r e d  R a d i o m e t e r )  
o S I R - A  ( S h u t t l e  I m a g i n g  Radar )  
o F I L E  ( F e a t u r e s  I d e n t i f i c a t i o n  L o c a t i o n  E x p e r i m e n t )  
o OCE (Ocean C o l o r  E x p e r i m e n t )  
o NOSL ( N i g h t i m e  and D a y t i m e  O p t i c a l  Su rvey  

o HBT ( H e f l e x  B i o e n g i n e e r i n g  T e s t )  
o f  L i g h t n i n g )  

Research  Equ ipment  

o O F 1  (Deve lopment  F l i g h t  I n s t r u m e n t a t i o n )  
o ACIP (Aerodynamic  C o e f f i c i e n t  I d e n t i f i c a t i o n  

o IECN ( I n d u c e d  E n v i r o n m e n t a l  C o n t r a l n r t i o n  

o S o l i d  S o r b e n t  Sample 
o Whole Gas  sample  b o t t l e s  ( 4 )  
o S u p p o r t  Systems f o r  O r b i t e r  E x p e r i m e n t s  

- 

P i c  kage)  

M o n i t o r )  

( O E X )  



- Tape r e c o r d e r  - PCM s y s t e m  - I n t e r f a c e  module - Power c o n t r o l  box - Turning b u f f e r  - C o n t r o l  Pane l  
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TABLE I1 - PANEL A R E A S  F O R  R E V I E W  

. 
L e v e l  11, 111, I V  

- Documentat;:? s t a t u s  arr< t h e i r  i m p l e m e n t a t i o n  
r e g a r d i n g  i o i i c y  a n d  mi-irnurn s a f e t y  r e q u i r e m e n t s  
f o r  p a y l o a z s  and g r o u n d  s u p p o r t  e q u i p m e n t .  In -  
c l u d e s  a c t u a l  e x a m p l e s  o f  p a y l o a d  s a f e t y  
o p e r a t i o n s ,  

- D i s c u s s  p a y l o a d  s a f e t y  a n d  s a f e t y  r e l a t e d  
r e s p o n s i b i l i t i e s  w i t h  t h e  s p e c i f i c  i n d i v i d u a l s  
t a g g e d  a s  " s a f e t y  r o s p o n s i b l e "  p a r t i e s  a n d  
how t h e y  a c t u a l l y  w o r k  w i t h  e x p e r i m e n t e r s  a n d  
o t h e r s  i n v o l v e d  i n  S h u t t l e  p a y l o a d s ,  e.g., 
c o r r e s p o n d e n c e ,  day - to -day  c o n t a c t  p e r s o n a l  
o r  t e l e p h o n e  c o n t a c t ,  p e r i o d i c  r e v i e w s ,  

- C o n t r a c t u a l  a s p e c t s  o f  p a y l o a d  s a f e t y .  

- The s a f e t y  r e l a t e d  documen ts  t h a t  an  e x p e r i -  
m e n t e r  i s  e x p e c t e d  t o  p r o v i d e  t o  NASA i n c l u d i n g  
how one  c h e c k s  t h e  a u t h e n t i c i t y  o f  s a f e t y  
r e l a t e d  da ta ,  e.g., m a t e r i a l s  c o m p a t i b i l i t y ,  
u s e  o f  e x p l o s i v e s ,  e l e c t r i c a l  i s o l a t i o n .  

- KSC s a f e t y  a c t i v i t i e s  a n d  a s s u r a n c e  d u r i n g  
l a u n c h  p r e p a r a t i o n s .  

- S e l f - c o n t a i n e d  p a y l o a d s  a n d  how t h e y  a r e  
t r e a t e d  f r o m  a s a f e t y  v i e w p o i n t  i n c l u d i n g  t h e  
i m p l e m e n t a t i o n  o f  November 4 F e d e r a l  R e g i s t e r  
S e c t i o n  # 1214.903 " C o n d i t i o n s  o f  Use" sub- 
p a r t  ( c ) .  

- USAF/NASA p a y l o a d s .  

- S p e c i f i c  a c t i o n s  t a k e n  i f  h a z a r d s  a r e  f o u n d  
and  what  d e t e r m i n e s  s u c h  a c t i o n s .  
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17. PRODUCT ENHANCEMENT SUGGESTIONS 

