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RELIABILITY ACHIEVEMENT I N  HIGH TECHNOLOGY SPACE SYSTEMS 

Dean L .  L i n d s t r o m ,  Hughes A i r c r a f t  Company, Space 
and Communications Group, E l  Segundo, C a l i f .  

ABSTRACT 

Long L i f e  space systems deve loped f r o m  t h e  e a r l y  
1 9 6 0 ' s  t o  t h e  p r e s e n t  day have demonst ra ted t h e  
achievement o f  l o n g  l i f e  and h i g h  r e l i a b i l i t y  i n  
a h i g h  t e c h n o l o g y  space env i ronment .  W i t h  e l e c -  
t r o n i c  p a r t s  improvements, dec reas ing  f a i l u r e  
r a t e s  a r e  l e a d i n g  t o  g r e a t e r  emphasis on t h e  
e l i m i n a t i o n  o f  d e s i g n  e r r o r s .  The achievement 
o f  r e l i a b i l i t y  i s  dependent on t h r e e  p r i m a r y  
f a c t o r s :  t e c h n i c a l  c a p a b i l i t y ,  good judgement, 
and d i s c i p l i n e .  

INTRODUCTION 

My d i s c u s s i o n  w i l l  c e n t e r  p r i m a r i l y  on t h e  achievement o f  r e l i a b i l i t y  
on l o n g  l i f e ,  h i g h  r e l i a b i l i t y  s p a c e c r a f t .  These u t i l i z e  a cornbir~a- 
t i o n  o f  p roven t e c h n o l o g y  and new techno logy .  The l i v e s  of t h e s e  
s p a c e c r a f t ,  f o r  t h e  most  p a r t ,  have been l o n g e r  than  a n t i c i p a t e d .  
When we s t a r t e d  t h e  I n t e l s a t  I V  program, f o r  example, noone had any 
e x p e r i e n c e  t o  i n d i c a t e  t h a t  a b a t t e r y  wou ld  l a s t  f o r  t h e  seven y e a r s  
r e q u i  r e d .  

Severa l  o f  t hese  s p a c e c r a f t  have i n t r o d u c e d  new techno logy  w i t h o u t  
cornproni ising l i f e  o r  r e l i a b i l i t y .  One r e c e n t  development i s  t h e  
Compact Hydrogen Maser f requency  s t a n d a r d  f o r  N a v i g a t i o n a l  S a t e l l i t e s ,  
d e l i v e r e d  t h i s  y e a r  t o  NRL. I t  i s  s t i l l  n o t  space proven,  b u t  
i n i t i a l  c l o c k  compar ison d a t a  i n d i c a t e d  per formance unsurpassed 
f o r  a  d e v i c e  o f  i t s  s i z e .  

DISCUSSION 

F i g u r e  one (1) shows t h e  Hughes f a m i l y  o f  s a t e l l i t e s .  T h i s  f a m i l y  
s t a r t e d  w i t h  t h e  l a u n c h  o f  Synconi ( l o w e r  r i g h t  c o r n e r )  i n  1963. 
T h i s  was t h e  w o r l d ' s  f i r s t  synchronous communicat ion s a t e l l i t e .  I t  
o p e r a t e d  s u c c e s s f u l l y  u n t i l  o p e r a t i o n  f i n a l l y  was d i s c o n t i n u e d  i n  
1969. The newest member o f  t h i s  f a m i l y  i n  t h e  upper l e f t  hand c o r n e r  
i s  t h e  Leasa t .  T h i s  s a t e l l i t e ,  t o  be launched i n  the 1980s i s  o u r  
f i r s t  s p a c e c r a f t  d e s i g n  o p t i m i z e d  f o r  a  s h u t t l e  l aunch .  Some o t h e r  
s p a c e c r a f t  a r e  w o r t h y  o f  n o t e .  The ATS, launched i n  1965 f o r  I ioddard  
Space F l i g h t  Center ,  i s  s t i l l  p r o v i d i n g  u s e f u l  d a t a .  The TACSFIT, 
launched f o r  t h e  a i r  f o r c e  i n  1969, was t h e  f i r s t  g y r o s t a t  o r  dua l  
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DISCUSSION - Continued 

