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This  volume recommends a d d i t i o n a l  s t u d y  and t e s t  e f f o r t s  p e r t i n e n t  
t o  t h e  s u b j e c t  of l o n g - l i f e  a s s u r a n c e .  These a d d i t i o n a l  t a s k s  a r e  
p r e s e n t e d  i n  t h e  o r d e r  of recommended p r i o r i t y  based upon need and 
c o s t  e f f e c t i v e n e s s .  

For r e f e r e n c e  purposes ,  t h e  s u b j e c t s  s t u d i e d  i n  t h e  b a s i c  c o n t r a c t  
a r e  L i s t e d  i n  T a b l e  1. 

Table 1 L i s t  of Completed Studies 

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

T r a n s i s t o r s  

E l e c t r i c  Motors and Bear ings  
Acce le romete rs  
Gyroscopes and Bear ings  
Compressors and Pumps 
Magnetic Tape Recorders  
Plumbing Components and Tubing 
Check Valves  
P r e s s u r e  R e g u l a t o r s  and So leno id  Valves 
Thermal C o n t r o l  Valves 
P r e s s u r e  V e s s e l s  and P o s i t i v e  Expuls ion Devices 
Ni-Cd B a t t e r i e s  

A c c e l e r a t e d  T e s t i n g  Techniques 
E l e c t r o n i c  P a r t  Screening Techniques 
Industry Survey of E l e c t r o n i c  P a r t  D e r a t i n g  P r a c t i c e  



A ,  EXPANSION OF EXISTING STUDY 

The f o l l o w i n g  s u b j e c t s  were  n o t  s t u d i e d  i n  t h e  b a s i c  c o n t r a c t  and 
a r e  p e r t i n e n t  t o  t h e  i s s u e  of l o n g - l i f e  a s s u r a n c e .  The l i s t  con- 
s t i t u t e s  t h e  c a n d i d a t e  s t u d i e s  t o  c o n s i d e r  i n  t h e  p lann ing  of ad- 
d i t i o n a l  e f f o r t .  

Smal l  r o c k e t  eng ines ;  

Ordnance equipment;  

Vid icons  ; 

T r a v e l i n g  wav:: trlhes ; 

P h o t o m u l t i p l i e r  t u b e s ;  

S o l a r  c e l l s ;  

Thermal c o n t r o l  c o a t i n g s ;  

pho tograph ic  f  i l m ;  

OpLicaL g l a s s ;  

M e L c ~ r o i d  p e n e t r a t i o n ;  

Gas g e n e r a t o r s  ; S t r e s s  c o r r o s i o n ;  

S i l v e r - z i n c  b a t t e r i e s ;  Van A l l e n  r a d i a t i o n ;  

Silver-cadmium b a t t e r i e s ;  E l e c t r o n i c  wors t -case  a n a l y s e s ;  

Complex computers;  Mechanical  wors t -case  a n a l y s e s .  

Ex tendab le  s t r u c t u r e s ;  

B .  UPDATING OF EXISTING STUDY REPORTS 

I t  is  proposed t h a t  i n  t h e  p lann ing  of a d d i t i o n a l  e f f o r t ,  t h e  
f i r s t  fol low-on c o n t r a c t  shou ld  expand t h e  scope of t h e  work as 
p r e v i o u s l y  d e s c r i b e d .  F o r  t h e  secutzci Eollow-orz c o n t r a c t ,  it i.:; 
proposed t h a t  t h e  e n t i r e  s t u d y  b e  revicwed and updated 6 0  iracJ.ude 
t h e  developments and d a t a  t h a t  have acc rued  s i n c e  mid-1972. I n  
t h i s  way, a  cornp l a t e  and up-i:o - d a t e  b i b l e  of ].one . l . i f e  t:echaaology 
would b e  a v a i l a b l e  f o r  u s e  on t h e  S h u t t l e  Program and a l l  o t h e r  
ae rospace  programs r e q u i r i n g  h i g h  r e l i a b i l i t y  and l o n g - l i f e .  

