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The Aerospace S a f e t y  Advisory Panel shares i n  

the nation's grief over the loss of the Space 

Shuttle Challenger and its heroic crew. 

this,  the Panel believes it is essential for 

NASA t o  continue its manned space flight program. 

The Findings and Recaranendations of this annual 

report w e  ccanpleted prior to  the January 28th 

accident. 

Despite 
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I. E X E C I J T I V E  SUMMARY 

_- T h e  l e v e l  o f  a c t i v i t y  of t h e  Acrospaco S , > F c t y  A d v i s o r y  P a n e l  

was increased somewhat i l u r i n q  1985  i n  concc>r ' t  w i  t -h  tht. incrc.,>sc.ti 
m i s s i o n  r a t e  o f  t h e  N a t i o n a l .  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 ,  t h e  

e v o l u t i o n a r y  c h a n g e s  i n  managemen t  a n d  o p e r a t i o n  of t h a t  proqram, 

a n d  t h e  p r e p a r a t i o n  of t h e  V a n d e n b e r q  Launch  S i t e ;  t h e  

i m p l e m e n t a t i o n  of t h e  P r o g r a m  D e f i n i t i o n  P h a s e  o f  t h e  Space 

S t a t i o n  P r o q r a m ;  a n d  a c t u a l  f l i q h t  t e s t i n g  of t h e  X-29 r e s e a r c h  

a i r c r a f t .  The  P a n e l  c o n t i n u e d  i t s  r e v i e w  of i m p e n d i n g  u n i q u e  
p a y l o a d  STS m i s s i o n s  a n d  NASA's o v e r a l l  a i r c r a f t  o p e r a t i o n s .  The  

P a n e l  a l s o  r e s p o n d e d  t o  a r e q u e s t  b y  t h e  N A S A  Admirtistrator t o  
assess  t h e  s a f e t y  aspec ts  of t h e  L e a s a t  s a l v a q e  m i s s i o n .  

T h i s  report  s u m m a r i z e s  t h e  P a n e l ' s  1985  w o r k ,  and  e n u m e r a t e s  

i t s  E i n d i n q s  a n d  r e c o m m e n d a t i o n s  f o r  t h e  a t t .Pnt  i o n  o f  NASA 

manaclemerit.  N A S A ' s  r e s p o n s e  to t h e  P a n e l  's 1 9 8 4  rcpor- t  t i n d  inqs 

arid r e c o m m e n d a t i o n s  is appended h e r e t o  ( r e f .  A p p e n d i x  E ) .  

The P a n e l  w i s h e s  t o  note i t s  apprec ia t ion  for  t h e  c o n t i n u i n g  
e x c e l l e n t  s u p p o r t  of a l l  g o v e r n m e n t  a n d  i n d u s t r y  e n t i t i e s  

c o n t a c t e d ,  t h u s  e n a b l i n g  t h e  P a n e l  t o  perform i ts  s t a t u t o r y  
r e s p o n s i h  i 1 i t  ies  . 

P a n e l  M e e t i n g s  

T h e  f u l l  P a n e l  or  P a n e l  members c o n d u c t e d  5 4  f a c t  f i n d i n g  

s e s s i o n s  d u r i n q  c a l e n d a r  1985 .  M e e t i n q s  were h e l d  a t  N A S A  

H e a d q u a r t e r s ,  s e v e n  N A S A  C e n t e r s ,  s i x  c o n t r a c t o r  s i t e s ,  

V a n d e n b e r q  A i r  F o r c e  Rase,  a n d  t h r e e  o t h e r  l o c a t i o n s .  I n  

a d d i t i o n ,  t h e  P a n e l  p r e s e n t e d  t e s t i m o n y  b e f o r e  t h e  1J.S. House of 

R e p r e s e n t a t i v e s  a n d  [J.S. S e n a t e ,  a n d  h e l d  o t h e r  d i s c u s s i o n s  w i t h  

c o n q  ress i o n a l  s t a f f  . 



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  ( S T S )  

The  STS p e r f o r m e d  i n  a h i q h l y  c r e d i b l e  m a n n e r  d u r i n q  1985 .  
T t  was a pe r iod  o f  c o n t i n u i n q  t r a n s i t i o n  t o  i n c r e a s e d  l a u n c h  

f r e q u e n c y ,  w h i l e ,  a t  t h e  same t i m e ,  u n d e r g o i n q  a number  o f  

o r q a n i z a t i o n a l  a n d  o p e r a t i o n a l  r e s p o n s i b i l i t y  c h a n g e s  ( w h i c h  

i n c l u d e d  n u m e r o u s  k e y  p e r s o n n e l  c h a n g e s ) .  The  program team 
( g o v e r n m e n t  a n d  i n d u s t r y )  d e m o n s t r a t e d  i t s  c a p a b i l i t y  t o  
s u c c e s s f u l l y  d e a l  w i t h  r e a l - t i m e  a n o m a l i e s  t o  p l a n s ,  a n d  i t s  
f l e x i b i l i t y  t o  r e v i s e ,  i m p l e m e n t ,  a n d  e x e c u t e  new p l a n s  a n d  

s c h e d u l e s  t o  accommoda te  t h e  a n o m a l i e s .  An o u t s t a n d i n q  e x a m p l e  
of t h i s  w a s  t h e  Leasat s a l v a g e  m i s s i o n .  G i v e n  t h e  o p e r a t i o n a l  

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

d u r i n g  1 9 8 5  were, i n d e e d ,  n o t e w o r t h y .  

A t t a i n m e n t  o f  NASA's goa l  of 24 STS l a u n c h e s  per y e a r  r e m a i n s  

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

p h y s i c a l  a n d  human r e s o u r c e s .  W h i l e  p l a n s  a r e  b e i n g  i m p l e m e n t e d  
t o  p r o v i d e  t h e  n e c e s s a r y  b a l a n c e  o f  r e s o u r c e s ,  t h e  g o a l  i s  a l l  
t h e  more c h a l l e n g i n g  c o n s i d e r i n g  t h a t :  (1 )  a number  o f  f l i g h t  
h a r d w a r e  c o m p o n e n t s  a r e  st  i l l  u n d e r g o i n q  d e v e l o p m e n t  for  b o t h  

p e r f o r m a n c e  a n d  r e l i a b i l i t y ;  ( 2 )  a d d i t i o n a l  " b r i c k  a n d  mortar" 
f a c i l i t i e s  a r e  r e q u i r e d  a t  KSC f o r  o rb i t e r  p r o c e s s i n q  and  

c o m p o n e n t  m a i n t e n a n c e :  ( 3 )  t h e r e  a r e  u l t i m a t e  l i m i t a t i o n s  of 
human r e s o u r c e s  t o  c o m p e n s a t e  f o r  s h o r t f a l l s  i n  t h e  p h y s i c a l  

r e s o u r c e s  ( e v e n  w i t h  e x t r a o r d i n a r y  d e d i c a t i o n  a n d  e f f o r t ) ;  ( 4 )  

s u f f i c i e n t  l o g  ist ics  s u p p o r t ,  i n  b o t h  h a r d w a r e  a n d  s y s t e m s ,  1 ies  
sometime i n  t h e  f u t u r e :  and (5) t h e  f a c t  t h a t  a l l  o f  t h e  a b o v e  
a r e  s u b j e c t  t o  c o n s t r a i n t s  by b u d q e t a r y  a l l o c a t i o n s .  
N e v e r t h e l e s s ,  t h e  P a n e l  b e l i e v e s  t h a t  a s a f e  a n d  p r o d u c t i v e  STS 
P r o g r a m  c a n  be car r ied  o u t  i f  t h e  S y s t e m ' s  r e a l  s t a t e - o f - t h e - a r t  

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

2 



S e v e r a l  e l e m e n t s  o f  t h e  STS a r e  d i s c u s s e d  u n d e r  S e c t i o n  TI 
and e x p a n d e d  upon  u n d e r  S e c t i o n  I V  of t h i s  report. One w h i c h  t h e  

l ~ ~ i n c ~ l  w i s h e s  to  n o t e  i n  t h i s  section is t h c  u n c e r t a i n t y  of t h e  
s t t - u c - t  \ ir- ,31 s t t - c n c ] t h  cot t h e  F i l a m e n t  Wound C < ~ S P  ( W C )  f o r -  t h c x  

So1 i d  R o c k e t  Roostcr:s ( S R R s )  . Tests  a n d  a n a l y s e s  t o  d d t  c '  1 t>avt? 
c o n s i d e r a b l e  q u e s t i o n  a s  t o  t h e  s t r e n q t h  m a r g i n s  of s a f e t y  i n  t h e  

t r a n s i t i o n  a r e a s  b e t w e e n  case s e g m e n t s .  U n t i l  t h e  i s s u e  c a n  b e  

r e s o l v e d  w i t h  a h i g h  l e v e l  o f  c o n f i d e n c e ,  t h e  P a n e l  b e l i e v e s  t h e  
FWC S R R s  s h o u l d  n o t  be u s e d  f o r  STS l a u n c h  ( a n d  c e r t a i n l y  not for  

f i r s t  l a u n c h  f r o m  V L S ) .  A q r e a t  d e a l  of a t t e n t i o n  i s  b e i n g  g i v e n  

to t h e  i s s u e ,  i n c l u d i n g  a s e l e c t  committee o f  t h e  most 
k n o w l e d g e a b l e  e x p e r t s  a v a i l a b l e .  

The  P a n e l  a l s o  w i s h e s  t o  n o t e  i t s  s u p p o r t  of t h e  N A S A / A i r  

F o r c e  d e c i s i o n  t o  r e s c h e d u l e  t h e  f i r s t  STS l a u n c h  f r o m  t h e  

V a n d e n b e r q  L a u n c h  S i t e  ( V L S )  u n t i l  a f t e r  mid 1 9 8 6 .  Good proqress 

i s  b e i n g  made i n  h r i n q i n q  t h e  VLS o n - l i n e  a n d  t h e  a d d i t i o n a l  t i m e  

to c o m p l e t e  t h e  process w i l l  p r o v i d e  €or o r d e r l y  c h e c k o u t  and 

c o n f i r m a t i o n  of l a u n c h  r e a d i n e s s  €or b o t h  t h e  s i t e  f a c i l i t y  and  

t h e  l a u n c h  team. 

STS - P a y l o a d  R e l a t e d  I s s u e s  

T h e r e  d o  n o t  seem to  be many p a y l o a d - r e l a t e d  s a f e t y  i s s u e s  

a r i s i n g .  T h i s  wou ld  s a y  t h a t  a l l  t h e  t i m e  a n d  e f f o r t  s p e n t  o n  
p a y l o a d  p l a n n i n g  h a s  b e e n  w e l l  s p e n t  a n d  w h i l e  t h e  s y s t e m  a t  
f i r s t  g l a n c e  seems f o r m i d a b l e ,  i t  i s  e n t i r e l y  w o r k a b l e  a s  many 

p a y l o a d s  h a v e  p r o v e n .  The  e x c e p t i o n a l  p e r f o r m a n c e  o f  t h e  
a s t r o n a u t s  i n  s p a c e  i n  p a y l o a d  e m e r q e n c i e s  is s u c h  t h a t  t h i s  
f a c t o r  s h o u l d  be r e c o g n i z e d  i n  t h e  d e s i q n  of p a y l o a d s ,  w i t h  for 

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

O F  t h e  p a y l o a d .  I t  a l s o  p o i n t s  up t h e  c o n t i n u i n q  n e e d  f o r  a more 
t l e x i b l e  space s u i t  or  a l t e r n a t i v e l y  an end-o f -a rm m a n i p u l a t o r  t o  
per€orin t h e  n o r m a l  hand  f u n c t i o n s - - p e r h a p s  b o t h .  