s p i n - s t a b i l i z e d  spacecra f t .  On t h e  l e f t  hand s i d e  i n  I n t e l s a t  I V ,  
which was t h e  f i r s t  l a r g e  I n t e r n a t i o n a l  Communication S a t e l l i t e .  
I t  i s  capable o f  hand l i ng  9,000 simultaneous two-way te lephone 
conversat ions.  The OSO, o r b i t i n g  s o l a r  observa to ry ,  w i t h  t he  des ign 
l i f e  of 3 years,was t u rned  of f  a f t e r  4 years  o f  success fu l  ope ra t i on .  

Two spacec ra f t  shown i n  t h i s  f i g u r e  a r e  shown more c l o s e l y  i n  F igu re  
2. P ioneer  Venus O r b i t e r  and M u l t i p r o b e  spacec ra f t  represented some 
ve ry  d i f f i c u l t  t echno log i ca l  chal lenges.  33 d i f f e r e n t  s c i e n t i f i c  
ins t ruments  f o r  t a k i n g  atmospheric measurements i n  Venus were 
i n t e g r a t e d  i n t o  these two spacecra f t .  For  t h e  probes t h a t  went t o  
t h e  su r f ace  o f  Venus, t h i s  meant w i t hs tand ing  t h e  h i gh  temperature 
and a c i d  o f  t h e  Venus atmosphere p l u s  t h e  ext remely  h i g h  p ressure  
encountered a t  t h e  Venus sur face .  

The n e x t  two f i g u r e s  (F igures  3 and 4)  show t h e  ope ra t i ona l  per -  
formance o f  t h i s  f a m i l y  o f  s a t e l l i t e s .  Together they  have accumu- 
l a t e d  over  200 spacec ra f t  years  o f  success fu l  ope ra t i on .  More than  
15 b i l l i o n  e l e c t r o n i c  p a r t s  hours have been accumulated w i t h  l e s s  
than 30 f a i l u r e s  a t t r i b u t a b l e  t o  e l e c t r o n i c  p a r t s .  None o f  these 
p a r t  f a i l u r e s  has had a  s i g n i f i c a n t  impact  on spacec ra f t  ope ra t i on .  

These spacec ra f t  have demonstrated severa l  s i g n i f i c a n t  t h i n g s  
r e l a t i v e  t o  r e1  i a b i  l i t y .  F i r s t ,  they  have demonstrated t h a t  l ong  
l i f e  i n  t h e  v i c i n i t y  o f  7 t o  10 years  i s  ach ievab le  w i t h  complex 
space systems. ATS has demonstrated t h a t ,  under t h e  r i g h t  
cond i t i ons ,  a  l i f e  o f  15 years  o r  more i s  poss ib l e .  Second, they  
have demonstrated t h a t  t h e  r e l i a b i l i t y  o f  e l e c t r o n i c  p a r t s  can be 
ext remely  h i g h  and a  n e g l i g i b l e  f a c t o r  i n  o v e r a l l  system r e l i a b i l i t y .  
They have demonstrated another  f a c t  t h a t  i s  n o t  apparent f rom these 
cha r t s .  When you t ake  any element o r  i t e m  f o r  granted,  i t  w i l l  be 
t h e  element t h a t  comes up and b i t e s  you. The o n l y  s i g n i f i c a n t  
problems we have had on o r b i t i n g  s a t e l l i t e s  i s  w i t h  t r a v e l l i n g  
wave tubes. Due t o  o v e r s i g h t s  i n  t h e  m o d i f i c a t i o n  o f  e x i s t i n g  
designs, we had e a r l y  l i f e  f a i l u r e s  o f  t r a v e l l i n g  wave tubes on 
severa l  spacecra f t .  Because o f  redundancy w i t h i n  t h e  s a t e l l i t e s ,  
t h e  e f f e c t  o f  t he  s h o r t e r  tube  l i f e  was minimized. The problems 
have been c o r r e c t e d  and we expect  t o  g e t  l onge r  l i f e  on our  tubes 
i n  t h e  f u t u r e .  The second i l l u s t r a t i o n  i s  a non Hughes s a t e l l i t e ,  
b u t  i t  was one t h a t  caused a ma jo r  i n v e s t i g a t i o n .  The SEASAT had 
an e a r l y  f a i l u r e  o f  s l i p  r i n g  power t r a n s f e r  assembly. I n  t h i s  
case an e x i s t i n g  proven des ign was used f o r  a d i f f e r e n t  a p p l i c a t i o n .  
The d i f f e r e n c e  i n  t h e  a p p l i c a t i o n  was n o t  recognized i n i t i a l l y  and 
e v e n t u a l l y  l e d  t o  t h e  f a i l u r e  o f  t h e  s a t e l l i t e .  



