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The Seven th  R e l i a b i l i t y  and M a i n t a i n a b i l i t y  Confe rence ,  
sponsored  by ASME, SAE, and A I A A ,  was h e l d  i n  San F r a n c i s c o  on 
J u l y  15-17, 1968.  S i x t y - f o u r  t e c h n i c a l  p a p e r s  were p r e s e n t e d  i n  
f o u r t e e n  s e s s i o n s  h e l d  d u r i n g  t h e  t h r e e  day mee t ing .  A comple te  
l i s t  of p a p e r s  p u b l i s h e d  i n  t h e  p r o c e e d i n g s  of t h e  c o n f e r e n c e  i s  
a t t a c h e d ;  c o p i e s  o f  any of t h e s e  p a p e r s  may b e  o b t a i n e d  from t h e  
w r i t e r .  Two p a p e r s  of  p a r t i c u l a r  i n t e r e s t  a r e  summarized i n  t h e  
i - e m z ;  iider o f  t h i s  memorandum. 

1. T e s t i n g  f o r  S p a c e c r a f t  R e l i a b i l i t y  - A Management Overview,  
by A .  M .  Smith and W .  R .  Waltz,  Gene ra l  E l e c t r i c  Company, 
P h i l a d e l p h i a .  

The r e c o r d s  of ground and f l i g h t  t e s t  f a i l u r e s  or d e f e c t s  
f rom f i v e  unmanned s p a c e c r a f t  programs were a n a l y z e d .  Each o f  t h e  
f i v e  programs,  which were n o t  named, produced  r e l a t i v e l y  complex 
s p a c e c r a f t  h a v i n g  a c t i v e  3-ax is  s t a b i l i z a t i o n  and a " s i g n i f i c a n t  
c o n t e n t "  of e l e c t r o m e c h a n i c a l  equipment as opposed t o  p a s s i v e  CT' 
s p i n  s t a b i l i z e d  s p a c e c r a f t  having p redominan t ly  e l e c t r o n i c  equl;-  
ment .  D e f e c t s  a n a l y z e d  i n  t h i s  s t u d y  i n c l u d e d  on ly  t h o s e  which 
i n  t h e  a u t h o r s '  judgment were of a c a t a s t r o p h i c  or s i g n i f i c a n t l y  
d e g r a d i n g  n a t u r e ,  or were of  s u f f i c i e n t  s e v e r i t y  t o  have w a r r a n t e d  
c o r r e c t i v e  a c t i o n  i n  t h e  program; a t o t a l  o f  1500 d e f e c t s  f rom t h e  
f i v e  programs were a n a l y z e d .  

Each d e f e c t  was c o n s i d e r e d  i n  o r d e r  t o  de t e rmine  t h e  
l e v e l  o f  assembly t h a t  was n e c e s s a r y  f o r  t he  d e f e c t  t o  m a n i f e s t  
i t s e l f .  O f  t h e  f a i l u r e s  e x p e r i e n c e d  i n  f l i g h t ,  39% were c o n s i d e r e d  
c a p a b l e  o f  d e t e c t i o n  a t  t h e  component l e v e l ,  13% a t  t he  subsys t em 
l e v e l ,  37% a t  t h e  sys t em l e v e l ,  and 11% at  t h e  " less  t h a n  com- 
ponent"  l e v e l .  Thus ,  50% of t h e  f l i g h t  d e f e c t s  cou ld  n o t  have 
been  d e t e c t e d  i n  ground t e s t s  conducted below t h e  subsys t em l e v e l  
of assembly .  

I n  each  of  t h e  f i v e  programs,  36% t o  65% of  d e f e c t s  
p r e s e n t  a t  e n t r y  i n t o  sys tem accep tance  t e s t s  were such  t h a t  t h e y  
s h o u l d  have been d e t e c t e d  by t h e  p r i o r  component a c c e p t a n c e  t e s t s ;  
17% t o  68% of a l l  d e f e c t s  p r e s e n t  a t  e n t r y  i n t o  s y s t e m  a c c e p t a n c e  
t e s t s  s h o u l d  have been d e t e c t e d  d u r i n g  t h e  p r i o r  q u a l i f i c a t i o n  
t e s t  program. 
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For one of  t h e  s p a c e c r a f t  programs c o n s i d e r e d ,  51% 
of i n - f l i g h t  "anomal i e s "  were a t t r i b u t e d  t o  f a u l t y  d e s i g n ,  26% 
t o  i n a d e q u a t e  m a n u f a c t u r i n g  p r o c e d u r e s ,  and 23% t o  d e f e c t i v e  
pa r t s  or materials .  O f  t h e  i n - f l i g h t  anomal i e s  a t t r i b u t e d  t o  
f a u l t y  d e s i g n ,  75% c o u l d  n o t  have been d e t e c t e d  below t h e  sys t em/  
subsys tem l e v e l  of a s s e m b l y  i n  ground t e s t i n g .  