As i n  a n y  m a j o r  p r o g r a m  t h a t  s p a n s  a number o f  y e a r s  
f r o m  c o n c e p t  t o  f r u i t i o n  t h e  p r o g r e s s  i n  p a r a l l e l  m i l i t a r y  
a n d  c o m m e r c i a l  p r o g r a m s  s u g g e s t s  d i f f e r e n t  t e c h n i q u e s  a n d  
c o n c e p t s  o f  s y s t e m s  a n d  s u b s y s t e m s  t h a t  w o u l d  enhance t h e  
s a f e t y  o f  t h e  s p a c e  t r a n s p o r t a t i o n  system. I t  h a s  b e e n  
s u g g e s t e d  b y  t h e  A e r o s p a c e  S a f e t y  v i s o r y  P a n e l  t h a t  NASA 
s h o u l d  i n i t i a t e  a m a j o r  s t u d y  t o  d e f i n e  a n  i m p r o v e d  STS, 
s t i l l  b a s e d  on t h e  p r e s e n t  o v e r a l l  concep t ,  t o  i m p r o v e  
t h e  b a s i c  s y s t e m  s a f e t y  b u t  a l s o  t o  i m p r o v e  t h e  r e l i a b i l i t y  
o f  i t s  r o u t i n e  u s e  a n d  r e d u c e  t h e  t u r n a r o u n d  t i m e  b e t w e e n  
m i s s i o n s .  Such a s t u d y  s h o u l d  n o t  b e  l i m i t e d  t o  t h e  
f o l l o w i n g  s u g g e s t i o n s  bu t  t h e s e  a p p e a r  t o  t h e  P a n e l  t o  . 

h a v e  m a j o r  t o t a l  p o s i t i v e  i m p a c t  o n  t h e  u s a b i l i t y  a n d  
u l t i m a t e  s a f e  p e r f o r m a n c e  o f  t h e  s p a c e  t r a n s p o r t a t i o n  
s y s  tem. 

A .  C o n s i s t e n t  A p p r o a c h  t o  Redundancy 

S h u t t l e  s y s t e m s  t h r o u g h o u t ,  a e r o d y n a m i c  a n d  e n g i n e  con-  
t r o l s ,  t h r u s t  v e c t o r  c o n t r o l s ,  e n v i r o n m e n t a l  systems,  
etc., s h o u l d  a l l  be  e v a l u a t e d  i n  t h e  l i g h t  o f  b e s t  c u r r e n t  
p r a c t i c e  t o  i n s u r e  a c o n s i s t e n t  r e d u n d a n c y  p h i l o s o p h y .  
Such a s t u d y  may s u g g e s t  many m a j o r  changes, a l l  o f  which 
s h o u l d  be  c a r e f u l l y  c o n s i d e r e d  u h a t e v e r  t h e  i m p a c t  o n  
r e t r o f i t  p o t e n t i a l  o r  c o s t  a n d  s c h e d u l e .  T h e r e  w i l l  be  
f u r t h e r  S h u t t l e  a i r c r a f t  p u r c h a s e d  a n d  t h e y  s h o u l d  b e  a t  
t h e  f o r e f r o n t  o f  t h e  s a f e t y  s t a t e  o f  t h e  a r t .  

2. T h e r m a l  P r o t e c t i o n  System 

I t  h a s  become a p p a r e n t  t h a t  l o n g  l i f e  w i t h  r e p e a t e d  
e x p o s u r e  t o  l a u n c h  a n d  r e e n t r y  e n v i r o n m e n t s  i s  n o t  l i k e l y  
t o  be r e a c h e d  w i t h  t h e  p r e s e n t  t h e r m a l  p r o t e c t i o n  system. 
Most l i k e l y  a r e a s  o f  i m p r o v e m e n t  a r e  p r o b a b l y  w i t h i n  t h e  
S t r a i n  I s o l a t i o n  Pad ( S I P )  s y s t e m  and  i n  t h e  c o n c e p t  o f  
gap  f i l l e r s .  I t  i s  b e l i e v e d  t h a t  t h e  random c o m p o s t t i o n  
o f  m a t e r i a l  i n  t h e  p r e s e n t  S I P  l a y e r  s h o u l d  b e  e x c h a n g e d  
f o r  a more p o s i t i v e l y  c o n f i g u r e d  f l e x i b l e  l a y e r .  

3 .  Power Sys tems  C o n c e p t s  

The a u x i l i a r y  power  s y s t e m  n o u  b e i n g  u s e d  h a s  c o n s i s -  
t e n t l y  d e m o n s t r a t e d  a random u n r e l i a b i l i t y .  T h i s  s u g g e s t s  
t h a t  a n  e n t i r e l y  new c o n c e p t  b e  s o u g h t .  T h i s  i n v e s t i g a t i o n  
s h o u l d  be more e x t e n s i v e  t h a n  t h e  power  g e n e r a t i o n  u n i t  
i t s e l f - i t  s h o u l d  i n c l u d e  a t  l e a s t :  
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a. A l l  e l e c t r j c  O r b i t e r .  

b. F i x i n g  o r  p r o g r a m m i n g  t h e  n o z z l e s  i n  t h e  
s o l i d  r o c k e t  b o o s t e r s  t h u s  r e d u c i n g  p o u e r  
demands t o  allow t h e  r e m o v a l  o f  t h e  
a u x i l i a r y  p o u e r  u n i t s .  

C. S u f f i c i e n t  power  p e r  un:t t o  f u l f i l l  r e -  
e n t r y  a n d  r e t u r n  t o  b a s ?  u i t h o u t  d e g r a d -  
a t i o n  i n  c o n t r o l  c a p a b i t i t y ,  e v e n  t h o u g h  
o n l y  one  p o w e r  u n i t  w a s  s t i l l  o p e r a t i v e .  