An a l t e r n a t i v e  approach,  fund ing  p e r m i t t i n g ,  would be t o  concur-  
r e n t l y  accomplish  bo th  t h e  expansion of t h e  s t u d y  and t h e  upda t ing  
e f f o r t .  



C ,  CULDDLINI!,S FOR DESlGNINC TO SEVERE DYNAMIC REQUIREMENTS 

The s e v e r e  a c o u s t i c  and v i b r a t i o n  requ i rements  f o r  t h e  c u r r e n t  
c o n f i g u r a t i o n  of t h e  Space S h u t t l e ,  coupled w i t h  t h e  requ i rement  
t o  q u a l i f y  t h e  hardware f o r  t h e  long-t ime d u r a t i o n s  of many m i s -  
s i o n s ,  i s  one of t h e  most  f o r m i d a b l e  problems of t h e  S h u t t l e  Pro- 
gram. It is  proposed t h a t  g u i d e l i n e s  be  developed f o r  t h e  u s e  
of a l l  c o n t r a c t o r s  supp ly ing  hardware t o  t h e  S h u t t l e  Program. 
These g u i d e l i n e s  would p r e s e n t  i n f o r m a t i o n  on v a r i o u s  t y p e s  of 
hardware and summarize, f o r  each t y p e ,  t h e  g u i d e l i n e s  t h a t  shou ld  
be  employed f o r  t h e  development of hardware c a p a b l e  of meet ing t h e  
s e v e r e  requ i rements  t h a t  a r e  expected t o  b e  l e v i e d  a g a i n s t  t h e  
Space S h u t t l e  hardware.  

D .  INVESTIGATION OF IN-SPACE FAILURES DUE TO LIFE LIMITATIONS 

Some of t h e  spacecraft f a i l u r e s  d u r i n g  f l i g h t  were  caused by e i t h e r  
wearout o r  c a l e n d a r  ag ing .  It would b e  d e s i r a b l e  t o  d e t e r m i n e  
what f a i l u r e s  were  due t o  t h e  l i f e  l i m i t a t i o n s  of hardware  and 
what c o r r e c t i v e  a c t i o n  i s  n e c e s s a r y  t o  p r e v e n t  r e o c c u r r e n c e  of 
t h e s e  f a i l u r e s  on new programs. To l i m i t  t h e  scope  of t h e  s t u d y  
and i n v e s t i g a t e  p o t e n t i a l l y  more p r o d u c t i v e  a r e a s ,  i t  i s  sugges ted  
t h a t  o n l y  s p a c e c r a f t  t h a t  have f u n c t i o n e d  i n  s p a c e  f o u r  o r  more 
y e a r s  b e  s t u d i e d .  

P o s s i b l e  c a n d i d a t e s  f o r  i n v e s t i g a t i o n  a r e  a s  t a b u l a t e d :  

S p a c e c r a f t  O p e r a t i o n a l  D u r a t i o n ,  Years 

T r a n s i t  4A 8+ 

T i r o s  7 5 

Syncom 3 5 

ESSA 2 4+ 

Explore r  3 l  4 

P i o n e e r  6 4 



I.) i & e n l i r y  i r l  --jp.lci. ialivros o i  all u n c l a s s i f  i e d  spacecra l r  t t h a t  
have  o p e r a t e d  f o r  l o n g e r  t h a n  f o u r  y e a r s  v i a  a  l i t e r a t u r e  and 
t e l e p h o n e  s u r v e y ;  

2)  S e l e c t  t h e  s p a c e c r a f t  t h a t  a p p e a r s  more p romis ing  f o r  d e t a i l e d  
s t u d y  ; 

3) For  e a c h  i n - s p a c e  f a i l u r e  i d e n t i f i e d ,  i t  s h o u l d  b e  a s c e r t a i n e d  
which a n o m a l i e s  a r e  r e l a t e a b l e  t o  e i t h e r  c a l e n d a r  a g i n g  o r  
w e a r o u t .  T h i s  would be  d e t e r m i n e d  by e x a m i n a t i o n  of  i n - f l i g h t  
d a t a ,  p r e l a u n c h  r e c o r d s  and m a n u f a c t u r i n g  h i s t o r i e s ;  