DISCUSSION - Continued 

What a r e  the keys t o  achieving high r e l i a b i l i t y  in a high technology 
environment? 

a Understand the Design 

a Design with conservati sm 

a Control Par t s ,  Materials and Processes 

e Test and Analyze 

Understand the Design 

Generally, there  i s  a hesitancy on the par t  of the  design engineer t o  
document his  design and document what he understands about the design. 
I have two concerns about t h i s .  One i s ,  s ince the f u l l  understanding 
of the design i s  in his  head, what happens if someone e l s e  attempts 
t o  supply t h a t  design? And second, does he r ea l l y  understand the  
design or does he j u s t  think he does? The process of s e t t i ng  down 
on paper how the design works and in te rac t s  with other hardware 
systems generally leads t o  be t t e r  understanding by the designer 
himself. I can r e f e r  t o  a recent example, where a very conipetent 
design engineer was requested t o  perform a hazard analys is .  After 
the explanation by the safe ty  engineer, the design engineer spent a 
day and  a half f u l l y  documenting how his design works. He l a t e r  
acknowledged t h a t  now n o t  only were other people able to  understand 
how t h i s  designworked b u t  he now understands i t  b e t t e r  himself. 

Failure modes and e f fec t s  analysis  i s  an important tool in both 
documenting the design and identifying what can happen to  cause the 
system t o  f a i l .  Unfortunately f a i l u r e  modes analyses a re  often con- 
ducted a f t e r  the design process i s  complete. This r e su l t s  in 
mechanically accomplishing t h e  task t o  s a t i s f y  sowe contractual 
requirement. With the great  reduction in par t  f a i l u r e s ,  design e r ro r  
o r  oversight becomes one of the principal  causes of f a i l u r e s  occurring 
during ground t e s t  and system operations.  Therefore, i t  i s  important 
t o  iden t i fy  and el iminate a l l  f a i l u r e  modes as ear ly  a s  possible in 
the design process. Failure modes and e f fec t s  analysis  can be divided 
in to  the four areas l i s t e d  below. 

Functional - The functional FMEA should be i n i t i a t e d  ea r ly .  I t  shows 
the in teract ion of a l l  functions of the  itern and t h e  ro le  of the 
individual hardware elements in the overall item operation.  