4. L a n d i n g  Gear  

A t i r e  f a i l u r e  a t  some t i m e  i s  i n c v i t a b l e - - a  m u l t i -  
w h e e l  t r u c k  o r  m u l t i - t i r e  w h e e l  s h o u l d  b e  d e s i g n e d  t h a t  
c a n  s u s t a i n  a t i r e  f a i l u r e  u i t h  o n l y  a r e m o t e  p o t e n t i a l  
f o r  a d i s a s t r o u s  " o u t  o f  c o n t r o l t t  g r o u n d  l o o p  o r  u o r s e .  

5. P e r f o r m a n c e  Enhancement  

Based  o n  d a t a  f r o m  i n i t i a l  f l i g h t  r e s u l t s ,  a p r o -  
g r a m  t o  enhance  t h r u s t  f o r  more p a y l o a d  c a p a b i l i t y  s h o u l d  
b e  i n i t i a t e d  a l o n g  w i t h  c o n t r o l  s y s t e m  changes  w h i c h  
w i l l  p e r m i t  m a j o r  i m p r o v e m e n t s  i n  t h e  p e r m i s s i b l e  c e n t e r  
o f  g r a v i t y  r a n g e s  f o r  r o u t i n e  o p e r a t i o n .  

6. S o l i d  P r o p e l l a n t  E l e m e n t  H a n d l i n g  

Rev iew o f  g r o u n d  f a c i l i t i e s  and e r e c t i o n  s y s t e m s  
f o r  a s s e m b l y  o f  t h e  t o t a l  v e h i c l e  u i t h  i t s  t a n k  a n d  
b o o s t e r  s y s t e m s  r e v e a l e d  t h a t  e a r l y  f a c i l i t y  l i m i t a t i o n s  
f o r c e d  N A S A  i n t o  l e s s  t h a n  t h e  b e s t  h a n d l i n g  c o n c e p t s  
f o r  t h e  s o l i d  p r o p e l l a n t  e l e m e n t s  t h a t  a r e  a s s e m b l e d  a t  
t h e  Kennedy Space C e n t e r .  I n t e r i m  p r o c e d u r e s  and  s p e c i a l  
c a r e  p r o g r a m s  u i l l  s u f f i c e  f o r  e a r l y  f l i g h t s  b u t  m a j o r  
r e m o t e  s t o r a g e  and  h a n d l i n g  f a c i l i t i e s  s h o u l d  be  p r o v i d e d  
f o r  t h e  s o l i d  p r o p e l l a n t  e l e m e n t s  a w a i t i n g  assemb.ly o r  
b e i n g  i n d i v i d u a l l y  p r e p a r e d  f o r  assemb ly .  F i n a l l y ,  a 
m a j o r  s t u d y  i s  n e e d e d  t o  d e s i g n  e l e m e n t  h a n d l i n g  s y s t e m s  
t h a t  m i n i m i z e  o r  e l i m i n a t e  t h e  h a z a r d  i n h e r e n t  i n  man ipu -  
l a t i n g  segmen ts  w i t h  h o i s t s ,  p a r t i c u i a r l y  i n  c h a n g i n g  
s e g m e n t s  f r o m  t h e  h o r i z o n t a l  t o  v e r t i c a l  p o s i t i o n .  
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18. AERONAUTICAL RESEARCH AND DEVELOPMENT PROGRAMS 

The P a n e l  h a s  c o n t i n u e d  i t s  a t t e n t i o n  t o  c e r t a i n  
a e r o n a u t i c a l  r e s e a r c h  p r o g r a m s .  D u r i n g  t h e  p a s t  yea r l  
o u r  a c t i v i t i e s  i n  t h i s  a r e a  u e r e  l i m i t e d  t o  f l i g h t  t e s t  
p r o g r a m s  of c e r t a i n  new or d i f f e r e n t  a e r o n a u t i c a l  c o n f i g -  
u r a t i o n s .  Mos t  o f  t h e  P a n e l ' s  a t t e n t i o n  was d i r e c t e d  a t  
t h e  f o l l o w i n g  p o i n t s :  

A. S h u t t l e  C o n t r o l l a b i l i t y - R e e n t r y ,  h y p e r s o n i c  
c o n t r o l  a n d  p i l o t  i n d u c e d  o s c i l l a t i o n  h a s  b e e n  
an  o n g o i n g  s u b j e c t  w i t h  t h o s e  who f l e w  t h e  
l i f t i n g  b o d y  v e h i c l e s  a s  w e l l  a s  t h o s e  i n v o l v e d  
f r o m  NASA's a e r o n a u t i c a l  c e n t e r s .  E x p e r i m e n t a l  
w o r k  h a s  r e c e n t l y  b e e n  c o n d u c t e d  a n  o t h e r  h i g h  
f i d e l i t y  s i m u l a t o r s  t o  g a i n  a f u r t h e r  i n s i g h t  
i n t o  t h i s  p r o b l e m .  