3 



S h u t t l e  - C e n t a u r  
. * I .  ' 

The  C e n t a u r  payload is a spec ia l  case. T h e  C e n t a u r  is a 
c o m p l e x ,  mass ive  m a c h i n e  u s i n g  c r y o g e n i c  f u e l ,  o r i g i n a l l y  

d e s i g n e d  for u m a n d e d  ZIaunch a n d  w i t h  a l o n g  s u c c e s s f u l  h i s t o r y .  
The  h a z a r d s - - p a r t i c u l a r l y  i n  a n  abort  s i t u a t i o n - - o f  t h e  C e n t a u r  

t o  t h e  S h u t t l e  are s u c h  ' t h a t  i t  m u s t  be i n t e q r a t e d  w i t h  t h e  

S h u t t l e ,  r a t h e r  t h a n  b e i n g  j u s t  a p a y l o a d .  T h i s  h a s  b e e n  a l o n g  

ha rd  t a s k  b u t  seems t o  b e ' w e l l  u n d e r w a y .  The r e m a i n i n g  problems 
do n o t  seem t o  be t e c h n i c a l  b u t  r a t h e r  s c h e d u l e .  

Radioisotope T h e r m a l  G e n e r a t o r  ( R T G )  

T h e  d e p l o y m e n t  i n t o  space o f  a n  RTG r e q u i r e s  s p e c i f i c  
P r e s i d e n t i a l  a u t h o r i z a t i o n  before l a u n c h .  T h e r e  i s  a m e c h a n i s m  

s e t  u p  t o  accomplish t h e  r i s k  a s s e s s m e n t  a n d  i n  t h e  pas t  t h e  

n e c e s s a r y  l a u n c h  p e r m i s s i o n  h a s  b e e n  g r a n t e d .  E x c e p t  f o r  some o f  
t h e  manned abort  s c e n a r i o s ,  t h e r e  a re  no s u b s t a n t i a l l y  g r e a t e r  

risks w i t h  t h e  S h u t t l e  C e n t a u r  t h a n  w i t h  D r e v i o u s  unmanned 
l a u n c h e s ,  b o t h  s o l i d  a n d  l i q u i d  f u e l e d ,  c a r r y i n g  R T G s  i n  t h e  
p a y l o a d .  We do n o t  see a n  u n d u e  s a f e t y  c o n c e r n  i n  t h e  u s e  of a n  
RTG o n  t h e  upcoming  S h u t t l e  C e n t a u r  f l i g h t s ,  i n  l i g h t  of t h e  

r e v i e w s ,  a t t e n t i o n ,  a n d  c o n s i d e r a t i o n  t h a t  h a v e  b e e n  g i v e n  t h i s  

i s s u e  

S p a c e  S t a t i o n  

T h e  P a n e l  c o n t i n u e d  to  m o n i t o r  t h e  Space S t a t i o n  P r o g r a m  

o r g a n i z a t i o n ,  p l a n n i n g ,  a n d  " P h a s e  B" (program d e f i n i t i o n  a n d  
system p r e l i m i n a r y  d e s i g n )  t h r o u g h  1 9 8 5 1  A b r o a d l y  b a s e d  e f f o r t  
is w e l l  u n d e r  way,  i n v o l v i n g  NASA H e a d q u a r t e r s ,  f o u r  NASA C e n t e r s  
( e a c h  w i t h  l i n e  r e s p o n s i b i l i t y ) ,  t h e  f u l l .  s p e c t r u m  of U.S. 
aerospace i n d u s t r y  i n  c o m p e t i t i v e  a n d  s u p p o r t  ro les ,  a n d  s e v e r a l  
i n t e r n a t i o n a l  p a r t n e r s .  B o t h  t h e  program qoals  a n d  t h e  broad 

i n s t i t u t i o n a l  i n v o l v e m e n t  i n  program e x e c u t i o n  c rea te  v e r y  
c h a l l e n g i n g  managemen t  r e q u i r e m e n t s .  The  p a n e l  foresees 
management/organizational c o n c e p t s  a n d  a r r a n g e m e n t s ,  c o n s i s t e n t  



t u i i t l i r i i i  supix>i - t ,  a n d  j u d i c i o u s  k u n ( l i n c 1  allocat i t > n  <3s I)eina t t i t i  

key factors i n  s u c c e s s f u l l y  a c h i e v i n q  the P r e s i d e n t ' s  o b ] e c t l v e ~  

f o r  t h e  Space S t a t i o n  P rogram.  T h e  t e c h n o l o q i s s  needed t o  
produce a n d  d e p l o y  t h e  Space S t a t i o n  a re  e s s e n t i a l l y  i n - h a n d  

( r e l a t i v e l y  1 i t t l e  "new t e c h n o l o q y "  is required cornnared to th t .  

STS Pror j ta rn) .  



pt'ocirarns i n v o l v e  new t e c h o l o q i e s  a n d  complex  c o n t r o l  s y s t e m s ,  
w i t l i  , \ t t t ~ n i l c ~ r n t  risks, and requit-c  h i q h  lt.vt.1 o f  o n - c l o i n q  s n f e t v  

NASA A i r c r a f t  O p e r a t i o n s  

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

e x i s t s  a t  NASA H e a d q u a r t e r s  i n  a p p o i n t i n g  a q u a l i f i e d  managemen t  
l e v e l  i n d i v i d u a l  t o  h e a d  u p  t h e  A i r c r a f t  Management  O f f i c e .  The  

ASAP b e l i e v e s  s t r o n g l y  t h a t  a g e n c y - w i d 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  s t a n d a r d s  s h o u l d  b e  e s t a b l i s h e d  u n d e r  Headquar te rs  
a u t h o r i t y  a n d  a d m i n i s t e r e d  t h r o u g h  t h e  l e a d e r s h i n  of a n  

o p e r a t i o n s  q u a l i f i e d  manager or d i r e c t o r .  
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11. FTNDTNCS A N D  R E C O M M K N D A T T O N S  

A. SDace T r a n s D o r t a t i o n  S v s t e m  (STS) 

1. O r b i t e r  S t r u c t u r a l  L i f e  C e r t i f i c a t i o n  

F i n d  i ng s 

The  wing  root f a t i g u e  a n a l v s i s  a n d  f r a c t u r e  a n a l y s i s  

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

R e  comme nd a t i o n  s 

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

d o c u m e n t e d  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 r o g r a m .  

2 .  O r b i t e r  S t r u c t u r a l  Adequacy :  "ASKA 6 "  L o a d s / S t r e s s  
C y c l e  P r o g r a m  

F i n d  i n g  s 

Due t o  t h e  l a t e s t  f l i g h t  t es t  r e s u l t s ,  a n  a r b i t r a r y  

" c o l l e c t o r  f o r c e "  ( a  f o r c e  s i m u l a t i n g  stresses a t  c r i t i c a l  
winq l o c a t i o n s )  w i l l  b e  a d d e d  t o  t h e  winq l o a d s  w h i c h  w i l l  

be u s e d  i n  t h e  f i n a l  6.0 l o a d s / s t r e s s  p r o g r a m .  R o c k w e l l  

w i l l  a l so  h a v e  t o  complete t h e  f i n a l  a n a l y s i s  w i t h i n  a n  

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

Recommend a t  i o n s  

T h e  P a n e l  a g r e e s  w i t h  t h e  a r b i t r a r y  f o r c e  a p p r o a c h  
t a k e n  a t  t h i s  t i m e .  However, t h e  p r i m a r y  l o a d  p a t h  

' s t r u c t u r e  a n d  t h e r m a l  p r o t e c t i o n  s y s t e m  a n a l y s i s  s h o u l d  b e  
a s t a n d  a l o n e  r e p o r t  f u l l y  d o c u m e n t e d  a n d  r e f e r e n c e d  e v e n  
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i t  t.hr 9 / 3 0 / 8 7  end date s l i p s .  I n  a d d i t i o n ,  i t  is f e l t  

t h a t  an o p e r a t i n g  r e s t r i c t  i o n  t : t ' p o t - t  and s t r t l n q t h  sL1inniat.y 

( e x t e r n a l  l o a d s  a n d  v e h i c l e  s t ress)  report  fo r  each 

o r b i t e r  s h o u l d  be prepared i n  order t o  h a v e  q u i c k  access 
to  i n f o r m a t i o n  for m a k i n g  f u t u r e  d e c i s i o n s .  

3 .  R e d l i n e s  a n d  M o d i f i c a t i o n s  

F i n d i n q s  

Loads a n a l y s i s  from O r b i t e r  c a p a b i l i t y  a s s e s s m e n t  - 
C y c l e  'ID" (OCA - D) a n d  "co l lec tor  load" c o n c e p t  r e q u i r e  
wing  mods (MOD I ,  I1 & 111, see s e c t i o n  TV.D.1.a) o n  a l l  
v e h i c l e s .  

Recommend a t  i o  n s  

I n  order to  p r o v i d e  85% l a u n c h  p r o b a b i l i t y  r e d l i n e s ,  
t h e  m o d i f i c a t i o n s  s h o u l d  be made, e v e n  i f  s l i g h t l y  

c o n s e r v a t i v e ,  i n  some s t r u c t u r a l  a reas .  R e d l i n e s  o n  OV - 
1 0 3  and  OV - 1 0 4  s h o u l d  be s p e c i f i c a l l y  e x a m i n e d  a n d  

c h a n g e d  a s  r e q u i r e d .  

4 .  O r b i t e r  A v i o n i c s  and  Software 

F i n d i n g s  

A l t h o u q h  w e  h a v e  b e e n  a s s u r e d  t h a t  no  c h a n q e s  w i l l  be 

r e q u i r e d  i n  t h e  a p p l i c a t i o n s  software €or t h e  new, u p r a t e d  

g e n e r a l  p u r p o s e  c o m p u t e r s  ( G P C s ) ,  t he re  r e m a i n s  a n a g q i n g  
c o n c e r n  t h a t  t h i s  m i g h t  n o t  be t h e  case. The new c o m p u t e r  

h a s  new codes and  t h e  t e m p t a t i o n  w i l l  b e  g r e a t  t o  u s e  them 
t o  I' i m p r o v e "  t h e  a p p l i c a t i o n s  s o f t w a r e .  T o  d i s c o u r a g e  

t h i s  human f o i b l e ,  t h e  s o f t w a r e  c o m p i l e r  w i l l  n o t  
r e c o g n i z e  t h e  new codes. F o r  m e e t i n g  t h e  l o g i s t i c s  

associated w i t h  t h e s e  new c o m p u t e r s  t h e  p l a n  is t o  buy o n e  
new c o m p u t e r  each y e a r  a f t e r  t h e  i n i t i a l  p u r c h a s e .  
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Recornmenda t i o n s  

NASA m u s t ,  monitor t h i s  m o s t  c a r e f u l  1 y s ince  

a p p l i c a t i o n s  s o f t w a r e  c a n  b e  v e r y  e x p e n s i v e  t o  c h a n g e  and  
r e t e s t .  D i s c i p l i n e  w i t h  r e g a r d  t o  t h e  new c o m p u t e r  codes 

may be  more d i f f i c u l t  t o  i m p l e m e n t  t h a n  managemen t  

t h i n k s . . . i t  was t r i e d  o n  t h e  Apollo p r o g r a m  w i t h  l i t t l e  o r  
no s u c c e s s .  The wisdom of p r o c u r i n q  o n e  new c o m p u t e r  e a c h  
y e a r  may w e l l  l e ad  t o  t h e  same problem w i t h  s p a r e s  f o u n d  
t h r o u g h o u t  t h e  LRU program, a n d  d e s e r v e s  a d d i t i o n a l  
a t t e n t i o n ,  e s p e c i a l l y  w i t h  i n c r e a s i n q  f l i g h t  r a t e  and  t h e  

use o f  "new" c o m p u t e r s .  

