
A d d i t i o n a l l y ,  p o t e n t i a l  e n q i n e  i m p r o v e m e n t s  fo r  t h e  
f u t u r e  a r e  b e i n g  s t u d i e d  i n  a se r ies  of t a s k s  l a b e l e d  t h e  

T e s t  Red P r e c u r s o r  P r o g r a m .  T h i s  a c t i v i t y  w i l l  d e v e l o p  a 

s i n g l e  co i l  h e a t  e x c h a n g e r ,  an improved  i n l e t  
c o n f i g u r a t i o n  for t h e  High-Power  O x i d i z e r  Turbopump,  

r e m o v a l  of a l l  b a f f l e s  f r o m  t h e  m a i n  i n j e c t o r ,  a n d  a l a r g e  

d i ame te r  t h r o a t  c o n f i g u r a t i o n  fo r  t h e  m a i n  c o m b u s t i o n  
c h a m b e r .  T h i s  w i l l  a l s o  e v a l u a t e  f u r t h e r  c o m p o n e n t  l i f e  

e x t e n s i o n s  by m i n i m i z i n q  t h e  s t a r t - u p  a n d  shu t -down  
t r a n s i e n t  h i g h  t e m p e r a t u r e s .  

Beyond t h e s e  d e f i n e d  but l i m i t e d  t a s k s  to i m p r o v e  

known l o w - m a r g i n  a r e a s  o f  t h e  e x i s t i n g  e n g i n e  d e s i g n ,  
t h e r e  is a new p roduc t  i m p r o v e m e n t  a c t i v i t y  g e t t i n g  

unde rway .  T h i s  a c t i v i t y  w i l l  s e e k  new c o n c e p t s  f o r  
v a r i o u s  c r i t i c a l  c o m p o n e n t s  or s u b s y s t e m s  s u c h  a s  t h e  

t u r b o p u m p s .  The  o b j e c t i v e  wou ld  be t o  m a k e  major  
i m p r o v e m e n t s  i n  o p e r a t i n g  stress m a r g i n  a n d / o r  c o m p o n e n t  

w e a r o u t  l i f e .  T h i s  l o n g - r a n g e  i m p r o v e m e n t  a c t i v i t y  may 

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

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

a c t i v i t y  b e c a u s e  of i t s  l e v e r a g e  o n  i m p r o v e d  r e l i a b i l i t y  

a t  h i g h  p o w e r  l e v e l s  ( 1 0 9 % )  a n d  i t s  p o t e n t i a l  for  i m p r o v e d  

m i s s i o n  p e r f o r m a n c e  ( > l o g % ) .  

As of l a t e  November 1 9 8 5 ,  t h e  P h a s e  I1 p r o g r a m  had 

resu l ted  i n  many i m p r o v e m e n t s  w h i c h  are  now i n c o r p o r a t e d  

i n t o  t h e  t w o  C e r t i f i c a t i o n  E n g i n e s .  Of t h e s e ,  s e v e r a l  of 

t h e  most i m p o r t a n t  a re :  

o H i g h  P r e s s u r e  F u e l  Pump t u r b i n e  d i s c h a r g e  t e m p e r a t u r e  

w a s  r e d u c e d  a b o u t  100°R. 

o O p e r a t i n g  l i f e  ( n o  c r a c k s )  o n  b o t h  t h e  f i r s t  a n d  s e c o n d  
s t a g e  t u r b i n e  b l a d e s  o f  t h e  f u e l  t u r b o p u m p s  was 

i m p r o v e d  b y  t h e r m a l  b a r r i e r  c o a t i n g s .  
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o A m a r g i n  of almost 7 0 0 0  RPM w a s  a c h i e v e d  o n  t h e  H i q h  

P r e s s u r e  O x i d i z e r  Turbopump.  

o " L i f e "  i m p r o v e m e n t s  were inade i n  v a r i o u s  o t h e r  

c o m p o n e n t s  s u c h  a s  l i f t o f f  s ea l s ,  b e a r i n g s ,  s h e e t  me ta l  
cases ,  e t c .  

On t h e  o t h e r  h a n d ,  s e v e r a l  of t h e  p l a n n e d  

m o d i f i c a t i o n s  d i d  n o t  w o r k  o u t ,  p a r t i c u l a r l y  o n  t h e  

o x i d i z e r  t u r b o p u m p .  A s  a r e s u l t ,  c o m p o n e n t  l i f e  

l i m i t a t i o n s  s t i l l  e x i s t  i n  t h e s e  a r e a s  a n d  w i l l  c o n t i n u e  

t o  p r e s e n t  replacement p r o b l e m s .  T h e r e f o r e ,  e n g i n e  u s e  a t  
1 0 9 %  of ra ted  t h r u s t  s h o u l d  s t i l l  b e  t i q h t l y  c o n s t r a i n e d ,  

Two P h a s e  II e n q i n e s  w i l l  r u n  a k i n d  o f  " c o m p o s i t e  

c e r t i f i c a t i o n "  program. T h e  r e s u l t s  o f  t h e s e  tests w i l l  

b e  t o  d e m o n s t r a t e  " s e r v i c e  l i f e "  f o r  v a r i o u s  p a r t s  o f  t h e  

e n g i n e ,  a n d  i n d i c a t e  a r e p l a c e m e n t - t i m e  s c h e d u l e  €or t h e  

t u r b o p u m p s ,  i n c l u d i n g  e v e n  r e p l a c e m e n t  s c h e d u l e s  for 
c o m p o n e n t s  of t h e  t u r b o p u m p s .  The  b a s i c  c e r t i f i c a t i o n  

p r o g r a m  o n  e a c h  e n g i n e  w i l l  b e  a t  a m i x  of 1 0 4 %  a n d  1 0 9 %  

t h r u s t  m i s s i o n  p r o f i l e s .  Of t h e  1 0 , 0 0 0  s e c o n d s  of 

o p e r a t i o n  ( e q u a l  t o  20  m i s s i o n  d u r a t i o n s ) ,  a p p r o x i m a t e l y  

4 0 %  w i l l  be r u n  a t  1 0 9 %  o f  r a t e d  power. I t  was hoped  t o  
d e m o n s t r a t e  5 - f l i g h t  c a p a b i l i t y  o n  t h e  t u r b o m a c h i n e r y  ( 1 0  

m i s s i o n  tests f o r  5000 s e c o n d s ) .  However ,  p a r t s  were 

c h a n g e d  o n  t h e  o x i d i z e r  pumps ,  a n d  a we ld  crack r epa i r  
d o n e  o n  a f u e l  pump w h i c h  t h e n  s u b s e q u e n t l y  i s  t o  

accumulate 5000 s e c o n d s .  F u r t h e r m o r e ,  t h e  o x i d i z e r  
t u r b o p u m p  t u r b i n e  b l a d e s  w i l l  c l e a r l y  l i m i t  u s a g e  t o  w e l l  

below 5 m i s s i o n s  u n t i l  t h e  two-piece d a m p e r  b l a d e s  c a n  be 
i n c o r p o r a t e d  i n  a c e r t i f i c a t i o n  e x t e n s i o n  program. 

The  P a n e l ' s  assessment is t h a t  t h e  P h a s e  I1 e n g i n e s  
a r e  f u l l y  c a p a b l e  o f  t h e  1 0 9 %  for  t h e  p l a n e t a r y  m i s s i o n s .  

However, t h e  c e r t i f i c a t i o n  g r o u n d r u l e s  w h i c h  p e r m i t  
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r e p l a c e m e n t s  o f  v a r i o u s  c o m p o n e n t s  s u c h  a s  t u r b o p u m p s  or  
b l a d e s ,  e t c . ,  d u r i n g  tes t  se r ies  r e s u l t  i n  a somewha t  

q u e s t  i o n a b l e  d a t a  b a s e  r e q a r d  i n q  t r u e  e n q  i n e  
" c o n f i g u r a t i o n "  o p e r a t i n g  m a r g i n s  a n d  v a l i d  

mean- t i m e -  be tween-  r e p l a c e m e n  t v a l u e s .  T h i s  r e s u l t s  from 
t h e  unknown i m p a c t  of m i x i n g  c o m p o n e n t s  w i t h  v a r i o u s  

w e a r l i f e  h i s t o r i e s .  The  P a n e l  s t i l l  b e l i e v e s ,  t h e r e f o r e ,  

t h a t  o p e r a t i o n  a t  109% s h o u l d  b e  l i m i t e d  t o  o n l y  t h o s e  

m i s s i o n s  w h e r e  i t  is m a n d a t o r y ,  a n d  t h a t  e n g i n e s  b e  

c a r e f u l l y  e v a l u a t e d  a f t e r  s u c h  a f l i g h t .  The MPT r u n s  t o  
d a t e  had  g o n e  up  t o  1 0 6 % .  T h e r e  were n o  i n d i c a t i o n s  o f  

i n c i p i e n t  f l o w  i n s t a b i l i t i e s  proximate t o  c h a n g e s  o f  s t a t e  
o r  t w o - p h a s e  f l o w .  The  J S C  e n g i n e e r i n q  s t a f f ,  a f t e r  

c a r e f u l  r e v i e w  of t h e  d a t a  f r o m  t h e  e a r l i e r  t es t s ,  f e e l s  

c o n f i d e n t  t h a t  a 3 p o i n t  e x t r a p o l a t i o n  i n  f l o w  r a t e  c a n  b e  

made  w i t h  c o n f i d e n c e .  The  P a n e l  s u p p o r t s  t h e  t h r e e - e n q i n e  

m a i n  p r o p u l s i o n  s y s t e m  tests a t  t h e  N a t i o n a l  Space 

T e c h n o l o g y  L a b o r a t o r i e s  ( N S T L ) ,  w h i c h  were s c h e d u l e d  t o  b e  

c o m p l e t e d  b e f o r e  a n y  f l i g h t  is ca r r i ed  o u t  a t  F u l l  Power 

L e v e l s .  

T h e  P a n e l  r e v i e w  a n d  t o u r  o f  t h e  SSME f a c i l i t y  a t  

Canoga P a r k  were v e r y  e n c o u r a g i n g  . The n e a r -  tenn 

a v a i l a b i l i t y  o f  t h i s  f a c i l i t y ,  w i t h  i t s  d e d i c a t e d  s p e c i a l  

e q u i p m e n t ,  d i s c i p l i n e d  p r o c e d u r e s ,  a n d  managemen t  f o c u s ,  

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

r e l i a b i l i t y  o f  f u t u r e  e n g i n e s  a n d  r e p l a c e m e n t  s u b s y s t e m s .  

However ,  u n l e s s  t h e  new h a r d w a r e  is made  a v a i l a b l e  t o  
s u p p o r t  a more c o n s e r v a t i v e  mean- t i m e - b e f o r e - r e p l a c e m e n t  

s c h e d u l e  o n  t h e  c r i t i c a l  c o m p o n e n t s  c u r r e n t 1  y s h o w i n g  wide 

s c a t t e r  i n  l i f e t i m e ,  t h e  " c a n n i b a l i z a t i o n "  a n d  " p a r t s  

m i x i n g "  w h i c h  now g o  o n  w i l l  s e r i o u s l y  l i m i t  t h e  v a l u e  a n d  

e f f e c t i v e n e s s  of t h i s  f a c i l i t y .  



T h e  s t ee l  case S o l i d  R o c k e t  Roosters h a v e  b e e n  

p e r f o r m i n g  a s  e x p e c t e d  €or  e a c h  of 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 t e m  f l i q h t s  c o n d u c t e d  t h i s  y e a r  ( 1 9 8 5 ) .  

T h e r e  h a v e  b e e n  c o m p o n e n t / s y s t e m  a n o m a l i e s  s u c h  a s  t h e  

H y d r a u l i c  Power  [ J n i t  (HPU) t u r b i n e  o v e r s p e e d  o n  STS 61-C 

w h i c h  c a u s e d  a pad  s h u t d o w n .  N o n e t h e l e s s  t h e  g r o u n d  

l a u n c h  s y s t e m  r e a c t e d  p r o p e r l y  a n d  t h e  r e q u i r e d  c h a n g e - o u t  

o f  h a r d w a r e  w a s  made. P e r f o r m a n c e  ( b u r n i n g  t i m e ,  t h r u s t  

v s .  t ime,  motor p r e s s u r e s )  h a 5  b e e n  c lose t o  p r e d i c t e d  
each  f l i g h t .  S R R  r e c o v e r y  s y s t e m s ,  w i t h  some e x c e p t i o n s ,  

c o n t i n u e  t o  allow f o r  r e c o v e r y  w i t h  l i t t l e  d a m a g e .  

I n  r e s p o n s e  to  t h e  P a n e l ' s  r e c o m m e n d a t i o n ,  t h e  s o l i d  

r o c k e t  Motors a re  b e i n g  1 0 0 %  x - r a y  i n s p e c t e d ,  o n  a 

p e r i o d i c  bas i s ,  t o  a s s u r e  t h a t  t h e  p r o p e r  p r o p e l l a n t  

p r o c e s s  a n d  q u a l i t y  c o n t r o l s  a r e  m a i n t a i n e d  d u r i n q  t h e  

case l o a d i n g .  

The  f i l a m e n t  wound case (FWC) p r o j e c t  D e s i q n  
C e r t i f i c a t i o n  Rev iew ( D C R )  was c o n d u c t e d  November 18 ,  

1 9 8 5 .  The  f i r s t  f l i g h t  w i l l  b e  STS 62-A u s i n q  t h e  

V a n d e n b e r g  A i r  Force Base l a u n c h  pad  s y s t e m ,  now s c h e d u l e d  

f o r  m i d - J u l y  1 9 8 6 .  T h e r e  a r e  a number o f  'Iqates" to  be 
c o m p l e t e d  p r i o r  to  t h e  F l i g h t  R e a d i n e s s  F i r i n g  ( F R F )  w h i c h  

t a k e s  p lace  a t  t h e  VLS i n  J u n e  1 9 8 6  i n  r e a d i n e s s  f o r  t h e  

f i r s t  l a u n c h .  Some of t h e  more s i g n i f i c a n t  are:  

(1 )  T h e  FWC STA-2 ( s t r u c t u r a l  t es t  a r t i c l e )  was t e s t e d  fo r  
p r e l a u n c h  loads a n d  f a i l e d  a t  1 1 8 . 4 %  o f  l i m i t  load.  T h e  

f a i l u r e  mode was n o t  p r o p e r l y  i d e n t i f i e d  a n d  is r e c e i v i n g  

f u r t h e r  s t u d y .  However ,  t h e  l o a d  was n o t  a p p l i e d  t o  t a k e  

i n t o  c o n s i d e r a t i o n  j o i n t  e c c e n t r i c i t y  n o r  was t h e  t es t  
a r t i c l e  r e p r e s e n t a t i v e  of t h e  V L S - 1  f i l a m e n t  wound El i g h t  

a r t i c l e .  T h e r e  a r e  p r o c e s s  d e s i q n  d i f f e r e n c e s  b e t w e e n  STA-2 
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and  V L S - 1 ,  i . e . ,  u s e  of P l a s t i l o c k ,  no  t i m e  l i m i t -  for t y i n q  
down h e l i c a l  e n d s ,  a n d  u s e  of s u b s t r a t e  g l a s s  hoops i n  l i eu  

of g r a p h i t e  c l o t h .  

STA-2R w i l l  be c o n d u c t e d  w i t h  a new s k i r t ,  new f o r w a r d  
a n d  a f t  c a s e ,  a n d  FWC l i k e  t h e  VLS-1 f l i g h t  a r t i c l e .  I t  w i l l  

b e  t e s t e d  t o  1 4 0 %  o f  l i m i t  l o a d  d u r i n g  A p r i l  1 9 8 6 .  I n  

a d d i t i o n ,  t h e  f o r w a r d  dome j o i n t  u l t i m a t e  p r e s s u r e  a n d  l i n e  

l o a d  a p p l i e d  a t  t h e  j o i n t  w i l l  b e  tes ted d u r i n q  t h a t  same 
t i m e .  I t  i s  e x p e c t e d  t h a t  FWC c a v i t y  c o l l a p s e  c r u s h i n g  

loads w i l l  b e  t e s t e d  d u r i n g  J u l y  1 9 8 6 .  I n c r e a s e d  S R B  s k i r t  

p re  l a u n c h  loads  h a v e  b e e n  p r o p e r l y  i d e n t i f i e d  i n c l u d i n g  l o a d  

a l l e v i a t i o n  o p t i o n s .  

( 2 )  F i l a m e n t  wound case DM-7 f i r i n g  showed t h a t  a t  a b o u t  8 0  

seconds t h e r e  was s i g n i f i c a n t  t h r u s t  o s c i l l a t i o n .  T h i s  

r e q u i r e s  f u r t h e r  a n a l y s i s  t o  d e t e r m i n e  t h e  c a u s e  a n d  w h e t h e r  
t h e r e  wou ld  be a n y  i m p a c t  o n  a c t u a l  f l i g h t .  

( 3 )  A s e a r c h  is u n d e r w a y  f o r  an  i n s u l a t i o n  r e p l a c e m e n t  s ince  
t h e  u s e  o f  asbes tos  is n o  l o n g e r  l e g a l .  T h i s  is a r e a l  

c o n c e r n  w h i c h  may a l t e r  t h e  known SRM c h a r a c t e r i s t i c s .  

T h e  l i f t - o f f  loads a f f e c t i n g  t h e  S o l i d  R o c k e t  Rooster 

when l a u n c h e d  f rom t h e  V a n d e n b e r g  s i t e  a r e  e s t i m a t e d  t o  be  

s i g n i f i c a n t l y  a b o v e  t h e  " s a f e  l i m i t "  a t  t h i s  t i m e .  The  

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

i n c r e a s e d  S o l i d  R o c k e t  Booster p r e l a u n c h  l oads  h a v e  b e e n  

i d e n t i € i e d  a s :  t r a n s i e n t  peak b e n d i n g  moment d u e  t o  SSME 

i g n i t i o n ,  FWC f l e x i b i l i t y  a m p l i f y i n g  d y n a m i c  o v e r s h o o t ,  a n d  

wind  and s t a c k i n g  e f f e c t s .  S e v e r a l  l o a d  a l l e v i a t i o n  o p t i o n s  

h a v e  b e e n  i d e n t i f i e d  t o  p r o v i d e  t h e  n e e d e d  l o a d  r e d u c t i o n .  

Of  t h e s e ,  t h e  o n e  s e l e c t e d  is t o  s h i m  t h e  o u t b o a r d  pad  

s u p p o r t  posts  t h a t  s u p p o r t  t h e  t o t a l  s t a c k  t h r o u g h  t h e i r  
a t t a c h m e n t  t o  t h e  SRB a f t  s k i r t .  A d d i t i o n a l  o p t i o n s ,  s u c h  a s  
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p l a c a r d i n g  w e s t  wind v e l o c i t y ,  a r e  a v a i l a b l e .  I t  i f  i t  
d e c i d e d  to  c h a n g e  t h e  SSME s t a r t  s e q u e n c e  t o  a l l e v i a t e  t h e  
S R B  l a o d s  t h e r e  m i g h t  be a r e q u i r e m e n t  fo r  r e d e f i n i t i o n  of 
p a y l o a d  b a y / c a r g o  i n t e r f a c e  loads  a s  w e l l .  

d .  E x t e r n a l  Tank 

T h e  E x t e r n a l  Tank a p p e a r s  t o  h a v e  l i t t l e ,  i f  a n y ,  

problems i n  i t s  ro le  a s  f u e l  t a n k  for t h e  S p a c e  S h u t t l e  Main 

E n g i n e s .  The  s u s p e c t e d  p r o b l e m  w i t h  S O F I  t a n k  i n s u l a t i o n  

coming  o f f  a n d  i m p a c t i n g  t h e  O r b i t e r  a t  L i E t o f f  and  d u r i n q  

ascent  h a s  b e e n  e l i m i n a t e d  t h r o u g h  t h e  u s e  oE thousands of 

h o l e s  t o  p r e c l u d e  a d v e r s e  p r e s s u r e  d i f f e r e n c e  across  t h e  

i n s u l  a t  i o  n . 

T h e r e  a r e  s t u d i e s  l o o k i n g  a t  r e d u c i n g  t h e  E x t e r n a l  Tank 

w e i g h t  t h r o u g h  j u d i c i o u s  r e m o v a l  of m e t a l  t h r o u g h o u t .  T h i s  

w o r k ,  b a s e d  o n  f l i g h t  d a t a  t o  d a t e ,  a p p e a r s  r e a s o n a b l e .  

However ,  a n y  r e d u c t i o n  i n  d e s i g n  m a r g i n s  m u s t  be c a r e f u l l y  

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

m u s t  b e  k e p t  i n  mind  a s  was d o n e  s e v e r a l  y e a r s  a g o  d u r i n g  a 
m a j o r  w e i g h t  r e d u c t i o n  proqram. 

e .  Launch S i t e s / V e h i c l e  P r o c e s s i n g / L o g i s t i c s  

( 1  ) VAFB Launch  Complex D e v e l o p m e n t  ( V L S )  

T h e  P a n e l  h a s  b e e n  o b s e r v i n g  t h e  VLS d e v e l o p m e n t  d u r i n g  

t h e  y e a r  a n d  was p r e s e n t  a t  t h e  D e s i g n  C e r t i f i c a t i o n  R e v i e w  

( D C R )  L e v e l  I Board  m e e t i n q ,  a n d  a t  t h e  e a r l i e r  L e v e l  11: and 
a s s o c i a t e d  S u b s y s t e m  S a f e t y  R e v i e w s .  E x c e l l e n t  w o r k i n g  

r e l a t i o n s h i p s  b e t w e e n  USAF a n d  NASA personnel  a r e  a p p a r e n t  

a n d  t h e  p E o g r e s s i v e  r e s o l u t i o n  o f  d e v e l o p m e n t a l  p r o b l e m s  i n  

t h e  e n g i n e e r i n 9  a n d  c o n s t r u c t i o n  t a s k s  c o n s t i t u t e  an 

i m p r e s s i v e  o v e r a l l  p e r f o r m a n c e .  
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l’ht\ P n n c l  n o t e s  t h e  clcllay i n  t I i t >  o f t  i c i , j l  1 , 3 u n ~ * h  ~ I ~ ~ t - ~ ~  f o r  

STS-62A from March 1 t o  m i d - J u l y  1986 and v i e w s  t h i s  a s  bt3iny 

v e r y  advantageous  from t h e  a s p e c t s  of s a f e t y  a n d  r e a d i n e s s .  
The F l i g h t  R e a d i n e s s  F i r i n g  (FRF)  p r o g r a m  w i l l  s e r v e  t o  

r e s o l v e  many r e m a i n i n g  p r o b l e m s  a n d  add  c o n f i d e n c e  i n  l a u n c h  
s a f e t y .  Two major t a s k s  s t i l l  requi re  r e s o l u t i o n ,  n a m e l y ,  

t h e  s y s t e m  f o r  e n s u r i n g  s a f e  b u r n - o f f  o f  r e s i d u a l  h y d r o g e n  i n  

t h e  SSME e x h a u s t  d u c t  a n d  t h e  v e r i f i c a t i o n  of a c t u a l  l a u n c h  

m o u n t  l o a d s  o n  t h e  pad,  w h i c h  a r e  b e i n g  p u r s u e d  v i g o r o u s l y .  