B.  HiMAT--A much h i g h e r  r i s k  p r o j e c t  i n v o l v i n g  
r e m o t e l y  p i l o t e d  f l i g h t  o p e r a t i o n s .  The 
HiMAT i s  a v e r y  s o p h i s t i c a t e d  machine, b o t h  
a e r o d y n a m i c a l l y  and i n  i t s  sys tems .  The P a n e l  
i s  c o n f i d e n t  t h a t  management o f  r i s k s  i n  t h i s  
p r o g r a m  a r e  c o n t r o l l e d  a n d  t h a t  w h i l e  t h e r e  i s  
a l w a y s  a p o s s i b i l i t y  o f  m i s s i o n  f a i l u r e  i n  t h i s  
t y p e  o f  p r o j e c t ,  s u c c e s s f u l  c o m p l e t i o n  i s  
h i g h l y  p r o b a b l e .  

C. O t h e r  S p e c i a l  A e r o n a u t i c a l  C o n f i g u r a t i o n s  
(DAST, T i l t  R o t o r )  and  m o d i f i e d  a i r c r a f t  
( F 1 4 ,  F l b ,  F104-F15 S h u t t l e  T i l e  T e s t s ) .  

The P a n e l  w i l l  c o n t i n u e  t o  m o n i t o r  s a f e t y  a s p e c t s  
o f  a e r o  f l i g h t  r e s e a r c h  p r o g r a m s .  
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A E R O S P A C E  S A F E T Y  A D V I S O R Y  P A N E L  
M E M B E R S  

4 3  



R e m b e r s h i p  o f  t h e  
A e r o s p a c e  S a f e t y  A d v i s o r y  P a n e l  

H e r b e r t  E. G r i e r ,  P a n e l  Cha i rman  
S r .  V i c e  P r e s i d e n t ,  EG&G, I nc .  (Retired) 
C o n s u l t a n t  

R i c h a r d  H. B a t t i n  
A s s o c i a t e  D e p a r t m e n t  Head 
C h a r l e s  S t a r k  D r a p e r  Lab., I nc .  

. 
6 .  

L e i g h t o n  I. D a v i s  
L t .  Gen., USAF ( R e t i r e d )  . 

W i l l i s  M. H a w k i n s  
S e n i o r  A d v i  s o r  
L o c k h e e d  C o r p o r a t i o n  

I r a  G r a n t  H e d r i c k  
P r e s i d e n t i a l  A s s i s t a n t  f o r  

Grumman A e r o s p a c e  C o r p o r a t i o n  
C o r p o r a t e  T e c h n o l o g y  

Seyr?csr  C. Himmel 
t s s z s c i a t e  D i r e c t o r  
L e u i s  R e s e a r c h  C e n t e r  

J o h n  L. K u r a n z  
S e n i o r  A d v i s o r  
S iemens Gammasonics, I nc .  

J o h n  F. McDona ld  
V i c e  P r e s i d e n t - T e c h n i c a l  

T i g e r A i r ,  I n c .  
S e r v i c e s  

J o h n  G .  S t e w a r t  
Manager, O f f i c e  o f  P l a n n i n g  

Tennessee V a l l e y  A u t h o r i t y  
8 B u d g e t  

W a l t e r  C. W i l l i a m s ,  E x - O f f i c i o  Member 
N A S A  C h i e f  E n g i n e e r  

G i l b e r t  L. Roth, S t a f f  D i r e c t o r  
A e r o s p a c e  S a f e t y  A d v i s o r y  P a n e l  
NASA H e a d q u a r t e r s  
Washington,  D C  20546 

Susan Webster,  A d v i s o r y  C o m m i t t e e  A s s i s t a n t  
N A S A  H e a d q u a r t e r s  
Washington,  DC 20546 
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APPENDIX B 

1980  
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AND 

FACT-FINDING MEETINGS 

4 5  



1980 PANEL SESSIONS 

J a n u a r y  16 

F e b r u a r y  7 

M a r c h  19-20 .. 

Hay 1 5 - 1 6  

J u n e  1 8 - 1 9  

A u g u s t  21-22 

O c t o b e r  7-8 

December 4 

A n n u a l  m e e t i n g  w i t h  N A S A  A d m i n i s t r a t o r  Washington,  DC 
a n d  N A S A  s e n i o r  management 

T e s t i m o n y  b e f o r e  t h e  S e n a t e  S u b c o m m i t t e e  U.S. S e n a t e  
o n  Science,  T e c h n o l o g y  a n d  Space 

F i r s t  Manned O r b i t a l  F l i g h t ,  STS-1, Kennedy Space 
l a u n c h  p r e p a r a t i o n s ,  f l i g h t  h a r d w a r e  C e n t e r  
c h e c k o u t  a n d  l a u n c h  c o u n t d o w n  o v e r -  
v i e w .  O r b i t e r  102 h a r d w a r e / s o f t u a r e  
s t a t u s .  

S h u t t l e  p r o g r a m  o v e r v i e w  w i t h  e m p h a s i s  Johnson  Space 
C e n t e r  o n  f l i g h t  c o n t r o l  system, s t r u c t u r a l  

l o a d s ,  a v i o n i c s  and i t s  v a l i d a t i o n  f o r  
f l i g h t ,  g r o u n d / f l i g h t  c r e w  t r a i n i n g ,  
s p a c e  s u i t  a c c i d e n t ,  p a y l o a d s  and  
D e v e l o p m e n t  f l i g h t  I n s t r u m e n t a t i o n .  