5.  B r a k e s  a n d  Nose Wheel S t e e r i n g  

F i n d  i nq s 

The  STS program h a s  made  a g r e a t  d e a l  of p r o g r e s s  i n  
a l l e v i a t i n g  t h e  b rake  problems f o u n d  o n  n e a r l y  a l l  o f  t h e  

f i r s t  2 1  f l i g h t s .  W i t h  t h e  a c t i v a t i o n  of n o s e  w h e e l  
s t e e r i n g  c a p a b i l i t y ,  t h e r e  h a s  b e e n  a m a r k e d  l e s s e n i n g  of 
b rake  damage d u r i n g  s u b s e q u e n t  l a n d i n g s .  The  d e c i s i o n  t o  

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

a n d  p o s s i b l y  u s e  a f i f t h  ro tor  to  r e p l a c e  t h e  c u r r e n t  
b e r y l l i u m  ro tors  a n d  s t a t o r s ,  h a s  b e e n  made .  

Recommend a t i o n s  

S t a n d a r d  u s e  of n o s e  w h e e l  s t e e r i n g  is recommended ,  
r e g a r d l e s s  of t h e  t y p e  of b r a k e s .  The  s y s t e m  p e r f o r m a n c e  
s h o u l d  a l so  be a n a l y z e d  t o  pe rmi t  i n c r e a s i n g  n o s e  w h e e l  

s t e e r i n g  a u t h o r i t y  a s  much a s  p r a c t i c a b l e  i n  order t o  
m a x i m i z e  c r o s s w i n d  l a n d i n g  c a p a b i l i t y .  The  c a r b o n  b r a k e  

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

p r o v i d e  m a n i f o l d  i m p r o v e m e n t  i n  O r b i t e r  l a n d i n g  g r o u n d  
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T h e  O r b i t e r  l apd iqg , , i $ , , g  c r i t i c a l  phase  of each STS 
m i s s i o n .  F l y i n q  q u a l i k i e s  .qf t h e  O r b i t e r  a re  u n i q u e  d u e  

t o  i ts  c o n f i g u r ~ t i o ~ , , . c o ~ p o y n d i n g  . .  t h e  d e m a n d s  upon  t h e  

f l i g h t ,  c,rews gt t h i o  .cF;,i$ical t i m e . ,  NASA h a s  r e c o q n i z e d  

t h i s  a n d ,  m e t  #th,e, r e q q i r e m e n t s  b y  a s s i g n m e n t  of s k i l l e d  

p i l o t s  who receive e x t e n s i v e  hands -on  t r a i n i n g  i n  g r o u n d  

s i m u l a t o r s . a ~ $ €  1 1  Q$-,bit,$r;141ight . .  simulator a i r c r a f t .  T h e  
increqsi*q, ,$T,G 4 3  q$qf54on, ,ra$e,$ , d ? q p d s , ,  a n  a t  t e n d a n t  i n c r e a s e  

i n  f l i q o t  ,F , ryq , . \ r f l$n{ng ,,,, , )The,,  time a v a i l a b l e  i n  t h e  
p r e s e n t  f+eeh , ;qg , .OFb i$ f j r ,  gligQ$ j s i m f i u l a t o r  a i r c r a f t  is 

~ , e c Q m ~ ~ g , 1 ; ( \ 9 r g ~ ~ B ~ , . ~ 3 8 c . C 9 n  be, foreseeq a s  b e i n g  i n a d e q u a t e  

$ i  I . 

to + v e t  . ~ y f w e ,  & e j l n i n a .  d e f l 3 n ~ 9 : v  t 1 ' 

Recommend a t i o  n s 

' I < !  ,', \ b ' . ' t  l % - ) , ~ ~ : t t ' : : :  -- . --I.- -. ._ 
NASA m u s t  commit t h e  f u n d s  i n  a t i m e l y  m a n n e r  to  

e n s u r e  , g n  a d e q u a t e l y - s i z e d  f l e e t  of  t r a i n i n g  a i r c r a f t  to  
meet t h e  f l i g h t  crew t r a i n i n g  n e e d s ,  w i t h o u t  r e d u c t i o n  o r  

. .  - . . . 

' .  1 

I n  1983,  a t h r e e - p h a s e  program was i n i t i a t e d  t o  
s u b s t a n t i a l l y  i m p r o v e  t h e  SSME. However, a s  a r e s u l t  of 
s e v e r e  f u n d i n g - r a t e  l i m i t a t i o n s ,  t h e  p r o g r a m  was 
r e s t r u c t u r e d  i n  1 9 8 4  to  a d d r e s s  o n l y  c e r t a i n  i m p r o v e m e n t s  
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to t h e  wcay 1 i F c  o f  v a r i o u s  turbopump c o m p o n e n t s  ( P h a s e  
I T ) ,  p l u s  a l imited e f f o r t  on ~ 1 c v e I o p i n t ~ n t  o f  a new hot-qas  

m a n i f o l d  ( P h a s e  II+). Most o f  t h e  t u r b o p u m p  c o m p o n e n t  
i m p r o v e m e n t  work  h a s  g o n e  v e r y  w e l l  d u r i n g  1 9 8 5 ,  and  t h e s e  

new c o m p o n e n t s  w i l l  h e  i n c o r p o r a t e d  i n t o  a t w o - e n g i n e  
P h a s e  I1 r e c e r t i f i c a t i o n  p r o g r a m .  T h i s  " c e r t i f i c a t i o n "  is 

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

o f  t h e  e n y i n e s  a r e  c a p a b l e  o f  20 m i s s i o n s  ( w i t h  4 0 %  
o p e r a t i o n  a t  1 0 9 %  of ra ted t h r u s t ) ,  a n d  t h a t  t h e  
h i g h - p r e s s u r e  t u r b o p u m p s  a re  c a p a b l e  of 5 m i s s i o n s .  A 

t h r e e - e n g i n e  m a i n  p r o p u l s i o n - s y s t e m  t e s t  (MPT) is 
s c h e d u l e d  t o  be performed t o  a s s u r e  t h e r e  a r e  n o  
f e e d - s y s t e m  i n t e r a c t i o n  problems a t  1 0 9 %  o p e r a t i o n .  The 
P a n e i  s t r o n g l y  s u p p o r t s  t h i s  s y s t e m  t e s t  a s  b e i n g  h i g h l y  

d e s i r a b l e .  

The  new p o w e r h e a d  m a n i f o l d  w i l l  b e  i n c o r p o r a t e d  i n  a 

l a t e r  d e m o n s t r a t i o n  program i n  1 9 8 6 ,  b u t  a t  t h e  p r e s e n t  

t i m e  t h e r e  is no approved p l a n  t o  d e m o n s t r a t e  t h e  
l a r g e - t h r o a t  c o m b u s t i o n  c h a m b e r ,  w h i c h  i s  n e c e s s a r y  t o  
r e a l l y  i m p r o v e  s i g n i f i c a n t l y  t h e  t u r b o p u m p  o p e r a t i n g  
e n v i r o n m e n t s  a t  1 0 9 %  t h r u s t .  

R e  conmend a t  i o n s  

T h e  r e c e r t i f i c a t i o n  a p p r o a c h  se lec ted  by NASA p e r m i t s  

d i f f e r e n t  p a r t s  of t h e  e n g i n e  t o  be " c e r t i f i e d "  fo r  
l i - f t e r e n t  f l i g h t  t i m e s .  However, s i n c e  most of t h e  P h a s e  

I1 t u r b o p u m p  c o m p o n e n t  i m p r o v e m e n t s  r e a l l y  o n l y  address  

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

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

margins ( t h e  e x c e p t i o n s  a r e  t h e  d e c r e a s e d  H i g h  P r e s s u r e  

F u e l  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 s - 1 0 0 "  a n d  a 7 0 0 0  RPM 

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

t u r b o p u m p ) ,  t h e  P a n e l  r ecommends  t h a t  t h e  e n g i n e  be 

c , T e r a t e d  a t  power l e v e l s  a b o v e  1 0 4 %  of r a t e d  D o w e r  o n l y  
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when m a n d a t o r y .  Also, when e n g i n e  o p e r a t i o n  a b o v e  1 0 4 %  is 
n e c e s s a r y ,  t h e  power l e v e l  selected be o n l y  t h e  v a l u e  

r e q u i r e d  for t h e  p a r t i c u l a r  m i s s i o n  a n d  n o t  t a k e n  a l l  t h e  
way t o  109% e x c e p t  when rnant lc i tory.  

The  P h a s e  I1 d e v e l o p m e n t  a n d  d e m o n s t r a t i o n  p r o g r a m  
s h o u l d  p r o v i d e  a d a t a  base f o r  t h e  m o d i f i e d  t u r b o p u m p s  
w h i c h  c a n  b e  u s e d  t o  e s t ima te  new 
Mean-Time-Before-Replacement c r i t e r i a  f o r  t h e  

t u r b o - m a c h i n e r y .  The  h a r d w a r e  n e c e s s a r y  t o  s u p p o r t  t h i s  

r e p l a c e m e n t  r a t e  s h o u l d  b e  made  a v a i l a b l e  i n  o r d e r  t o  
m a i n t a i n  t h e  e n g i n e ' s  new c e r t i f i c a t i o n  s t a t u s  a n d  p r o t e c t  

f l i g h t  s a f e t y  m a r g i n s .  

we f u r t h e r  recommend t h a t  t h e  " p r e c u r s o r "  ( f u t u r e )  
program i m p r o v e m e n t s  b e  s u p p o r t e d  a t  a l e v e l  s u c h  t h a t  

t h e y  can  i n  f a c t  be i n c o r p o r a t e d  a s  s o o n  a s  poss ib l e  i n t o  
t h e  f l i g h t  e n g i n e s .  I n  t h e  l o n g  r u n ,  s u c h  e x p e n d i t u r e s  

w i l l  b e  cos t  e f f e c t i v e  a s  t h e y  r e s u l t  i n  more r e l i a b l e  

f l i g h t  e n g i n e s  w i t h  lower m a i n t e n a n c e  cos t s  a n d  a h i g h e r  

a v a i  1 ab il i t y  f a c t o r .  