The u t i l i t y  of e n v i r o n m e n t a l  t e s t i n g  ( thermal/vacuum 
and v i b r a t i o n )  was a l s o  c o n s i d e r e d .  O f  a l l  f l i g h t  d e f e c t s  ob- 
s e r v e d ,  40% were judged  t o  be " e n v i r o n m e n t a l l y  s e n s i t i v e " .  I n  
one m u l t i - v e h i c l e  program, v i b r a t i o n  t e s t s  on f l i g h t  sys t ems  were 
performed a t  t h e  b e g i n n i n g ,  midd le ,  and end of t h e  program w € t h  
i n t e r m e d i a t e  f l i g h t  sys tems not  v i b r a t i o n  t e s t e d .  Thermal/vacuum 
t e s t s  were per formed on f l i g h t  sys t ems  on ly  i n  t h e  l a t t e r  p h a s e  
of  t h e  program. V i b r a t i o n  t e s t i n g  was e s t i m a t e d  t o  have r e d u c e d  
t h e  number of v i b r a t i o n - s e n s i t i v e  d e f e c t s  o c c u r r i n g  i n  f l i g h t  b y  
7 2 % .  Thermal/vacuum t e s t i n g  was e s t i m a t e d  t o  have r educed  t h e  -..- lIcJ.!!Iber of t e m p e r a t u r e - s e n s i t i v e  d e f e c t s  o c c u r r i n g  i n - f l i g h t  by 
50%. 

2 .  Long L i f e  Design F e a t u r e s  o f  t h e  Nimbus I1 M e t e o r o l o g i c a l  
O b s e r v a t o r y ,  b y  S .  Charp,  Gene ra l  E l e c t r i c  Company, P h i l a -  
d e l p h i a .  

The Nimbus I1 s p a c e c r a f t  was l aunched  i n t o  a n e a r l y  
p o l a r  o r b i t  i n  May 1 9 6 6 .  Although i t s  d e s i g n  l i f e  was s i x  months 
i t  has c o n t i n u e d  t o  f u n c t i o n  f o r  app rox ima te ly  f o u r  times t h a t  
d u r a t i o n .  The s u c c e s s f u l  achievement of t h i s  o p e r a t i o n a l  l i f e -  
t i m e  was a t t r i b u t e d  t o  s e v e r a l  f a c t o r s :  

a )  The s p a c e c r a f t  and i t s  r e l a t e d  ground sys tems were 
conce ived ,  a n a l y z e d ,  p l a n n e d ,  and c o n c e p t u a l l y  i n t e -  
g r a t e d  b e f o r e  e x t e n s i v e  d e t a i l e d  d e s i g n  e f f o r t  o c c u r r e d .  

b )  C o n s e r v a t i v e l y  h i g h  e s t i m a t e s  of e n v i r o n m e n t a l  s t resses  
t o  be encoun te red  b y  t h e  s p a c e c r a f t  were embodied i n  
env i ronmen ta l  s p e c i f i c a t i o n s  and i n  d e s i g n s .  

c )  E n g i n e e r i n g  d e s i g n s  were supplemented  w i t h  a " t e s t ,  
e v a l u a t e ,  r e d e s i g n ,  r e t e s t "  or " t e s t ,  f i x ,  t e s t "  p r o -  
gram. 

d )  A c a p a b i l i t y  was p rov ided  t o  o v e r r i d e  preprogrammed 
o r b i t a l  o p e r a t i o n s  w i t h  ground commands. 

e )  A Design Change Con t ro l  Board met "almost  d a i l y "  t o  re-  
view and a c t  upon proposed changes .  Gene ra l  improve- 
ments i n  d e s i g n s  were n o t  no rma l ly  a c c e p t e d  as r e a s o n s  
f o r  a change;  r a t h e r ,  changes were a u t h o r i z e d  t o  c o r r e c t  
d e s i g n  e r r o r s  or t o  r e s o l v e  manufac tu r ing  and m a t e r i a l s  
problems.  
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H a r n e s s i n g  and  c a b l i n g  were f a b r i c a t e d  i n  a th ree -  
d i m e n s i o n a l  j i g  t o  a v o i d  t h e  h a z a r d  o f  weakened 
leads and  c o n n e c t o r  j o i n t s  which might  r e s u l t  f rom 
t h e  s t r e s s e s  of  i n s t a l l i n g  a p l a n a r - a s s e m b l e d  
h a r n e s s  i n  t h e  s p a c e c r a f t .  