R o c k w e l l  I n t e r n a t i o n a l ' s  i m p l e m e n t a t i o n  R o c k w e l l  I n t e r -  
o f  t h e i r  Systems I n t e g r a t i o n  r e s p o n s i -  n a t i o n a l  Corp.  
b i l i t i e s .  O r b i t e r  and s y s t e m s  s t a t u s ,  Douney, C A  
S a f e t y  and  R e l i a b i l i t y .  S o l i d  R o c k e t  
M o t o r  h a n d l i n g .  S T S - 1  h a r d w a r e  a n d  
s o f t w a r e  c e r t i f i c a t i o n  and  v a l i d a t i o n .  

Space S h u t t l e  M a i n  Engine,  S o l i d  R o c k e t  M a r s h a l l  Space 
B o o s t e r ,  E x t e r n a l  Tank and t h e  M a i n  F l i g h t  
P r o p u l s i o n  System p r o j e c t s  a c t i v i t i e s  C e n t e r  
i n  s u p p o r t  o f  STS-1 and l a t e r  m i s s i o n s .  
Range S a f e t y  a n d  c o n f i g u r a t i o n  c o n t r o l .  
MSFC's s u p p o r t  o f  o p e r a t i o n s  a t  KSC 
and D F R C .  

S t a t u s  o f  S T S - 1  f L i g h t  h a r d w a r e  t e s t i n g  Kennedy Space 
L a u n c h  Commit C r i t e r i a ,  p y r o t e c h n i c  C e n t e r  
o p e r a t i o n s ,  r a n g e  s a f e t y  system. 
SRM/SRB h a n d l i n g  a n d  p r o c e s s i n g  a t  KSC 

D i s c u s s i o n s  u i t h  NASA C h i e f  E n g i n e e r  Washington,  D C  
c o n c e r n i n g  c u r r e n t  and p r o j e c t e d  STS-1 
i s s u e s  and  t h e i r  r e s o l u t i o n .  
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1980 FACT-FINDING SESSIONS 

INDIV IDUAL PANEL MEMBERS 
BY 

J a n u a r y  4 

. 
.. J a n u a r y  30-31 

M a r c h  3 - 4  

M a r c h  31 

A p r i l  29-30 

May 13 

Nay 21 

May 29-30 

J u l y  8 

S h u J e  Safe ty ,  R e l i a b i l i t y  and Q u a l i t y  R o c k u e l l  I n t e r -  
A s s u r a n c e  O p e r a t i o n s .  O r b i t e r  TTZ, n a t  i ona I ,  
APU s t a t u s  a n d  p r o b l e m  r e s o l u t i o - .  Douney, C A  

O r b i t e r  f l i g h t  crew s i m u l a t i o n s  t r 5 ; n i r . g  J o h n s o n  Space 
a n d  t h e  f i d e l i t y  o f  s i m u l a t o r  in :J t /  C e n t e r  
o u t p u t  u s e d  a t  v a r i o u s  N A S A / c o n t r a c t o r  
l o c a t i o n s .  

E x a m i n a t i o n  o f  t h e  Deve lopmen t  F l i g h t  
I n s t r u m e n t a t i o n  a n d  O p e r a t i o n a l  
F l i g h t  I n s t r u m e n t a t i o n  a s  t o  adequacy  
o f  s u p p o r t  a n d  r e a l - t i m e  u s e  f o r  
STS-1 m i s s i o n .  

J o h n s o n  Space 
C e n t e r  

O b s e r v e  and f o l l o w  HiMAT t e s t  f l i g h t ,  
d a t a  r e d u c t i o n  and  e v a l u a t i o n  o f  t h e  
m i s s i o n  a n d  s u p p o r t i n g  a c t i v i t i e s .  

O r b i t e r  F l i g h t  c r e w  s i m u l a t i o n s  a n d  
a n a l y t i c a l  e v a l u a t i o n s  o f  t h e  
r e s u l t s  t o  a s s u r e  r e e n t r y  s t a b i l i t y  
and  c o n t r o l .  

D i s c u s s i o n s  w i t h  p r o j e c t  managers  on 
t h e i r  c o n d u c t  o f  r e s e a r c h  a i r c r a f t  
f l i g h t  t e s t  p r o g r a m s  t o  a s s u r e  s a f e t y  
o f  o p e r a t i o n s .  

O r b i t e r - 1 0 2  T h e r m a l  P r o t e c t i o n  System 
t i l e  t e s t  program, i n s t a l l a t i o n  and  
t h e  e x p e c t e d  d e s i g n  m a r g i n s .  

Computer  s i m u l a t i o n  o f  S h u t t l e  r e e n t r y  
a n d  a p p l i c a b i l i t y  o f  a d d i t i o n a l  
D r a p e r  L a b o r a t o r y  work  t o  t h e  STS-1 
O r b i t e r  f l i g h t  t r a j e c t o r i e s .  

HiMAT p r o g r a m  assessmen t  m e e t i n g .  