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

F i n d i n g s  

T h e  e f f e c t  o f  t h e  new l a u n c h  m o u n t  a n d  t h e  f i l a m e n t  
wound motor case f l e x i b i l i t y  h a s  b e e n  a s s e s s e d  b y  " C y c l e  

111" loads a n a l y s i s  a n d  f o u n d  to  be s i m i l a r  to  t h e  
p r e v i o u s  c a l c u l a t e d  " C y c l e  II-B" l oads  w h i c h  q i v e s  a d d e d  

c o n f i d e n c e  t o  p r e d i c t i o n s  made to d a t e .  However ,  t h e  h o l d  
down S o l i d  R o c k e t  Booster c a l i b r a t i o n  c o n f i r m a t i o n  tests 

w i l l  not  be a v a i l a b l e  u n t i l  l a t e  S p r i n g  of 1 9 8 6 .  
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T h e  S o l i d  R o c k e t  Booster hold-down b o l t  c a l i b r a t i o n  
tests s h o u l d  be c a r e f u l l y  e x a m i n e d  a t  t h i s  t i m e  t o  a i d  i n  

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

C y c l e - I 1 1  a n a l y s i s  t h e n  t h e  p r e l a u n c h  a n d  l i f t - o f f  l oads  

f o r  t h e  E x t e r n a l  Tank a n d  S o l i d  R o c k e t  Booster w i l l  be 

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

l a u n c h  r e q u i r e m e n t s .  

F i  nd i na s 

T h e  f i l a m e n t  wound case tes t  a r t i c l e ,  STA-2, was 
tested a n d  p r e m a t u r e l y  f a i l e d .  However ,  t he re  were 
p r o c e s s  a n d  d e s i g n  d i f f e r e n c e s  b e t w e e n  STA-2 a n d  t h e  VLS-1 

f l i g h t  a r t i c l e .  The f o l l o w - o n  t e s t  STA-2B w i l l  be t e s t e d  

t o  1 4 0 %  of l i m i t  load  u s i n g  a d e s i g n  comparable t o  t h e  

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

wound case d e s i g n .  T h e r e  i s  a h e a v y  d e p e n d e n c e  o n  
a n a l y s i s  a n d  m o d i f i c a t i o n s  based o n  a v e r y  l i m i t e d  

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

R e c o m m e  nda  t i o n s  

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

c o n d u c t e d  i n  order to  f u l l y  u n d e r s t a n d  t h e  f a i l u r e  mode. 

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

m e m b r a n e / t r a n s i t i o n  l a y - u p s  a n d  c o u p o n  s p e c i m e n s .  U n t i l  

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

t h e  P a n e l  b e l i e v e s  t h e  FWC SRBs s h o u l d  n o t  b e  u s e d  f o r  STS 

l a u n c h .  The  P a n e l  wou ld  l i k e  t o  be k e p t  i n f o r m e d  of t h e  
a n a l y s i s  r e s u l t s  a n d  of t h e s e  upcoming  tes ts .  
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9 .  Log ist ics  a n d  Launch P r o c e s s i n g  

F i n d  i ng E$ 

The  S h u t t l e  P r o c e s s i n g  C o n t r a c t o r  (SPC), w h i l e  n o t  y e t  

a t  i t s  peak ,  h a s  l a i d  t h e  o r g a n i z a t i o n a l  g r o u n d w o r k  and  

o b t a i n e d  t h e  r i g h t  sort of p e r s o n n e l  d u r i n g  t h e  y e a r .  A 

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

L a u n c h  r a t e  p r e d i c t i o n s  a r e  s t i l l  v e r y  o p t i m i s t i c  i n  
t h e  l i g h t  of Space S h u t t l e  Main Eng i ,ne  d e v e l o p m e n t a l  and 
spares  p r o b l e m s ,  spares  s h o r t a q e s  of l i n e  r e p l a c e a b l e  
u n i t s ,  e x c e s s i v e  m o d i f i c a t i o n  workload,  e t c .  F o r  t h e  n e x t  

2 t o  3 y e a r s ,  1 2  t o  15 f l i g h t s  per  y e a r  appears  t o  be a 
d i f f i c u l t  b u t  a t t a i n a b l e  goa l .  

A r r a n g e m e n t s  for t r a n s f e r  o f  f u n c t i o n s  s u c h  a s  
s u s t a i n i n g  e n g i n e e r i n g ,  l o g i s t i c s  m a n a g e m e n t ,  e t c . ,  f rom 
J S C  t o  KSC seem to  be w e l l  o r g a n i z e d  and  a n  o r d e r l y ,  i f  

somewhat  slow, t r a n s i t i o n  s h o u l d  e v e n t u a l l y  r e s u l t .  

O v e r a l l  s a f e t y  pract ices  a n d  m o n i t o r i n g  
s y s t e m s - - e s p e c i a l l y  by t h e  SPC--at KSC are p r a i s e w o r t h y  

and  w o u l d  appear  to  d o  e v e r y t h i n g  r e a s o n a b l e  t o  e n s u r e  t h e  
s a f e t y  of o p e r a t i n g  p e r s o n n e l .  

Recommend a t  i o n s  

a .  NASA m a n a g e m e n t  s h o u l d  m o n i t o r  c l o s e l y  t h e  e f f e c t s  of 
t h e  r e c e n t  r e o r g a n i z a t i o n  a t  KSC t o  make s u r e  t h a t  i t  h a s  

a c c e l e r a t e d  and  simp1 i f  i e d  m a n a g e m e n t  of l a u n c h  

p r o c e s s i n g .  

b .  NASA s h o u l d  e x a m i n e  t h e  € e a s i b i l i t y  of d e v e l o p i n q  d a t a  

s y s t e m s  u n d e r  m a n a g e m e n t  of t h e  SPC, s u c h  a s  c o n f i g u r a t i o n  
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m a n a g e m e n t ,  t h a t  w i l l  c e n t r a l i z e  a n d  a u g m e n t  KSC's 
o p e r a t i o n a l  l a u n c h  c a p a b i l i t y .  

c .  NASA s h o u l d  c o n t i n u e  t o  g i v e  h i g h  p r i o r i t y  t o  

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

w i t h  t h e  s p a c e  s h u t t l e  m a i n  e n g i n e .  

d .  NASA s h o u l d  e x p l o r e  w h e t h e r  be t t e r  c o o r d i n a t i o n  c o u l d  

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

f o r  s p e c i f i c  f l i g h t s  a n d  t h o s e  p e r s o n s  c h a r g e d  w i t h  l a u n c h  
p r o c e s s i n g .  I n  some i n s t a n c e s ,  t h e  c o m b i n a t i o n  of 

p a y l o a d s  h a s  e x a c e r b a t e d  t h e  l a u n c h  p r o c e s s i n g  s e q u e n c e .  

e .  F a c i l i t i e s  s h o u l d  be p r o v i d e d  t o  m i n i m i z e  t u r n a r o u n d  
times o f  t h e  S h u t t l e  a n d  L i n e  R e p l a c e a b l e  U n i t s  ( L R u s ) .  

o O r b i t e r  M a i n t e n a n c e  a n d  R e f u r b i s h m e n t  F a c i l i t y  
( O M R F )  b u i l d i n g  s h o u l d  be a u t h o r i z e d .  

o LRU r e p a i r  f a c i l i t i e s  s h o u l d  be p r o v i d e d  a t  K S C  

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

R. P a y l o a d  I n t e r f a c e  S t a n d a r d i z a t i o n  

F i n d i n g s  -- 

S h u t t l e  t u r n a r o u n d  t imes r e m a i n  i n  t h e  f o r e f r o n t  o f  
p l a n n i n g  f o r  f u t u r e  STS f l i g h t s .  One of t h e  s i g n i f i c a n t  
f a c t o r s  t h a t  a f f e c t s  t u r n a r o u n d - t i m e s  is t h e  l a c k  o f  

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

c a r r i e d  i n t o  o r b i t .  A c o n s i d e r a b l e  e f f o r t  h a s  b e e n  
e x p e n d e d  i n  t h e  a rea  o f  s t a n d a r d i z a t i o n  a n d  t h e  p r i m e  
e x a m p l e  is t h e  PAM. 



C. 

There will always be peculiar requirements for special 
payloads, but insofar as is feasible, there should be 
increasing effort to preparing and carrying payloads in a 
standardized fashion. 

Extravehicular Activities (EVA)/SpaCe Suits 
h I 

Findinas 

This year's activities show that EVA will continue to 
be in extensive use. The Leasat rescue mission is an 
outstanding example of its use during the past year. 
Certainly the Space Station will require extensive EVA for 
its construction and f o r  its operational activities. The 
current suit continues to function well, despite its 
limitations. The need remains f o r  a more flexible suit 
that has the capability of operating at a higher pressure 
than the current suit. 

Recommendations 

NASA should continue to support the development of a 
more flexible, higher pressure EVA suit and fund the 
development in an appropriate manner. 

D. Space Station 

Find i ngs 

I 

The Space Station organizational structure is quite 
complex, with roles and responsibilities difficult to 
discern at times. The system is maturing, while there 
remains some questions concerning NASA's ability to 
adequately handle the systems engineering and complete 
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integration of Phases C & D, the hardware and software 
dovelopinent-. and implementation. Integratinq a large 
cievelopment c f  Eort, s u c h  ' 3 s  t h e  Space  T r a n s p o r t a t  i o n  

System, has been accomplished tlirough an integrating 
contractor and supporting contractors and NASA has not 
performed a full integration role before. 

Recommendations 

N A S A  should re-examine the resources required to 
conduct the many facets of the Space Station integration 
effort to ensure that the organization and human resources 
are sufficient to properly fill this role, now and in the 
future. 

Findings 
-.___ 

The Space Station exists in an essentially benign 
environment once on orbit when compared to the ascent 
conditions within the Orbiter payload bay. 

Re c o m e  nd a t ions 

N A S A  should determine possible means to alleviate the 
payload bay interface environment and design requirements 
(vibration, accelerations, loads) which drive some of the 
Space Station element and "user" designs. 

Find inas 

"Build-to-cost" management for the Space Station may 
involve many of the same or similar activities that 
confronted the Space Shuttle in its formative days. 
Looking into such shuttle management and technical 
activities, and the resultant decisions, could provide 
Space Station management with an understanding of possible 
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pitfalls to avoid, if not many positive directions to 
take, thereby preventing inefficiencies in the use of 
available resources. 

Recommendations 

NASA should establish a mall team composed of current 
and retired NASA/contractor persons who have f irst-hand 
knowledge of the early activities (1972-1976) on the Space 
Shuttle program. The team should define the "lessons" 
that can be "learned" in both management and technical 
areas, including the real possibility of using today's 
technology to meet Space Station needs. 

E .  Aircraft Operations 

Findings 

There is still" no head ,of the NASA Headquarters's 
Aircraft Management Office. This precludes proper 
focusing of management's.attention upon achieving 
centralized aircraft operational control. Agency-wide 
flight operations and Maintenance policy and guidelines 
documents to be used by both Headquarters and the NASA 
Centers have been slow in being issued. 

Re c omme nd at i on s 

NASA should appoint, as soon as possible, a qualified 
operations manager'as head -of the Aircraft Management 
Office. Determine methods to reduce the time it takes to 
obtain review and' approval for critical flight operations 
guidelines and po'licfes which are generated at 
Headquarters. 
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111. PANEL PLAN FOR CALENDAR YEAR 1986 

P a n e l  M e m b e r s h i p  

T h e  P a n e l  se lected a new member-, D r .  Harold M .  Aqnew, t o  f i l l  

t h e  v a c a n c y  w h i c h  o c c u r r e d  when Herbert E. Grier re t i red  f rom t h e  
P a n e l .  M r .  Grier r e m a i n s  w i t h  t h e  P a n e l  a s  a c o n s u l t a n t .  Dr. 
Agnew's  e x p e r i e n c e  i n  m a n a g i n g  h i g h  r i s k ,  h i g h  v i s i b i l i t y  
n a t i o n a l  p r o g r a m s  w i l l  be o f  g r e a t  v a l u e  t o  t h e  P a n e l  a s  it 
d e l v e s  deeper i n t o  t h e  Space S t a t i o n  Program. 