Sh ims  h a v e  b e e n  a d d e d  a t  t h e  l a u n c h  pad  S R B  hold-down pos ts  
t o  a d j u s t  v e h i c l e  loads.  The  hold-down b o l t  c a l i b r a t i o n  a n d  

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

t h e  t w o  S R R s .  I t  is f e l t  t h a t  t h e  l o a d s  o n  t h e  c o m p r e s s i o n  
s ide  w i l l  b e  l a r g e  e n o u q h  t o  g i v e  g o o d  r e s u l t s ;  h o w e v e r ,  t h e  

t e n s i o n  s i d e  w h i c h  h a s  c o m b i n e d  c o m p r e s s i o n  and  t e n s i o n  l o a d s  

may n o t  b e  l a r q e  e n o u g h  f o r  g o o d  c a l i b r a t i o n  d a t a .  S i n c e  

c o m b i n e d  l o a d s  a n d  n o t  u n i - a x i a l  l o a d s  w i l l  b e  a p p l i e d ,  i t  

w i l l  be d i f f i c u l t  t o  s e p a r a t e  o u t  t h e  v a r i o u s  l o a d  c o m p o n e n t  

e f f e c t s .  T h e s e  tests a re  s c h e d u l e d  for t h e  e n d  of t h e  f i r s t  

qua r t e r  of 1 9 8 6 .  

F i n a l  i n t e g r a t e d  l o a d s  a n a l y s e s ,  C y c l e  I11 p r e l a u n c h  a n d  

l i f t  o f f  l o a d s  a re  close t o  t h o s e  p r e v i o u s l y  c a l c u l a t e d ,  

a d d i n g  c o n f i d e n c e  t o  t h e  p r e d  i c  t i o n s .  

P r o b l e m s  a s s o c i a t e d  w i t h  t h e  v e r y  c o m p a c t  n a t u r e  o f  t h e  

VLS when c o m p a r e d  w i t h  KSC h a v e  b e e n  e x p l o r e d ,  f o r  e x a m p l e ,  

t h e  p r o v i s i o n  of a n  ice s u p p r e s s i o n  s y s t e m  to  p r e c l u d e  

e x t e r n a l  t a n k  ice-up p r i o r  t o  l a u n c h :  e l i m i n a t i o n  of p o s s i b l e  
r e - i n g e s t i o n  of e x h a u s t  g a s e s  i n t o  a i r  c o n d i t i o n i n g  a n d  o t h e r  

s y s t e m s ;  a n d  a n a l y s i s  o f  e x h a u s t  a n d  f l a r e - o f f  f l a m e  

t e m p e r a t u r e s  upon  t h e  c r y o g e n i c s  s t o r a g e  t a n k s .  

Q u a l i t y  c o n t r o l  p r o c e d u r e s  i n  c o n s t r u c t i o n  a n d  s y s t e m s  s e e m  

t o  h a v e  a d e q u a t e  a t t e n t i o n  a n d  t h e r e  e x i s t s  g r e a t  s e n s i t i v i t y  

towards t h i s  s u b j e c t  f o l l o w i n g  some o f  t h e  c r i t i c i sms  w h i c h  
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were a i r e d  p u b l i c l y  i n  t h e  summer of 1 9 8 4 .  T h e  c o m p r e h e n s i v e  

r e v i e w  a n d  s i g n - o f f  p r o c e d u r e s  b e t w e e n  NASA a n d  [JSAF f o r  

tlchsiqn c e r t i  F i c a t i o n  a n d  o p e r a t i o n a l  reatl i n e s s  l e a v e  t h e  

~ a n ~ l  w i t h  t h e  comfort-ablc €eel incq t h n t  c o n s i c l e r a t i o n s  

t owards  t h o r o u q h n e s s  a n d  sa  € e  t y  art? parninoun k . 

The P r o g r a m  o r g a n i z a t i o n a l ,  s t a f f i n g  a n d  p e r s o n n e l ,  

p l a n n i n g ,  a n d  t r a i n i n g  e l e m e n t s  a p p e a r  t o  b e  s o u n d  and  

p r o v i d i n g  t h e  n e e d e d  s t r e n g t h s  t o  a c h i e v e  p r o g r a m  g o a l s .  The  

t e s t  p r o g r a m ,  i n c l u d i n g  t h e  F R F ,  a p p e a r s  t h o r o u g h  a n d  o n e  

w h i c h  w i l l  p a y  d i v i d e n d s  i n  s u c c e s s f u l  f u t u r e  l a u n c h e s .  And, 

f i n a l l y ,  t h e  c o o p e r a t i v e  t e a m w o r k  between t h e  USAF and NASA 

a t  t h e  VLS is  h i g h l y  e v i d e n t  a n d ,  t h e  P a n e l  b e l i e v e s ,  a qtreat 

s t r e n g t h  i n  t h e  n a t i o n a l  s p a c e  e f f o r t .  T h e r e  a r e  t w o  
a d d i t i o n a l  o b s e r v a t i o n s  w h i c h  t h e  P a n e l  would  n o t e :  (1 )  t h e  

7 -day  w o r k  w e e k ,  s u c c e s s - o r i e . n t e d  s c h e d u l e ,  w h i c h  c a r r i e s  

c e r t a i n  r i s k s ;  ( 2 )  o v e r  t h e  l o n g  term o f  f u t u r e  l a u n c h e s  a t  
V L S ,  o r d e r l y  success w i l l  d e D e n d ,  i n  l a rqe  p a r t ,  u p o n  

r e t e n t i o n  of a s t a b l e ,  e x p e r i e n c e d  l a u n c h  t e a m .  The P a n e l  

u rges  USAF c o n s i d e r a t i o n  of a personnel  a s s i y n m e n t  p o l i c y  

w h i c h  w i l l  e n s u r e  t h a t  f u t u r e  c a p a b i l i t y .  

KSC i n v o l v e m e n t  i n  V1,S o p e r a t i o n s  is  d e t a i l e d  i n  t h e  SPC 

"STS IV. Launch  Team S u p p o r t  P l a n . "  I t  o u t l i n e s  KSC s u p p o r t  

of VLS a n d  is a commi tmen t  of t h e  required r e s o u r c e s .  The 
p l a n  c a l l s  f o r  r e g u l a r  c o o r d i n a t i o n  b e t w e e n  KSC a n d  V L S  

c o u n t e r p a r t s  t o  t h e  e x t e n t  t h a t  e a c h  u n d e r s t a n d s  t h e  o t h e r ' s  

s t a t u s ,  problems, and  c o n c e r n s .  The SPC is  i n  t h e  process of  

i d e n t i f y i n g  t h e  r e q u i r e d  KSC p e r s o n n e l  b y  name.  A t  t h i s  

s t a q e  o n e  c a n  o n l y  a s s u m e  t h e  p l a n  w i l l  w o r k  a s  d e s c r i b e d .  

The  P a n e l ' s  c o n t i n u e d  a s s e s s m e n t  o f  t h e  l a u n c h  p r o c e s s i n g  

a c t i v i t i e s  a t  Kennedy S p a c e  C e n t e r  a n d  p r e p a r a t i o n  for  t h e  

i n i t i a l  l a u n c h  i n  1986 a t  V a n d e n b e r g  A i r  Force Base i n c l u d e s  

t h e  l o n g - s t a n d i n g  c o n c e r n  w i t h  t h e  l o g i s t i c s  of 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  tern. 
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( 2 )  KSC O p e r a t i o n s  

L a s t  y e a r  i n  i t s  a n n u a l  repor t  tht. Panel n o t e d  t h a t  t he  

S h u t t l e  P r o c e s s i n q  Contractor  (SPC) was s t r u q q l i n g  to  h a n d l e  

t h e  b u r d e n  o f  w o r k  assoc ia ted  w i t h  e a c h  m i s s i o n .  Fac tors  

a s s o c i a t e d  w i t h  t h e s e  d i f f i c u l t i e s  i n c l u d e d :  u n p l a n n e d  
v e h i c l e  m o d i f i c a t i o n s ,  u n e x p e c t e d  a n o m a l i e s ,  s h o r t a q e  of 

s p a r e  p a r t s ,  s h o r t a g e  of q u a l i f i e d  t e c h n i c i a n s ,  h e a v y  
p a p e r w o r k  b u r d e n ,  p l a n n i n q  a n d  c o m m u n i c a t i o n  c o n c e r n s ,  a n d  

some l a c k  of h a r d w a r e  r e l i a b i l i t y .  The p a s t  y e a r  h a s  s e e n  

p r o g r e s s  i n  r e s o l v i n g  t h e s e  p r o b l e m s  b u t  most of them a r e  
s t i l l  p r e s e n t  i n  some d e g r e e  a n d  w i l L  l i k e l y  p e r s i s t  for-  t h e  

f o r e s e a b l e  f u t u r e ,  t h e r e b y  l i m i t i n g  t h e  e x t e n t  of 

" o p e r a t i o n a l "  s t a t u s  t h e  STS is l i k e l y  t o  a c h i e v e .  

S p e c  i f  i c a l l  y : 

( a )  SPC P e r f o r m a n c e .  The  SPC is  i m p r o v i n g  i t s  i n t e r n a l  

p l a n n i n g  a n d  o p e r a t i o n s  t h r o u g h  b e t t e r  c o m m u n i c a t i o n  w i t h i n  

t h e  SPC o p e r a t i o n  a n d  w i t h  KSC a n d  o t h e r  NASA c e n t e r s .  
P r e s e n c e  o f  SPC r e p r e s e n t a t i v e s  a t  t h e  c e n t e r s  h a s  h e l p e d  

c o n s i d e r a b l y .  Workf low a t  t h e  VAB a n d  t h e  pad seems u n d e r  
c o n t r o l .  However ,  t h e  O r b i t e r  P r o c e s s i n g  F a c i l i t y  (OPF) 

c a p a c i t y  w i l l  h a v e  t o  be i n c r e a s e d  i f  t h e  p r o j e c t e d  f l i g h t  

r a t e  f o r  1987-1988  is  t o  b e  a c h i e v e d .  Data s y s t e m s  to 
p r o v i d e  a common base o f  i n f o r m a t i o n  a r o u n d  w h i c h  to  s c h e d u l e  

t h e  f l o w  a re  s t i l l  b e i n g  d e v e l o p e d ,  for  e x a m p l e ,  a l l  

c o n f i g u r a t i o n  management systems a re  o u t s i d e  t h e  S P C ' s  

c o n t r o l  a n d  w i l l  r e m a i n  so f o r  t h e  f o r e s e e a b l e  f u t u r e .  

U n p l a n n e d  m o d i f i c a t i o n s  now r e q u i r e  o n l y  a b o u t  5% t o  8 %  of 

t h e  p r o c e s s i n g  t i m e ,  a c o n s i d e r a b l e  i m p r o v e m e n t :  h o w e v e r ,  
a b o u t  35% of t h e  t i m e  is s t i l l  d e v o t e d  to  r e s p o n d i n g  t o  

u n p l a n n e d  tests o r  c h a n g e - o u t s  r e s u L t i n g  f r o m  f l i q h t  c o n c e r n s  

a n d  anomal  ies.  
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( b )  Hardware .  The  ma jot- p r o c e s s i n g  pr-oblern is st- i 1 I t h e  

u n p r e d i c t a b i l i t y  a n d  u n r e l i a b i l i t y  oE p r i n c i p a l  f l i g h t  a n d  

g r o u n d  i t e m s ,  w h i c h  is  n o t  a p r o b l e m  t h e  SPC c a n  a d d r e s s  o n  

i t s  own.  

( c )  Spares .  The  a d v e n t  of A t l a n t i s  (OV-104) i n  s e r v i c e  m e a n s  

t h a t ,  i n  t h e  s h o r t  t e r m ,  t h e  s p a r e  p a r t s  p r o b l e m  w i l l  be more 
d i f f i c u l t  s i n c e  it w i l l  b e  h a r d e r  t o  c a n n i h i l i z e  n e e d e d  

p a r t s .  NASA's s p a r e s  a c q u i s i t i o n  i s  r e c e i v i n g  a g r e a t  dea l  
o f  a t t e n t i o n  b u t  t h e  s h o r t a g e s  w i l l  e x i s t  f o r  m o n t h s  a n d  

p r o b a b l y  y e a r s .  

( d )  K S C  a n d  SPC R e o r g a n i z a t i o n s .  B o t h  t h e  SPC ( i n  May) and 

KSC ( i n  October) a n n o u n c e d  r e o r g a n i z a t i o n s  and  c h a n g e s  i n  

p e r s o n n e l  towards  t h e  s h a r e d  o b j e c t i v e  o f  e v o l v i n q  a more 
" o p e r a t i o n a l n  o r g a n i z a t i o n .  

I n  a d d i t i o n ,  a g r e e m e n t  was r e a c h e d  o n  s h i f t i n g  
r e s p o n s i b i l i t y  €or orb i t e r  s u s t a i n i n g  e n g i n e e r i n g  a n d  

l o g i s t i c s  f r o m  JSC t o  KSC. However ,  a s  e x p e c t e d ,  t h e  s h i f t  

t o  a t r u l y  " o p e r a t i o n a l "  STS w i l l  s t i l l  be g r a d u a l  a n d  

e v o l u t i o n a r y  . 
( e )  F l i g h t  r a t e .  G i v e n  e x i s t i n g  c o n s t r a i n t s - - h a r d w a r e ,  

s p a r e s ,  m o d i f i c a t i o n s ,  a b s e n c e  of d a t a  s y s t e m s ,  m a n i f e s t i n g  

d i f f i c u l t i e s - - t h e  goal  of 18 f l i g h t s  p e r  y e a r  is n o t  w i t h i n  

r e a c h  a t  p r e s e n t .  A more r e a l i s t i c  g o a l  is b e t w e e n  1 2  a n d  1 5  

per y e a r .  T h e  b e s t  composite t i m e  t o  d a t e  ( b e s t  t i m e  a t  each  

f a c i l i t y ,  OPF, VAB, Pad)  is 44 d a y s .  KSC h o p e s  t o  r educe  i t  
t o  35 days i n  t h e  n e a r  term a n d ,  h o p e f u l l y  t o  2 8  d a y s  

e v e n t u a l l y  ( g o a l ) .  One €ac t  is i n c r e a s i n q l y  e v i d e n t :  

s o p h i s t i c a t e d  p a y l o a d s  r e s u l t  i n  l o n g  o c c u p a n c y  t i m e s  i n  t h e  

OPF.  C e n t a u r ,  i n  p a r t i c u l a r ,  is  v e r y  t i m e  c o n s u m i n g  i n  t h i s  

r e g a r d .  S u c h  f a c i l i t i e s  a s  t h e  O r b i t e r  M a i n t e n a n c e  a n d  

R e p a i r  F a c i l i t y  (OMRF) w i l l  h e l p  ease t h e  l o a d  i n  t h e  OPF. 
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( % ) L o o  is t  i c s  Manaqcinent 

T h e  l o q i s t i c s  managemen t  r e s p o n s i b i l i t y  t r a n s F e r  t o  KSC 

s h o u l d  b e  complete b y  1988 w i t h  JSC r e t a i n i n g  c o n t r o l  o f  

€ l i g h t  s o f t w a r e  a n d  a v i o n i c s ,  ae ro  l o a d s  and t h e r m a l  a n a l y s i s  

a n d  major s y s t e m  u p g r a d e s .  A KSC/RT: Downey c o n t r a c t  w i l l  b e  

e x e c u t e d  o n  o r  a b o u t  J a n u a r y  1986  p u t t i n q  t h e  new 

a r r a n g e m e n t s  f o r  l o g i s t i c s  a n d  s u s t a i n i n g  e n g i n e e r i n g  i n t o  

e f f e c t .  I n c l u d e d  i n  t h i s  p r o g r a m  is a p l a n  f o r  R I  t o  d e v e l o p  
f u l l  TPS s h o p s  a t  K S C  b y  March  1 9 8 7  u s i n g  L o c k h e e d  a n d  R I  

t i l e - m a k i n g  t e c h n i q u e s .  

The  e n t i r e  spares  p r o g r a m  is b e i n g  " r e s t r u c t u r e d "  t o  

comply  w i t h  b u d g e t  r e s t r a i n t s .  The p r e m i s e  h e r e  a p p e a r s  to 
b e  t h a t ,  s i n c e  t h e  s p a r e s  p r o v i s i o n i n g  was a c t u a l l y  

s t r u c t u r e d  f o r  2 4  f l i g h t s / y e a r ,  i t  c a n  be t a i l o r e d  downward 

f o r  15-18 f l i g h t s / y e a r  w i t h  m i n i m a l  e f f e c t  u n t i l  1 9 9 1 .  A 

s i g n i f i c a n t  e l e m e n t  o f  t h i s  r e s t r u c t u r i n g  is  t h e  u s e  of 

p l a n n e d  c a n n i b a l i z a t i o n  a n d  t h e  i d e n t i f i c a t i o n  of h i g h - v a l u e  

c r i t i c a l  s p a r e s  items. 

A c o n t i n u i n g  a n d  f u l l - b l o w n  e f f o r t  is n e e d e d  t o  u p g r a d e  

L i n e  Replaceable  U n i t s  (LRU's). Many L R U ' s  t o d a y  c o n t i n u e  t o  
c r e a t e  s e r i o u s  l o g i s t i c  problems b e c a u s e  of e x t r e m e l y  l i m i t e d  

l i v e s  a n d / o r  a d e g r e e  of u n r e l i a b i l i t y .  T h e s e  s i t u a t i o n s  

may,  i n  t h e  l o n g  r u n ,  l i m i t  t u r n a r o u n d  times a n d  t h u s  t h e  

number  o f  f l i g h t s  p e r  y e a r .  I n  t h e  case of e x t r e m e l y  h i g h  

r i s k  d e s i g n s ,  NASA s h o u l d  p l a n  a h e a d  by e a r l y  b u d q e t i n g  o f  

f u n d s  f o r  p r o d u c t  i m p r o v e m e n t  p r o g r a m s  i n s t e a d  o f  w a i t i n g  

u n t i l  s e r i o u s  problems e x i s t .  

T h e  P a n e l  u n d e r s t a n d s  t h a t  l i m i t e d  b u d q e t a r y  a l l o c a t i o n s  

a r e  f o r c i n g  a n o t h e r  a s s e s s m e n t  o f  s p a r e s  p r o c u r e m e n t s .  

T o d a y ,  c a n n i b a l i z a t i o n  is a p r i m e  m e a n s  by w h i c h  many s p a r e s  

a re  p r o v i d e d .  T o d a y ,  STS 1 0 3  i s  t h e  major  " s p a r e  p a r t s  b i n . "  

Because of d e f e r r a l  of i n i t i a l  f l i q h t  o u t  o f  V a n d e n b e r g ,  t h i s  



v e h i c l e  is b e i n g  c a n n i b a l i z e d  o f  L R U ' s  t o  u s e  o n  o t h e r  

v e h i c l e s .  What c r i s i s  w i l l  d e v e l o p  i n  s i x  m o n t h s  when t h e s e  

u n i t s  a r e  n e e d e d  f o r  f i r s t  f l i q h t  o u t  of V a n d e n b e r q ?  

F i n a l l y ,  t h e r e  h a s  t o  be a minimum a l l o c a t i o n  of s p a r e  

u n i t s  t o  pe rmi t  t h e  p l a n n e d  number of f l i q h t s .  R e d u c i n g  t h e  

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

p r o b l e m  backwards.  I f ,  h o w e v e r ,  t h i s  s o r t  o f  a c t i o n  becomes 

a f a c t  o f  l i f e ,  t h e n  r e a l i s t i c  p l a n n i n g  s h o u l d  be 

a c c o m p l i s h e d  to  e s t a b l i s h  t h e  number o f  m i s s i o n s  t h a t  c a n  

r e a l i s t i c a l l y  be f l o w n  based o n  s u c h  c u r t a i l m e n t s .  The 

number  of m i s s i o n s  s h o u l d  b e  b a s e d  o n  r e a l  c a p a b i l i t y .  

An SPC s a f e t y  a w a r d s  p r o g r a m  h a s  b e e n  i n s t i t u t e d  and  

v a r i o u s  m i s h a p ,  i n c i d e n t  a n d  s a f e t y  a l e r t  p r o g r a m s  h a v e  b e e n  

e s t a b l i s h e d .  S a f e t y  a l e r t  p r o g r a m s  e x i s t  i n  e a c h  d i r e c t o r a t e  

a n d  a s u g g e s t i o n  p r o g r a m  h a s  b e e n  i m p l e m e n t e d .  Some 4 , 0 0 0  
SPC e m p l o y e e s  h a v e  now r e c e i v e d  s a f e t y  i n d o c t r i n a t i o n  a n d  

t r a i n i n g .  A corporate  l e v e l  S a f e t y  A d v i s o r y  B o a r d  h a s  b e e n  
w o r k i n g  w i t h  KSC a n d  VAFR o r g a n i z a t i o n s  t o  f u r t h e r  a s s u r e  STS 

s a f e t y .  