J u l y  9-10 S T S - 1  F l i g h t  R u l e s  Review a s  p a r t  o f  
t h e  F l i g h t  R e a d i n e s s  Rev iew p r o c e s s .  

D r y d e n  F l i g h t  
R e s e a r c h  
C e n t e r  

J o h n s o n  Space 
C e n t e r  

Washington,  D C  

R o c k u e l l  I n t e r -  
n a  t i ona 1 
Downey, C A  

C h a r l e s  S t a r k  
D r a p e r  Labs., 
Inc .  
Cambridge, M A  

Oryden  F l i g h t  
R e s e a r c h  
C e n t e r  

J o h n s o n  Space 
C e n t e r  
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J u l y  22-23 

J u l y  23 

A u g u s t  6-7 

. 
Sep tember  7 6 

Sep tember  
17-7 8 

November 1 3  

November 13  

November 17 

November 
24-25 

STS-1 L a u n c h  Commit C r i t e r i a 1  r e v i e w  
a s  a p a r t  o f  t h e  F l i g h t  R e a d i n e s s  
Rev iew p r o c e s s .  

Space S h u t t l e  M a i n  E n g i n e  s t a t u s ,  
p rob lems a n d  t h e i r  r e s o l u t i o n .  

O r b i t e r 0 1 0 2  r e e n t r y  s t a t i l i t y  a n d  c o n t r o l  
c h a r a c t e r i s t i c s  a n d  t h e  a d e q u a c y  of  t h e  
O r b i t e r  f - L i g h t  c o n t r o i  system, b o t h  
h a r d w a r e  a n d  s o f t w a r e .  D e v e l o p m e n t  
a n d  u s e  o f  c o n t r o l  e q u a t i o n s .  

S T S - 7  f l i g h t  c o n t r o l  s i m u l a t i o n  e q u a t i o n s  
a n d  r e e n t r y  t r a i n i n g  r e s u l t s  f o r  t h e  
0.9 < M ( 6  r e g i o n .  

bFRC r i s k  management s y s t e m  f o r  t h e i r  
r e s e a r c h  a i r c r a f t  p r o j e c t s ,  r e s u l t s  o f  
f l i g h t  t e s t  t o  d a t e  o n  O r b i t e r - 1 0 2  
t i l e  s y s t e m  c o n f i g u r a t i o n s ,  g e n e r a l  
s u p p o r t  o f  t h e  Space , S h u t t  l e  System 
w i t h  e m p h a s i s  o n  STS-7. 

S T S - 1  O r b i t e r  r e e n t r y  k i n e m a t i c s  a n d  
adequacy  o f  c u r r e n t  t r a j e c t o r y  
ana l y s e s .  

STS-1 R o l l o u t / S t a c k  m e e t i n g  p r i o r  t o  
move of  O r b i t e r - 1 0 2  f r o m  i t s  p r o c e s s i n g  
f a c i l i t y  and  s t a c k i n g  ( m a t i n g )  w i t h  
E x t e r n a l  Tank a n d  S o l i d  R o c k e t  B o o s t e r  
i n  t h e  VAB. P a r t  o f  t h e  F l i g h t  R e a d i n e s s  
Rev iew p r o c e s s .  

U p d a t e  o n  r e s e a r c h  a i r c r a f t  p r o j e c t s ,  
S T S - 1  s u p p o r t  o p e r a t i o n s  a n d  r e v i e w  o f  
c u r r e n t  f l i g h t  c o n t r o l  s i m u l a t i o n s .  

STS-1 O r b i t e r  r e e n t r y  f l i g h t  c o n t r o l  
d i s c u s s i o n s  t o  r e s o l v e  any  r e m a i n i n g  
c o n c e r n s  on s t a b i l i t y  and c o n t r o l  
m a r g i n s .  

Kennedy Space 
C e n t e r  

R o c k t t d y n e  Corp. 
C a l i f o r n i a  

Sys tems  T e c h n o l o g )  
Hawthorne, C A  
D r y d e n  F l i g h t  
R e s e a r c h  C e n t e r  

J o h n s o n  Space 
C e n t e r  

D r y d e n  F l i g h t  
R e s e a r c h  
C e n t e r  

C h a r l e s  S t a r k  
D r a p e r  Labs. 
Cambridge, M A  

Kennedy Space 
C e n t e r  

D r y d e n  F l i g h t  
R e s e a r c h  
C e n t e r  

J o h n s o n  Space 
C e n t e r  
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APPENDIX C 

INVENTORY ( T Y P I C A L )  OF 

PANEL I S S U E S  AND CONCERNS 
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TYPICAL ISSUES A N D  CONCERNS - STS-1 

SUBJECT DESCRIPTION STATUS 

Space S h u t t l e  M a i n  Use o f  F l i g h t  A c c e l e r a t i o n  Safcery Open 
E n g i n e  CSSME) C u t - O f f  System CFASCOS) t o  p r o r e c t  P a n e l  w i l l  r c -  . a g a i n s t  t u r b o p u m p  f a i l u r e s .  P'..st v i e w  p r o g r a m  

n o t  g e t  i n t o  p o s i t i o n  where  i r r t r u -  a c t i o n s  
m e n t a t i o n  f a i l u r e  p r o d u c e  an  t ? V E  
f u n c t i o n a l  f a i l u r e .  \ 