D r .  Harold M .  Agnew h a s  b e e n  i n  t h e  f o r e f r o n t  o f  n u c l e a r  
e n e r g y  d e v e l o p m e n t  s i n c e  t h e  e a r l y  1 9 4 0 s .  I n  1 9 7 9 ,  he j o i n e d  

G e n e r a l  A t o m i c  Company, a f t e r  s e r v i n g  a s  Director o f  t h e  Los 

A l a m o s  S c i e n t i f i c  L a b o r a t o r y  i n  N e w  Mexico .  H e  r e t i red  a s  

P r e s i d e n t  from G e n e r a l  A t o m i c  Company o n  December 3 1 ,  1 9 8 4 .  D r .  

Agnew is ,  among many o t h e r  a c h i e v e m e n t s ,  a F e l l o w  of t h e  A m e r i c a n  

P h y s i c a l  S o c i e t y  a n d  a F e l l o w  o f  t h e  A m e r i c a n  A s s o c i a t i o n  for t h e  
Advancemen t  of S c i e n c e .  

D r .  Norr i s  J. K r o n e ,  Jr. h a s  b e e n  w o r k i n q  w i t h  t h e  P a n e l  a s  a 
c o n s u l t a n t  i n  t h e  f i e l d s  of a e r o n a u t i c s  a n d  s t r u c t u r e s ,  
p a r t i c u l a r l y  w i t h  r e g a r d  to t h e  X-29A a n d  t h e  X-Winq r e s e a r c h  a n d  

d e v e l o p m e n t  p r o j e c t s  w h i c h  N A S A  h a s  been w o r k i n g  w i t h  DARPA. D r .  

Krone, a r e c o g n i z e d  e x p e r t  i n  h i s  f i e l d s ,  is  c u r r e n t l y  E x e c u t i v e  

Director of t h e  U n i v e r s i t y  of M a r y l a n d  R e s e a r c h  F o u n d a t i o n .  

P a n e l  A c t i v i t i e s  €or 1986 

T h e  P a n e l ' s  a r eas  o f  i n t e r e s t  a r e  t h o s e  w h i c h  f u r t h e r  NASA 

p r o g r a m / p r o j e c t  t e c h n i c a l  g o a l s  a n d  r e d u c e  a d v e r s e  e v e n t s  
assoc ia ted  w i t h  m e e t i n g  t h o s e  g o a l s .  S p e c i f i c a l l y ,  o n e  d i v i d e s  
s u c h  a c t i v i t i e s  i n t o  " o n - g o i n q "  a n d  "new" a r e a s  of i n t e re s t .  
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A.  On-Going 

1. 

2. 

3 .  

4 .  

5. 

B. 

1. 

2.  

3 .  

X-29A Phase I1 s u p e r s o n i c  E l  i y h t  envelope e x p a n s i o n ,  
i n c l u d i n g  m a i n t e n a n c e  and logistics s u p p o r t ,  f l i g h t  test 

p l a n s ,  a n d  crew t r a i n i n g .  

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  f l i g h t  r e a d i n e s s  
process, i n c l u d i n g  s o f t w a r e  v a l i d a t i o n ,  component f a t i g u e  

tests, p o w e r e d  model t e s t i n g ,  a n d  o t h e r  c e r t i f i c a t i o n  
a c t i v i t i e s  . 
Space T r a n s p o r t a t i o n  S y s t e m ,  w i t h  regard to  t h e  t r a n s i t i o n  of 
a c t i v i t i e s  from d e v e l o p m e n t  C e n t e r s  and cont rac tors  ' t o  KSC 

o p e r a t o r s .  S a f e t y  assurance under c o n d i t i o n s  of b u d g e t  
r e d u c t i o n s  and  increased f l i c i h t  r a te .  

S p a c e  S t a t i o n ,  as it moves t h r o u g h  P h a s e  R i n t o  t h e  
d e v e l o p m e n t  and c o n s t r u c t i o n  ( P h a s e  C & D). P a n e l  

e f f e c t i v e n e s s  depends upon early i n p u t .  

A number of s u p p o r t i n g  areas, s u c h  as l i f e  s c i e n c e s ,  human 
factors ,  E x t r a  V e h i c u l a r  A c t i v i t i e s ,  Aircraft o p e r a t i o n s ,  
g r o u n d  s u p p o r t  equipment  and f a c i l i t i e s ,  and p a y l o a d  
i n t e r f a c e s .  

N e w  - 

Ob1 i q u e  w i  ng r e s e a r c h  a i rcra f t pro j ec t . 
T e t h e r  s a t e l l i t e  p r o j e c t ,  a s  i t  i n t e r f a c e s  w i t h  t h e  O r b i t e r .  

O r b i t e r  "Heads-Up" ascent mode of f l i g h t ,  a t t e m D t i n g  to  g a i n  
add i t  iona l  p a y l o a d  c a p a b i l  i t y  . 

4 .  S p a c e . d e b r i s ,  a s  i t  a f f e c t s  STS and S p a c e  S t a t i o n  a c t i v i t i e s .  
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!> . 

6 .  

7 .  

8 .  

9. 

AS 

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

H a z a r d o u s  Material  I d e n t i f i c a t i o n  a n d  M a t e r i a l  S a f e t y  D a t a  a s  

r e q u i r e d  by  s t a t u t e ,  a n d  i t s  e f f e c t  o n  NASA o p e r a t i o n s .  

T r a n s f e r  o f  a p p r o p r i a t e  k n o w l e d q e  f r o m  o u t s i d e  i n t o  NASA 

programs t o  e n h a n c e  s a f e t y ,  r e l i a b i l i t y ,  and maintenance 
a p p l i e d  t o  a m a t u r i n g  Space T r a n s p o r t a t i o n  S y s t e m ,  a n d  t h e  
b u i l d u p  o f  t h e  Space S t a t i o n .  

S p a c e  S t a t i o n  O r b i t a l  T r a n s f e r  V e h i c l e  i n t e r f a c e s  a n d  

impacts .  

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

O r b i t e r s  due  t o  l a n d i n g  s i t e  o v e r r u n s  or s i d e  r u n s .  

r e q u e s t e d ,  t h e  P a n e l  w i l l  respond t o  NASA m a n a g e m e n t  a n d  t h e  
C o n g r e s s  r e g a r d i n g  s a f e t y  o f  NASA a c t i v i t i e s  w i t h  d u e  r e g a r d  t o  
p u b l i c  s a f e t y  a t  all times. 
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NASA 
Naoonal Aeronautics and 
Space Administration 
Washington, D C 
20546 

LB/GLR Re& to Ann Of 

TO: 

FROM: 

SUBJECT: 

June 28, 1985 

A/ Admi n i s t ra tor 
M/Associate Administrator for Space Flight 

LB/Staff Director, Aerospace Safety Advisory Panel 

Safety Assessment of the Leasat/Syncom Salvage Mission (STS 51-1) 

INTRODUCTION 

The  Aerospace Safety Advisory Panel was requested t o  assess the safety o f  
the plans and implementation t o  salvage the Leasat/Syncom now i n  orbit on 
the STS 51-1 missiw. A preliminary assessment was provided by memo dated 
June 11, 1985. This report i s  the Panel's f ina l  assessment. There may be 
further comments as a result of the upcoming mission operations certification 
review scheduled for July 30-Aug 1 a t  JSC. 

The Panel team included Norm Parmet, Herb Grier, Charlfe Donlan, Sey Himnel 
a n d  Gil R o t h  w i t h  support from Walt Williams and Jim Elms. The fol lowing 
activities were conducted: 

May 30 JSC Hazard analyses , EVA, hand1 i n g  hardware, interfaces 
Jun 5 Rockwell Orbiter operations 
Jun 6 Hughes Leasat failure cause, vehicle state, salvage safety 
Jun 19-20 JSC Phase I11 Safety Review, hardware DCR 

T h i s  was, by necessity, a limited review w i t h  the objective of ascertaining the 
adequacy of salvage mission management, Leasat status now and a t  the time o f  the 
mission, hardware design, crew operations, mission rules, risk analyses as they 
a l l  affect mission safety. 

ASSESSMENT 

Safety f i r s t  then mission success are the priorities for the salvage operation. 
B o t h  NASA and Hughes have explored and reviewed the salvage task thoroughly 
and  appear t o  have practical and safe plans for I t s  implementation. Mission 
simulations a t  both JSC and Hughes facil i t ies have been and continue t o  be 
conducted t o  replicate each task and step t o  be taken, inc luding  contingency 
modes. To date there i s  n o t h i n g  t h a t  represents a source of significant concern 
w i t h  regard t o  safety. I t  should be safe t o  proceed w i t h  the mission assuming'' 
noth ing  negative arises from the f i n a l  reviews t o  affect the safe operation as 
we see i t  now. 

We would like t o  re-emphasize the following: (1) mission rules, now i n  mrk, must be clear, concise and complete t o  assure such things as proper checkout of 
the many electronic boxes i n  the cabin and no EVA missteps, (2)  assure overlap 
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of JSC and Hughes a c t i v i t i e s  so t h a t  n o t h i n g  can drop-through-the-crack. 
continuing working group meetings and reviews should assure th i s ,  (3)  
spacecraft' a t t i tude ,  s p i n  rate and Internal s ta te  are no t  ful ly  known, therefore, 
analyses o f  these conditions must continue so t h a t  the i r  affects  on t h e  mission 
can be factored i n t o  the plans and  implementation, ( 4 )  if the adverse tolerance 
b u i l d u p  theory f o r  fa i lure  of the Leasat i s  correct, i t  i l l u s t r a t e s  once a g a i n  
how l i t t l e  things can be the cause of major problems, therefore, no matter how 
simple or mundane a t h i n g  i s  i t  can n o t  be overlooked. 

The 
the 

F A I L U R E  MECHANISM 

Having  proved by the STS 51-D "flyswatter" operation t h a t  the most probable single 
p o i n t  fa i lure  probably d i d  n o t  cause the teasat  malfunction, Hughes looked care- 
fu l ly  into multiple fa i lure  scenarios. By analysis and t e s t  they found t h a t  a 
dual fa i lure  of the Perigee Kick Motor (PKM) separation switches was the most 
credible fa i lure  due t o  a design deficiency caused by structure warpage and 
insufficient switch plunger length, see attached figure. 
Ejection Sequencer (PES) would never be powered. The proposed salvage operation 
i s  based on working around the PKM separation switches and  providing inhibi ts  
and  a1 lowing for  ground control ( n o t  internal spacecraft) o f  spacecraft activation. 