Design - The design FMEA considers a l l  hardware elements, t h e i r  inputs 
and outputs,  down to  the level necessary t o  determine the i tem's  
f a i l u r e  mode and  the potential  of f a i l u r e .  
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Understand the  Design - Continued 

In te r faces  - Commonly overlooked i n  an FMEA i s  t he  assessment o f  a l l  
t he  i n t e r f a c e s  and in te rconnect ions .  I know o f  one case where the  
convent ional f a i l u r e  modes and e f f e c t  ana lys is  was performed on 
some complex hardware. By standard considerat ions,  i t  was a good 
FMEA. However, a f t e r  some problems du r ing  system operat ions a 
r e l i a b i l i t y  engineer was assigned t o  reassess the f a i l u r e  modes 
i n  t h a t  hardware. He found over 100 s i n g l e  p o i n t  f a i l u r e s  i n  t h a t  
system design. I n  order  t o  accomplish t h i s  ana lys is  he had t o  
recons t ruc t  t he  in terconnects and t h e  i n t e r f a c e s  o f  a l l  t h e  elements 
i n  t h a t  system. 

Product Design - This i s  a new concept now being in t roduced i n  some 
programs. It i s  one which I f e e l  w i l l  be one of the  most cons t ruc t ive .  
Great a t t e n t i o n  i s  o f t e n  pa id  t o  c i r c u i t  design and system design, b u t  
product design, which can g r e a t l y  a f f e c t  the  manu fac tu rab i l i t y  and, 
u l t i m a t e l y ,  the  r e l i a b i l i t y  o f  hardware i s  o f t e n  overlooked. How 
many of you have had a product design review? 

Another element i n  understanding the  design i s  t e s t i n g  - t e s t  t o  
determine design l i m i t a t i o n s ,  sa fe ty  fac to rs ,  and f a i l u r e  modes 
t h a t  may have been overlooked i n  the  f a i l u r e  modes and e f f e c t  
ana lys is .  Development t e s t s  and q u a l i f i c a t i o n  t e s t s  genera l l y  a re  
aimed a t  p rov ing  the  design c a p a b i l i t y  o f  t he  hardware. While t h i s  
i s  valuable, I main ta in  t h a t  t e s t i n g  t h a t  uncovers no f a i l u r e s  i s  
wasted t e s t i n g .  Sometime du r ing  the  development process, t e s t s  
should be conducted on the  hardware t o  acce lera te  the  f a i l u r e s .  
Fa i l u res  can be accelerated through the  a p p l i c a t i o n  o f  environmental 
o r  performance stresses. You cannot f u l l y  understand your  design 
u n t i l  you know how i t  operates under extremes o f  temperature, thermal 
cyc l i ng ,  v i b r a t i o n ,  o r  performance. I f  a system i s  designed t o  
operate f o r  several years, i t  i s  n o t  poss ib le  t o  f u l l y  evaluate t h a t  
system w i t h i n  normal t ime cons t ra in t s  w i thou t  accelerated t e s t i n g .  
This  t e s t i n g  must a l so  consider  the  i n te r faces .  U n t i l  a l l  t he  
i n t e r f a c e s  have been tes ted  w i t h  the  a d j o i n i n g  equipment, a f u l l  
understanding o f  t h a t  u n i t  i s  n o t  poss ib le .  

One o ther  area t h a t  I t h i n k  i s  very important  i n  understanding the  
design and he lp ing  t o  s tay  ou t  o f  t r o u b l e  i s  t o  modular ize the  
func t ions  and the  hardware. By t h i s  I mean d i v i d e  the  func t ions  
and hardware i n t o  workable independent o r  semi-independent elements. 
Design decis ions are d i f f i c u l t  under the  most s t ra igh t fo rward  of 
circumstances. I f  t h e  hardware func t i ons  a r e  so i n t e r r e l a t e d  t h a t  
each dec is ion  a f f e c t s  a l l  elements then you can count nn over look ing  
some element t h a t  l a t e r  causes problems. 
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Des i  gn wi t h  Conservati sm 

One of the keys t o  the success of our space systems has been the 
conservative design. From ear ly  systems, parts derating has 
been an important f ac to r  in achieving high r e l i a b i l i t y .  The 
thermal environment i s  extremely important. We generally t r y  to  
dera te  our par ts  t o  about 20% s t r e s s  a t  250 centigrade.  If  t h e  
temperature goes u p  the s t r e s s  goes down. A t  the most, parts  
should not be operated over 50% of  t h e i r  rated values to  achieve 
high r e l i a b i l i t y .  