O r b i t e r  APU 

O r b i t e r  TPS 

O r b i t e r  U m b i l i c a l  
Doors 

M i s s i o n  O p e r a t i o n s /  
P a y l o a d  S a f e t y  

M i s s i o n  S i m u l a t i o n s  
a n d  c r e w  t r a i n i n g  

O r b i t e r  e n t r y  
s t a b i l i t y  a n d  
c o n t r o l  ( a e r o -  
p e r f o r m a n c e )  

F l i g h t  R u l e s  and  
f l i g h t  T e s t  Re- 
qu i  r e m e n t s  a n d  
L a u n c h  Commit 
C r i t e r i a  

A u x i l i a r y  Power U n i t  (APU) f u e l  
i s o l a t i o n  v a l u e  s e a l  b r e a k a g e  due  
t o  p r e s s u r e  s u r g e s  i n  t h e  f u e l  
l i n e .  

C o m p l e t i o n  o f  Combined Loads  
O p e r a t i o n a l  T e s t s  (CLOT'S) w i l l  
p r o v i d e  c e r t i f i c a t i o n  o f  t o t a l  
t i l e  s y s t e m  a n d  gap  f i l l e r s  t o  
meet  e x p e c t e d  e n v i r o n m e n t .  

P o s s i b l e  i c e  i m p a c t  o n  t h e s e  
d o o r s  d u r i n g  l i s t - o f f  and  a s c e n t  
p o r t i o n  o f  m i s s i o n .  

A s s u r a n c e  t h a t  s y s t e m  s a f e t y  
a s s o c i a t e d  w i t h  t h e  S h u t t l e  p a y -  
l o a d s  a n d  t h e i r  i n t e r f a c e  w i t h  
t h e  O r b i t e r  a r e  as  r i g o r o u s  a s  
t h a t  a c c o m p l i s h e d  f o r  e a c h  
S h u t t l e  e l e m e n t .  

A s s u r e  t h a t  a d e q u a t e  t i m e  a n d  
t h o r o u g h n e s s  h a s  b e e n  p r o v i d e d  
t o  g r o u n d  and  f l i g h t  c r e w s  t o  
meet  t h e  demands f o r  STS-1.  

C o m b i n a t i o n s  o f  l o s s  o f  r o l l  o r  
yaw t h r u s t e r s  c o u p l e d  w i t h  i n -  
e f f e c t i v e n e s s  o f  a e r o d y n a m i c  
f l i g h t  c o n t r o l  s u r f a c e s  d u r i n g  
t h e  Mach No. .6 t o  0.9 r e g i m e  may 
c a u s e  d i v e r g i n g  i n s t a b i l i t y .  

P a n e l  r e v i e w  o f  t h e  F l i g h t  r u l e s ,  
r e q u i r e m e n t s  a n d  t h e i r  a p p l i c a t i o n  
d u r i n g  f l i g h t ,  i n c l u d i n g :  " p o l i c y -  
p r i o r i t y "  e s t a b l i s h e d  t o  g o v e r n  
downmoding i n  c a s e  o f  e l e c t r i c a l  

C l o s e d  
PaneL s a t i s f i e d  
w i t h  p r o g r a m  
a c t i o n s  

Open 
P a n e l  w i l l  r e -  
v i e w  t e s t  r e s u l t s  

C l o s e d  
A c t i o n s  p l a n n e d  
t a k e n  a p p e a r  
a d e q u a t e .  

C l o s e d  
P a n e l  w i l l  mon i too  
t h i s  a s  a n o r m a l  
p a r t  o f  i t s  r e -  
v i e w  s y s t e m  

C l o s e d  
A c t i v i t i e s  t o  
d a t e  g i v e  t h i s  
a s s u r a n c e  

C l o s e d  
P a n e l  w i l l  con- 
t i n u e  t o  r e v i e . u  
p r o g r a m  a c t i o n s  

Closed 
A c t i v i t i e s  t o  
d a t e  g i v e  t h i s  
a s s u r a n c e  
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SUBJECT DESCRIPTION STATUS 

and  h y d r a u l i c  l i m i t a t i o n s ;  d a t a  
a v a i l a b l e  f o r  p o s t  f l i g h t  a n a l y s i s  
f o r  v a r i o u s  f l i g h t  t e r m i n a t i o n  p o i n t s  
i n  t h e  m i s s i o n ;  L C C  sc rubdoun .  

O r b i t e r  S e a t  E j e c t i o n  seat yawing a f t e r  e jec t ion  
E j e c t i o n  Sys tem and t h e  l a t e r a l  l o a d s  on  t h e  crew 

when t h e  d r o g u e  c h u t e  i s  opened. 

Launch  P r o c e s s i n g  V a l i d a t i o n / t e s t i n g  o f  t h e  g r o u n d  
Sys tem CLPS) a t  and  f l i g h t  s o f t w a r e  i n  f l i g h t - c o n -  
KSC f o r  S T S - 1  f i g u r a t i o n  u s i n g  Cas c l o s e  a s  

p o s s i b l e )  f l i g h t - c o n f i g u r e d  h a r d -  
ware.  