In th i s  case the Post 

SAFETY AND MISSION SUPPORT ACTIVITIES 

The salvage ac t iv i t i e s  make use of JSC and Hughes designed and bui l t  equipment 
t o  meet specific demands of Leasat handling and a t t i tude  control, vehicle s a f i n g ,  
internal system m o d i f i c a t i o n ,  and rede loy. The original STS payload safety 

These requirements have been reexamined and updated June 14, 1985 t o  meet the 
salvage m i  ssion requi rements. I tems considered "open" because they are s t i  11 
i n  work and will be completed by the end of July 1985 are: 
Detai 1s of Cabin  Checkout Box, In-Cabin  Checkout Procedures, EVA Operational 
Procedures, and Completion o f  U n i t  and  System Test Program, 

requirements based on NASA's NHB 1700. P A were provided and approved December 1983. 

Hardware Picture Book, 

JSC developed procedures for  the mission, EVA equipment, crew t r a i n i n g  and  
interfacing w i t h  Hughes show a thorough unde r s t and ing  of  crew/o?btter safety 
needs. 
Hughes ( u s i n g  Leasat F-5) should preclude complacency between now and the 
mission, and allows for  the necessary "back-out" modes, i f  such are required. 

Crew training i n  l g  and  neutral buoyancy f a c i l i t i e s  a t  both JSC a n d  

Visual cues during the salvage operations will provide positive indications 
of the spacecraft cond i t ion ,  i .e. ,  omni antenna deploy, vehicle s p i n - u p ,  i n  
a d d i t i o n  t o  any X-band transmissions. Any o f  these would resul t  i n  mission a b o r t .  

The Hughes b u i l t  equipment, once instal led,  will safe the vehicle by (1) 
locking the separation switch lever i n  the closed pos i t i on  thereby opening 
the cradle separation switches, ( 2 )  
internal spacecraft event in i t ia t ion  and allowing only ground commanded i n i t i s t i o n ,  
(3) insertion of safe and arm safing pins. 
Sneak c i r cu i t  analyses are being conducted on c r i t i ca l  circuits and show no 
concerns to  date. 
the "as-built" configuration i s  known. The external configuration i s  known (unlike 
the previous on-orbi t retrieve/repair missions). Problems associated with on-board 
Propellants (particularly the hypergolics) have been investigated a n d  t es t s  perfomed. 
These indicate no safety concerns based on statements made by b o t h  JSC and Hughes. 

instal l ing shorting plugs t o  inhibi t  any. 

We have been assured t h a t  t h rough  configuration control t h a t  

I 

I 
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D ,  F4CT-FINl l ING RKSIII, 'rS OF C A L K N D A R  Y E A R  1 9 8 5  

1. S p a c e  T r a n q p o y t a t i o n  S y s t e m  (STS)  

a .  O r b i t e r  

T h e r e  h a v e  b e e n  s u r p r i s i n g l y  f e w  c r i s i s - t y p e  h a r d w a r e  

i s sues .  I n  f a c t ,  t h e  major h a r d w a r e  problem is  l a c k  of 

s p a r e s  t h a t  l e a d s  t o  c a n n i b a l i z a t i o n .  W e  h a v e  d e a l t  w i t h  
t h i s  s e p a r a t e l y  u n d e r  log is t ics .  

T h e r e  is o n e  i t e m ,  t h o u q h ,  t h a t  w a r r a n t s  r e v i e w  a n d  

t h a t  i s  t h e  f u e l  c e l l .  T h e  b a n k  of c e l l s  is f u l l y  
r e d u n d a n t  i n  a come-home e m e r g e n c y  s e n s e ,  b u t  t h e  m i s s i o n  

p o w e r  l oads  a re  h i g h  e n o u g h  t h a t  t h e r e  is  n o t  complete 
r e d u n d a n c y  i n  a mission-power sense. The  bas i c  e l e c t r i c  
power source s h o u l d  be u n q u e s t i o n a b l e .  The  f u e l  c e l l  
problems h a v e  n o t  been f u n d a m e n t a l  b u t  seem t o  h a v e  b e e n  

v a l v e s ,  h e a t e r s ,  a n d  t h e  l i k e .  This s u b j e c t  is  w o r t h y  of 

r e v i e w  t o  a s s u r e  t h e  d e s i g n  of t h e s e  accessories  i s ,  i n  
f a c t  , c o n s e r v a t i v e  . 
, ,  

F i v e  a r eas  a s s o c i a t e d  w i t h  t h e  O r b i t e r  h a v e  r e c e i v e d  
most of t h e  P a n e l ' s  a t t e n t i o n :  S t r u c t u r a l  a d e q u a c y ,  
a v i o n i c s  h a r d w a r e  a n d  s o f t w a r e ,  b r a k e / s t e e r i n g  b e h a v i o r  , 
l a n d i n g  h a n d l i n g  q u a l i t i e s ,  and t h e  use of a u t o m a t i c  

s y s t e m s  ( s u c h  a s  a u t o b r a k i n g  a n d  a u t o l a n d i n g )  . 

(1  O r b i t e r  S t r u c t u r a l  A d e q u a c y  a n d  C e r t i f i c a t i o n  P r o g r a m  

T h e  s t r u c t u r a l  l i f e  c e r t i f i c a t i o n  p r o g r a m  f o r  t h e  
O r b i t e r  h a s  been p r o v e n  b y  a p p r o x i m a t e l y  3 3  f a t i g u e ,  

f r a c t u r e ,  a n d  acous t ic  s u p p l e m e n t a l .  tests,  a s  w e l l  a s  
a n a l y s i s  o f  o u t b o a r d  elevon/flapper-door/winy p o r t i o n  of 

t h e  r ea r  s p a r .  The  l a s t  r e m a i n i n q  winq root F a t i q u e  and 

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



c o m p l e t e d  d u e  t o  l a c k  o€ f u n d i n g  a t  t h i s  t i m e .  I t  is 
r e c o q n i z e d  t h a t  t h e  O r b i t e r  is t l c s i q n e d  f o r  o n l y  100 

missions w i t h  a s c a t t e r  f a c t o r  of  Four anti a r > p r o x i i n a t ( > l y  3 

3 0 , 0 0 0  P S I  t e n s i o n  s t ress  l e v e l  i n  t h e  lower wing  s k i n .  By 

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

c o n c l u d e  t h a t  t h e  f a t i g u e  damage  is n e g l i q i b l e ,  f r a c t u r e  

damage  a n d  a c o u s t i c  loads s m a l l .  However ,  i n  o r d e r  t o  h a v e  
a c o m p l e t e  s t r u c t u r a l  l i f e  c e r t i € i c a t i o n  p r o g r a m ,  a s h o r t  

c u t  a n a l y s i s  s h o u l d  b e  made a n d  d o c u m e n t e d .  

The  c a l c u l a t e d  ASKA 6.0 ( l a t e s t  loads /s t ress  p r o g r a m )  
stresses a r e  l o w e r  t h a n  t h e  stresses f r o m  f l i q h t  t e s t  

r e s u l t s  a t  wing  s t r a i n  g a g e  l o c a t i o n s  AR a n d  A 1 4  f o r  85% 

l a u n c h  p r o b a b i l i t y .  A t  t h i s  t i m e ,  i t  is n o t  p r a c t i c a l  t o  
r e v i s e  aero  l o a d s ,  so a n  a d d i t i o n a l  l o a d i n g  i s  a p p l i e d  t o  
t h e  w i n g ,  known a s  a "col lector  f o r c e . "  T h i s  a d d e d  f o r c e  
s i m u l a t e s  stresses a t  wing  l o c a t i o n s  AB a n d  A14 w h i c h  
appear t o  be s l i g h t l y  c o n s e r v a t i v e  o n  some o f  t h e  o t h e r  
w i n g / c a r r y  t h r u  s t r u c t u r e .  The  f i n a l  ASKA 6.0  loads will 
c o n t a i n  t h i s  col lector  load .  The  r e m a i n i n q  e x t e r n a l  

l o a d s / i n t e r n a l  l o a d s  work c o n s i s t s  o f :  

( a )  a d d i t i o n a l  l a n d i n g  cases - m a t r i x  of s i n k  speed v s  

gross  w e i g h t .  

( b )  replace h i g h  Q boost l o a d s  w i t h  a s e t  o f  0 loads  w h i c h  
i n c l u d e  " co l l ec to r  load"  i n c r e m e n t s  for  w i n g  a n d  c a r r y - t h r u  

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

E n t r y  i n t e r n a l  l o a d s  a c e  e x p e c t e d  t o  be c o m p l e t e d  by  

F e b r u a r y  1986. However ,  t h e  r e m a i n d e r  of t h e  s t r e s s  
a n a l y s i s  a n d  t h e r m a l  p r o t e c t i o n  s u b s y s t e m  s t r u c t u r a l  

a n a l y s i s  is  t o  be c o m p l e t e d  o n  s c h e d u l e ,  S e p t e m b e r  1987 .  

A l l  o r i g i n a l  sets of loads ,  i n c l u d i n g  h i g h  d y n a m i c  p r e s s u r e  
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( Q )  d u r i n g  a s c e n t ,  w i l l  b e  u s e d  t o  a n a l y z e  t h e  f u s e l a g e  a n d  
t a i l  s u r f a c e s .  The  s t r u c t u r a l  t h e r m a l  g r a d i e n t s  u sed  h a v e  

a h i q h  deqree o f  c o n f i d e n c e  based o n  f l i q h t  tes t  r e s u l t s  
a n d  a s i c i n i  f i can t  beef up i n  th<> i n i d - f u s t ~ I a ( ~ e  structure 

t - e s u l  ted from €1 i q h t  t e s t  d a t < i .  

The f i n a l  c h e c k  of t h e  wing  loads/stresses w i l l  be 

v e r i f i e d  b y  p r e s s u r e  g a g e s  a n d  s t r a i n  gaqes a p p l i e d  to  t h e  
OV-102 v e h i c l e .  However, i t  s h o u l d  be n o t e d  t h a t  a l o a d s  
c a l i b r a t i o n  program w i l l  n o t  be c o n d u c t e d  o n  t h e  O r b i t e r  

w i n g ,  b u t  may be r e q u i r e d  i f  t h e  f l i g h t  r e s u l t s  a r e  
q u e s t  i o n a b l e .  

S i n c e  t h e  ASKA 6.0 loads /s t ress  p r o g r a m  is t o  be 

f i n i s h e d  w i t h i n  an a l loca t ed  b u d g e t  a n d  t i m e  d u r a t i o n ,  o n l y  
t h e  p r i m a r y  load p a t h  s t r u c t u r e  ( w i n g ,  f u s e l a g e ,  t a i l ,  a n d  

t h e r m a l  p r o t e c t i o n  s u b s y s t e m  a n a l y s i s )  w i l l  be c o m p l e t e l y  

d o c u m e n t e d .  O t h e r  s t r u c t u r a l  c o m p o n e n t s ,  e . g  ., t h e  crew 

m o d u l e ,  w i l l  not be w e l l  d o c u m e n t e d .  

Wi th  r e g a r d  to  r e d l i n e s  a n d  s p e c i f i c  O r b i t e r  
m o d i f i c a t i o n s ,  it is  n o t e d  t h a t  t o  meet a n  85% l a u n c h  

p r o b a b i l i t y  t h e  f o l l o w i n g  m o d i € i c a t i o n s  a r e  r e q u i r e d ,  b a s e d  
o n  e x t r a p o l a t i o n  from f l i g h t  d a t a :  

Mod. I .  8 b o l t s  r e p l a c e d ,  w i n g  s t a t i o n  X = 1 3 0 7  u p p e r ,  
for a l l  v e h i c l e s .  
3 b o l t s  r e p l a c e d ,  w i n g  s t a t i o n  X = 1 1 9 1  lower, 

f o r  a l l  v e h i c l e s .  
Wing s t a t i o n  Y = 1 2 3 ,  r i b  c a p  d o u b l e r s ,  

€or OV-103,104. 