4 )  Only t h o s e  f a i l u r e s  caused  by a g i n g  o r  wea rou t  w i l l  b e  s t u d i e d  
i n  d e p t h -  

The r e p o r t  would sum~nariz,e  i:hc r e s u l t s  of t h e  e f f o r t  and d e l i n e a t e  
s p e c i r  i c  guirl:?l! i n e s  for., long - l i C e  a2:surance of t h e  g e n e r i c  c a t e -  
g o r i e s  s t u d i e d ,  

E .  ACCELERATED TESTING OF SEMICONDUCTORS 

The a c c e l e r a t e d  t e s t i n g  s t u d y  of  Volume I V  conc luded  t h a t  t h e  ac -  
c e l e r a t e d  test a p p r o a c h e s  deve loped  by B e l l  L a b o r a t o r i e s  h a s  po- 
t e n t i a l  a p p l i c a t i o n  p r o v i d i n g  t h e i r  p r a c t i c e  of  h i g h e r  tempera-  
t u r e  b u r n - i n  of  s e m i c o n d u c t o r s  c o u l d  b e  implemented w i t h o u t  ex- 
t e n s i v e  e x p e n d i t u r e  of  f u n d s  f o r  a d d i t i o n a l  R&D t e s t i n g .  It i s  
p roposed  t h a t  c o n s i d e r a t i o n  b e  g i v e n  t o  p l a c i n g  a  c o n t r a c t  w i t h  
B e l l  L a b o r a t o r i e s  t o  d e v e l o p  t h e  methods and means of u s i n g  t h e i r  
a c c e l e r a t e d  test t e c h n o l o g y  on  t h e  S h u t t l e  Program i n  a  manner 
d e s i g n e d  t o  min imize  b o t h  t h e  e m o t i o n a l  impact  and t h e  c o s t  i m -  
p a c t  on t h e  p o t e n t i a l  s u p p l i e r s  of  t h e  S h u t t l e  Program ha rdware .  

F .  FAN LIFE VERIFICATION 

I n  g e n e r a l ,  maximum l i f e  t es t s  of  f a n s  have  n o t  been  conduc ted .  
A s  i n d i c a t e d  i n  Chap te r  V, Volume 111, t r u n c a t e d  l i f e  t e s t s  a r e  
n o r m a l l y  employed;  t h e  d u r a t i o n  of  t h e s e  tests  a r e  f o r  o n l y  t h e  
m i s s i o n  d u r a t i o n  p l u s  a s a f e ~ y  marg in .  Fo r  l o n g - l i f e  m i s s i o n s ,  



ii will be  n e c e s s a r y  t o  d e t e r m i n e  i f  f a n  l i v e s  can meet l o n g - l i f e  
space mission r e q u i r  elfiehats itnd t o  de te rmine  what c o r r e c t i v e  mea- 
sures, i f  any,  are necdrd t o  meet l i f e  r equ i rements .  

I t  i s  proposed t h a t  s u r p l u s  f a n s  from t h e  Apol lo  and Skylab pro- 
grams b e  s u b j e c t e d  t o  l i f e  t e s t s  t o  a s c e r t a i n  t h e i r  maximum l i v e s  
and t o  v e r i f y  t l ~ e  f a i l u r e  modes and mechanisms. 