2 .  S h u t t l e / C e h t a u r  

I t  is q u i t e  a p p a r e n t  t h a t  t h e  p r o b l e m  of m a t i n g  t h e  

s u c c e s s f u l  C e n t a u r  ( a n  unmanned d e s i g n )  w i t h  t h e  manned S h u t t l e  

was u n d e r e s t i m a t e d  b y  e v e r y o n e .  T h e  e x t e n t  o f  t h e  c h a n g e s  t o  
C e n t a u r  t o  be compatible w i t h  t h e  r e d u n d a n c y  a n d  s a f e t y  

r e q u i r e m e n t s  of t h e  manned S h u t t l e  a r e  s u c h  t h a t  new 
q u a l i f i c a t i o n  a n d  c e r t i f i c a t i o n  t e s t i n g  i s  r e q u i r e d  i n  many 

c o m p o n e n t  a n d  s u b s y s t e m  cases. T h i s  t e s t i n q  is o c c u r r i n q  l a t e  i n  

t h e  p r o g r a m  a n d  may w e l l  be t h e  m o s t  c r i t i c a l  p r o b l e m  i n  m e e t i n g  

t h e  s c h e d u l e .  T h e  ' L a t e n e s s ,  i t  t u r n s  o u t ,  is n o t  so much a 

r e s u l t  of t e c h n i c a l  p r o b l e m s  b u t  r a t h e r  of t h e  i n i t i a l  d e c i s i o n  

t o  t r e a t  t h e  C e n t a u r  a s  a p a y l o a d ,  i n d e p e n d e n t  o f  t h e  S h u t t l e .  

Much of t h e  e l e c t r o n i c  h a r d w a r e  i s  l a t e  o w i n g  t o  p r o b l e m s  w i t h  
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p a r t s  l i k e  t h e  r e l a y s  a n d  i n  a c q u i s i t i o n  o f  h i - r e 1  s o l i d  s t a t e  
d e v i c e s  ( a n  e n d e m i c  problem for s m a l l  l o t  p u r c h a s e r s ) .  T h i s  

o r q a n i z a t i o n a l  p o s t u r e  i n h i b i t e d  or d e l a y e d  t h e  recogni t ion  o f  

t h e  m a g n i t u d e  of t h e  s y s t e m  i n t e g r a t i o n  t a s k  posed  b y  

S h u t t l e - C e n t a u r .  

The  P a n e l  h a s  f o l l o w e d  t h e  t e c h n i c a l  p r o q r e s s  of t h i s  p r o g r a m  
and  w h i l e  t h e r e  a r e  some c u r r e n t  worries, t h e y  r e v o l v e  more 

a r o u n d  t h e  r e s u l t s  of u n f i n i s h e d  t e s t i n q  f o r  c e r t i f i c a t i o n  r a t h e r  
t h a n  p e r c e i v e d  r ea l  problems. O u r  c o n c e r n  r e a l l y  is: c a n  t h e  

v o l u m e  o f  o u t s t a n d i n g  w o r k  be d o n e  i n  time t o  meet t h e  s c h e d u l e ?  

The p r o g r a m  i s  aware o f  t h i s  a n d  a p p r o p r i a t e  e m p h a s i s  and  t h e  

show s t o p p e r ,  i f  t h e r e  is one,  is  t h e  s h e e r  m a g n i t u d e  o f  t h e  w o r k  

t o  b e  d o n e  a n d  t h e  l a t e n e s s  o f  c o m p o n e n t  a n d  s y s t e m  q u a l i f i c a t i o n  

a n d  v e r i f i c a t i o n .  T h i s  problem h a s  b e e n  e v i d e n c e d  i n  p r e v i o u s  

r e v i e w s  b u t  s h o u l d  h a v e  s u b s i d e d  b y  now. I t  h a s  n o t .  D e s i g n  

c h a n g e s  a r e  s t i l l  b e i n g  made ,  f o r  i n s t a n c e  some 20 c h a n q e s  i n  t h e  

g r o u n d  l a u n c h  s y s t e m  to  s h i f t  i t s  p h i l o s o p h y  f r o m  f a i l  s a f e  t o  

f a i l  o p e r a t i o n a l .  T h i s  is  a w o r t h w h i l e  goa l  and  n a t u r a l  l a u n c h  

s y s t e m  e v o l u t i o n  b u t  s h o u l d  n o t  b u r d e n  t h e  s y s t e m - - i f  i t  

d o e s - - p r i o r  t o  G a l  i l eo  a n d  U l y s s e s  d e a d 1  i n e s .  

The s y s t e m  s h o u l d  r e a l i z e  t h a t  t h e  o l d  p h i l o s o p h y  t h a t  

t e c h n i c a l  p e r f e c t i o n  is more i m p o r t a n t  t h a n  s c h e d u l e  h a s  c h a n q e d  
w i t h  G a l i l e o  a n d  U l y s s e s .  Management m u s t  now s c h e d u l e  w i t h  

s u f f i c i e n t  m a r g i n  so t h a t  a d e q u a t e  t e c h n i c a l  p e f o r m a n c e  c a n  be 

o b t a i n e d  f o r  f i x e d  s c h e d u l e s .  I t  is t h e  d i f f e r e n c e  b e t w e e n  a 
d e v e l o p m e n t  p r o g r a m  a n d  a t r a n s p o r t a t i o n  s y s t e m .  The  case i n  

p o i n t  is  t h a t  more t h a n  a f e w  s y s t e m s  a re  t o  be v e r i f i e d  o r  

q u a l i f i e d  a s  a r e s u l t  o f  t h e  w e t  c o u n t d o w n  o n  t h e  p a d .  T h i s  

s i m p l y  d o e s  n o t  a l l ow a n y  time for  c o r r e c t i v e  m e a s u r e s  s h o u l d  

problems d e v e l o p .  P r o g r a m  managemen t  s h o u l d  p r i o r i t i z e  t h e  

r e m a i n i n g  work  so t h a t  i f  n e c e s s a r y  i tens e s s e n t i a l l y  i n  t h e  

" c o n f i r m  f o r  t h e  r e c o r d "  c l a s s  c a n  b e  w a i v e d .  
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F i r s t ,  some K e v l a r  f i b r e  u s e d  i n  m a n u f a c t u r e  of h e l i u m  

b o t t l e s  o n  t h e  CISS became s t r e a k e d  w i t h  o i l  a s  a r e s u l t  o f  a 
l e a k i n g  motor. T h e r e  is some q u e s t i o n  a s  t o  w h e t h e r  o r  n o t  

t h e r e  is  a d e g r e d a t i o n  o f  f i b r e  s t r e n g t h  a s  a c e s u l t .  H e l i u m  

is n e c e s s a r y  t o  d r a i n  t h e  C e n t a u r  t a n k s  i n  a n  a b o r t  a n d  i n  

t h a t  case a h e l i u m  t a n k  b e c o m e s  a s i n q l e  f a i l u r e  p o i n t .  

T h e r e  a r e  n o t  e n o u g h  new t a n k s  t o  c h a n g e  o u t  a l l  t h e  s u s n e c t  

t a n k s  a n d  h e n c e  t h e  p r u d e n t  t h i n g  would he  t o  r e d u c e  t a n k  
p r e s s u r e  s o m e w h a t  u n t i l  t h e  m a t t e r  is r e s o l v e d .  A s t u d y  i s  
u n d e r w a y  to see i f  m a r g i n  i s  a v a i l a b l e  t o  do t h i s .  

S e c o n d ,  t h e  f i v e  i n c h  f i l l  and  d r a i n  v a l v e ,  a l s o  a s i n g l e  

f a i l u r e  p o i n t ,  a l b e i t  w i t h  a long and  s u c c e s s f u l  h i s t o r y ,  h a s  

e x p e r i e n c e d  some c r a c k i n q  oE t h e  metal l u g  or t a n g  t h a t  

d r i v e s  t h e  v a l v e .  The a n a l y s i s  t e s t i n g  a n d  e x p l a n a t i o n s  seem 
to  be r e a s o n a b l e  a n d  t h e  recommended s o l u t i o n  is s t r a i q h t -  

forward a n d  seems t o  e n t a i l  n o  r i s k .  The P a n e l  agrees w i t h  

t h e  a c t i o n s  t a k e n  o n  t h e  bas i s  of t h e  m a t e r i a l  p r e s e n t e d  b u t  
i t  i s  v e r y  l a t e  i n  t h e  p r o g r a m  f o r  t h i s  t y p e  o f  a c t i o n .  

T h i r d ,  t h e  c e n t r a l  c o n t r o l  s y s t e m  u s e s  f i v e  c o n t r o l  u n i t s  

i n  a v o t i n g  s y s t e m .  T h e s e  u n i t s  u s e  r e l a y  l o g i c  i n v o l v i n g  

m a g n e t i c a l l y  l a t c h e d ,  m u l t i - p o l e  r e l a y s .  The  c o m p l e x i t y  is  

s u c h  t h a t  t h e r e  a r e  many-- in  t h e  t e n s - - r e l a y s  a n d  t h e  c i r c u i t  

i s  p a r t i c u l a r l y  s e n s i t i v e  t o  a f a u l t  w h e r e  a r e l a y  h a n q s  u p  

i n  m i d p o s i t i o n .  T h i s  c a n  occur i f  c o n t a m i n a t i o n  can g e t  i n  

b e t w e e n  t h e  poles of t h e  m a g n e t i c  l a t c h i n q  m e c h a n i s m .  A 

s e c o n d  m a n u f a c t u r e r  h a s  b e e n  l o c a t e d  whose  commercial r e l a y s  

a r e  oE s i q n i f i c a n t l y  be t t e r  q u a l i t y .  The  r e l a y s  a r e  
p h y s i c a l l y  i n t e r c h a n q e a b l e  a n d  a s u f f i c i e n t  s u p p l y  is  o n  
o r d e r  t o  c h a n q e  o u t  a l l  s u c h  c o n t r o l  u n i t  r e l a y s  o v e r  t h e  

n e x t  c o u p l e  o f  m o n t h s ,  b u t  a g a i n  i t  i s  l a t e  a n d  t e s t  t i m e  o n  

t h e  new r e l a y  b a n k s  w i l l  b e  very l i m i t e d .  
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3 .  Space S t a t i o n  - 

T h e  P a n e l  r e c o g n i z e s  t h a t  t h e  S p a c e  S t a t i o n  program is i n  t h e  
f o r m a t i v e  p e r i o d  of d e v e l o p m e n t  of b o t h  i t s  o r g a n i z a t i o n  a n d  

s t a f f i n g  and i t s  a r c h i t e c t u r e  and base l ine  ope ra t iona l  c o n c e p t s .  
The  c u r r e n t  P h a s e ,  B a c t i v i t i e s  c o v e r i n g  a 2 1  mon th  p e r i o d  

i n i t i a t e s  t h e  c o n t r a c t e d  a c t i v i t i e s  t h a t  w i l l  l e a d  t o  t h e  l a u n c h  

a n d  o p e r , a t i o n  of t h e  S p a c e  S t a t i o n  p r o g r a m  e l e m e n t s  w h i c h  i n c l u d e  

t h e  s t a t i o n  i t s e l f ,  space p l a t f o r m s ,  a n d  o r b i t a l  m a n e u v e r i n y  

v e h i c l e s .  C o n c u r r e n t  w i t h  t h e  c o m p e t i t i o n  €or  t h e  S p a c e  S t a t i o n  

d e f i n i t i o n  and  p r e l i m i n a r y  d e s i q n  w h i c h  l e a d s  t o  a t h o r o u g h  

u n d e r s t a n d i n g  of S t a t i o n  s y s t e m s  p r i o r  t o  h a r d w a r e  d e v e l o p m e n t ,  

N A S A  h a s  b e q u n  a t e c h n o l o g y  devc3lopment  proq ram t h a t  is to  e n c a b l e  

t h e  i n c o r p o r a t i o n  of t h e  "pr-oper'l  l e v e l  o f  a d v a n c e d ,  

s o p h i s t i c a t e d  s y s t e m s  a b o a r d  t h e  S t a t i o n .  

The P h a s e  B p e r i o d  h a s  t w o  s e q u e n t i a l  p a r t s ,  S y s t e m  

D e f i n i t i o n  a n d  P r e l i m i n a r y  D e s i g n .  S p a c e  S t a t i o n  manaqemen t  h a s  

n o t e d  t h a t  t h e  f o l l o w i n g  i s  n e e d e d  p r i o r  t o  t h e  i n i t i a t i o n  of 
P r  elm i n a r y  D e s i g n  : 

a .  S y s t e m  D e f i n i t i o n  w h i c h  c o v e r s  t h e  manned core ,  p l a t f o r m s  

a n d  m a n - t e n d e d  i n t e r f a c e s ,  a l l o c a t i o n  of f u n c t i o n s / r e s o u r c e s  

t o  e a c h  e l e m e n t ,  a n d  t h e  i n t e r n a t i o n a l  a s p e c t s .  

b .  S y s t e m  R e q u i r e m e n t s  w h i c h  m u s t  be met by t h e  d e s i q n .  

c .  P l a n s ,  s c h e d u l e s  a n d  o p t i o n s / a l t e r n a t i v e s  r e g a r d i n g  

resource a l l o c a t i o n s ,  a u t o m a t i o n  a n d  robo t i c s ,  l o g i s t i c s ,  

e t c .  

As a r e s u l t  o f  t h e  P a n e l ' s  e a r l y  r e v i e w s  of t h e  S t a t i o n ,  t h e  

f o l l o w i n g  comment s  a r e  made: 

a .  The  S p a c e  S t a t i o n  o r g a n i z a t i o n a l  s t r u c t u r e  is q u i t e  

c o m p l e x  w i t h  ro les  a n d  m i s s i o n s  a n d  r e s p o n s i b i l i t i e s  



d i f f i c u l t  t o  d i s c e r n  a t  t i m e s .  T h e r e  is a n d  w i l l  b e  

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

managemen t  p r e j u d i c e s  a n d  o p i n i o n s  t h a t  e x i s t .  The  p r o g r a m  
i s  c o p i n g  w i t h  a n d  s a t i s E y i n g  t h e s e  m u l t i p l e  r e q u i r e m e n t s .  

The  s y s t e m  seems t o  be w o r k i n q .  A process is  e v o l v i n q  f o r  

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

r e q u i r e m e n t s  a s  w e l l  a s  b u d g e t  c o n c e r n s .  

b .  T h e r e  i s  some q u e s t i o n  a s  t o  w h e t h e r  N A S A  is a d e q u a t e l y  

q u a l i f i e d  t o  h a n d l e  t h e  c o m p l e t e  i n t e g r a t i o n  o f  P h a s e s  C a n d  

D-- the 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 .  N A S A  i s  v e r y  g o o d  

a t  o v e r s e e i n g  c o n c e p t u a l  e f f o r t s .  I t  h a s  i n - h o u s e  d e p t h  of 
k n o w l e d g e  n o t  t o  be t a k e n  i n  o r  m i s l e d  by o t h e r s ,  b u t  

i n t e g r a t i n g  a l a r g e  d e v e l o p m e n t  e f f o r t  s u c h  a s  STS a n d  now 

S p a c e  S t a t i o n  is  s o m e t h i n g  e l se .  To o u r  k n o w l e d g e  NASA h a s  

n e v e r  p e r f o r m e d  t h i s  ro le  b e f o r e .  

c .  S i n c e  t h e  S p a c e  S t a t i o n  e x i s t s  i n  a n  e s s e n t i a l l y  b e n i g n  

e n v i r o n m e n t  c o m p a r e d  t o  t h e  S h u t t l e  a s c e n t  a n d  e n t r y  

e n v i r o n m e n t  i t  may be w o r t h  t h e  e f f o r t  t o  a l l e v i a t e  t h e  

a s c e n t  e n v i r o n m e n t  r e q u i r e m e n t s  w h i c h  d r i v e  much of t h e  

d e s i g n  €or t h e  S p a c e  S t a t i o n  e q u i p m e n t  a n d  "user"  h a r d w a r e .  

d .  S i n c e  t h e r e  a r e  many s i m i l a r i t i e s  b e t w e e n  t h e  STS a n d  

Space S t a t i o n  p r o g r a m s ,  l o o k i n g  i n t o  t h e  " l e s s o n s  l e a r n e d "  
r e l a t i n g  t o  t h e  e a r l y  d a y s  of t h e  S h u t t l e  m i g h t  b e t t e r  d e f i n e  

S p a c e  S t a t i o n  a c t i o n s  t o  p r e c l u d e  m i s s t e p s .  T h i s  

u n d e r s t a n d i n g  of p o s s i b l e  p i t f a l l s  €or t h e  S p a c e  S t a t i o n  

p r o g r a m  m i g h t  i n c l u d e  i n s i g h t  a s  t o  w h a t  n o t  t o  do,  t h e r e b y  

p r e v e n t i n g  i n e f f i c i e n t  u s e  of r e s o u r c e s  ( m o n e y ,  p e o p l e ,  

s c h e d u l e ) .  

M e e t i n g  t h e  Space S t a t i o n  P r o g r a m  o b j e c t i v e s  w i t h i n  a 
s t r i n g e n t  b u d g e t  r e q u i r e s  e a r l y ,  q u i c k ,  d e f i n i t i v e  a c t i o n  on t h e  

p a r t  of p rogam managemen t  a t  a l l .  l e v e l s  w i t h  e m p h a s i s  o n  a s s u r i n q  

t h a t  s y s t e m  e n g i n e e r i n g  a n d  i n t e g r a t i o n  o r g a n i z a t i o n s  h a v e  t h e  
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r e s p o n s i b i l i t i e s  a n d  a u t h o r i t y  a s  r e f l e c t e c l  i n  t h e  o r q a n i z a t i o n a l  
s t r u c t u r e .  T h i s  a s s u r n e s  a c o m m o n a l i t y  of approach  t o  e v e r y  

c r i t i c a l  aspec t  of t h e  S t a t i o n  by t h e  NASA Centers ( e . q . ,  s a f e  
h a v e n / r e s c u e ,  d e s i g n  a n d  o p e r a t i o n a l  s i m p l i c i t y ,  crew s u p p o r t  f o r  

IVA a n d  EVA,  s a f e t y  t h r e a t s ) .  The  f o l l o w i n q  t a k e n  f rom N A S A  

C o n t r a c t o r  Report  3 8 5 4 ,  J u n e  1 9 8 5 ,  is i n s t t  u c t i v e :  

" I t  is i n t e r e s t i n g  t o  t r a c e  t h e  e v o l u t i o n  of crew s a f e t y  

p h i l o s o p h y  t h r o u g h  space p r o g r a m s ,  a n d  t o  u n d e r s t a n d  t h e  

r e a s o n s  for  t h i s  e v o l u t i o n .  T a b l e  2-2 i l l u s t r a t e s  k e y  
f e a t u r e s  of t h e s e  p h i l o s o p h i e s  o r  g o a l s .  The  s a f e t y  

p h i l o s o p h y  w h i c h  was b a s e l i n e d  f o r  t h e  crew s a f e t y  

a l t e r n a t i v e  s t r a t e g i e s  s t u d y  w a s  c o n s i s t e n t  w i t h  t h e s c  

t r e n d s ,  a n d  is shown i n  T a b l e  2-3,  s e l e c t e d  from a f ew 

p o t e n t i a l  p h i l o s o p h i e s  .I' 

TABLE 2-2 E X P E R I E N C E  I N  'THE DEVELOPMENT OF 

, S A F E T Y  P H I L O S O P H Y  I N  S P A C E  PROGRAMS 

PROGRAM 

A P O L L O  

S A F E T Y  P H I L O S O P H Y  RAT I O N A LE 

CREW S A F E T Y  GOAL,  .999 

ABORT C A P A B I L I T Y  I N  A L L  

M I S S I O N  P H A S E S  

BACKUP MODES FOR C R I T I C A L  

FUNCTIONS 

A PO L LO -S OY U 2 ABORT C A P A B I L I T Y  I N  A L L  

P H A S E S  

BACKUP MODES FOR C R I T I C A L  

F U N C T I O N S  

SKYLAB LAUNCH CREW A F T E R  SKYLAH 

S U C C E S S F U L L Y  O R B I T E D  

CREW E S C A P E  A V A I L A B L E  BY 

APOLLO CSM 

MANY UNKNOWNS AT T I M E  

WOR LD-W I DE EXPOS IJR E 

OF PROGRAM 

PROVEN HARDWARE 

S I N G L E  M I S S I O N  

USE O F  E X I S T I N G  

HARDWARE 
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S P A C E  SH~1’l”l’LK AHOR‘r C’,4PAt3 [ I ,  C’I’Y OS I N ( ;  T H E  SPACE l’l<O(;RAM 

ORB I T E R  MATUKITY 

L I M I T E D  CREW E S C A P E  SYSTEM E M P H A S I S  ON 

DURING O R B I T A L  F L I G H T  E L I M I N A T I N G  OR 

T E S T  C O N T R O L L I N G  T H R E A T S  

RATHER THAN 

E S C A P I N G  FROM THEM 

TABLE 2-3 S P A C E  S T A T I O N  P H I L O S O P H Y  PRECEDENCE 

CURRENT O P T I O N S  COMMENTS 

CAUSE NO DAMAGE WHA’I‘SOEVER T O  S P A C E  

S T A T I O N  AND NO I N J U R Y  T O  CREW 

D E S I R A B L E :  C O S T  TRADE 

CAUSE NO DAMAGE T O  S P A C E  S T A T I O N  BEYOND c osr  TRADE 

R O U T I N E  MAINTENANCE C A P A B I L I T Y  

CAUSE NO DAMAGE T O  S P A C E  S T A T I O N  OR B A S E L  I N E  PH I LOSOPH Y 

I N J U R Y  TO CREW WHICH W I L L  R E S U L T  I N  A 

S U S P E N S I O N  OF O P E R A T I O N S  

4 .  L i f e  S c i e n c e s  

T h i s  y e a r ’ s  a c t i v i t i e s  h a v e  shown t h a t  E x t r a v e h i c u l a r  

A c t i v i t i e s  ( E V A )  w i l l  c o n t i n u e  t o  be u s e d  e x t e n s i v e l y .  The 
Leasa t  r e s c u e  m i s s i o n  is a n  o u t s t a n d i n g  e x a m p l e  of EVA. 

C e r t a i n l y  t h e  s p a c e  s t a t i o n  w i l l  r e q u i r e  e x t e n s i v e  EVA for  i t s  
c o n s t r u c t i o n  a n d  o p e r a t i o n a l .  a c t i v i t i e s .  The c u r r e n t  s u i t  

c o n t i n u e s  t o  f u n c t i o n  v e r y  w e l l  d e s p i t e  i t s  l i m i t a t i o n s .  