What have you learned from your past experience? Ut i l i ze  the past 
experience and  past problems t o  develop design guidelines.  We have 
developed design guidelines aimed a t  preventing problems t ha t  pre- 
viously have occurred o r  s imi lar  problems t ha t  might occur. Design 
check l i s t s  provide a good tool f o r  implementation of design guide- 
l ines  and fo r  design review. 

Design with Safety Factors. This i s  a  s ign i f i can t  fac to r  in achieve- 
ment of overall r e l i a b i l i t y .  And f i n a l l y ,  there i s  redundancy. I 
consider redundancy as a crutch t o  protect  from w h a t  you do  not know. 
I t  a lso  protects  from er ro rs  t ha t  tilay be introduced during the 
manufacturing process. 

Pa r t s ,  Materials and Processes Control 

We es tab l i sh  a Par ts ,  Materials and  Processes Control Board (PMPCB)  
a t  the beginning of each program. The objective i s  n o t  to  prevent 
the  introduction t o  the new parts  and mater ia ls ;  ra ther  i t  i s  t o  
manage the introduction of  new parts  a n d  mate r ia l s ,  and t o  assure 
t ha t  proven par ts  and materials  are  used wherever possible.  

Control of e lec t ron ic  parts  through the manufacturing process, t e s t ,  
appl ica t ion,  and ins ta l  l a t ion  in hardware i s  extreirlely important. 
As I said before, we have very f e w  parts  problems in Space. The 
driving force fo r  the controls we place on e lec t ronic  par ts  has been 
the  f a i l u r e s  on the ground. While high r e l i a b i l i t y  parts  may cost  
more i n i t i a l l y ,  the savings in parts  repla~ernent ,  equipment repa i r ,  
and t e s t  time usually more than compensate fo r  the higher cost  for 
the  par t s .  Control on the materiajs  i s  jus t  as  i l ~~po r t an t .  They 
should be properly spec i f i ed ,  control led ,  arid analyzed so t ha t  a1 1 
the materials  charac te r i s t i c s  a re  understood. 

Probably the best terrrl t o  describe the control of rmanufacturir~q process 
i s  "tender loving care" .  Introduction of new procuss speci f ica t ions  
a lso  i s  approved by the P M P C E .  The associated qua1 i t y  controls  
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a r e  t i g h t e r  f o r  h i g h  r e l i a b i l i t y  products .  Documentation i s  ex t reme ly  
impor tan t ,  so t h a t  when a problem does occur ,  you can t r a c e  i t s  source 
and c o r r e c t  t h e  cause. 

Tes t  and Ana l ys i s  

I p r e v i o u s l y  discussed t h e  importance o f  t he  p roper  development and 
q u a l i f i c a t i o n  t e s t i n g .  A technique t h a t  has been found t o  be ve ry  
e f f e c t i v e  i n  produc ing a h i g h  r e l i a b i l i t y  p roduc t ,  and a t  t h e  same 
t ime  reduc ing  manufactur ing cos t ,  i s  environmental  s t r e s s  screening.  
Th i s  u s u a l l y  c o n s i s t s  of thermal c y c l i n g ,  v i b r a t i o n ,  vacuum t e s t i n g ,  
shock, o r  some combinat ion thereo f ,  a p p l i e d  a t  va r ious  hardware 
l e v e l s .  It may be a p p l i e d  as low as t h e  card  o r  module, o r  as h i gh  JS 
t h e  system. I t  i s  most f r e q u e n t l y  a p p l i e d  a t  t he  b l ack  box l e v e l .  
The o b j e c t i v e  o f  t h i s  t e s t i n g  i s  t o  s t r e s s  t h e  hardware s u f f i c i e n t l y  
t o  uncover workmanship o r  p a r t s  de fec t s .  A t  t h e  same t ime,  i t  i s  a l s o  
a  good t o o l  f o r  f i n d i n g  des ign weaknesses. I n  one case, we a p p l i e d  
thermal c y c l i n g  t o  a  spacec ra f t  a f t e r  i t  had completed a l l  t h e  
acceptance t e s t s  and was ready f o r  launch. I n  t h e  process, a  number 
o f  f a i l u r e s  were uncovered, a t  l e a s t  s i x  o f  which would have caused 
s i g n i f i c a n t  spacec ra f t  degrada t ion  du r i ng  ope ra t i on .  