G . ACCEI,EMTED TESTING OF SOLID TANTALUM CAPACITORS 

A p r o g r e s s i v e  s t r e s s  t e s t  of  s o l i d  t an ta lum c a p a c i t o r s  i s  recsm- 
mi?nded t o  f i l ld  t h e  v o l t a g e  l i m i t s  and t o  d e t e r m i n e  t h e  a c c e l e r a t e d  

t e s t  c o r r e l a t i o n  f a c t o r s .  Nine ty  sc reened  p a r t s  would b e  
empl.oyed, F i r s t ,  t h e  v o l t a g e  l i m i t s  would be  determined by con- 
s t - a n t  s t r e s s  t c s t s .  Next, t h r e e  groups  of 30 each  would b e  r u n  
, x i  i,heec diCCei:cnt s i r c s s  l e v e l s  determined by t h e  v o l t a g e  l i m i t  
t e s t s ,  Mnxin~t~m s t r e s s  is  e s t i m a t e d  t o  be  300% of r a c e d  v o l t a g e .  
F i n a l l y  a  Weibel t e s t  ( a n a l y s i s )  would be  r u n  n e x t  on a l l  t h r e e  
groups  t c  de te rmine  t h e  c o r r e l a t i o n  f a c t o r .  

H. ACCELERATED TESTING OF TEFLON VALVE SEATS 

Cold f low o r  c r e e p  of T e f l o n  can occur  d u r i n g  long  dormant p e r i o d s  
w i t h  t h e  s e a t  under l o a d .  The c o l d  f l o w  can b e  a c c e l e r a t e d  by in-  
c r e a s i n g  t h e  t empera tu re .  I n i t i a l  a n a l y s i s  i n d i c a t e  t h a t  v a l v e  
s e a t s  under  normal l o a d s  f o r  two weeks a t  300°F shou ld  demons t ra te  
a n  a g e  e q u i v a l e n c e  of about  1 0  y e a r s ,  b u t  t h i s  c o n c l u s i o n  h a s  n o t  
been s u b s t a n t i a t e d  w i t h  t e s t  d a t a .  

The proposed t e s t  program would deve lop  a n  a c c e l e r a t e d  t e s t  method 
f o r  T e f l o n  v a l v e  s e a t s .  

I. DEVELOPMENT OF A HEALING APPROACH FOR SOLID TANTALUM CAPACITORS 

Normal burn- in  t e s t i n g  does  n o t  a d e q u a t e l y  s c r e e n  s o l i d  e l e c t r o l y t e  
c a p a c i t o r s  i n  r e g a r d  t o  c a p a b i l i t y  f o r  o p e r a t i o n  under t r a n s i e n t  
c o n d i t i o n s .  Use of an op t imized  h e a l i n g  t echn ique  h a s  p o t e n t i a l  
for a p p l i c a t i o n  a s  a s c r e e n  o r  as a  c o n d i t i o n i n g  test t o  improve 



tli:. c . , tpahi l  tt.y o i  s o l i d  cag2r7ciioa;sS LO i n c r e a s e  t h e  long-Li fe  r e -  
l i a b i i  i i y ,  and t o  innp~ovc t h e i r  useful_nes.; by r e d u c t i o n  of t h e  
s e r i e s  l l r n i t i n g  impedance requ i rements .  Tile tec l in ique s u c c e s s £  u l l y  
used on t h i n  f i l m  s o l i d  e l e c t r o l y t e  c a p a c i t o r s  t o  o p t i m i z e  h e a l i n g  
shou ld  b e  t h e o r e t i c a l l y  a p p l i c a b l e  t o  s o l i d s .  

I t  i s  recommended t h a t  r e s e a r c h  be  conducted t o  deve lop  a n  o p t i -  
mizeed h e a l i n g  approach f o r  s o l i d - e l e c t r o l y t e - d i s c r e t e - c a p a c i t o r s ,  
u s i n g  c o n t r o l l e d  s t e p  a p p l i c a t i o n  of power and v o l t a g e .  The pur- 
pose  i s  t o  f u l l y  u s e  t h e  p o t e n t i a l  c a p a b i l i t y  of e x i s t i n g  capac i -  
t o r  t y p e s  by b o t h  e l i m i n a t i n g  d e v i c e s  n o t  c a p a b l e  of s u f f i c i e n t  
h e a l i n g ,  and p r o v i d i n g  optimum h e a l i n g  of s u p e r i o r  d e v i c e s  w i t h  
fewer  d e f e c t s  i n  o r d e r  t o  advance t h e  l o n g - l i f e  a s s u r a n c e  of s o l i d  
t a n t a l u m  c a p a c i t o r s .  I t  is  recommended t h a t  t h i s  r e s e a r c h  i n c l u d e :  