However, t h e r e  is a p e r c e i v e d  n e e d  for a more f l e x i b l e  s u i t  i n  

t h e  f u t u r e  t h a t  h a s  t h e  c a p a b i l i t y  of o p e r a t i n g  a t  a h i g h e r  

p r e s s u r e  t h a n  t h e  c u r r e n t  s u i t  a n d  i t s  d e v e l o p m e n t  s h o u l d  

b e e n c o u r a g e d  so t h a t ’  i t  can s u c c e e d  t h e  c u r r e n t  s u i t  o n  a n  
a t t r i t i o n  b a s i s .  
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W h i l e  i t  is much too e a r l y  t o  be t - C s o l v e d ,  t h e r e  h a s  !>PC>II  

c o n s i d e r a b l e  d i s c u s s i o n  r e l a t i n g  t o  t h e  makeup  of t h e  Space 

S t a t i o n  l i f e  sciences module(  s )  . D i s c u s s i o n  h a s  c o v e r e d  s e p a r a t e  
m o d u l e s  f o r  l i f e  s c i e n c e s  a n d  m a t e r i a l s  r e s e a r c h  v e r s u s  

s e p a r a t i o n  i n t o  n o i s y  a n d  q u i e t  m o d u l e s .  T h e  L i f e  S c i e n c e s  

A d v i s o r y  C o m m i t t e e  ( L S A C )  c u r r e n t l y  f a v o r s  t h e  l a t t e r  a p p r o a c h .  

However ,  d e c i s i o n s  i n  t h i s  a r e a  a r e  y e t  t o  be made .  B u d g e t a r y  

c o n s t r a i n t s  w i l l  a l s o  be a f a c t o r  i n  t h e  d e c i s i o n  process.  

The  LSAC n o t e s  t h a t  t h e r e  is a l a c k  of k n o w l e d g e  r e l a t i n g  t o  
t h e  p h y s i c a l  c o n d i t i o n  o f  a s t r o n a u t s  a f t e r  l o n g  d u r a t i o n  € l i g h t s .  

T h e y  h a v e  n o  h e s i t a t i o n  a b o u t  a p p r o v i n g  i n  space d u t y  t o u r s  o f  

t h r e e  m o n t h s  o r  l ess .  A n y t h i n g  b e y o n d  t h i s  is s u b j e c t  t o  
q u e s t i o n .  I t  is t r u e  t h a t  t h e  R u s s i a n s  h a v e  h a d  c o s m o n a u t s  i n  

s p a c e  €or s e v e n  m o n t h s ,  b u t  t h e s e  men r e q u i r e d  e x t e n s i v e  p e r i o d s  

of h o s p i t a l i z a t i o n  a f t e r  r e t u r n  t o  e a r t h .  NASA's manaqemen t  m u s t  

c o n t i n u e  t o  s u p p o r t  t h e  e f f o r t s  of t h e  l i f e  s c i e n c e s  g r o u p  t o  
d e v e l o p  t h e  n e c e s s a r y  d a t a  t o  e s t a b l i s h ,  w i t h  c o n f i d e n c e ,  w h a t  

t h e  maximum s t a y  i n  space s h o u l d  be .  

NASA is  c o p t i n u i n g  i t s  s u i t  r e s e a r c h  a c t i v i t i e s  a t  Amps w i t h  
t h e  t o r o i d a l  m e t a l  €or anns a n d  l egs .  P e r h a p s  t h e  way t o  (30 is  

no t  t o  c h a n g e  s u i t  pressure b u t  t o  d e s i g n  t h e s e  arms a n d  l e g s  a s  
r e p l a c m e n t  €or  t h e  c u r r e n t  o n e s .  T h e  c u r r e n t  g l o v e  d e s i g n  w h i c h  

is c r i t i c a l  is good t o  6 +  p s i .  

5.  R e s e a r c h  A i r c r a f t  

F l i g h t  r e s e a r c h  is e s s e n t i a l  when t e c h n o l o g y  d e v e l o p m e n t  o n  

p o t e n t i a l l y  i m p o r t a n t  a n d  p r o m i s i n g  new c o n c e p t s  c a n n o t  be 

completed u s i n g  a n a l y s i s ,  s i m u l a t i o n ,  a n d  g r o u n d  tes ts  a l o n e .  

F a c t o r s  s u c h  a s  geometric s c a l e  e f f e c t s ,  h a n d l i n g  q u a l i t i e s ,  

f l i q h t  e n v i r o n m e n t ,  d y n a m i c  b e h a v i o r ,  p i l o t / f l y i n q  q u a l i t i e s  

i n t e r f a c e ,  a n d  t h e  i n t e r a c t i o n s  amon9 m u l t i p l e  d i s c i p l i n e  

t-ethnologies a n d  s y s t e m  c o m p o n e n t s ,  make f l i q h t  t e s t i n g  a n  

a b s o l u t e  n e c e s s i t y  i n  t h e  i n v e s t i g a t i o n  o f  some t e c h n o l o q y  
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a d v a n c e s .  Two c u r r e n t  NASA e x p e r i m e n t a l  a i r c r a f t  p r o g r a m s  I t h e  
f o r w a r d  s w e p t  w i n g  X - 2 9 A  a n d  t h e  X-Wing R o t a r y - t o - f i x e d  b l a d e  I 

i n v o l v e  s u c h  f l  i q h t  r e s e a r c h .  

a .  X - 2 9 A  R e s e a r c h  A i r c r a f t  

The  o v e r r i d i n g  o b j e c t i v e  o f  t h e  X - 2 9  a i r c r a f t  is  t o  
v a l i d a t e  a n d  d o c u m e n t  t h e  b e n e f i t s  o f  t h e  F o r w a r d  Swep t  Wing 

c o n c e p t  a n d  i t s  i n t e r a c t i v e  t e c h n o l o g i e s  by  t h e  m o s t  
a f f o r d a b l e  means  a v a i l a b l e .  The X-29 f l i g h t  c o n t r o l  s y s t e m  

is b y  f a r  t h e  most t e c h n i c a l  a d v a n c e d  f i g h t  c o n t r o l  t h a t  h a s  

e v e r  b e e n  f l o w n  m a n a g i n g  m u l t i p l e  c o n t r o l  s u r f a c e s  and  a 

l a r g e  n e g a t i v e  s t a t i c  s t a b i l i t y  m a r q i n  i n  s u b s o n i c  f l i g h t .  

T h e r e  was a c o n c e r n  a b o u t  l a n d i n g  w i t h  t h e  a n a l o g  

r e v e r s i o n  mode of c o n t r o l  a f t e r  f a i l u r e  of t h e  d i q i t a l  

s y s t e m ,  s i n c e  p r o j e c t  p i l o t  e v a l u a t i o n s  o f  t h e  a n a l o g  mode i n  

t h e  CALSPAN a i r b o r n e  s i m u l a t i o n  had  shown a s t r o n g  t e n d e n c y  

for  a p o t e n t i a l l y  d a n g e r o u s  p i l o t  i n d u c e d  o s c i l l a t i o n  ( P I O )  

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

tests i n  t h e  X - 2 9 A  a t  s a f e  a l t i t u d e  u s i n g  p r e c i s i o n  f o r m a t i o n  

f l y i n g  t a s k s  i n  t h e  a n a l o g  r e v e r s i o n  mode a n d  i n  t h e  l a n d i n g  

c o n f i g u r a t i o n  showed no  p r o b l e m .  The  CALSPAN s i m u l a t i o n  is  
b e i n g  r e v i s e d  t o  r e f l e c t  f l i g h t  m e a s u r e d  d e r i v a t i v e s  i n s t e a d  

of p r e d i c t e d  v a l u e s .  

I n s t a l l a t i o n  of a new s e t  of s e n s o r s  for e s t a b l i s h i n g  
a e r o d y n a m i c  parameters i s  complete a n d  allows for  t h e  

v a r i a t i o n  of g a i n s  of t h e  a n a l o g  r e v e r s i o n  mode f o r  s a f e  

e x p a n s i o n  of t h e  X - 2 9 A  e n v e l o p e  i n t o  t h e  t r a n s o n i c  a n d  

s u p e r s o n i c  f l i g h t  r e g i m e s .  The  a i r c r a f t  h a s  f l o w n  

t r a n s o n i c / s o n i c  t o  a Mach number  of a b o u t  1 . 0 3 .  

The  b a s i c  d i v e r g e n c e  a v o i d a n c e  d e s i q n  o f  t h e  wing  

s t r u c t u r e  h a s  b e e n  p r o v e n  by p r e v i o u s  a n a l y s i s  a n d  tests.  
The maximum allowable " g "  is c u r r e n t l y  6 . 4  g .  The  a i r c r a f t  
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h a s  b e e n  d e s i q n e d  f o r  a maximum of 8 q ;  however- ,  s i n c e  t h e  
winq w k i s  n o t  s u b j c ~ c t c ~ ~ 1  t - c ,  , in t i 1  t i i n s i t ( ’  c i t > q i t 1 r 1  1 o C i ( 1  t( .st  ( t o  

(1(>st r u c t )  t h e  8 0 %  d e s i q n  1 i i n i a t i o n  h i s  I)(:(\n ar)i)I ic . ( l .  ‘I%$) 

f l i g h t  program o f  g r a d u a l l y  e x p a n d i n g  t h e  a l l o w a b l e  f r o m  6 . 4  

q t o  8 g s h o u l d  be i m p l e m e n t e d .  T h i s  w i l l  b e  n e c e s s a r y  i f  
t h e  f u l l  v a l u e  of t h e  i n t e g r a t e d ,  a d v a n c e d  t e c h n o l o g i e s  are  

t o  be t e s t e d .  The  h i g h  d e g r e e  of t e s t  i n s t r u m e n t a t i o n  a n d  
t h e  t e l e m e t r y  s h o u l d  a l low t h i s  e x p a n s i o n  t o  be d o n e  s a f e l y .  

The  a i r c r a f t  is c l e a n  a n d  d e c e l e r a t e s  s l o w l y .  S h o u l d  

i n c i p i e n t  f l u t t e r  be e n c o u n t e r e d  i n a d v e r t e n t l y ,  f o r  i n s t a n c e ,  

r a p i d  s p e e d  r e d u c t i o n  wou ld  b e  e s s e n t i a l  f o r  s u r v i v a l .  More 

g e n e r a l l y ,  i f  t h e  dua l -pump e n g i n e - d r i v e n  h y d r a u l i c  s y s t e m  

s h o u l d  f a i l ,  c o n s i d e r e d  a n  u n l i k e l y  e v e n t  u n l e s s  t h e  e n g i n e  

s h o u l d  s t o p  r o t a t i n g  ( f r e e z e ) ,  t h e  e m e r g e n c y  h y d r a z i n e  s y s t e m  

w i l l  d r i v e  the pumps €or  o n l y  s e v e n  m i n u t e s .  A t  t h e  e n d  o f  

t h a t  t i m e  t h e  c o n t r o l s  w i l l  “ f r e e z e ”  a n d  t h e  a i r c r a f t  w i l l  

d i v e r g e  l o n g i t u d i n a l l y  i n  a v i o l e n t  m a n n e r  when i n  s u b s o n i c  

f l i g h t  b e c a u s e  o f  i t s  35% n e g a t i v e  s t a t i c  m a r g i n .  U n l e s s  a t  
l o w  s p e e d  ( l o w  d y n a m i c  p r e s s u r e )  i n  s u c h  a case t h e  a i r c r a f t  

may e n c o u n t e r  severe adverse s t r u c t u r a l  o r  crew i m p a c t s .  To 

a v e r t  s u c h  s e r i o u s  c o n s e q u e n c e s  s p e e d  b r a k e s  wou ld  e n a b l e  

r a p i d  s lowdown to  safe s t r u c t u r a l  speeds f o r  e j e c t i o n  o r  t o  
e n a b l e  a s a f e  l a n d i n g  o n  t h e  deser t  f loor  i f  s u f f i c i e n t  t i m e  

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

s p e e d  b r a k e s  be i n i t i a t e d  €or p o s s i b l e  l a t e r  r e t r o f i t  t o  b o t h  

X-29A a i r f r a m e s ,  w i t h  i n s t a l l a t i o n s  t o  f o l l o w  a t  a c o n v e n i e n t  

t i m e  i n  t h e  r e s p e c t i v e  programs. C o n s i d e r i n g  t h e  number of 

new t e c h n l o g i e s  i n v o l v e d  a n d  t h e  f a c t  t h a t  t h e  X-29 i s  a new 

a i r c r a f t ,  t h e  f l i q h t s  t o  d a t e  h a v e  b e e n  r e l n a r k a b l y  trouble 

f r e e .  

b .  X-Wing Rotor S y s t e m s  R e s e a r c h  A i r c r a f t  ( R S R A )  

T h e  X-Wing f l i g h t  i n v e s t i g a t i o n  p r o j e c t  o b j e c t i v e s  a r e  t o  
d e v e l o p  a n d  d e m o n s t r a t e ,  i n  f l i g h t ,  X-Wing ro to r  d e s i g n  
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con t ro l s  , a n d  pnt?uino~lynarnics techno'loq itls. TI? i s is t o  btl 

a c c o m p l i s h e d  b y  c o n c e n t r a t . i n g  o n  t h e  c o n v e r - s  ion Erorn t o t o r -  t o  

f i x e d  b l a d e  a c t i v i t i e s ,  b y  i n v e s t i g a t i n g  d y n a m i c s ,  

p e r f o r m a n c e ,  a n d  c o n t r o l  w i t h i n  a l i m i t e d  e n v e l o p e ,  a n d  

t h e r e a f t e r  t o  e s t a b l i s h  a s a f e  e n v e l o p e  a n d  f l i g h t  p r o c e d u r e s  
fo r  X-Wing r e s e a r c h .  The  a p p r o a c h  b e i n g  f o l l o w e d  is  
b a s i c a l l y  t o :  

(1) Des ign ,  b u i l d  a n d  g r o u n d  t e s t  an X-Wing r o t o r  and  con t ro l  
s y s t e m ,  i n c l u d i n g  s u p p o r t i n g  r e s e a r c h  a n d  t e c h n o l o g y .  

( 2 )  I n s t a l l  t h e  X-Wing and  F l i q h t  Control  S y s t e m  i n  a 
m o d i f i e d  Rotor S y s t e m s  R e s e a r c h  A i r c r a f t  ( R S R A )  a n d  c o n d u c t  a 

40-hour  f l i g h t  t e s t  p r o g r a m .  

T h e  X-Wing p r o g r a m  h a s  been l a b o r i n g  u n d e r  a n  o v e r l y  o p t i m i s t i c  

s c h e d u l e .  The P r o g r a m  is w o r k i n q  o n  t h e  l e a d i n g  e d g e  of new a n d  

c o m p l e x  t e c h n o l o g i e s ,  s u c h  a s :  

( 1  ) C i r c u l a t i o n - c o n t r o l  r o to r ,  e n c o m p a s s i n g  pneumodynamics  

a n d  i t s  i n t r i c a t e  sys tem f o r  m e t e r i n g  t h e  r e q u i r e d  a i r f l o w s  
a t  a h i g h  s e q u e n t i a l  r a t e ,  a s  commanded by d i q i t a l  s o f t w a r e .  

( 2 )  S t a r t i n g  a n d  s t o p p i n g  a l i f t i n g  rotor i n  f o r w a r d  f l i g h t ,  

e v e n t u a l l y  w i t h o u t  b e n e f i t  o f  a f i x e d  winq ( l o o k i n q  beyond  

t h e  R S R A ) .  

( 3 )  E s s e n t i a l l y  t o t a l  d e p e n d e n c y  o n  v e r y  s o p h i s t i c a t e d  

d ig  i t a l  e l e c t r o n i c  s y s  terns  con t t-o L 1 incJ b l a d e -  t Fa i 1 i nq-edge  
a i r f l o w  f o r  l i f t  a n d  c o n t r o l ,  a s  w e l l  a s  for- h i y h e r  h a r m o n i c  

v i b r a t i o n  s u p p r e s s i o n  , s u p e r i m p o s e d .  

( 4 )  Development  oE s l e n d e r  , c o m p o s i t e  rotor  b l a d e s  ( s w e p t  

w i n g s  when s t o p p e d )  w h i c h  are  t o  resist  s t r u c t u r a l  f l u t t e r  

a n d  d i v e r g e n c e  w h i l e  c a r r y i n q  , i n t e r n a l l y  , a i r  a t  
t e m p e r a t u r e s  of 250-350 d e g r e e s  F a h r e n h e i t .  
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The  P r o g r a m  s c h e d u l e s  h a v e  s l i p p e d ;  t h e  f i r s t  f l i q h t  i n  t h e  
s t o p p e d - r o t o r  c o n f i g u r a t i o n  i s  now b e i n g  s c h e d u l e d  €or  t h e  f i r s t  

of 1987. T e s t s  w i t h  t h e  p r o p u l s i o n  s y s t e m s  t e s t  b e d  (PSTR)  a n d  
t h e  powered " f l y i n g "  w i n d - t u n n e l  model a r e  j u s t  q e t t i n q  u n d e r  

way, the l a t t e r  a key t o  s a f c  ,ind s u c c e s s f u l  f l i q h t  o f  t h e  

X-Wing. 

T h e  S i k o r s k y  s a f e t y  p r o g r a m ,  s u p p o r t e d  by  e x p e r i e n c e d  

e n g i n e e r i n g  f rom t h e  S i k o x s k y  E x e c u t i v e  S a f e t y  C o m m i t t e e ,  now 

seems t o  h a v e  a p p r o p r i a t e  e m p h a s i s  a n d  manpower a l l o c a t e d  f o r  

a v o i d i n g  or  a l l e v i a t i n g  p r o b l e m s .  S l i p p a q e  of s c h e d u l e s  h a s  and  

w i l l  o c c u r  b e c a u s e  o f  t h e  s i z e a b l e  t a s k s  i n v o l v e d  and  a n  

o p t i m i s t i c  a n d  u n r e a l i s t i c  o r i q i n a l  s c h e d u l e .  However ,  i t  i s  

m a n d a t o r y  i n  t h i s  p r o g r a m  to  p r o c e e d  c a r e f u l l y  a n d  t h o r o u q h l y ,  

r e g a r d l e s s  o f  s c h e d u l e s .  

The o v e r a l l  s a f e t y  p r o g r a m  f o r  t h e  X-winq/RSRA h a s  many 

a s p e c t s  a n d  o r g a n i z a t i o n s .  T h e s e  i n c l u d e  t h e  A m e s  a n d  Dryden  

s a f e t y  r e v i e w s ,  t h e  S i k o r s k y  F l i g h t  S a f e t y  B o a r d ,  a n d  

s u b c o n t r a c t e d  a n a l y s e s  by B o e i n g  ( H S I  i n  H o u s t o n ,  T e x a s )  f o r  a 

H a z a r d  A n a l y s i s  o f  t h e  e n t i r e  v e h i c l e  a n d  t h e  N o r t h r o p  
C o r p o r a t i o n  f o r  f i x e d  wing  a e r o e l a s t i c  s u p p o r t .  The  r e s u l t s  o f  

t h e  powered  m o d e l  wind  t u n n e l  t e s t ,  t h e  P r o p u l s i o n  S y s t e m  T e s t  
Bed (PSTR)  d y n a m i c  t e s t  a n d  t h e  e x t e n s i v e  f l i g h t  c o n t r o l  

s i m u l a t i o n  e f f o r t s  w i l l  f o r m  t h e  r ea l  f o u n d a t i o n  f o r  v e r i f i c a t i o n  

of t h e  f l i g h t  s a f e t y  o f  t h e  v e h i c l e  d e s i g n .  

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

f o r  a f o r w a r d  swept w i n g e d  a i r c r a f t  is a e r o e l a s t i c  d i v e r g e n c e .  

On t h e  o t h e r  h a n d ,  aeroelast ic  f l u t t e r  is usua l .1y  t h e  l i m i t e r  €or 

a f t  s w e p t  w i n g e d ,  h i g h  p e r f o r m a n c e  a i r c r a f t .  The X-Winq a i r c r a f t  

is u n i q u e  i n  t h a t  i t  h a s  b o t h  a f o r w a r d  and  a n  a f t  s w e p t  winq 

when o p e r a t i n g  i n  t h e  f i x e d  w i n g  E l i g h t  mode a n d  t h e r e f o r e  c o u l d  

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

c a t a s t r o p i c  a e roe la s t i c  phenomena  is t o  f i r s t  d e s i q n  t h e  



' i  

s t r u c t u r e  t o  w i t h s t a n d  t h e  f l i q h t  l oads  ( a  s t r e n q t h  d e s i g n )  a n d  

s u b s e q u e n t l y  t o  r e - a n a l y z e  t h e  s t r e n q t h  d e s i g n  t o  d e t e m i n e  t h e  

p o i n t  ( d y n a m i c  p r e s s u r e  a n d  v c l o c i t y )  w h e r e  f l u t t e r  or  c l i v e r q e n c e  

would  o c c u r .  I f  t h i s  p o i n t  i s  out : ; ic le% o f  t h e  f l i ( l h t  e n v i . l o p c ,  n o  

f u r  tiler d e s i g n  m o d i f i c a t i o n  is neodccl .  O t h e r w i s c ,  i n o d i f i r a t i o n s  

m u s t  b e  made t o  a d d  a d d i t i o n a l  s t i f f n e s s  t o  t h e  s t r e n g t h  d e s i g n .  

L i k e  o t h e r  t h e o r e t i c a l  a n a l y s i s ,  t h e r e  a r e  many a s s u m p t i o n s  a n d  

s i m p l i f i c a t i o n s  i n h e r e n t  t o  t h e  me thod  u s e d  f o r  d e t e r m i n i n g  t h e  

f l u t t e r  o r  d i v e r q e n c e  p o i n t ;  c o n s e q u e n t l y ,  i f  t h e  c a l c u l a t e d  
p o i n t  is  n e a r  a n y  p o i n t  of t h e  f l i g h t  e n v e l o p e ,  i t  is p r u d e n t  t o  

b u i l d  a n  a e r o e l a s t i c  model o f  t h e  e n t i r e  a i r c r a f t  or  p o s s i b l y  of 
t h e  a i r f o i l  s u r f a c e  i n  q u e s t i o n  ( w i n g  o r  t a i l ) .  Due p r i m a r i l y  t o  

t a i l  ro tor  r e s t r i c t i o n s ,  t h e  maximum d i v e  s p e e d  o f  t h e  RSRA 

X-Wing h a s  b e e n  s e t  a t  3 0 0  k t s .  W i t h  t h e  s t a n d a r d  a e r o e l a s t i c  

s a f e t y  f a c t o r  t h i s  e s t a b l i s h e s  345 k t s  a t  sea l e v e l  ( t h e  r e q i o n  

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

A l b e i t ,  t h e  a i r c r a f t  d e s i g n  m u s t  n o t  possess e i t h z r  a f l u t t e r  a n d  

a d i v e r g e n c e  p o i n t  b e l o w  t h i s  v e l o c i t y .  I n d e e d ,  t h e  a b s e n c e  of 

a l l  i n s t a b i l i t i e s  a t  v e l o c i t i e s  below 345 k t s  ( a  d y n a m i c  p r e s s u r e  

of 300 l b / f t 2 )  m u s t  be e s t a b l i s h e d  b y  a c o m b i n a t i o n  o f  wind  

t u n n e l  a n d  a n a l y t i c  p r o g r a m s .  