Genera l l y  t e s t s  should be conducted under c o n d i t i o n s  more severe than 
o p e r a t i  ona1 c o n d i t i o n s  . Concern i s  o f t e n  expressed t h a t  t h i s  may 
cause wearout o r  e ~ r l y  f a i l u r e s  o f  you r  systems. Performed w i t h  
d i s c r e t i o n ,  I know o f  no f a i l u r e s  i n  Space on Hughes systems t h a t  
have been caused by ove r - t es t i ng .  I do know o f  f a i l u r e s  t h a t  have 
occur red  because o f  o v e r s i g h t .  One impo r tan t  aspect o f  t e s t i n g  i s  
t o  t e s t  a l l  modes of ope ra t i ons .  Th i s  i s  n o t  always p o s s i b l e  d u r i n g  
system t e s t i n g ,  t h e r e f o r e  some of t h a t  t e s t i n g  must t ake  p l ace  a t  
lower  l e v e l s .  

I t h i n k  one o f  t h e  keys t o  achievement o f  High R e l i a b i l i t y  Spacecraft  
has been t he  f a c t  t h a t  every  f a i l u r e  i s  t r e a t e d  as a  c r i t i c a l  f a i l u r e .  
A l l  f a i l u r e s  should be repor ted ,  should be f u l l y  analyzed, and cor -  
r e c t i v e  a c t i o n  should be i d e n t i f i e d  and i n s t i t u t e d  wherever poss ib l e .  
I t  sometimes takes t ime  and cos ts  money, b u t  i t  w i l l  s u r e l y  r e s u l t  
i n  a more r e l i a b l e  system. Do n o t  over look  t he  a n a l y s i s  o f  a l l  t e s t  
data.  Numerous cases have occur red  where f a i l u r e s  occur  i n  ope ra t i on  
and subsequent a n a l y s i s  of t e s t  da ta  showed t h a t  t he  symptoms o f  t h e  
f a i l u r e  had occur red  b u t  had been over looked. 



CONCLUSIONS 

There a r e  no simple answers f o r  achieving high r e l i a b i l i t y  in a high 
technology environment. Specific techniques t h a t  are applicable t o  
one contractor ,  one system or one hardware element a re  not necessari ly 
the same techniques t ha t  a re  applicable t o  another. 

Failure-free hardware can be produced. The elements required t o  
achieve fa i lu re - f ree  hardware are:  

Technical exper t ise  t o  design, analyze, a n d  f u l l y  
understand the  design. 

Use of high r e l i a b i l i t y  par ts  and materials  
control o f ,  and tender loving care i n ,  the 
manufacturing processes. 

Testing t o  understand the system and weed 
out defects .  

Proper applicat ion of the above requires sound judgement in decision 
making and the d i s c ip l i ne  necessary t o  follow proven pract ices .  
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F I G U R E  2 .  

ORBITER 

522 KG (1218 LB) AT LAUNCH 

S BAND 

193W 

LAUNCHED: 20 MAY 1978 

MULTIPROBE 

920 KG (2024 LB) 

170 W 

LAUNCHED: 8 AUG 1978 

ENCOUNTER: 9 DEC 1978 
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ASOF NOVEMBER1980 HUGHES HADOVER 200ORBlTYEARS EXPERIENCE 