Mod. I1 Wing s t a t i o n  X = 1 1 9 1 ,  e x t e r n a l  d o u b l e r  lower 
for a l l  v e h i c l e s .  
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Mod 111 ( u s i n g  col lector  load  c o n c e p t )  

o Wing s t a t i o n  X = 1 2 4 9 ,  
s p a r  web v e r t .  s t i f f e n e r  

o Wing s , t a t i o n  X = 1 3 0 7 ,  

s p a r  web v e r t .  s t i f f e n e r  

O V - 1 0 3 , 1 0 4  

O V - 1 0 3 , 1 0 4  

o Add d o u b l e r s  i n b o a r d  access h o l e  a l l  v e h i c l e s  

o Wing s t a t i o n  X = 1 1 9 1 ,  

upper  cover finger d o u b l e r  a l l  v e h i c l e s  

o Upper  s u r f a c e  e x t e r n a l  d o u b l e r  

P r o x i m i t y  o f  wing  s t a t i o n  X = 1307  O V - 1 0 3 , 1 0 4  

A f t  w i n g  s t a t i o n  X = 1307 a l l  v e h i c l e s  

I n s  i d e  m i d -  f u s e  1 age c a r r y -  t h r  u O V - 1 0 3 , 1 0 4  

o Wing s t a t i o n  X = 1 2 4 9  access h o l e  d o u b l e r  O V - 1 0 3 , 1 0 4  

(Note:  T h e s e  m o d i f i c a t i o n s  s h o u l d  be t h e  e n d  o f  a n y  r e q u i r e d  
w i n g  mods. However ,  t h e r e  a re  s t i l l  t w o  c r i t i c a l  i t e m s  t o  be 

e v a l u a t e d  I i .e. t h e  r e s u l t s  from t h e  i n s t r u m e n t e d  OV-102  f l i g h t  
t e s t  a n d  f i n a l  6.0 loads /s t ress  a n a l y s i s  .) 

N e w  A v i o n i c s  H a r d w a r e / S o f t w a r e  

T h e  P a n e l  h a s  b e e n  m o n i t o r i n g  t h r e e  major  u p g r a d e s  €or 

t h e  a v i o n i c s  sys tem o f  t h e  S h u t t l e  O r b i t e r - - t h e  MMU (Mass 

Memory U n i t ) ,  t h e  CPU ( C e n t r a l  Processor U n i t ) ,  a n d  t h e  

I M U  ( I n e r t i a l  M e a s u r e m e n t  U n i t ) .  

( a )  Mass Memory U n i t s  

NASA is u p g r a d i n g  t h e  MMUs b y  a d d i n g  o n e  c a r d  t o  t h e  
tape u n i t  to  i m p l e m e n t  e r r o r - c o r r e c t i n g  codes a n d  t o  
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The  M M U  tape d r i v e  is u s e d  t o  c h a n g e  m i s s i o n  p h a s e s  by 

l o a d i n g  new p r o g r a m s  i n t o  t h e  f l i g h t  c o m p u t e r s .  T h e  m o s t  
c r i t i c a l  p rogram- -namely ,  t h e  s h u t t l e  e n t r y  p r o g r a m - - i s  

loaded f r o m  t h e  M M U  i n t o  o n e  o n - b o a r d  c o m p u t e r .  T h i s  l o a d  
c a n  b e ,  t h e o r e t i c a l l y ,  a c c o m p l i s h e d  f rom t h e  g r o u n d  b u t  

t h e  p r o c e s s  is slow a n d  h a s  n e v e c  a c t u a l l y  b e e n  t r i e d .  
F o r  a m i s s i o n  a b o r t ,  t h e  MMU m u s t  be u s e d  t o  load t h e  

e n t r y  program a n d  i s ,  t h e c e E o r e ,  a c r i t i c a l  f l i g h t - s a f e t y  

i t e m .  G r a n t e d ,  i t  wou ld  r e q u i r e  m u l t i p l e  f a i l u r e s  ( f i r s t ,  

an a b o r t ,  a n d  s e c o n d ,  a n  MMU f a i l u r e )  b u t  t h e  c o n s e q u e n c e s  
a r e  u n a c c e p t a b l e .  

The  P a n e l  s u p p o r t s  t h e  u p g r a d e .  However ,  t h e  cost  a n d  
s c h e d u l e  (18 m o n t h s  to  t w o  y e a r s )  r e q u i r e  N A S A ’ s  

c o n t i n u i n g  a t t e n t i o n .  

( b )  C e n t r a l  P r o c e s s o r / I n p u t  o u t p u t  U n i t s  

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

a n  IOP, u s e s  m a g n e t i c  core t e c h n o l o g y  a n d  h a s  

a p p r o x i m a t e l y  1 0 4 , 0 0 0  words of 32 b i t s  e a c h .  I t s  speed is 
4 0 0 , 0 0 0  o p e r a t i o n s  p e r  s e c o n d .  Each  box ( t h e  CPLJ and  t h e  
I O P )  w e i g h s  60 p o u n d s  a n d  t h e  c o m b i n a t i o n  c o n s u m e s  600 

w a t t s  of power. 

The  P a n e l  s u p p o r t s  t h e  d e c i s i o n  t o  r e p l a c e  t h e  s h u t t l e  
c o m p u t e r s  w i t h  t h o s e  w h i c h  I R M  w i l l  be s u p p l y i n g  t h e  A i r  

F o r c e  €or t h e  B-1 bomber ( 1 0 0 0  m a c h i n e s )  a n d  t h e  F-15 

f i g h t e r  ( 7 0 0  m a c h i n e s ) .  A l t h o u g h  IBM w o u l d ,  of c o u r s e ,  
c o n t i n u e  t o  p r o v i d e  l o g i s t i c  s u p p o r t  fo r  t h e  o l d  s h u t t l e  
c o m p u t e r s  b y  keeping  a s p e c i a l  l i n e  o p e n ,  NASA would  b e  
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t h e  o n l y  c u s t o m e r  and  t h e  cos t  t o  NASA c o u l d  b e  

u n r e a s o n a b l e .  

The  new c o m p u t e r s  a r e  smaller ,  f a s t e r ,  l i g h t e r ,  u s e  
less  p o w e r ,  a n d  h a v e  g r e a t e r  c a p a c i t y .  E a c h  o f  t h e  new 

c o m p u t e r s  w e i g h s  60 p o u n d s  ( h a l f  o f  t h e  o r i g i n a l ) ,  

p r o v i d e s  2 5 6 , 0 0 0  words o f  memory ,  e x e c u t e s  1 , 2 0 0 , 0 0 0  

o p e r a t i o n s  per s e c o n d ,  a n d  c o n s u m e s  525  w a t t s .  W i t h  t h e  

A i r  F o r c e  a s  t h e  s i g n i f i c a n t  c u s t o m e r ,  NASA w i l l  h a v e  

l o g i s t i c  s u p p o r t  a t  a f r a c t i o n  o f  w h a t  i t  wou ld  cost  i f  

t h e y  were t o  c o n t i n u e  w i t h  t h e  cur ren t  s h u t t l e  c o m p u t e r s .  

The  NASA v e r s i o n s  o f  t h e  new f l i g h t  c o m p u t e r s  a r e  more 
e x p e n s i v e  t h a n  t h o s e  f o r  t h e  A i r  F o r c e  s i n c e  NASA r e q u i r e s  

t h a t  a l l  p a r t s  a r e  t o  be m a n u f a c t u r e d  i n  t h e  USA w h e r e  
NASA, t h r o u g h  IBM,  w i l l  be ab le  t o  d i r e c t l y  w i t n e s s ,  

m o n i t o r ,  a n d  c o n t r o l  t h e  processes. T h i s  is  e s s e n t i a l  f o r  

a f l i g h t  c r i t i c a l  i t e m  a n d  i t  seems odd  t o  t h e  P a n e l  t h a t  
t h e  A i r  Force does n o t  demand t h e  same. 

A l t h o u g h  IBM a s s u r e s  NASA t h a t  no c h a n g e s  w i l l  be 

r e q u i r e d  i n  t h e  a p p l i c a t i o n s  s o f t w a r e ,  t h e  P a n e l  
r ecommends  t h a t  NASA monitor  t h i s  c a r e f u l l y .  A p p l i c a t i o n s  
s o f t w a r e  c a n  be e x p e n s i v e  t o  c h a n g e  a n d  r e t e s t .  

The  new computers are  s c h e d u l e d  f o r  t h e  m i d d l e  of 1 9 8 7  

a n d  NASA a l r e a d y  h a s  o n e  c o m p u t e r  o D e r a t i n g  i n  H o u s t o n  a t  
t h e  IBM l a b o r a t o r y  w i t h  t h e  new FCOS ( f l i g h t  c o m p u t e r  

o p e r a t i n g  s y s t e m )  i n  p l ace .  The  o l d  m a c h i n e  h a s  b e e n  
o p e r a t i n g  w i t h  t h e  n e c e s s a r y  s o f t w a r e  c h a n g e s  t o  t h e  

o p e r a t i n g  s y s t e m  s ince J a n u a r y  1 9 8 5 .  N o w  i t  is i n  t h e  new 

c o m p u t e r .  NASA h a s  r e a c t i v a t e d  t h e  GNFrC t e s t  s t a t i o n  t o  
d e m o n s t r a t e  t h e  t r a n s p a r e n c y  of t h e  new m a c h i n e  t o  t h e  

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

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

s o f t w a r e .  T o  d i s c o u r a g e  t h i s  human f o i b l e ,  t h e  s o f t w a r e  
c o m p i l e r  w i l l  no t  r e c o g n i z e  t h e  new codes. The P a n e l  is  

c o n c e r n e d  t h a t  t h i s  d i s c i p l i n e  c a n n o t  be i n d e f i n i t e l y  
m a i n t a i n e d .  I t  was t r ied w i t h o u t  s u c c e s s  i n  t h e  Apollo 
p r o g r a m .  

NASA p l a n s  t o  b u y  24 f l i q h t  a n d  6 n o n - f l i g h t  
c o m p u t e r s .  F o r  l o g i s t i c s ,  N A S A  p l a n s  t o  order  o n e  new 

computer e a c h  y e a r  a f t e r  t h e  i n i t i a l  p u r c h a s e .  The  P a n e l  
q u e s t i o n s  t h e  a d e q u a c y  o f  t h i s  d e c i s i o n  s i n c e  t h e  l a c k  of 
s p a r e s  h a s  a l w a y s  b e e n  a s i g n i f i c a n t  problem. 

( c )  I n e r t i a l  M e a s u r e m e n t  U n i t s  

T h e  u p g r a d i n g  o f  t h e  I M U s  f o l l o w s  a s i m i l a r  p a t t e r n .  

S i n g e r  w i l l  p r o v i d e  new I M U s  w i t h  s u p e r i o r  p e r f o r m a n c e  a n d  

a t  lower c o s t .  The  m a i n  c u s t o m e r  for t h e  new 
i n s t r u m e n t s - - R e a r  C l a w  a n d  t h e  B - l - - w i l l  p r o v i d e  NASA t h e  

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

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

o p e r a t e  a s  a mixed  s e t - - b o t h  o l d  and  new m a c h i n e s .  NASA 

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

a s  a b y - p r o d u c t  w i t h o u t  c h a n g i n g  t h e i r  s p e c i f i c a t i o n s .  