The  RSRA/X-Wing r e p r e s e n t s  t h e  f i r s t  t i m e  t h a t  a n  a i r c r a f t  

h a s  b e e n  d e s i g n e d  t o  opera te  a t  speeds a b o v e  t h e  a i r f r a m e  

a e r o e l a s t i c  i n s t a b i l i t y  p o i n t .  T h i s  r e q u i r e s  t h e  a c t i v e  c o n t r o l  
of t h e  a e r o e l a s t i c l y  u n s t a b l e  m o d e s  b y  t h e  f l i g h t  c o n t r o l  s y s t e m  

( i n  a d d i t i o n  to  t h e  u n s t a b l e  r i g i d  body  m o d e s ) ;  a n d  t h e r e f o r e ,  

m a k e s  i t  t h e  most complex FCS d e s i g n  e v e r  a t t e m p t e d .  

6 .  NASA A i r c r a f t  O m r a t i o n s  

T h e  I n t e r c e n t e r  A i r c r a f t  O p e r a t i o n s  P a n e l  c o n t i n u e s  i t s  
p r e p a r a t i o n  of g u i d e l i n e  d o c u m e n t s  t o  s e r v e  a s  b a s i s  fo r  

managemen t  i n s t r u c t i o n s  t o  be i s s u e d  by H e a d q u a r t e r s .  T h i s  i s  

c u r r e n t l y  t h e  o n l y  p r a c t i c a l  way i n  w h i c h  c e n t r a l  d i r e c t i o n  i s  
p r o v i d e d  c o v e r i n g  a l l  a i r c r a f t  o p e r a t i o n s .  T h i s  p r o c e s s  is  
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e x t r e m e l y  s low b e c a u s e  of t h e  n e e d  t o  o b t a i n  a p p r o v a l  o f  a l l  
€ l i q h t  o p e r a t i o n s  c h i e f s ,  t o  coord ina te  t h e s e  t h r o u q h  a c e n t r a l  

c,tFice in Headouarters and to  o h t , 3 i n  f i n a l  a p p r o v a l  throuqh the. 
N A S A  ht3 i r -nrchy . F u r t h e r  , t-Ii(> t a  i 1 ur t ?  , For ano t  her y e a r  , t o  
a p p o i n t  a h e a d  of t h e  A i r c r a f t -  Management  O f f i c e  i n  H e a d q u a r t e r s  
f u r t h e r  s lows t h e  a p p r o v a l  p r o c e s s .  T h e r e  i s  a g r e a t  n e e d  for  a 
f u l l y  q u a l i f i e d  o p e r a t i o n s  m a n a g e r  f o r  t h i s  p r o g r a m .  

I d e a l l y ,  t h e r e  wou ld  b e  a s i n g l e  f l i g h t  o p e r a t i o n s  e n t i t y ,  

r e p o r t i n g  d i r e c t l y  to t h e  A d m i n i s t r a t o r  or D e p u t y  A d m i n i s t r a t o r .  

T h i s  e n t i t y  wou ld  h a v e  d i r e c t  a n d  o v e r a l l  r e s p o n s i b i l i t y  €or a l l  

f l i q h t  o p e r a t i o n s  f u n c t i o n s ,  w h e t h e r  a d m i n i s t r a t i v e  o r  r e s e a r c h  

a n d  d e v e l o p m e n t .  F l i g h t  o p e r a t i o n s  d i v i s i o n s  would  be l o c a t e d  a s  
t h e y  a r e  t o d a y  a n d  wou ld  p r o v i d e  s e r v i c e  t o  t h e  v a r i o u s  c e n t e r s ,  

b u t  would  n o t  r e p o r t  t o  t h e  c e n t e r .  B u d g e t s  wou ld  be c e n t r a l i z e d  

a n d  a p p o r t i o n e d  i n  a c c o r d a n c e  w i t h  t h e  n e e d s  f o r  r o u t i n e  

o p e r a t i o n s  a n d  m a i n t e n a n c e .  All center  p r o j e c t s  would  t h e n  
become c o n t r a c t s  b e t w e e n  f l i g h t  o p e r a t i o n s  a n d  t h e  s p e c i f i c  

c e n t e r .  
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E .  NASA'S RESPONSE: 'Kl P A N E L ' S  C Y  1 9 8 4  ANNIJAL, REPORT 

T a k i n g  e a c h  of t h e  items c o v e r e d  i n  b o t h  t h e  Annua l  R e p o r t  a n d  

t h e  NASA r e s p o n s e  t o  i t ,  t h e  f o l l o w i n q  items a r e  l tClosed"  or 

"Open" a s  n o t e d .  Of 2 0  i t e m s ,  1 4  a r e  " c l o s e d "  a n d  6 a r e  " o p e n . "  

T h o s e  t h a t  a r e  " o p e n "  a r e  s t i l l  i n  w o r k  w i t h  i m p l e m e n t a t i o n  y e t  

t o  come. The  n u m b e r i n g  s e q u e n c e  f o l l o w s  t h a t  i n  t h e  NASA 

r e s p o n s e .  

1 . 0  L a u n c h  P r o c e s s i n g  a n d  L o g i s t i c s  

1.1 CLOSED - P a n e l  w i l l  c o n t i n u e  o v e r v i e w  of K S C  ( N A S A  a n d  

c o n t r a c t o r )  manpower a b i l i t y  t o  meet i n c r e a s i n q  f l i q h t  r a t e  
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  oE s a f e t y  i n c l u d i n g  

e f f e c t s  of " o p e r a t i o n a l  e f f i c i e n c i e s "  t h r o u q h  1988-89  t o  

r e a c h  2 4  f l i g h t s  per y e a r .  

1. . 2  C L O S E D  - C o n t i n u e  o v e r v i e w  of O r b i t e r  H a r d w a r e / S o f t w a r e  

u p g r a d e s  ( o t h e r  STS e l e m e n t s  a s  a p p l i c a b l e )  t o  assure  s u c h  

m o d i f i c a t i o n s / c h a n q e s  do n o t  a d v e r s e l y  a f f e c t  r e l i a b i l i t y ,  
m a i n t a i n a b i l i t y  a n d / o r  s a f e t y  ( a n d  s p a r i n g  r e q u i r e m e n t s ) .  

1 .3  CLOSED - P r o p o s e d  l e t t e r  f r o m  Jesse Moore to  C e n t e r  
Directors  a n d  NSTS managemen t  i n d i c a t e s ,  " W e  m u s t  t a k e  

f u r t h e r  a c t ion  to  a s s u r e  t h e  r e q u i r e d  i n c r e a s e  i n  t h e  S h u t t l e  

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

t u r n a r o u n d  a c t i v i t i e s .  . . . The  c h a n g e  a n d  m o d i f i c a t i o n  

w o r k  i n  t h e  O P F  ( O r b i t e r )  h a s  b e e n  h i g h l i g h t e d  a s  t h e  k e y  

d r i v e r  . . .'I P a n e l  c o n t i n u e  o v e r s i q h t  of t h i s  c o n c e r n .  

1 . 4  CLOSED - O p e r a t i o n s  o r g a n i z a t i o n  a n d  managemen t  

d i s c u s s i o n s .  

1 . 5  a .  CLOSED - Use of t h e  t e r m  " o p e r a t i o n a l "  a s  a p p l i e d  t o  
t h e  Space T r a n s p o r t a t i o n  S y s t e m  was a d d r e s s e d  i n  g r e a t  

d e t a i l .  . . . I t  is no t  c o n s i d e r e d  a n  ' ' a i r l i n e "  by N A S A .  

I I  
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b .  OPEN - T r a n s i t i o n  of t a s k s  ( p a r t i c u l a r l y  s u s t a i n i n c l  
~ r i c l i n t > i , r i n c l )  f r o m  . ISC to KSC'. T t  w , i s  n o t r < l  t h a t  n p Idn  w , j s  

i n  pr-ocrss  nrid t h a t  P,3nilI s h o u l d  f o l  1 ow t h o  iinpl c m c n t , i l -  i o n  o t  
t h i s  t r a n s i t i o n  d u r i n g  1 9 8 6 - 8 7 .  

c .  OPEN - The  f o l l o w i n g  a d d i t i o n a l  p o i n t s :  

(1) S p a c e  T r a n s p o r t a t i o n  S y s t e m  O p e r a t i o n s  C o n t r a c t  

(STSOC)  a t  J S C  g o e s  i n t o  e f f e c t  J a n u a r y  1, 1 9 8 6 .  P a n e l  is 
r e q u e s t e d  t o  f o l l o w  t h i s  a s  t h e y  d i d  t h e  SPC a t  K S C .  

( 2 )  R e v i e w  t h e  l a u n c h  c o n s t r a i n t s  b e i n q  m o d i f i e d  i n  

o r d e r  to i n c r e a s e  l a u n c h  p r o b a b i l i t y  a n d  t u r n a r o u n d  mods a s  
w e l l .  

( 3  ) C o m p r e h e n s i v e  m a i n t e n a n c e  p l a n  s u p p o s e d  to h a v e  b e e n  

r - e l e a s e d  S e p t e m b e r  1 9 8 5 .  

( 4 )  I n i t i a l  l a y - i n  of s p a r e s  t o  be c o m p l e t e d  by October 

1 9 8 7 .  S t a t u s ,  i m p a c t  o f  r e d u c e d  f u n d i n g  . . . p a r t i c u l a r l y  

i f  i t  a f f e c t s  s a f e t y .  

2 . 0  SSME p r e c u r s o r  t es t  p r o g r a m  to  be c o m p l e t e d  d u r i n g  C Y  1 9 8 5 .  

(OPEN 

C o m p e t i t i v e  e n q i n e  ( t u r h o p u m p s )  p r o q r a m  RFP o n  t h e  s t r e e t .  
( C L O S E D )  P a n e l  w i l l  f o l l o w  t h i s  i n  1 9 5 6 .  

P h a s e  I1 a n d  1 1 +  o n  g o i n q .  ( C L O S E D )  

3 . 0  F i l a m e n t  Wound Case €allow-up i n c l u d i n g :  V e h i c l e  e x c u r s i o n s ,  
l i f t - o f f  l o a d s  a l l e v i a t i o n ,  l i f t - o f f  d r i f t  concerns,  f l i 9 h t  
c o n t r o l  s t a b i l i t y  i m p a c t s  d u e  t o  e l a s t i c  p r o p e r t i e s ,  F R F  

impact o n  s t r u c t u r a l  a d e q u a c y  of " s i n q l e - u s e "  f i r s t  f l i q h t  

s e g m e n t s  (OPEN) 

4 . 1  R e s u l t s  o f  R o c k w e l l ' s  d e t a i l e d  f r a c t u r e / f a t i q u e  a n a l y s e s  f o r  
t e s t  a r t i c l e  LI-36 (wing/mid-fuselage/aft-fuselage s t r u c t u r e  

h e i n q  c o n d u c t e d  J u n e  8 5  t o  , J a n u a r y  86 .  ( O P E N )  
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4 .  2 ~ n d i v i d u a l  O r b i t e r -  Re1 t L j ' s  a n d  pt'r f o r - i n a n c e  

c a p a b i l i t y - s t r  u c t u r a l  1 i m i  t , 3 t  i o n s  dnd l o a t 1  i n ( l  ic,3tt>r 

r e d l i n e s .  F o l l o w  i n  1 9 8 6  ( C L O S E D )  

4 . 3  O r b i t e r  B r a k e  U p g r a d e  - Many a c t i v i t i e s  s t a r t e d ,  some t e s t e d ,  

some o n - g o i n g  a c t i v i t i e s  S t r u c t u r a l  c a r b o n  u s e  f a i l  o p / f a i l  

s a f e  Nose Wheel  S t e e r i n g  s y s t e m  v s .  c u r r e n t  f a i l  s a f e ,  e t c .  
P a n e l  f o l l o w  t h e s e  i n  1 9 8 6 .  ( C L O S E D )  

5 .0  D e v e l o p m e n t  of h i g h e r  p r e s s u r e  EVA s u i t e .  ( C L O S E D )  

Note t h e  f o l l o w i n q  f r o m  R e q q s '  r e s p o n s e :  "The  c u r r e n t  Aqency  

p o s t u r e  f o r  f u r t h e r  s p a c e  s u i t  d e v e l o p m e n t s  w i l l  be a d d r e s s e d  

i n  t h e  S p a c e  S t a t i o n  P h a s e  R r e q u i r e m e n t s  d e f i n i t i o n .  T h e s e  

r e q u i r e m e n t s  w i l l  b e  e v a l u a t e d  , a n d  a d e t e r m i n a t i o n  w i l l  be 

made  a s  t o  t h e  a c c e p t a b i l i t y  o f  t h e  c u r r e n t  S h u t t l e  s y s t e m ,  
of a n  e n h a n c e d  s y s t e m  or  t h e  n e e d  f o r  a new h i g h  p r e s s u r e  

s y s  ten.  'I 

6 . 0  O r b i t e r  OV-102 i n  a n  R&D ro l e  w i t h  a p p r o p r i a t e  

i n s t r u m e n t a t i o n .  ( C L O S E D )  

7 . 0  KSC/VAFB common o p e r a t i o n s .  (CLOSED)  

8 . 0  S h u t t l e / C e n t a u r  t o  a d e q u a t e l y  c o n d u c t  t e s t s  w i t h i n  c u r r e n t  

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

c o n c e r n .  ( O P E N )  

9 . 0  RTG S a f e t y  ( F i r s t  C e n t a u r  m i s s i o n s ) .  M a i n t a i n  a w a r e n e s s .  

( C L O S E D )  

1 0 . 0  N A S A ' s  R & D  a n d  A d m i n i s t r a t i v e  a i r c r a f t  o p e r a t i o n s  

managemen t  a n d  p o l i c y  i m p l e m e n t a t i o n .  P a n e l  c o n t i n u e s  t o  
m o n i t o r .  ( C L O S E D )  
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NASA 
National Aeronautics and 
Space Administration 

Washington, D C 
20546 
~ w ; e  of the Administrator 

September 25, 1 9 8 5  

Mr. John C. B r i zend ine  
Chairman 
Aerospace Safety  A d v i s o r y  Panel 
6306 B i x b y  H i l l  Road 
Long Beach, CA 90815 

Dear John: 

Enclosed f o r  your  c o n s i d e r a t i o n  i s  t h e  NASA response t o  t h e  f i n d i n g s  
and r e c o m n d a t i o n s  p r o v i d e d  by  t h e  Aerospace S a f e t y  Adv iso ry  Panel 
i n  i t s  Annual Report for  1984. 

T h i s  year  I have a l s o  comnented on t h e  a d d i t i o n a l  d i scuss ions  
Where o u r  p o s i t i o n s  have con ta ined  i n  t h e  “Fact  F ind ing ’ ’  s e c t i o n .  

been m d i . f i e d  f rom those s t a t e d  i n  t h e  p a s t  r e p o r t ,  I have no ted  those 
changes. 
a r e  submi t ted  i n  t h e  r e s p e c t i v e  appendices. 

Comnents which s p e c i f i c a l l y  address t h e  r e p o r t ’ s  10 recommendations 

The p a n e l ’ s  guidance and suppor t  i s  .always apprec ia ted .  Your 
i n p u t s  have been and con t inue  t o  be i m p o r t a n t  management t o o l s  i n  t h e  
guidance o f  NRSA.  

S i n c e r e l y ,  

Original signed by 
James M. Beggs  

James M. Beggs 
A d m i n i s t r a t o r  

Enc 1 o s  ure 
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APPENDICES 1 TO 10, N A S A  RESPONSE TO THE 1984 ANNUAL ASAP REPORT 

APPENDIX 1: LAUNCH PROCESSING AND LOGISTICS - I  

ASAP Recommendation 1.1 

NASA management should continue to allocate the human and 
financial resources required t o  maintain acceptable levels of 8 

safety in what in many respects is still a developmental program 
from the point of view of the ultimate use of space as well as 
the maturity of the system. 

NASA Response: We believe the level of manpower being 
ap?lied by the Shuttle Processing Contractor (SPC) at both 
K S C  and VAFB is commensurate with the high safety standards 
and requirements of a manned space flight program and N A S A ' s  
overall program goal of evolving the Space Shuttle into a 
cost effective operation. The maturing, developmental nature 
of the program is recognized and the essential need f o r  
constant safety and quality assurance vigilance is a 
continuing concern. NASA is com,itted to continuation of the 
reqaired resources t o  maintain an acceptable level of safety. 

The num5er of KSC Shuttle operational personnel remains 
fairly steble. The number decreased when the SPC came on 
board early in FY 84 and has remained almost constant f o r  the 
last year (decreased approximately 1%). We expect it to 
increase some in the next &$years because of additional work 
stations coring on-line (i.e., Pad B, MLP-3, Logistic 
Warehouse), and then decrease with operational efficiencies 
through 1988-89. 

The KSC safety policy has not changed since the SPC concept 
has been implemented. However, the contractor now has 
responsibility for the implementation of that safety policy 
with HASA civil servants practicing an oversight and 
surveillance ro le .  The nuriser of safety personnel actually 
increased from approximately 35 to 45 under the SPC.  This 
increzse was considered necessary a5 a result of the 
increased launch processing activity and higher launch rate. 

ASAP Recommendation 1.2 

Modifications to the Orbiter -- such as main engine, structure, 
avionics, and brakes -- should be directed at improving 
reliability, maintainability, and safety as well as achieving 
additional increments in perfornance. 

NASA Response: I concur wholeheartedly with this 
- _  recommendation. A large percentage of Orbiter changes are 

. made f o r  these reasons. Examples of modifications which w i l l  
improve reliability, maintainability and/or safety are the * 
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improved APU, IKU, fuel cell, bibkes and nose wheel 
cteering. T h e  EEE parts program is also  directed Et 
improving reliability for the GPC and IHU. Engine 
Improvements are discussed in Appendix 2. _ _  

ASAP Recommendation 1.3 1- 

NASA management s h o u l d  make a concerted effort to identify and 
prepare f o r  Orbiter modifications prior to commencement of the 
launch processing sequence. "Freeze point" discipline must be 
maintained. Unexpected changes and modifications must be held to. 
a minimurr. if the Shuttle Processing Contractor (SPC) is to 
achieve the projected flight rate. 

N A S A  Respmse: Over the past year, the Level 2 and 3 program 
offices have made concerted efforts to identify and permit 
preparations at KSC f o r  Orbiter modifications prior to 
cormencement of the launch processing sequence. The Panel is 
invited to JSC t o  receive f u l l  details on the operation of 
the system, referred to as the Rockwell BARS (Baseline 
Accounting and Reporting System). That system provides KSC 
with computer access to all mods. Hods are  identified on a 
per f l i g h t  basis as well as a total listing. Changes are 
prioritized a5 either mandatory prior to a particular flight 
or a5 those which are to be installed at the first available 
op2ortunity. A program directive ( P R C B D  531730) has been 
issged which is the implementing document. Copies of the 
presentation material and the directive are available f o r  
revieu. 

ASAP Recomendation 1.4 

Vesting overall Shuttle management in an noperations entity" at 
NASA Headqgarters would help achieve acceptable levels of 
efficiency, productivity, and schedule reliability during this 
period of "developnental evolution."-The Panel has made this 
recormendation in past years and NASA management is presently 
exar,ining this and related issues through the Shuttle Operations 
Strategic Planning Group, the Smylie Committee. 

NASh Response: I feel that the Agency is making strides in 
the direction of an operations entity which the Panel 
suggests is the proper course to pursue. 
you last year, the SPC (Shuttle Processing Contractor) is 
onboard and has 6lICCeSSfUlly launched all vehicles since 
STS 41C. The contract f o r  operations at JSC is expected to 
be awarded in January 1986. 

Since I reported to 

With regard to changes at Headquarters, there are several 
develop3ents that you s h o u l d  be aware of. Within the last 
year N A S A  established two groups to s t u d y  the Space Shuttle's - organizational setting and role  within NASA. The groups are 
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the Shuttle Operations Strategic' Planning Group, chaired by 
Wr. Ed Smylic and the Shuttle operations Fencing Team chaired 
by Hr. Charles Gunn. Copies of the reports from these two 
groups have been transmitted t o  the Panel. 

_ _  
The Strategic Planning Group concluded that, for the 
foreseeable f u t u r e ,  the Space Shuttle should continue to be i 
managed and operated by NASA,  and outlined several 
organizational alternatives we are now considering. The 
Shuttle Operations Fencing Team concluded that the Shuttle 
operating budgets, organizations, and facilities are now 
effectively segregated, or "fenced,' at each of the operating . 
centers and the consolidation of Shuttle operations contracts' 
(e.g., BOC (Base Operations Contractor), SPC (Shuttle 
Processing Contractor) , STSOC (Space Transportation System 
Operations Contractor) and FEPC (Flight Equipment Processing 
Contractor)), plus the evolution from fixed fee to cost 
incentive contracts, further promotes fencing of the Shuttle 
from other N A S A  programs. The Fencing Team, in consonance 
with the ASAP recommendation, also recognized a need to 
change the balance between development and operations within 
N A S A  Headquarters to place more employees in operations. The 
Office of Space Flight has reorganized to better focus o n  
requirements, issues, and procedures, which are dominant in 
operations,, as opposed to acquisition and development. 

ASAP Recommendation 1.5 

NASA management would be well advised to avoid advertising the 
Shuttle as being "operational" in the airline sense when it 
clearly isn't. Hore to the point, however, is the fact that 
Shuttle operations f o r  the next 5 to 10 years are not likely to 
achieve the "routine" character associated with commercial 
airline operations. Given this reality, the continuing use of 
the term "operational" simply compounds the unique management 
challenge of guiding the STS through this period of 
"developmental evolution." NASA should continue to focus on 
making the STS as efficient, productive and reliable as possible, 
while the research and development flights are defining the 
corr,mercial use of space. 