C losed  
T e s t s  and 
a n a l y s e s  a p p e a r  
s a t i s f a c t o r y  

Open 
C u r r e n t  t e s t i n g  
and  t h e  F l i g h t  
R e a d i n e s s  F i r i n g  
w i  11  c o m p l e t e  
t h i s .  P a n e l  
m o n i t o r  
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TYPICAL ISSUES AND CONCERNS 
SHUTTLE OPERATIONAL M I S S I O N S  A N D  
ORBITER VEHICLES BEYOND ORBITER-102 

SUBJECT DESCRIPTION STATUS 

S h u t t l e  P r o d u c t  I m p r o v e m e n t  A f o r m a l  enhancement  A c t i o n s  a r e  
- o r  Enhancement  P r o g r a m  s h o u l d  b e  e s t a b l i s h e d  t o  i n  p r o c e s s .  

4 a s s u r e  p r o p e r  a t t e n t i o n  P a n e l  w i l l  
t o  a l l  t h o s e  i t e m s / a c t i v i t i e s  m o n i t o r  a s  a 

f u l l n e s s  o f  t h e  STS. n o r m a l  r e v i e w s .  
Examp les  a r e :  

I p r o p o s e d  t o  i n c r e a s e  u s e -  p a r t  o f  i t s  

- O r b i t e r  L a n d i n g  Gear .  
P a n e l  s u g g e s t s  t h a t  t h e  
m a i n  g e a r  c o n f i g u r a t i o n  
be  s t u d i e d  t o  a s s u r e  
adequacy  f o r  maximum 
r e q u i r e d  p a y l o a d s ,  a n d  
u s e  o f  w h e e l  RPM i n  l i e u  
o f  w e i g h t - o n - w h e e l s  t o  
i n i t i a t e  t h e - a n t i - s k i d  
sys tem.  - O r b i t e r  TPS. C o n t i n u e  
t o  l o o k  f o r  a l t e r n a t e ,  
l e s s  f r a g i l e  m a t e r i a l s  
f o r  t i l e .  A l t e r n a t i v e  
S I P  m a t e r i a l s  t o  enhance  
t h e  s t r u c t u r a l  c a p a b i l i t y  
o f  t h e  o v e r a l l  s y s t e m  a n d  
l e s s  n e g a t i v e  i m p a c t  f r o m  
e n v i r o n m e n t a l  c o n d i t i o n s ,  
e.g., w a t e r .  

S o l i d  R o c k e t  M o t o r  a n d  
B o o s t e r  P r o c e s s i n g  a t  
Kennedy Space C e n t e r  

C u r r e n t  p r o c e s s i n g  m e t h o d s  
p r o v i d e  a n  a c c e p t a b l e  l e v e l  
o f  s a f e t y .  C o m p l e t i o n  o f  t h e  
o n g o i n g  S R M  H a z a r d  S t u d y  i n  
t h e  s p r i n g  o f  1981 w i l l  d e f i n e  
a n y  p r o b l e m s  and  c o n f i r m  o r  
r e d i r e c t  KSC a c t i o n s  now b e i n g  
p l a n n e d  a n d / o r  i m p l e m e n t e d .  
T h r e e  open  i t e m s  o f  c o n c e r n  
t o  t h e  P a n e l  a r e :  - A n a l y s i s  o f  t h e  e f f e c t s  

o f  c r a c k e d  p r o p e l l a n t s  
o n  t h e  burn r a t e  a n d  
s u b s e q u e n t  VAB o v e r - p r e s -  
s u r  i z a t  i o n .  - A s s u r a n c e  t h a t  r i s k s  w i l l  
b e  r e d u c e d  t o  l o w e s t  

S R M  H a z a r d  Stud: 
i s  i n  p r o c e s s  
ECD i s  May 1981 
C o f f  f und ing  i s  
b e i n g  r e q u e s t e d  
a n d  i n i t i a l  wor 
h a s  begun  o n  t h .  
new s t o r a g e  a n d  
h a n d l i n g  f a -  
c i l i t i e s .  Pane 
w i l l  c o n t i n u e  
t o  m o n i t o r  t h i s  
work.  

5 2  



p r a c t i c a l  l e v e l  du r ing  
S T S  o p e r a t i o n s .  - Use o f  b r e a k o v e r  f i x t u r e s  
vs. t h e  c u r r e n t  c r a n e  
and  h o o k s  h a n d l i n g  methods .  

A d d i t i o n a l l y ,  t h e  d e c i s i o n  t o  
c o n t i n u e  t o  use manned c r a n e s  
i n  t h e  VAB r a t h e r  t h a n  r e m o t e  
o p e r a t e d  c r a n e s  a s  e n v i s i o n e d  
f o r  t h e  new SRB h a n d l i n g  and  
s t o r a g e  f a c i l i t i e s  s h o u l d  be  
r e e v a l u a t e d  i n  l i g h t  o f  t h e  
r e s u l t s  o f  t h e  SRM H a z a r d  
Study. 
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