The  new I M U  h a s  i t s  own m i c r o p r o c e s s o r  w h i c h  c a n  be a n  
a d v a n t a g e  d u r i n g  t h e  p r e l a u n c h  o p e r a t i o n .  W i t h  t h e  p r o p e r  
s o f t w a r e  i n  t h e  I M U  p r o c e s s o r ,  a n y  l a s t  m i n u t e  h o l d - t i m e  
d u e  t o  a d r i f t i n g  I M U  c o u l d  be e l i m i n a t e d .  T o d a y ,  a s  much 

a s  1 1 / 2  h o u r s  of h o l d - t i m e  c a n  occur €o r  s u c h  a problem. 

The  new i n s t r u m e n t s  a r e  l i g h t e r - - 1 2 0  p o u n d s  v e r s u s  175 

pounds- -and  t h e y  u s e  less power .  The P a n e l  s u p p o r t s  t h e  

a c q u i s i t i o n  o f  t h i s  new t e c h n o l o q y .  
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( 3  1 B r a k e s / N o s e  Wheel S t e e r i n g  

I n  t h e  O r b i t e r  ( s h u t t l e )  l a n d i n q  r o l l o u t  i m p r o v e m e n t  
p r o q r a m ,  t h e  n o s e  w h e e l  s t e e r  i n q  s y s t e m  h a s  b e e n  m o d i f i e d  

to  p r o v i d e  l i n e a r  r e s p o n s e  f o r  t h e  f i r s t  Ti d e g r e e s  of t h e  

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

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

c o m p u t e r  ( G P C )  a n d  i s  a c t i v e  u p o n  l a n d i n q .  F a i l u r e  o f  t h e  

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

mode. R e s u l t s  h a v e  b e e n  s a t i s f a c t o r y .  However, 9 d e g r e e s  
maximum may n o t  be e n o u g h .  I n  t h e  u s u a l  c a se ,  c ross  w i n d s  
a r e  n e v e r  s t e a d y  i n  s p e e d  o r  d i r e c t i o n .  Thus, t h e  c ros s  

wind  c o m p o n e n t  w i l l  n e v e r  be known a h e a d  of t i m e  f o r  t h e  
moment o f  t o u c h d o w n  o r  d u r i n g  r o l l o u t .  L a n d i n g  wind  
c o n d i t i o n s  i n  case o f  abo r t  a f t e r  l a u n c h  wou ld  be t h e  
h a r d e s t  t o  a l low f o r  i n  p l a n n i n g  b e c a u s e  o f  t h e  l o w  
p r o b a b i l i t y  o f  s u c h  a n  e v e n t  a n d  a n  i n d e t e r m i n a t e  l a n d i n g  
s i te .  I t  is u n l i k e l y  t h a t  w i n d s  would  be w i t h i n  s t a t e d  

l i m i t s  a t  a l l  poss ib le  l a n d i n g  s i t e s  a t  a n y  o n e  t i m e .  
Also, l a n d i n g  p r o c e d u r e  c a l l s  f o r  o f f  l o a d i n g  t h e  m a i n  

l a n d i n g  g e a r  b y  p u t t i n g  t h e  e l e v o n s  down a f t e r  n o s e  w h e e l  
con tac t .  T h i s ,  o f  course,  r e d u c e s  t h e  b r a k i n g  a n d  

s t e e r i n g  c a p a b i l i t y  w i t h  b r a k e s  o n  r o l l o u t ,  a n d  p u t s  
g r e a t e r  d e p e n d e n c e  on n o s e  w h e e l  s t e e r i n g .  W i t h  t h e s e  

c o n s i d e r a t i o n s ,  i t  wou ld  seem t h a t  t h e  maximum n o s e  w h e e l  
s t e e r i n g  a n g l e  o u g h t  t o  be i n c r e a s e d  t o  15-20 d e g r e e s  t o  
d e a l  w i t h  h i g h  c r o s s w i n d s ,  b lown  t i r e s ,  i n a d v e r t e n t  
d e p a r t u r e  f r o m  t h e  h a r d - s u r f a c e  r u n w a y ,  or  a case w h e r e  

d r i f t  o r  skid e x c e e d s  t h e  a n g u l a r  l i m i t s  of t h e  nose 
w h e e l ,  t h u s  l e a d i n g  t o  p o s s i b l e  " g r o u n d l o o p "  a b o u t  t h e  

n o s e  w h e e l .  O n e  q u e s t i o n  remains a t  t h i s  t i m e :  W i l l  t h e  
n o s e  w h e e l  s t e e r i n q  s y s t e m  a l l o w  f o r  f r e e - c a s t o r i n q  i f  i t  

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

f a i l - o p e r a t i o n a l  c o n d i t i o n ?  
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A c a r b o n  b r a k e  r e v i e w  was c o n d u c t e d  by  N A S A  i n  e a r l y  
December  1 9 8 5  a n d  r e s u l t e d  i n  a g r e e m e n t  to  p r o c u r e  a 

carbon b rake  s y s t e m  for  t h e  O r b i t e r  and  t o  o b t a i n  t h e  
s y s t e m  f r o m  t h e  c u r r e n t  O r b i t e r  b rake  s u p p l i e r .  T h e r e  is  

c o n c e r n  b y  t h e  STS managemen t  a b o u t  t h e  a v a i l a b i l i t y  of 

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

c o n s t r a i n e d  b u d q e t  d u r i n g  t h e  1 9 8 6  p e r i o d .  The  p r o g r a m  

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

( 4 )  L a n d i n g  H a n d l i n g  Q u a l i t i e s  

L o o k i n g  to  t h e  f u t u r e ,  t h e  c o n c e r n s  w i t h  l a n d i n g  
h a n d l i n g  q u a l i t i e s  o f  t h e  O r b i t e r  w h i c h  r e s u l t  f rom t h e  

t a i l l e s s  d e s i g n  f e a t u r i n g  a l o w  aspect  r a t i o  wing  and  
l a r g e  e l e v o n s  f o r  l o n g i t u d i n a l  a n d  l a t e r a l  c o n t r o l  may b e  

c o r r e c t e d  t h r o u g h  t h e  u s e  o f  c o n t r o l  a u g m e n t a t i o n  d e v i c e s  
or s u r f a c e .  T h i s  would  r e su l t  i n  lower l a n d i n g  speeds and 
i m p r o v e m e n t s  i n  h a n d l i n g  q u a l i t i e s .  If  p o s s i b l e ,  i t  wou ld  

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

v i e w  o f  f u r n i s h i n g  t i m e l y  i n f o r m a t i o n  €or f u t u r e  d e s i g n s  

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

r e s e a r c h - t y p e  v e h i c l e  a t  e i t h e r  Ames o r  L a n g l e y  R e s e a r c h  

C e n t e r s .  

( 5 )  A u t o m a t i o n  

A u t o m a t e d  l a n d i n g s ,  w h i l e  s t i l l  i n  t h e  p r o y r a m ,  h a v e  
n o t  been  demonst ra ted  a n d  a r e  n o t  i n  f a v o r  w i t h  t h e  
c u r r e n t  p i l o t  a s t r o n a u t s .  T h e y  q u e s t i o n  t h e  s y s t e m ' s  

r e l i a b i l i t y  a n d  p r e f e r  a " h a n d s - o n "  l a n d i n g  c a p a b i l i t y .  
However ,  i t  wou ld  appear t h a t  s i n c e  l a n d i n g s  a t  KSC a r e  

deemed m a n d a t o r y  t o  r e d u c e  t h e  t u r n a r o u n d  t i m e s  b e t w e e n  

m i s s i o n s ,  t h e  u s e  of t h e  a u t o m a t e d  s y s t e m  m i q h t  w e l l  b e  
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n e e d e d  to a s s u r e  m e e t i n g  t h e  f l i g h t s - p e r - y e a r  qoal . An 

i n c o n g r u i t y  a p p e a r s  to  e x i s t  h e r e  i n  t h a t  t h e  l a u n c h  and  

a s c e n t  p o r t i o n  o f  t h e  m i s s i o n  is a l r e a d y  f u l l y  a u t o m a t e d  
a n d  b e e n  f o u n d  t o  be e x t r e m e l y  r e l i a b l e  t h r o u q h o u t .  The  
q u e s t i o n  t h a t  a r i s e s  is:  I€ t h e  f l i g h t  s y s t e m  f o r  a s c e n t  
i s  r e l i e d  u p o n ,  t h e n  why n o t  t h e  f l i g h t  s y s t e m  fo r  

l a n d  i n q ?  

b. Smce S h u t t l e  Main E n a i n e  

By 1983  t h e r e  was s u f f i c i e n t  da t a  t o  show t h a t  t h e  
m a i n  e n g i n e s  were b e i n g  o p e r a t e d  n e a r  t h e i r  t o l e r a b l e  

m a r g i n  l i m i t s  a t  104%, a n d  t h a t  s i q n i f i c a n t  i m p r o v e m e n t s  
were n e c e s s a r y  t o  pe rmi t  more t h a n  very l i m i t e d  u s e  a t  t h e  

d e s i r e d  109% O E  r a t e d  p o w e r .  A s  r e p o r t e d  l a s t  y e a r ,  a 
t h r e e - p h a s e  program was d e f i n e d  t o  a d d r e s s  t h e  e x t e n s i v e  

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

c o n s t r a i n t s  i n  2 9 8 4 ,  a n d  c o n t i n u i n q  i n  1985 and  for t h e  

f o r c s c c 3 a b l e  f u t u r e ,  h a v e  r e v  ised t h e  p l a n n e d  proqrarn .  T h e  

r e s t r u c t u r e d  proqrarn  r e t a i n e d  t h e  P h a s e  I a n d  P h a s e  II 

p o r t i o n s  t o  d e f i n e  e x i s t i n g  c o m p o n e n t  l i f e  a n d  t o  i m p r o v e  

w e a r o u t  l i f e  of t h e  t u r b o - m a c h i n e r y  a t  b o t h  1 0 4 %  and  1 0 9 %  

b y  d e c r e a s i n g  t h e  High  P r e s s u r e  F u e l  Turbopump t u r b i n e  

d i s c h a r g e  t e n p e r a t u r e  l o o o ,  a n d  by i n c r e a s i n g  t h e  
s y n c h r o n o u s  w h i r l  m a r g i n  o n  t h e  O x i d i z e r  Turbopump by a t  

l e a s t  5000 RPM. 

The  P h a s e  I11 p a r t  of t h e  o r i g i n a l  p r o q r a m  was 
e l i m i n a t e d  a n d  r e p l a c e d  b y  s e v e r a l  o t h e r  p r o g r a m  e l e m e n t s .  
One of t h e s e ,  l a b e l e d  P h a s e  1 1 - P l u s ,  w i l l  d e v e l . o p  a n d  
c e r t i f y  a new h o t - q a s  m a n i f o l d  s t r u c t u r e .  T h i s  new 

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

d r o p ,  d e c r e a s e  loca l  p e a k  t e m p e r a t u r e  z o n e s ,  a n d  i m p r o v e  

o v e r a l l  h o t - g a s  f l o w  un  i f o r m  i t y . 
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