NASA Response: National Security Decision Directive (NSDD)  
42 states that NASA's first priority is to make the STS fully 
operational and cost-effective in providing routine access to 
space. 'NSDD 1 4 4  directed that NASA and DOD jointly define 
"fully operational and cost-effective" and the specific steps 
leading to that status. O u r  definition is provided below, 
and you will note that nowhere is a reference or an analogy 
made to airline characteristics. A s  illustrated elsewhere in 
this report, I believe we have set in place policies, 
procedures, practices and processes to make the STS as 
efficient, productive and reliable as possible, while 
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.. 
balancing the necessity to be cost-effective in the world's 
marketplace. 

8 
E x c e r p t  from NSDD 1 4 4  

1. DEFINITION Of A FULLY OPERATIONAL AND COST-EFFECTIVE 
SPACE TLANSEORTATION SYSTEM - 

Introduction 

N A S A ' s  highest priority is to make the Nation's Space 
Transportation System (STS) f u l l y  operational and cost- 
effective in providing routine access to space. Fully 
operational means that the S T S  is ready and available for 
routine use in the intended operational environment to 
achieve the committed operational objectives. This means 
that critical performance capabilities have been verified 
by flight demonstration: that adequate logistic support 
for the systems is in place: that the ground and flight 
processing capabilities are adequate to support the 
committed flight schedule of up to 24 flights per year 
with margins for routine contingencies attendant with a 
f l i g h t  surge capability; and that the appropriate 
operational management capabilities a r e  in place. Cost- 
effective means that the Shuttle provides space services 
for specific levels of mission capabilities with an 
effectiveness at least equivalent to the cost of 
alternative systems. The definition must recognize the 
uniqse capaSilities of the Shuttle that cannot now be 
attained by alternative systems. 
function of the unique capabilities required by each 
category of mission ( e . g . ,  launch and deploy, retrieval, 
on-orbit repair, refuel, assembly, life sciences R & D ,  and 
man tended services and applications). As the Shuttle 
becomes fully operational, its cost-effectiveness in all 
categories across its f u l l  sgectrum of space missions ca3 
be improved by continued reduction in operating costs. 

Joint NASA/DOD STS program capabilities, requirements, and 
plans for development, activation and operation of the Space 
Shuttle through the mid-1990's are defined in the NASA/DOD 
Space Trans9ortation System Master P l a n ,  Part I: Baseline 
Operations Plan, chartered by the NASA/DOD Aeronautics and 
Astronautics Coordinating Board. This plan was published in 
mid 1985 and states: 

Cost-effectiveness is a 

1. Fully Operational STS 

The STS is fully operational when specified levels of 
capability and maturity have been achieved in ( A )  
Systems Capabilities and (B) Management. 
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- 
The Agency continues its evoluttonary process of becoming 
'operational." 
and KSC reached an agreement on definition of center roles 
and responsibilities f o r  t h e  STS operations era. 
in the JSC memorandum, dated Hay 7, 1985, 

Great strides were taken this spring when JSC 

As rtatcd 

'KSC will assume responsibility for the integrity of ~~ 

and sustaining engineering for all certified Orbiter 
flight hardware, flight readiness certification--and 
Orbiter configuration control. KSC will also be 
responsible for flight hardware spares and logistics 
activity. The sustaining engineering responsibility . 
includes the LSSC, which may be an early transition 
step. 

J S C  w i l l  retain responsibility for development and 
certification of new or upgraded Orbiter flight 
hardware. JSC will also retain responsibility for  
l o n g  lead planning f o r  the fleet/manifest, mission 
analysis, flight software, avionics as  a system and 
the analytical disciplines such as loads, thermal, 
aero and the like. JSC will continue to provide on- 
c a l l  engineering support as required." 

A pla3 to im?lement that policy is being developed by KSC. 

Discussion of Fact Findina Points for Recommendation 1 

The follouin; pa:a;ra?hs address points raised by the Panel in 
the "Fact Finding" section of your report. 

With regard to the ASAP comment that "there must be no disruption 
in the operational sapport adequacy and ability to safely launch 
and turnaround the S?ace Transportation System as currently 
o p r a t i n g , "  N A S A  continues to assess methods of reducing 
turnaround times and optimizing operations. Where a decision is 
ma3e to reduce or optimize, careful analysis is given to ensure 
t h a t  operational adequacy is maintained and that the safety of 
the Shuttle during turnaround and launch and landing operations 
is always maintained. 

Ke concur with the Panel's statement that "Personnel are a key 
resource and provisions must be made to "feed in" new people to 
replace, as necessary, those leaving." This has been one of the 
major g o a l s  which I established for NASA.  

During FY 84, of the 384 scientist and engineer (SSE) new hires, 

re2resents a continuation of the "fresh-out" initiatives begun in 
FY 82. For FY 82-84, 1449 S&E's were hired and 1049 (72%) were 
at the GS-9 grade or belok. 

' in NASA, 246 (640) were at the GS-9 grade or below. This 
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* The Panel notes that 'traditional orsanization arrangements, 
review methodology, handling of payloads, 8nd system 

~ certifications cannot  remain static b u t  will change with STS 
maturity and accompanying knowltdge and objectives" end that 

against.' W A  is present ly  reeking an STS Operations Contract 

The purpose is to improve cost-effectiveness via consolidations 
of mission operations during the STS operations era while 
maintaining a high level of technical performance. The 
contractor will be given considerable latitude in forming and 
developing an approach based on his unique capabilities and 
experiences. The STS basic program objective of reliable and 
economical space transportation is paramount; conformance with 
the historical "business as usual" approach, typical of 
development and test programs, is not. We expect this new 
contractor to begin operation in January 1986. 

Dcomplaccncy .t any point in the process must be guarded 

contractox to consolidate the S h u t t l e  operations tasks It JSC. IC-  

._ 

From an STS cargo processing standpoint, there are a number of 
enhancements underway or planned that will reduce the handling 
times of STS payloads. O u r  customers are encouraged to qualify 
payloads for flight ready storage in order to minimize their pre- 
launch time at t h e  launch site. They are also urged to provide 
an adequate number of personnel to facilitate multiple-shift w o r k  
as required, so as to minimize stay time. 

On a payload-by-payload basis, technical assessments are 
conducted to determine whether stand alone, simulated mission 
sequence, o r  end-to-end testing can be eliminated. A continuing 
effort is underway at JSC to identify ways to simplify the 
payload-to-Orbiter interfaces. A s  interfaces are simplified, 
payload installation and subsequent check-out procedares will be 
streamlined, resulting in time savings. Although efforts are 
being made to minimize or delete unnecessary payload operations, 
c a r e  will continue to be taken to insure that necessary 
procedures are not neglected. 

The ASAP observes (page 39) that "a 8pecific aspect of the 
management process which bears further attention are the 'Program 
Freeze Points' and their use. Program freeze points are 
estaSlished at specific intervals during flight processing. 
F r e e z e  points are defined as those points in time when the 
design, definition, and content of the cargo, integration 
hardware/sof tware and flight design, vehicle flight 
harduare/saftware, crew activities/stowage and launcb site flow 
are complete; Subsequent to these points, only mandatory changes 
to the hardware, software or affected documentation are permitted 
(mandatory changes are those necessary to ensure crew/vehicle 
safety and/or accomplishment of primary mission objectives). 
Such freeze points are established for each mission. 

-_ The management of "Freeze Points" is receiving significant 
8ttention within NASA and the Shuttle customer community. 

. 
m 
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-Changes to the design/definition/content decisions made at the 
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. .F reeze  P o i n t s '  a re  b e i n g  r e s i s t e d  so  t h a t  t h e  m i s s i o n  d e s i g n  and  
p l a n n i n g  c a n  proceed i n  a n  o r d e r l y  f a s h i o n .  
Freeze P o i n t s  is a compromise be tween  t h e  d e s i r e s  of t h e  
c u s t o m e r s  (who wou ld  l i k e  t h e  nFreete P o i n t s "  s c h e d u l e d  as  l a t e  
as possible to allow f l c n i b i l i t y  in c a r g o  d e s i g n )  a n d  t h e  m i s s i o n  - 
p l a n n e r s  (who would like the "Freeze Points" s c h e d u l e d  as e a r l y  
as possible to allow t i m e  for aission design). NASA is 
d e v e l o p i n g  t e c h n i q u e s  and  tools to i n c r e a s e  the p r o d u c t t y i t y  i n  
t h e  p l a n n i n g  e f f o r t s  and ,  t h u s ,  bet ter  s u p p o r t  t h e  customers. 

T h e  e c h e d u l c  of t h e  

z- 

. P r e p a r a t i o n s  f o r  c o n t i n g e n c y  l a n d i n g  s i t e  (CLS) a c t i v i t i e s  m u s t  
be p l a n n e d  t o  meet m i s s i o n  g o a l s  and  t o  m i n i m i z e  e x p e n d i t u r e  of 
resources which  c a n  best be u s e d  e l s e w h e r e .  (Refer t o  page  37) 
CLS a c t i v i t i e s  h a v e  been  p l a n n e d  w i t h  a minimum i n v e s t m e n t  of 
resources b u t  s t i l l  p r o v i d e  t h e  a b i l i t y  t o  support  O r b i t e r  
o p e r a t i o n s  w i t h  s a f e  back-up o p t i o n s .  I t  is a g r e e d  these 
r e s o u r c e s  c o u l d  be u s e d  e l s e w h e r e ,  but where  c o n s i d e r e d  
e s s e n t i a l ,  the CLS c a p a b i l i t y  h a s  been  p r o v i d e d .  P a r t i c u l a r  CLS 
a t t e n t i o n  i s  b e i n g  g i v e n  t o  t h e  m i s s i o n s  i n v o l v i n g  t h e  l a u n c h  o f  
r a d i  oi sot  ope t h e r  mal-el ect  r i c g e n e r  a tor  s . 
" O p e r a t i o n a l  e f f i c i e n c y ,  a s  measu red  by s u c h  t h i n g s  a s  t u r n a r o u n d  
time r e d u c t i o n ,  h a r d w a r e  i n c r e a s e d  r e l i a b i l i t y  ( i n c r e a s e d  mean 
time b e t w e e n  f a i l u r e s )  i n c r e a s e d  crew e f f e c t i v e n e s s  and w e a t h e r  
p r e d i c t i n g ,  a r e  a l l  p a r t  of o p e r a t i o n s .  S i n c e  d a y  of  l a u n c h  
w i n d s  c a n  a f f e c t  v e h i c l e  a e r o d y n a m i c  l o a d s ,  bet ter  t r a j e c t o r y  
s h a p i n g  a n d  l o a d  r educ t ion  c a n  be accomplished w i t h  winds  as n e a r  
t o  T-O as possible.  T h e  a c t u a l  " d o i n g "  p a r t  o f  l a u n c h  and 
l a n d i n g ,  a l o n g  w i t h  r e t r i e v a l  of  SRB's ,  h a s  been  p r o v e n  t h r o u g h  
t h e  STS m i s s i o n s  t o  d a t e .  However,  o n e  a r e a  of c o n t i n u i n g '  
i n t e r e s t  i s  t h e  i m p a c t  of f l i g h t  v e h i c l e  a n d  g round  equ ipmen t  
h a r d w a r e  a n d  s o f t w a r e  c h a n g e s  ( b o t h  g e n e r i c  and  m i s s i o n  u n i q u e )  
a n d  p r o c e d u r a l  c h a n g e s  upon t h e  g r o u n d  s i t e s ,  i n c l u d i n g  
m o d i f i c a t i o n s  t o  t h e  l a u n c h  c o n s t r a i n t s  or s o - c a l l e d  " r e d  and  
b lue  l i n e s . "  

*: 

O p e r a t i o n a l  e f f i c i e n c y  h a s  been  i m p r o v i n g ,  as i n d i c a t e d  by t h e  
t u r n a r o u n d  t i m e  improvement  f rom 1 8 7 l d a y s  for STS-2, t o  a c u r r e n t  
a v e r a g e  i n  t h e  n e i g h b o r h o o d  o f  5 5  d a y s :  our best  t u r n a r o u n d  time 
t o  d a t e  was 50 d a y s  f o r  STS 51-B. E f f o r t s  a r e  c o n t i n u i n g  t o  
a c h i e v e  a d d i t i o n a l  e f f i c i e n c i e s  i n  s e v e r a l  f u n c t i o n a l  a r e a s .  The 
w e a t h e r  p r e d i c t i n g  c a p a b i l i t y  is now b e i n g  improved  t h r o u g h  t h e  
a d d i t i o n  o f  c o m m u n i c a t i o n s ,  r a d a r ,  a n d  o t h e r  equ ipmen t .  A l s o ,  
p l a n s  a r e  b e i n g  f o r m u l a t e d  f o r  more r e f i n e d ,  l o n g - r a n g e  weather 
p r e d i c t i n g  Smpr ovement  t h r o u g h  a d v a n c e d  t e c h n o l o g y  s u r v e y s ,  
s t u d i e s ,  a n d  a p p l i c a t i o n s .  Changes  a r e  b e i n g  minimized .  Winds 
a re  m e a s u r e d  by J i m s p h e r e  down t o  L-3.5 h o u r s .  

T h e  P a n e l  i t e r a t e s  o n  page  4 0  t h a t  "a complemen ta ry  a rea .  o f  
i n t e r e s t  i s  t h e  p r e -  and p o s t - f l i g h t  m i s s i o n  r e v i e w s .  The P a n e l  
n o t e s ,  a s  i t  h a s  i n  t h e  p a s t  (see A n n u a l  Report d a t e d  J a n u a r y  

r e m a i n  l i t t l e  c h a n g e d  f rom those  u s e d  o n  e a r l y  m i s s i o n s .  W i t h  a n  
- -  1982  a n d  J a n u a r y  1 9 8 3 ) #  t h a t  t h e  management r e v i e w  p r o c e s s e s  

' i n c r e a s e d  f l i g h t  r a t e ,  m a t u r i n g  s y s t e m s  and  hands-on r e s o u r c e s ,  



* t he re  r e m a i n s  t h e  i n v o l v e m e n t  of a l k g e  number of h i g h  l e v e l  
management personnel* Changes aade  t o  d a t e  i n  t h i s  review s y s t e m  
have certainly belped b u t  further streamlining should be e x p e c t e d  
i n  t h e  fu ture ."  It 6hOolb ba W e d  that the r e v i e w s  c o n d u c t e d  
and  t h e  reports  g e n e r a t e d  in support of the Shuttle missions a re  . 
u n d e r g o i n g  c o n t i n u a l  c v a l m t i o n  ms to t h e i r  content a n d  

- r e q u i r e m e n t .  This effort, e v e n  i n  a m b u s i n t s s  as usual" c o n t e x t ,  c- 
is d e c r e a s i n g  as the program matures and  there are fewer problems 
to be reported and c o o r d i n a t e d .  Efforts have been reduced--  
t h r o u g h  a b b r e v i a t e d  pre- and p o s t - m i s s i o n  repor t s ,  H e a d q u a r t e r s  
mission m o n i t o r i n g  a n d  r e p o r t i n g ,  and f o l l o w - u p  b r i e f i n g s .  I am 
e n c o u r a g i n g  t h e  Headquar te rs  s t a f f  t o  r e d u c e  t h e  amount of 
r e q u i r e d  paperwork, as w e l l  as t h e i r  d i r e c t  i n v o l v e m e n t ,  i n  t h e s e ' '  
a c t i v i t i e s .  However ,  i t  m u s t  be a n t i c i p a t e d  t h a t  where  u n i q u e  
m i s s i o n s  a re  flown, i n t e r e s t  and i n v o l v e m e n t  on  t h e  p a r t  of h i g h  
l e v e l  management will continue. 

"The P a n e l  (ASAP) ha5 previously recommended t h a t  a c o m p r e h e n s i v e  
m a i n t e n a n c e  plan be e s t a b l i s h e d  p a r t l y  as a s y s t e m  t o  p r e v e n t  
i n t e r r u p t i o n s  i n  t h e  l a u n c h  r a t e  t h r o u g h  t h e  1 9 9 0  period and  
beyond ,  and p a r t l y  to p r o v i d e  a more r a t i o n a l  b a s i s  for t h e  
c u r r e n t  l o g i s t i c s  p l a n  which  is now underway.  W h i l e  some 
e l e m e n t s  of m a i n t e n a n c e  p l a n n i n g  a r e  e v i d e n t ,  t h e r e  d o e s  n o t  y e t  
a p p e a r  t o  be a t o t a l  p l a n  which  would i n c l u d e  c o n t i n g e n c i e s  s u c h  
as m u l t i p l e  SSME f a i l u r e s  or p l a n n e d  w i t h d r a w a l  of a n  Orb i t e r  f o r  
S t r u c t u r a l  f a t i g u e  e x a m i n a t i o n  or r e p l a c e m e n t .  T h i s  s o r t  of 
m a i n t e n a n c e  o v e r v i e w  may i n d e e d  e x i s t  a n d  w i l l  be examined  by t h e  
P a n e l  i n  t h e  future." (Page  4 0 )  

T h e  P a n e l ' s  o b s e r v a t i o n s  a re  p r o p e r  and  a c o m p r e h e n s i v e  
m a i n t e n a n c e  p l a n  i s  b e i n g  d e v e l o p e d  by t h e  J o h n s o n  S p a c e  C e n t e r  
L o g i s t i c s  O f f i c e  ( L G ) .  T h e  e s t i m a t e d  r e l e a s e  d a t e  is Sep tember  
1 9 8 5 .  We welcome your  r e v i e w  and comments. 

"The SPC i n  i t s  o p e r a t i o n s  h a s  uncove red  some p r o b l e m s ;  t h e  most 
serious of which  is s h o r t a g e  of s p a r e s .  L i n e  r e p l a c e a b l e  u n i t s  
( u n i t s  d e s i g n e d  for r a p i d  r e p l a c e m e n t )  a r e  i n  s h o r t  s u p p l y  and 
t h e  o n l y  a l t e r n a t i v e  i s  t o  c a n n i b a l i z e  -- t h a t  i s  t o  remove a 
w o r k i n g  componen t  from a n o t h e r  O r b i t e r  and  pay  back  t h e  l o a n  when 
t h e  p a r t  becomes a v a i l a b l e .  T h i s  i s  a c o s t l y  p r o c e d u r e  i n  t e r m s  
of  manhours  a n d  d e l a y ,  b u t  t h e  s a f e t y  i m p l i c a t i o n s  a r e  those  of 
v i o l a t i n g  a c e r t i f i e d  s y s t e m  t o  g e t  t h e  n e c e s s a r y  p a r t s .  Another  
s i g n i f i c a n t  p r o b l e m  is  t h a t  of t h e  work load  c a u s e d  by t h e  
i n c o r p o r a t i o n  o f  m o d i f i c a t i o n s  o n  t h e  Orb i t e r  a t  KSC. Even 
t h o u g h  m o d i f i c a t i o n s  a r e  s c r u t i n i z e d  b e f o r e  t h e  d e c i s i o n  is made 
to i n c o r p o r a t e  t h e m ,  f u r t h e r  c o n t r o l s  may h a v e  t o  be i n s t i t u t e d ,  
i f  t h e  l a u n c h  r a t e  r e q u i r e m e n t s  are t o  be met. T h e  n e x t  y e a r  or 
so s h o u l d  see some improvement  i n  l o g i s t i c s  and  support  p rob lems  
as t h e  SPC p r o g r a m  a d v a n c e s  s a t i s f a c t o r i l y . "  

\ 

I 

A l t h o u g h  some s p a r e s  s h o r t a g e s  do e x i s t ,  t h e  r e q u i s i t i o n  f i l l  
r a t e s  of b o t h  f l i g h t  h a r d w a r e  (FH) and g r o u n d  support  equ ipmen t  
(GSE) a r e  c o n t i n u a l l y  i m p r o v i n g .  T h e  KSC r e q u i s i t i o n  f i l l  r a t e s  

* f o r  November 1984 t h r o u g h  F e b r u a r y  1 9 8 5  are:  

0 
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NWEMBER D E a M B E R  

FH 88.7 90.9 
GSE 02.2 84 . 1 

F E B R U A R Y  

9 1  -8  90.5 
85.0 85.5 

Our I n i t i a l  l a y - i n  of s p a r e s  will be c o m p l e t e d  i n  October 1986 .  

"If OV-105 is e v e r  f u n d e d ,  i t  w i l l  have  t h e  b e n e f i c i a l  e f f e c t  of 
p r o v i d i n g  a s t a n d b y  v e h i c l e  i n  t h e  Orb i t e r  f l e e t ,  but a t  the same 
time w i l l  sop u p  most of t h e  w a i l a b l e  p r o d u c t i o n  spares t h u s  
e x a c e r b a t i n g  t h e  p r o b l e m s  s u r r o u n d i n g  e a c h  i n d i v i d u a l  l a u n c h  
t o w a r d  t h e  1990's. The  g o a l  is p r e s e n t l y  some 20 f l i g h t s  per 
y e a r  f r o m  KSC and 4 p e r  ' y e a r  from VAFB. 
t r a n s f e r  of e x p e r i e n c e d  p e r s o n n e l  from KSC toVAFB a n d  w e  were 
t o l d  t h a t  t h e r e  a r e  about 1 2 0 0  LSOC people t h e r e  now." T h e  l o n g  
l e a d  time be tween f u n d i n g  a n d  d e l i v e r y  of OV-105 -- i f  a n d  when 
i t  i s  f u n d e d  -- w i l l  allow a d e q u a t e  l e a d  time f o r  l a y - i n  of  
s u p p o r t i n g  spares. A f u r t h e r  log is t ics  benef i t  t o  t h e  f u n d i n g  of 
UV-105 would be t h a t  "production l i n e  s p a r e s "  would be a v a i l a b l e  
t o  support t h e  e n t i r e  S h u t t l e  program f o r  a l o n g e r  p e r i o d  of t i m e  
than is p r e s e n t l y  e n v i s i o n e d .  T h i s  w i l l  u n d o u b t e d l y  f u r t h e r  
improve  our s p a r e s  l o n g - t e r m  s u p p o r t  p o s t u r e .  