1 )  D e t e r m i n a t i o n  of a n  approach t o  o b t a i n  op t imized  h e a l i n g ;  

2 )  Dcti3~1ninat ion o f  opt imized  h e a l i n g  on c h a r a c t e r i s t i c s  of 
c a p a c i t a n c e  and d i s s i p a t i o n  f a c t o r ;  

3)  D e t e r m i n a t i o n  of improvement i n  s u r g e  c u r r e n t  and v o l t a g e  capa- 
b i l i t y ,  t o g e t h e r  w i t h  f e a s i b i l i t y  of d e c r e a s i n g  c i r c u i t  r e -  
s i s t a n c e  r e q u i r e m e n t s ;  

4 )  Comparison of op t imized  and nonoptimized c a p a c i t o r  r e l i a b i l i t y  
by means of a  Weibul l  a n a l y s i s  t h a t  u s e s  a c c e l e r a t e d  l i f e  t e s t s .  

J .  ELECTROMIGKATION MODEL VERIFICATION 

The major semiconductor  wearout mechanism i s  t h a t  of e l e c t r o m i -  
g r a t i o n .  A c c u r a t e l y  modeling t h e  e l e c t r o m i g r a t i o n  phenomena w i l l  
e n a b l e  p r e c i s e  d e t e r m i n a t i o n  of t h i s  e f f e c t  on l i f e  and pe rmi t  
d e r i v a t i o n  of m e t a l l i z a t i o n  d e s i g n  g u i d e l i n e s  based on p h y s i c a l  
p r i n c i p l e s  a s  opposed t o  e m p i r i c a l  d a t a  a l o n e .  

A s t a t i s t i c a l  model was developed by J. D .  Venables and R. G .  Lye 
of M a r t i n  M a r i e t t a  Corpora t ion .  The broad scope  of agreement 
achieved and t h e  a p p a r e n t  r e s o l u t i o n  of i n c o n s i s t e n c i e s  r e p o r t e d  
i n  t h e  p r e v i o u s  e l e c t r o m i g r a t i o n  l i t e r a t u r e  by t h e  new model 
s t r o n g l y  i n d i c a t e s  t h a c  i t  may b e  u s e f u l  f o r  q u i c k l y  and a c c u r a t e -  
l y  e v a l u a t i n g  t h e  expected l i f e  t imes  of m e t a l l i z e d  s t r i p e s .  I t  
i s  recommended t h a t  a  t e s t  program be conducted t o  t e s t  and v e r i f y  
t h e  model, T e s t s  should  be performed t o  e v a l u a t e  t h e  f o l l o w i n g :  



1) The e f - t e c t s  o f  d i f f e r e r a t ,  degrees of thermal contact between 
the rnelallization and s u b s t r a t e ;  

2 )  The t e m p e r a t u r e  dependence  o f  mean t i m e  t o  f a i l u r e ,  . The T~ 
model  p r e d i c t s  t h a t  T  i s  a  complex f u n c t i o n  o f  t h e  b a s e l i n e  

F 
t e m p e r a t u r e  and e x h i b i t s  a n  a p p a r e n t  a c t u a t i o n  e n e r g y  t h a t  
v a r i e s  w i t h  c u r r e n t  d e n s i t y ;  

3 )  The b e h a v i o r  of  TF a s  a  f u n c t i o n  of t h e  b a s e l i n e  c u r r e n t  den- 

s i t y ,  j . The model  p r e d i c t s  a  r e l a t i o n  be tween T  and jo t h a t  
0 F 

is  c o n s i d e r a b l y  more complex t h a n  t h e  power law dependence  
p r e v i o u s l y  assumed by many i n v e s t i g a t o r s ;  

4 )  The r e a l t i o n s h i p  be tween T  and t h e  g r a i n  s i z e  of t h e  m e t a l -  
l i z a t i o n .  

F  