A f u l l - s c a l e  t h e r m a l  model s i m u l a t i n g  a l l  i n t e r n a l  
hea t  s o u r c e s  and d i s t r i b u t i o n  p a t h s  was employed 
i n  t h e  i t e r a t i v e  d e s i g n  p r o c e s s  l e a d i n g  t o  t h e  
f i n a l  c o n f i g u r a t i o n  of t h e r m a l  b l a n k e t s ,  r e f l e c t i v e  
h e a t  s h i e l d s ,  a u t o m a t i c  l o u v e r s ,  and p a s s i v e  p a i n t  
c o a t i n g s .  Tempera tu res  w i t h i n  +5"C of  nomina l  are  
e x p e r i e n c e d  i n - f l i g h t ;  t h i s  compares w i t h  a d e s i g n  
g o a l  o f  + l O ° C .  - &.G.l lu,. a 
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T e c h n i c a l  P a p e r s  P r e s e n t e d  a t  t h e  S e v e n t h  R e l i a b i l i t y  and 
M a i n t a i n a b i l i t y  Conference  , J u l y  15-17, 1 9 6 8  

1. B .  H .  C a l d w e l l ,  "An E n g i n e e r i n g  Approach t o  Long L i f e  Com- 
p l e x  Space  Sys tems"  

2 .  F .  E .  S e n a t o r  e t  a l ,  " E a r t h  O r b i t a l  Space  S t a t i o n  E f f e c t i v e -  
n e s s  - R e l i a b i l i t y ,  S a f e t y  and M a i n t a i n a b i l i t y "  

3 .  S .  Charp,  "Long L i f e  Design F e a t u r e s  o f  t h e  Nimbus I1 
M e t  e o r c l c g i  c a l  C\b s eyk-at ayy 11 

4 .  H .  P .  N i c e l y  and C .  B .  Mayer, "Des ign  T o o l s  f o r  t h e  Optimi-  
z a t i o n  of  Redundancy f o r  a P l a n e t a r y  V e h i c l e "  

5 .  A .  Murphy, "Maintenance m t h e  Moon" 

6 .  C .  M .  Ryerson ,  "Survey of  R e l i a b i l i t y  P r e d i c t i o n  Techn iques"  

7 .  G .  B .  Cohen, "Survey of R e l i a b i l i t y  and M a i n t a i n a b i l i t y  De- 
mons t r a t  i o n  Techniques"  

8 .  R .  W .  S t o f f e l ,  "System A n a l y s i s  v i a  P r o b a b i l i t y  Diagrams" 

9. L .  R .  Webs te r ,  " R e l i a b i l i t y  - 1 1 0  Years of I n c r e a s i n g  Com- 
p l e x i t y  and Value" 

10. A .  J .  K u l l a s  and W .  B ishop,  "The Role o f  R e l i a b i l i t y  and 
Q u a l i t y  Assurance  i n  Managing Advanced Systems" 

11. M .  N .  O l sen  and W .  H .  Shaw, ''The Role  o f  R e l i a b i l i t y  and 
Q u a l i t y  Assurance  i n  Program Management" 

1 2 .  J .  J .  Tamsen, " R e l i a b i l i t y  E s t i m a t i o n  and Demons t r a t ion  o f  
Gas T u r b i n e  and Rocket P r o p u l s i o n  Sys tems"  

1 3 .  C .  D .  Galloway e t  a l ,  " I m p l i c a t i o n s  of  R e l i a b i l i t y  Models 

1 4 .  W .  R .  Lans and R .  M .  Ohlenkamp, " A v a i l a b i l i t y  Assessment  o f  

and  I n d i c e s  Used i n  U t i l i t y  Power G e n e r a t i o n  System P l a n n i n g "  

N u c l e a r  P l a n t s "  

1 5 .  J .  L .  S a u t e r ,  "Programming i s  Also a R e l i a b i l i t y  Problem" 

1 6 .  G .  H .  S t .  Onge, "Power System R e l i a b i l i t y  i n  P e t r o l e u m  and  
P e t  r o c h e m i  c a 1 P 1 an t s '' 

1 7 .  H .  Von S c h e r t e l ,  " S a f e t y ,  R e l i a b i l i t y  and M a i n t a i n a b i l i t y  
of  Supramar Commercial H y d r o f o i l  Boa t s "  
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1 8 .  H .  H j o r s t v a n g  and J .  Van Overeen,  " R e l i a b i l i t y  and  Main- 
t a i n a b i l i t y  P r o v i s i o n s  f o r  a Rapid T r a n s i t  I n t e r u r b a n  
Sys  t e m "  

19. E .  T .  I r e t o n ,  " E v o l u t i o n a r y  Growth of  H e l i c o p t e r  Main- 
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I d e n t i f i e d  b y  I n s t r u m e n t a l  A n a l y t i c a l  Methods" 
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23. I .  Doshay and D. B .  Shube ,  "AdvmccC! PIissile Models and 
Methods f o r  A v a i l a b i l i t y  P r e d i c t  i o n "  

2 4 .  A .  M .  Smi th  and W .  R .  Wal tz ,  " T e s t i n g  f o r  S p a c e c r a f t  
R e l i a b i l i t y  - A Management Overview" 
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