I- 

T h e r e  h a s  been  a s i z a b l e . '  

8 
I 
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APPENDJX 2. SPACE SHUTTLE HAIN ENGINES (%ME'S) 

ASAP Recommendation 

The modified improvement program should be pursued vigorously. 
A l l  reasonable effort should be exerted to develop the new hot 
gas manifold and to incorporate it at the earliest date - 
feasible. Activity to reduce start and shutdown temperature 
transients should be added to the "Phase IX+" program. Hission 
planning should continue to consider 104% RPL thrust as the 
normal operating level for the engines. We will use the 103% RPL 
thrust capability only for those missions dependent on the higher ': 

thrust and as an abort capability. 

r .  

N A S A  Response: The precursor test program scheduled to be 
completed during CY 8s  will include a limited test series ( 7  
to 11 tests) with the large throat main combustion chamber 
designed to reduce turbine temperatures, modification to 
control valves to ameliorate start transient turbine 
tem2erature spikes and a single tube heat txchanger. The 
test series will include "bomb" tests of the chamber to 
determine stability margin and to assess the need f o r  baffles 
or acoustic cavities. Elimination of these stability aids 
could provide performance improvement in terms of increased 
specific impulse. 

The competitive engine program is structured to provide an 
alternative approach to engine design improvements/ 
modifications which improve reliability and safety by 
increasing operating margin and extending hardware life. 

The baseline program consisting of the Phase I1 and Phase XI+ 
activities is underway with the Phase I1 certification 
testing having been initiated in March 1985 and scheduled to 
be complete in October 1985. The Phase 11+ development 
testing with the new, 2 duct, hot gas manifold is scheduled 
to start in May 1986. I should npte that this program does 
not include LOX pump redesign which was indicated in last 
year's response to the Panel. 

The baseline program is now just getting into certification 
testing, and it is prenature to speculate how well these 
improvements will improve reliability maintainability, 
safety, and performance. Improved life and operating margin 
is being realized in the development program testing to 
date. Until these improvements are made, we plan to limit 
the current engine to 104%. 

10 
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APPEND1 X 3. SPACE SHUTTLE SOLID' ROCKET BOOSTER (SRM/SRB) 

ASAP Recommendat ion 

An a n a l y s i s  a n d  tests be p e r f o r m e d  o n  t h e  f i l a m e n t  wound case 
w i t h  t h e  t o t a l  s tack  t o  e s t a b l i s h  l i f t - o f f  l o a d s  and  v e h i c l e  a. 

e x c u r s i o n s  c o n s i d e r i n g  t h e  lower moda l  f r e q u e n c i e s .  - 

NASA R e s p o n s e :  T h e  a n a l y s i s  c o n d u c t e d  p r e d i c t e d  a f l e x i b l e  
f i l a m e n t  wound case. The i n i t i a l  q u a r t e r  sca le  t e s t i n g  a t  
MSFC showed t h a t  t h e  SRB j o i n t  f r e e  p l a y  was a p o t e n t i a l  
s o u r c e  o f  i n c r e a s e d  ' v e h i c l e  on-pad e x c u r s i o n s .  T e s t s  t o  t h e  
f u l l  1 2 5 %  f l i g h t  l o a d  l i m i t  w i l l  be p e r f o r m e d  o n  a f l i g h t  
s egmen t  by J a n u a r y  1986 .  

A s  t e s t  d a t a  f r o m  FWC hydroproof  t e s t i n g  a n d  s a g  d a t a  
recorded d u r i n g  t h e  DM-6 s t a t i c  f i r i n g  became a v a i l a b l e ,  i t  
was  f o u n d  t h a t  t h e  e n t i r e  SRB FWC j o i n t  area was much less 
s t i f f  . t h a n  expected.  The  DM-7 S t a t i c  T e s t  c o n f i r m e d  t h e  DM-6 
t e s t  r e su l t s .  N e w  SRB FWC dynamic  ma th  mode l s  were 
c o n s t r u c t e d  by MSFC, and  a spec ia l  a n a l y s i s  e f f o r t  o f  t h e  
s t a c k e d  v e h i c l e  was i n i t i a t e d  t o  assess t h e  e f f e c t  o f  t h e  
r e c o r d e d  s t i f f n e s s  i n  f i v e  a r e a s  a l r e a d y  t h o u g h t  t o  be 
m a r g i n a l .  T h i s  a s s e s s m e n t  was c o m p l e t e d  i n  l a t e  December 
1 9 8 4  w i t h  r e s u l t s  a s  f o l l o w s  i n  t h e  f i v e  problem areas :  

1. V e y i c l e  o n  Pad  E x c u r s i o n s  (FWC, VAFB) :  P r e d i c t e d  
e x c u r s i o n s  exceed both t h e  I C D  and  t h e  r a n g e  of p r e v i o u s  
t e s t s .  T h e  i m p a c t  of t h e s e  r e s u l t s  is b e i n g  assessed by 
KSC.  A new s e r i e s  of tes ts ,  e x c e e d i n g  t h e  p r e d i c t e d  
v a l u e s  by lo$, is b e i n g  p l a n n e d  f o r  t h e  Launch Equipment  
T e s t  F a c i l i t y  and  w i l l  i n c l u d e  a new "haunch" a s s e m b l y  
s i m u l a t i n g  t h e  VAFB u m b i l i c a l s .  R e s u l t s  w i l l  be v e r i f i e d  
by t h e  " twang"  t es t  a t  VAFB and  s u p p o r t e d  by S t r u c t u r a l  
T e s t  A r t i c l e  t e s t i n g  a t  MSFC 

2 .  L i f t - o f f  Loads: S i g n i f  i c m n t  l o a d  i n c r e a s e s  were 
p r e d i c t e d  a t  t h e  SRB/ET f o r w a r d  a t t a c h m e n t  and  i n  crew 
c a b i n  a c c e l e r a t i o n s .  The i n c r e a s e d  a t t a c h m e n t  l o a d s  h a v e  
b e e n  assessed  t o  be w i t h i n  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  v e h i c l e ,  a n d  t h e  e f f e c t  o n  p a y l o a d s  of  t h e  i n c r e a s e 0  
a c c e l e r a t i o n s  h a s  been  d e t e r m i n e d  t o  be acceptable.  

3. L i f t - o f f  D r i f t :  The  c l e a r a n c e  be tween  t h e  SRB a n d  
t h e  f a c i l i t y  d u r i n g  l i f t - o f f  a r e  e s s e n t i a l l y  unchanged ,  
a n d  t h e  minimum f o u r  i n c h  e x c l u s i o n  e n v e l o p e  is no t  
v i o l  a t e d  . 
4 .  SRB Hold Down B o l t  Load: An i n c r e a s e  of 
a p p r o x i m a t e l y  t h r e e  p e r c e n t  

-- w h i c h  occurs a t  t h e  maximum 
- u p ,  i s  p r e d i c t e d .  MSFC h a s  

v 

11 

i n  maximum bol t  t e n s i l e  l o a d ,  
e x c u r s i o n  d u r i n g  SSME b u i l d -  
a s s e s s e d  t h i s  i n c r e a s e  t o  be 
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acceptable  due  t o  o t h e r  r c t i ’ o n s  t r k t n  t o  a l l e v i a t e  t h e  
b o l t  l o a d  problem. 

5. F l i q h t  C o n t r o l  S t a b i l i t y  Margin :  The  p r e d i c t e d  
r e d u c t i o n  i n  t h e  SRB b e n d i n g  mode f r e q u e n c y  was 
d e t e r m i n e d  to be u n a c c e p t a b l e .  The  flight control 
s y s t e m s  software h a s  been r e d e s i g n e d  t o  insure acceptable _ _  
m a r g i n s .  T h e s e  c h a n g e s  w i l l  be i n c o r p o r a t e d  for V U - 1 .  

B e c a u s e  of t h e  l ack  of a c t u a l  t es t  d a t a  o n  the.FWC c o n f i g u r a t i o n ,  
t h e  d e v e l o p m e n t  of t h e  math model r e p r e s e n t a t i o n s  u s e d  i n  t hese  
s t u d i e s  h a s  b e e n  v e r y  d i f f i c u l t  and  u n c e r t a i n .  T h e  DM-6 and DM-7. 
s a g  t es t s  were t h e  f i r s t  c h a n c e s  t o  assess a c t u a l  b e n d i n g  
s t i f f n e s s ,  a n d  r e s u l t e d  i n  the most s i g n i f i c a n t  change .  Special  
m e a s u r e m e n t s  d u r i n g  t h e  DM-7 t e s t  d i d  c o n f i r m  t h e  bend ing  m o d e l  
p a r a m e t e r s .  
s e v e r a l  minor  c h a n g e s  t h a t  do n o t  a f f e c t  t h e  above  p rob lems  have  
b e e n  i n c o r p o r a t e d  i n  t h e  ma th  m o d e l s ,  and t h e  n e x t  ma jo r  a n a l y s i s  
c y c l e  i s  underway.  T h i s  is the f i n a l  p l a n n e d  s e t  of 6 t u d i e s  of 
t h e  S h u t t l e / F W C  c o 7 , S i n a t i o n  and  is c o n s i d e r e d  t o  be t h e  p r i m a r y  
v e r i f i c a t i o n  a n a l y s i s .  

S i n c e  t h e  i n t e r i m  a s s e s s m e n t  d i s c u s s e d  a b o v e ,  

D u e  t o  t h e  l a c k  o f  m a t u r i t y  of our u n d e r s t a n d i n g  of t h e  FWC 
p r o p e r t i e s ,  a d d i t i o n a l  t e s t i n g  t o  d e m o n s t r a t e  t h e  v a l i d i t y  of t h e  
v e r i f i c a t i o n  a n a l y s i s  i s  c o n s i d e r e d  n e c e s s a r y .  A t e s t  i s  p l a n n e d  
a t  VAFB u s i n g  a f u l l y  s t a c k e d  SRB. The  c u r r e n t l y  b a s e l i n e d  twang 
t e s t  w i l l  be expanded  t o  i n c l u d e  sine-dwell ,  and random s u r v e y  
t e s t i n g .  A s p e c i a l  p u l l  t e s t ,  u s i n g  t h e  t w o  SRM’s o n  VLS-1, was 
a l s o  r e c e n t l y  b a s e l i n e d  t o  e v a l u a t e  j o i n t  f r e e  p l a y  a n d  bolt l o a d  
e f f e c t s .  1 ,  

Completion o f  t h e  p l a n n e d  a n a l y s i s  a c t i v i t i e s  and  t h e  t e s t i n g  
i d e n t i f i e d  a b o v e  w i l l  i n s u r e  t h a t  a d e q u a t e  m a r g i n s  ex i s t  i n  t h e s e  
i d e n t i f  l e d .  A f l i g h t  r e a d i n e s s  f i r i n g  would d e m o n s t r a t e  a d e q u a t e  
m a r g i n s  r e g a r d i n g  b o l t  l o a d s  and  e x c u r s i o n s  d r i v e n  by SSME b u i l d -  
up, b q t  t h e s e  items m u s t  be d e m o n s t r a t e d  p r i o r  t o  a t t e m p t i n g  
e i t h e r  a n  FRF or l a u n c h .  

e . -- 

- I  
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APPEND1 X 4 .  ORBITER STRUCTURAL” LIFE CERTIFICATION AKD 
STRUCTURAL ADEQUACY 

ASAP Recommendat ion (11 

The  P a n e l  a g r e e s  w i t h  t h e  d e c i s i o n  t o  c e r t i f y  t h e s e  two i r t i c l e s  _ _  
(LI ( L i n e  Item) 31 and  LI 36) by a n a l y s i s .  A d e t a i l e d  a n a l y s i s  
p l a n  for t h e  t w o  tes t  a r t i c l e s  s h o u l d  be d e v e l o p e d  and  
implemen ted  t o  f u l f i l l  t h e  c e r t i f i c a t i o n  p rogram f o r  1 0 0  
m i s s i o n s  . 

NASA Response: A plan  t o  a n a l y z e  t h e  two t e s t  a r t i c l e s  does J 

exis t .  T h e  O r b i t e r  v e h i c l e  e n d  item s p e c i f i c a t i o n  requi res  
c e r t i f i c a t i o n  of t h e  O r b i t e r  p r i m a r y  s t ruc ture  f o r  1 0 0  
m i s s i o n s  times a s c a t t e r  factor  of  f o u r .  D e t a i l e d  
f r a c t u r e / f a t i g u e  a n a l y s i s  h a s  been c o m p l e t e d  for L I  31, t h e  
w i n g / e l e v o n  s t r u c t u r e ,  and  t h e  a n a l y s i s  c o n f i r m s  t h e  
c a p a b i l i t y  o f  t h e  s t r u c t u r e  t o  be c e r t i f i e d  i n  a c c o r d a n c e  
w i t h  t h e  s p e c i f i c a t i o n .  D e t a i l e d  f r a c t u r e / f a t i g u e  a n a l y s i s  
f o r  “ L I  36,” t h e  wing/mid-fuselage/aft-fuselage 6 t r u c t u r e ,  
s t a r t e d  i n  J u n e  1 9 8 5 .  C o m p l e t i o n  is e s t i m a t e d  by J a n u a r y ,  
1986 .  

* ASAP R e c o m , e n d a t i o n  ( 2 )  

Conduc t  a s y s t e m a t i c  review a n d  document  t h e  s t r u c t u r a l  
d i f f e r e n c e s ,  s a f e t y  m a r g i n s  and  m a j o r  l o g i s t i c s  i m p a c t s  f o r  e a c h  
O r b i t e r  v e h i c l e .  I n  r e c o g n i t i o n  of t hese  d i f f e r e n c e s ,  b a s e l i n e  
t h e  p e r f o r m a n c e  e n v e l o p e  for e a c h  Orb i t e r  a n d ,  as r e q u i r e d ,  
d e t e r m i n e  t h e  t r a d e - o f f s  be tween  any  s t r u c t u r a l / a e r o d y n a m i c  
m o d i f i c a t i o n s  and p e r f o r m a n c e .  

NkSk Res;>onse: T r a d e - o f f  s t u d i e s  be tween s t r u c t u r a l  and 
a e r o d y n a m i c  m o d i f i c a t i o n s  and p e r f o r m a n c e  have  been  c o n d u c t e d  
f o r  O V - 1 0 3  a n d  104. The  most p r o d u c t i v e  option i n  t e r m s  of 
p e r f o r m a n c e  g a i n  v e r s u s  mod c o m p l e x i t y  h a s  been  
i m p l e m e n t e d .  T h i s  o p t i o n ,  which s t r e n g t h e n s  t h e  X0=1365 wing 
s p a r  and u p p e r  r i b  c a p s ,  r e s u l t s  i n  a n e t  p a y l o a d  g a i n  of 
a p p r o x i m a t e l y  4 , 0 0 0  pounds .  

OV-102 h a s  b e e n  m o d i f i e d  b a s e d  o n  t h e  5 . 4  l o a d s  t o  b r i n g  i t  i n  
l i n e  w i t h  t h e  r e s t  of  t h e  f l e e t .  OV-099 was m o d i f i e d  f o r  5 . 4  
loads p r i o r  t o  d e l i v e r y  w h i l e  OV-103 and  OV-104 were built t o  t h e  
5.4  l o a d s .  ‘ W i n g  l e a d i n g  e d g e  moment t i es  h a v e  now been  added t o  
a l l  f o u r  o r b i t e r s .  M i d - f u s e l a g e  s t r a p  ( t o r s i o n a l  r e s t r a i n t s )  
a d d i t i o n s  h a v e  b e e n  c o m p l e t e d  o n  OV-099 and  OV-102 and  will be 
completed by f l i g h t  10  of OV-103 a n d  f l i g h t  7 o f  OV-104.. 

W i t h  t h e  c o m p l e t i o n  of t h e  m o d i f i c a t i o n s  s t a t e d  above ,  t h e  
p r i m a r y  r e m a i n i n g  d i f f e r e n c e s  b e t v e e n  t h e  O r b i t e r  v e h i c l e s  from a 
p e r f  ormance/o t r  u c t  ur a l  v i e w p o i n t  w i l l  be as  f o l l o u s :  

.- 
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a) OV-102 weight is 5,000 Gounds greater than the other 
vehicles, a major contributor being additional flight 
i n s  tr umen t a t  ion 

b) OV-103 and 104 have WTR capability due to upgraded 

c) OV-099 and 104 have Centaur carrying capability 

upper eurface TPS 
-. 

For the near term, structural limitations and load indicator 
redlines are being provided o n  a flight-by-flight basis. Long 
range plans call for the development of a common set of 
capabilities for all vehicles while taking into account the 
renaining differences noted above. 
possible launch flexibility in terms of Orbiter vehicle 
interchangeability, an increasingly important factor as the 
flight rate increases. 

The Panel has expressed concern in the past over Orbiter brakes 
and the thermal protection subsystem. I have received several 
briefings on that hardware, in February and May on the brakes and 
in March on the waterproofing of the tiles. The JSC Director bas 
written Headquarters on July 24, 1985, that they are pursuing a 
comprehensive and aggressive program to address the 
landing/deceleration system prob1er.s of the Orbiter which consist 
of a dynanic stability problem and a heat/energy capacity 
problen. Some key elements of this program are provided below: 

This will provide the maximum 

1. Provide the changes necessary for routine landings at 
KSC. The nose wheel steering is being modified to be 
f a i l  safe, the modifications being accomplished on 
S T S - 6 1 A .  That will reduce braking requirements by 
elimination of the need for differential braking for 
steer ing . 

2 .  Testing and analysis are being performed to provide 
increased system darping and balancing of brake puck 
pressures .  

incorporated. Designs for an automatic braking 
system and thicker out-board brake stators are 
underway .  

- -  
3. A stiffer main landing gear axle is being 

4. , W e  plan to duplicate the brake problems and assess 
fixes via an analytical and test activity (at 
Goodrich) and to improve flignt data collection 
through additional brake instrumentation. 
conducting tests to determine the impact of runway 
surface on brake performance. 

Langley is 

1 4  
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5.  We have i n i t i a t e d  a p r e l i m i n a r y  d e s i g n  a c t i v i t y  for a 

r t r u c t u r a l  c a r b o n  brake  r y s t e m .  
f o r  September 1985 . 

6 .  With t h e  upgrading of t h e  Wright P a t t e r s o n  AFB test 
f a c i l i t y ,  t h e  O r b i t e r  s t r u t ,  wheel, and b r a k i n g  
system will be t e s t e d  w i t h  a c o n s i d e r a b l y  i n c r e a s e d  
tes t  f i d e l i t y .  

A PDR i 6  s c h e d u l e d  

- 
- 

... 
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APPENDIX 5. SPACE EXTRA-VEHICULAR ACTIVITIES ( E V A ' S )  AND 
LIFE SCIENC€S 

- ASAP Reconmendat ion  

NASA should e n c o u r a g e  t h e  deve lopmen t  of a n  advanced  h i g h e r  
pressure E V A  s u i t  t o  replace the e x i s t i n g  u n i t .  

N A S A  Response :  The c u r r e n t  S h u t t l e  Space s u i t  has per fo rmed  
e x c e l l e n t l y  s i n c e  STS-5. 
r e q u i r e m e n t s  h a v e  been  met a n d  exceed t h a t  r e q u i r e d  f o r  an  . 
E V A .  

All d e s i g n  r e a c h  a n d  f l e x i b i l i t y  

The  low pressure s u i t  ( 4 . 3  PSIA) maximizes  f l e x i b i l i t y  a n d  
glove  d e x t e r i t y  but r e q u i r e s  p r e b r e a t h i n g  t o  e l i m i n a t e  t h e  
bends .  A h i g h e r  p r e s s u r e  s u i t  would reduce p r c b r e a t h e  
c o n c e r n s  b u t  would s a c r i f i c e  g l o v e  d e x t e r i t y  and i n c r e a s e  
s u i t  l e a k a g e .  Of course,  t h e  o t h e r  approach  t o  e l i m i n a t i o n  
of p r e b r e a t h e  i s  r e d u c e d  c a b i n  p r e s s u r e .  
p r e s s u r e  i s  t h e  S h u t t l e ' s  c h o s e n  o p t i o n  for bends  c o n t r o l .  

The  c u r r e n t  Agency p o s t u r e  f o r  f u r t h e r  s p a c e  s u i t  
d e v e l o p m e n t s  w i l l  be a d d r e s s e d  i n  t h e  S p a c e  S t a t i o n  B 
r e q u i r e m e n t s  d e f i n i t i o n .  T h e s e  r e q u i r e m e n t s  w i l l  be 
e v a l u a t e d ,  and  a d e t e r m i n a t i o n  w i l l  be made 8s t o  t h e  
a c c e p t a b i l i t y  of t h e  c u r r e n t  S h u t t l e  s y s t e m ,  of a n  enhanced  
s y s t e m  or t h e  need  f o r  a new h i g h  p r e s s u r e  s y s t e m .  T h i s  
d e c i s i o n  w i l l  be made d u r i n g  t h e  FY 1 9 8 6  or FY 1 9 8 7  time 
per iod .  

Key t o  t h e  d e c i s i o n  w i l l  be t h e  amount of EVA r e q u i r e d  and  
t h e  s e l e c t e d  S p a c e  S t a t i o n  c a b i n  p r e s s u r e .  
s t a t e d  g o a l  is t o  have o n e  EKJ/EVA s y s t e m ,  w h i c h  will s a t i s f y  
all r e q u i r e m e n t s  and be cost e f f e c t i v e .  

The  a d d i t i o n  of t e l e m e t e r e d  d a t a  d u r i n g  ENA w i l l  r e d u c e  
r e q u i r e m e n t s  f o r  crew c a l l  down of d a t a  and w i l l  expand  t h e  
metabol ic  d a t a  b a s e  for EVA p l a n n i n g .  T h i s  e f f o r t  is 
c u r r e n t l y  underway and w i l l  use t h e  EKG c h a n n e l  on a s h a r e d  
b a s i s  w i t h  l i f e  s u p p o r t  system d a t a .  

Reduced c a b i n  

T h e  Agency ' s  

16 
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APPENDIX 6 .  USE OF' ORBITER -- 102 I N  U D  ROLE 

S A P  Recommendat ion  

Orbi te r  W-102 is t h e  most s u i t a b l y  i n s t r u m e n t e d  of the S h u t t l e  
f l e e t  and  should be u t i l i z e d  as a r e s e a r c h  and  development -  
v e h i c l e  i n  a d d i t i o n  t o  its norma l  m i s s i o n  a c t i v i t i e s .  

NASA R e s p o n s e :  
is a c t i v e l y  e n g a g e d  i n  a two p a r t  d a t a  g a t h e r i n g  p rogram 
w h i c h  w i l l  u t i l i z e  CXI-102 as  w e l l  as t h e  o t h e r  v e h i c l e s  i n  a . 
r e s e a r c h  a n d  d e v e l o p m e n t  e f f o r t  . 

NASA a g r e e s  w i t h  t h e  ASAP recommendat ion  and  

O n e  p a r t  o f  t h e  p rogram p r o v i d e s  t h e  n e c e s s a r y  
i n s t r u m e n t a t i o n  and  d a t a  t o  expand t h e  o p e r a t i o n a l  Orbi te r  
envelope t o  its f u l l e s t .  D a t a  t o  be g a t h e r e d  as a r e s u l t  of 
t h i s  p a r t  of t h e  p rogram i n c l u d e s  wing l o a d s ,  m i d - f u s e l a g e  
t h e r m a l  g r a d i e n t s ,  compar tment  v e n t  pressures, WTR l a u n c h  
c o n d i t i o n s ,  b r a k e  a c c e l e r a t i o n s  and s t r a i n s ,  f l u t t e r ,  CG 
e x p a n s i o n ,  p a y l o a d  bay e n v i r o n m e n t ,  and TPS l i f e .  

T h e  s e c o n d  p a r t  of t h e  program w i l l  p r o v i d e  b a s i c  d a t a  u s e f u l  
t o  follow-on s p a c e  v e h i c l e s .  T h i s  p a r t  of t h e  p rogram is  
r e f e r r e d  t o  as t h e  OEX (Orbi te r  E x p e r i m e n t s ) .  The magn i tude  
of  t h e  e f f o r t  can be s e e n  from t h e  e n c l o s e d  OEX F l i g h t  
S c h e d u l e .  T h e  OEX i n c l u d e s  t h e  Aerodynamic  C o e f f i c i e n t  
I n s t r u r e n t a t i o n  Package  (ACIP), t h e  S h u t t l e  E n t r y  A i r  D a t a  
Sys t em (SEADS)  , t h e  S h u t t l e  I n f r a r e d  L e e s i d e  T e m p e r a t u r e  
S e n s o r  ( S I L T S )  and  t h e  S h u t t l e  Upper a t m o s p h e r e  Mass 
Spect r oxet  e r  (SUYS) . 

1 7  
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. APPENDIX 7 ,  E N N E D Y  SPACE C=ENTER (KSC) AND VANDENBERG A I R  F O R E  
BASE [VAFB) COMVON OPERATIONS 

ASAP Recommendat ion 

U n t i l  r u c h  t i m e  8 s  the KSC a n d  VAF'B s i t e s  have t h e i r  own l a u n c h  
crews r n d  dedicated Orbiters, t b c  m a n i f e s t i n g  or s c h e d u l i n g  -- 
a c t i v i t y  rhould  h a v e  a p r o c e d u r e  to c o n s i d e r  t h e  s c h e d u l e  e f f e c t s  
on  crews who m u s t  t r a v e l  back a n d  f o r t h .  Also, a t t e n t i o n  m u s t  be 
g i v e n  t o  t h e  a v a i l a b i l i t y  of specific Orb i t e r s  t h a t  may be 
r e q u i r e d  by s p e c i f i c  mis . s ions .  
those c a s e s  where t h e  DOD may be required t o  ask f o r  an 
u n s c h e d u l e d  l a u n c h .  

T h i s  is p a r t i c u l a r l y  c r i t i c a l  i n '  %. 

N A S A  R e s p o n s e :  
maximum u t i l i z a t i o n  of SPC p e r s o n n e l  a t  both l a u n c h  s i tes ,  
and  m i s s i o n  p l a n n i n g  a t  both f a c i l i t i e s  t o  a c c o u n t  for t h e  
e c h e d u l e  e f f ec t s  o n  c r e w s  who s e r v e  those sites. I n  t h e  c a s e  
of e a r l y  f l i g h t s  f r o m  V A B ,  l a u n c h  team p e r s o n n e l  f rom both 
KSC a n d  t h e  SPC will assis t .  I n  a d d i t i o n ,  c o n s i d e r a t i o n  is 
b e i n g  g i v e n  t o  t h e  m a x i m u m  u s e  of SPC p e r s o n n e l  a t  VAFB for 
v a r i o u s  t a s k s ,  s u c h  as O r b i t e r  mods, d u r i n g  non- l aunch  
periods. I n  our m a n i f e s t  p l a n n i n g ,  o rb i te r  u s e  i s  a l s o  b e i n g  
o p t i m i z e d  b e t w e e n  l a u n c h  s i tes  w i t h  c o n s i d e r a t i o n  b e i n g  made 
fo r  u n i q u e  DOD r e q u i r e m e n t s .  U n s c h e d u l e d  l a u n c h e s  w i l l  
r e q u i r e  a r e v i e w  as t h e  need  a r i s e s .  

The A g e n c y ' s  p r e s e n t  a p p r o a c h  is t o  p r o v i d e  

D i s c u s s i o n  of F a c t  F i n d i n s  P o i n t s  

The ASAP o b s e r v e s  t h a t  " f o r  some s u b s t a n t i a l  s t a r t u p  time 9- 

y e a r s  n o t  m o n t h s  -- t h e  r a t e  of S h u t t l e  l a u n c h e s  from VAFB w i l l  
be too l o w  t o  j u s t i f y  t h e  e s t a b l i s h m e n t  of a complete l a u n c h  crew 
t h a t  would  be i n a c t i v e  fo r  most of t h e  y e a r .  The  p r e s e n t  plan is  
t o  use s e l e c t e d  m i l i t a r y  p e r s o n n e l  who have  had t r a i n i n g  a t  KSC 
as p e r m a n e n t  VAFB personnel a n d  a t  e a c h  l a u n c h  move t h e  res t  of 
t h e  r e q u i r e d  crew f rom t h e  NASA ranks'at. KSC. None of t hese  
peDple h a v e  had  t h e  o p p o r t u n i t y  t o  t r a i n  a t  VAFB and h e n c e  t h e  
c r e w s  m u s t  be i n  residence some a p p r e c i a b l e  time b e f o r e  each 
l a u n c h ,  most p a r t i c u l a r l y  b e f o r e  t h e  f i r s t  l a u n c h  a t  VAFB." 

" W h i l e  t h i s  would  seem t o  be a s t r a i g h t - f o r w a r d  s c h e d u l i n g  job, 
i t  is complicated by two f a c t s ,  F i r s t ,  t h e  DOD may be r e q u i r e d  
by c i r c u m s t a n c e s  t o  ask for an  u n s c h e d u l e d  l a u n c h  o n  sho r t  
n o t i c e ,  S e c o n d ,  t h e  O r b i t e r s  a r e  n o t  i d e n t i c a l  from a s t r u c t u r a l  
l o a d  c a p a b i l i t y  a n d  c e r t a i n  l o a d s  may r e q u i r e  c e r t a i n  O r b i t e r s .  

. The  s c h e d u l i n g  p r o b l e m  is n o t  bad  i f  one f o r m a l l y  i d e n t i f i e d  i t  
a n d  is a w a r e  of t h e  l i m i t a t i o n s  i t  may impose o n  t h e  joint  
o p e r a t i o n s .  
c r e w s  h a v e  not t r a i n e d  a t  VAFB n o r  h a s  t h e  f a c i l i t y  been  

- exercised. The P a n e l  has  recommended t h a t  a n  FRF be c o n d u c t e d  a t  
VAFB prior  to t h e  f i r s t  l a u n c h  a s  a f a c i l i t y  and c rew 

* c e r t i f i c a t i o n .  A * b o n u s  t o  such a t e s t  would be a p a r t i a l  i n s i g h t  

A s u b s i d i a r y  b u t  i m p o r t a n t  p o i n t  is t h a t  t h e  l a u n c h  

c 
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i n t o  t h e  ' twang '  e f f e c t  o n  t h e  s t a c i ' u n d e r  t h e  VAFB hold-down 
c o n d i t i o n s . "  

The  t r a i n i n g  of NASAIKSC and W A F  p e r s o n n e l  a t  VAFB will be 
8 c h i c v t d  t h r o u g h  t h e  c o n d u c t  of an FRF d u r i n g  t h e  processing f low 
for t h e  f i r s t  l a u n c h  a t  VAFB. The decision to c o n d u c t  t h i s  FRF 

process for t h e  f i r s t  quar te r  of 1986 .  

"Common g round  support  equipment i n t e r f a c i n g  w i t h  t h e  s p a c e  
S h u t t l e  v e h i c l e  r e q u i r e s  special  a t t e n t i o n  so t h a t  c o n s i s t e n t  
f u n c t i o n a l  d e s i g n  a n d  s u c h  i n t e r f a c e  c h a r a c t e r i s t i c s  a r e  r i g i d l y  . 

m a i n t a i n e d  s ince loss of c o n f i g a r a t i o n  commonal i ty  may o c c u r  due ' 

t o  KSC o r  VAFB p r o g r a m m a t i c  r e q u i r e m e n t s . '  

We b e l i e v e  t h a t  t h e  proper e f f o r t s  are b e i n g  e x e r t e d  t o  m a i n t a i n  
GSE c o n f i g u r a t i o n  c o n t r o l  and commona l i ty .  The VAFB a n d  KSC 
common and mod-common GSE is the r e s p o n s i b i l i t y  of KSC for 
d e s i g n ,  proccrenent and  delivery t o  VAF'?. Hod-common CSE is  t h e  
RSC GSE w h i c h  can be adap ted  for use a t  VAFB by d e s i g n  
m o d i f i c a t i o n s .  The common and mod-common GSE a t  VAFB c o n s t i t u t e  
n e a r l y  a 3 1  of the  CSE a t  VAFB a s  well as  most of t h e  i n s t a l l e d  
e q u i p m e n t  which i n t e r f a c e s  w i t h  t h e  f l i g h t  ha rdware  a t  VAFB. 
is a l s o  r e s p o n s i b l e  for p r e p a r i n g  and  m a i n t a i n i n g  t h e  OMD 
( O p e r a t i o n a l  and M a i n t e n a n c e  Document) and c o n f i g u r a t i o n  c o n t r o l  
of t h i s  GSE. 

t 

* 

z h a s  been made and  s c h e d u l i n g  of t h e  FRF and f i r s t  h u n c h  is i n  

KSC 
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APPENDIX 8. SHUTTLE CENTAUR 

_- 

ASAP Recommendation 

. While acknowledqing the tact that t h e  i s s u e s  are being addressed, 
the Panel urges  that the matters of the s a f e t y  waiver request and 
the interpretation of specifications be resolved vith carqful 
deliberation. The a b i l i t y  to make and incorporate signifitant 
design changes for Centaur G' within the time remaining to the 
planetary opportunity for Calileo is fast diminishing. With the 
major portion of the Centaur G' qualification test program 
remaining to be conducted, it would be highly desirable that the 
Centaur project staff be able to concentrate on insuring that the 
test requirements are met. 

NASA Resbonse: Review and acceptance of waivers to thc 
Headquerters NHB l t O D . ' I A ,  'Safety Policy and Requirements for 
Payloads Using the Space Transportation System (STS), are the 
responsibilities of the JSC Payload Safety Review Panel. It 
is the responsibility of the Centaur Program Office to 
determine that those specifications have been met or require 
a waiver. 

There has been concern over the redundancy and design 
margin of the Centagr Super'Zip separation system, and 
whether or not the design meets the NHB 1700.7A payload 
safety requirements. These concerns, of course, apply also 
to the IUS separation system which uses almost an identical 
design. Although both systems have completed qualification 
testing, new data, as a result of some pyrotechnic research 
work,at Laqgley and margin determination testing at JPL f o r  
Galileo, indicate that the design margin may not be as great 
as originally thought. Additional testing is being performed 
at Langley to resolve this issue. 

With regard to changes, only those which are essential to 
make the Centaur G' perform its missions are being 
incorporated. The schedule is extremely tight. A hydrogen 
tank leak has been experienced and was attributed to a design 
oversight. A repair has been implemented on the test tank 
which has been successfully cycle and proof tested. Tank 
integrity was maintained throughout the 1.4 static loads test 
and reverification pressure cycle testing. The same f i x  hzs 
been completed on the flight G-prime tanks. The G-vehicle 
redesign has been baselined and the test vehicle wiil verify 
this redesign. 

Performance reserves, which were low, have now been reduced 
additionally by the required tank beef-up for the repair. 
The use of a portion of the Shuttle Program Manager's reserve 
is being pursued. 
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A special Phase If delta safety qeview was conducted at 
General Dynamics. Dr. Walter Williams recommended a review 
by JSC senior management following a special investigation of 
the Centaur Shuttle integration activity reported in a letter 
dated Feb. 6 ,  1985. The special Safety review was chaired by 
Hr. Kohrs of JSC and included senior personnel on the 
board. 
gives us confidence in the work being accomplished to date. 

No design changes resulted from the review which 

I n  terms of documenting the program's hazards based on the 
safety analysis and the rationale for risk acceptance, the 
contractor has not performed as well. Publication of the 
safety reports and the failure modes and effects analyses 
have been late. The Phase 111 safety review has been delayed * 

several months because of inadequate preparations for  the 
review. This is being given attention at GDC, and additional 
manpower is being allocated. 

We are equally concerned with regard to the large amount of 
qualification testing that has to be done and are sensitive 
to ensuring that the program needs are satisfied by 
concentrating the appropriate personnel on testing 
activities. We fell behind the formal qualification l a r g e l y  
due to late delivery of electronic piece parts, as the 
industry in general is experiencing, and due to late planning 
of hardware deliveries. To preserve Schedule, preliminary 
system testing is being accomplished using prototype 
hardware. Production hardware will be installed following 
acceptance testing. Some will be installed at RSC. However, 
all production avionics should be installed before or during 
vehicle processing at Launch Complex 36. Qualification 
hardware is being built after the flight units to avoid 
disrupting vehicle flow. 

Relative to abort mode operational constraints, we are 
working closely with JSC/RI to identify the various abort 
modes, the time available to dump propellants, residuals, 
vent rates, etc. The design driver to date appears to be the 
late systems TAL (Trans Atlantic Abort). To satisfy the 
safety constraints, in addition to the Orbiter landing weight 
c/g (center of gravity) management, we are implementing a 
vacuum inerting capability, which will reduce residuals to 
low levels. Testing and analysis are planned to verify this 
capability. We are also looking at inhibiting GH2 venting 
during the critical time of reentry (Orbiter vent door 
opening to Mach 1) to preclude ingestion of G H z  into the 
Orbiter OMS pod, lower mid fuselage, rudder speed brake and 
body flap). 

I 
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APPENDIX 9 .  RADXOXSOZ'DPE THERMOELECTRIC GENERATORS (RTC'S) 
FOR GALILEO AND ULYSSES MISSIONS 

ASAP Recommendat ion  

.The P a n e l  e n d o r s e s  t h e  proposal made by t h e  ad hoc committee 
t h a t  B d d r e s s e d  t h e  issue t o  improve  c o o r d i n a t i o n  among t h e - -  
o r g a n i z a t i o n s  i n v o l v e d  by a p p o i n t i n g  a ' s i n g l e  p o i n t  of  c o n t a c t '  
o n  t h i s  subjec t  fo r  each o r g a n i z a t i o n .  Fur ther ,  t h e  P a n e l  
e n d o r s e s  t h e  r ecommenda t ion  t o  a s s i g n  p r i m e  r e s p o n s i b i l i t y  for  
o b t a i n i n g  f l i g h t  c l e a r a n c e  t o  t h e  science m i s s i o n  c e n t e r ,  J e t  
P r o p u l s i o n  L a b o r a t o r y  (JPL) ." 

NASA R e s p o n s e :  I b e l i e v e  t h a t  t h e  a p p r o p r i a t e  contacts have  
been  d e s i g n a t e d .  Mr. R. K o h r s  a t  J S C  is r e s p o n s i b l e  for 
c o o r d i n a t i n g  t h e  o v e r a l l  S h u t t l e  r e l i a b i l i t y  estimates a n d  
i n t e r f a c i n g  w i t h  t h e  I n t e r a g e n c y  Nuclear Safety Review 
P a n e l .  Mr. J .  Cork  of JPL has  t h e  r e s p o n s i b i l i t y  for 
c o o r d i n a t i n g  a c t i v i t i e s  t h a t  w i l l  r e s u l t  i n  o b t a i n i n g  f l i g h t  
c l e a r a n c e .  T h a t  i s  a f u l l  time a s s i g n m e n t  for Mr. Cork. 

Mr. K o h r s  has  been a c t i v e l y  i n v o l v e d  i n  r e v i s i n g  t h e  .Space 
S h u t t l e  Data  f o r  N u c l e a r  S a f e t y  A n a l y s i s "  document ,  JSC 
16087, t o  i n c l u d e  t h e  l a t e s t  program d a t a .  STS f a i l u r e  modes 
a n d  e f f e c t s  h a v e  been  g i v e n  f u r t h e r  a n a l y s i s ,  and  t h e  f a i l u r e  
p r o b a b i l i t y  e s t i m a t e s  a r e  b e i n g  r e e v a l u a t e d  b a s e d  upon our 
e x p e r i e n c e  b a s i s .  

I t  s h o u l d  be r e c a l l e d  t h a t  JPL c o o r d i n a t e s  w i t h  t h e  DOE, who 
owns t h e  R T G ' s ,  a n d  w h o  h a s  t h e  t a s k  t o  prepare t h e  "Safety 
A n a l y s i s  R e p o r t "  ( S A R ) ,  which  descr ibes  t h e  f l i g h t  risk. The  
I n t e r a g e n c y  Nuclear S a f e t y  Review P a n e l  ( X N S R P )  p r e p a r e s  t h e  
" S a f e t y  E v a l u a t i o n  Report" (SER) a f t e r  r e v i e w i n g  t h e  SAR and 
t h e n  p r e s e n t s  t h e i r  i n d e p e n d e n t  e v a l u a t i o n  of t h e  r i sks .  The  
N A S A  INSRP c o o r d i n a t o r  d i s t r i b u t e s  t h e  SER for a r e v i e w  by 
t h e  NASA s t a f f ,  co l l ec t s  t h e  i n p u t s ,  and p r e p a r e s  a report o n  
t h e  f l i g h t  r e c o m i i e n d a t i o n  fo r  the-NASA A d m i n i s t r a t o r  which  i s  
f o r w a r d e d  t o  t h e  W h i t e  House  s t a f f  f o r  f l i g h t  a p p r o v a l .  

More r ecen t  t e s t i n g  f o r  t h e  RTG f u e l  c a p s u l e s  c a u s e s  us  t o  be 
more op t imis t i c  a b o u t  t h e  c a p a b i l i t y  of t h e  KTC t o  s u r v i v e  
s e v e r e  o v e r p r e s s u r e s  t h a t  a r e  b e i n g  considered. The shock  
t u b e  t e s t i n g  a t  Los Alamos h a s  shown t h a t  i t  c a n  w i t h s t a n d  
1800 ps i .  
INSRP ana N A S A  p a r t i c i p a n t s  h a v e  j o i n t l y  met t o  r e v i e w  d a t a  
and  s h a r e  p l a n n i n g .  We a r e  i n  t h e  p r o c e s s  of r e v i e w i n g  
c o n t i n g e n c y  p l a n n i n g .  

T h e r e  have  been  a number of m e e t i n g s  h e l d  i n  w h i c h  

I 

I 

23 0094 



.- 

APPENDIX 10. NASA A f R m F T  OPERATIONS 

S A P  Recommendat ion 

The A i r c r a f t  Management O f f i c e ,  8 S  the Agency f o c a l  p o i n t  for a11 
a i r c r a f t  o p e r a t i o n s  a n d  r e l a t e d  matters,  s h o u l d  i n c l u d e ,  i f _  
p r a c t i c a l ,  an a v i a t i o n  s a f e t y  f u n c t i o n .  The NASA c e n t e r s  would 
b e n e f i t  by a s i n g l e  r e p o r t i n g  l o c a t i o n  a t  R e a d q u a r t e r s .  

N A S A  Response :  A s  t h e  P a n e l  p o i n t e d  out, p r o g r e s s  is b e i n g  
made i n  c e n t r a l i z i n g  management of a i r c r a f t  o p e r a t i o n s .  
F u r t h e r ,  t h e  P a n e l ' s  s p e c i f i c  recommendat ion  t h a t  NASA 
H e a d q u a r t e r s  i n c l u d e  a v i a t i o n  r s a f e t y  management a n d  a i r c r a f t  
o p e r a t i o n s  management i n  a s i n g l e  o f f i c e  h a s  been  
accomplished. T h e  A i r c r a f t  Management O f f i c e  bas been  
a s s i g n e d  t h e  a d d i t i o n a l  f u n c t i o n  of o p e r a t i o n a l  a v i a t i o n  
s a f e t y  a n d ,  i n  a d d i t i o n ,  t h i s  p a r t i c u l a r  f u n c t i o n  bas b e e n  
s t r e n g t h e n e d  by t h e  h i r i n g  of two e x c t p t i o n a l l y  q u a l i f i e d  
i n d i v i d u a l s  i n  t h e  a reas  of a v i a t i o n  s a f e t y  and human f ac to r s  
e n g i n e e r i n g  (human p e r f o r m a n c e ) .  Also as t h e  Pane l  had  
recommended, t h e  C e n t e r s  now h a v e  a s i n g l e  r e p o r t i n g  l o c a t i o n  
in H e a d q u a r t e r s .  The  O f f i c e  of t h e  C h i e f  E n g i n e e r  w i l l  
c o n t i n u e  a v i a t i o n  s a f e t y  o v e r s i g h t  t o  p r o v i d e  t h e  a p p r o p r i a t e  
a u d i t  f u n c t i o n .  The  o b j e c t i v e  of these a d j u s t m e n t s  is t o  
c l e a r l y  s e p a r a t e  i m p l e m e n t a t i o n  f rom o v e r s i g h t .  Mr. Parmet 
met a t  P a t r i c k  A i r  F o r c e  Base i n  F e b r u a r y  w i t h  t h e  
I n t e r c e n t e r  A i r c r a f t  O p e r a t i o n s  P a n e l  and s a t  i n  on 
d e l i b e r a t i o n s  c o n c e r n i n g  t h e  i m p l e m e n t a t i o n  of agencywide  
a i r c r a f t  o p e r a t i o n s  g u i d e l i n e s .  T h e  t a r g e t  d a t e  for 
pub1 i s h i n g  t h i s  document  is September 1985. 
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