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I I t  c e r t a i n l y  i s  zy p l e a s u r e  t o  be here a t  Goddard a g a i n .  I t  has 
been a number of years s i n c e  I have been here .  I was a t  NAS4 f o r  a 

I number o f  y e a r s  i n  t h e  p a s t ,  but I r eca l l  a remark o f  my very own t h a t  
came t o  me a s  I was l i s t e n i n g  to the i n t r o d u c t i o n .  

When Apollo was o v e r ,  I s a i d  t o  the  Administrator o f  NASA, t h a t  I 
want $10 and a new s u i t .  I d o n ' t  know whether you unders tand t h a t  e x -  

1 p r e s s i o n  or n o t ,  b u t  when you g e t  o u t  o f  j a i l  :he f i r : t  t h i n g  t h e y  g i ~ ?  
you i s  $10 and a new s u i t .  

A p o l l o  was u v 2 r .  I s a i d ,  Z a K  t h r o u g h  w i t h  r e l i a h < l i t y ,  ';:e ha:;? 
done a j o b ,  I dcti't w a n t  anythin?! rmre t o  60 ~ ' t h  i t .  I C6KP ~ T C F I I  ti 
syste;-,s e n g i n e e r i n g  Sroup a n d  I s a j d ,  1 want  t o  s e t  back i n t o  t h a t  

I business and r;et o ~ i t  o? t h ' i s  game c a l l x i  rei-iabi7,i.t.y. 

Well, t h e  $ I $  ar!ci a !-lev/ :;ui': d. id: l1-t  l a s t  loi?g bxcal!se I ~ $ 2 5  T?TO\*A: 
, . 

I f n t o  t h e  i\iavj/ t o  see if v;.i~ ; 3 ~ 1 1 i d  :naiiage ti; t;:i..i-~ aroii;?d a trer117 ?;: ' t t ?~  
FIavy w i l i c h  was  !/cry d ~ t ~ i l r : c n t ~ 1  :, tk:? j ack  c.f GPSY?  t i r ! g  !  if^ j'., I ? ~ ; / s  : 

I eqir-ipment, 

- . . 
idnw, i k s e  t h e  terr;; r 3 p e r . a t i i ; ~  l i f e .  !i;<.t i s  .?h31: 1 Ij iTev/ 2 9  7 : : 7 ~ i -  

arid t h e  Navy c a l l s  j t  y e l j 3 i ; i ; i t y .  \,,h?kever ~ ! ~ i ~ ! ~  (a! ' !  , . ' . r ,  ,, a t. , 5 

a i l  t h e  same th i i12 .  

Today yoci a y e  klej-p :;g :!ea!7i:, -\ j s-Lec , ? ; ~ d  -t;i: 3 il;t c . i i  -the < s ~ j ? c ~  
of precjsion t j ~ e .  I t h i n k  6 1 s ~  shou'jri i ;dt  !.;I? ,! i2~"1i pre~:,j!;-F(~~ ' r t  

your v i n d  very carefu l  l y  because t i : a t  i s  rsai  i y what 17e7 - i a b i - l  i,-,:; a:.ld 

what t h e  quai-ity assurdrice worid i s  a i l  abor:-i, T:; 5 5 ,  rea'i ly ti-:? prei:'- 
s i g n  o f  how you do  samethi~g. 

Wh&t w,:e iear'ned i n  Apai  l o  r:65 t i i~ t  r106h!t?tj j:? .ce!'~s 3';: cper.;?-:irr(; 
 if^ happens by a c c i d e n t  arid ti;;it you car; I l r , \ i~ :  i - e - . i ~ h ' l ~ !  y r t e n i ~  : ~ i t h : ? ~ i t  
reciu!-idancy. As a matter c ?  f a c t  V!C h3d iwny s y s t e n ~ s  t h a t  \!ere : t ~ r . y  
i x p o r t a n t  a n d  that were b a t  r e d u n d a ~ : t ,  a1 t h c ~ i g h  ije r i i d  have ,qc':te 3 b l ^ t  
~f red~~ndancy.  



When you d o n ' t  have redundancy, such as the  m i l i t a r y  has a great  
l a c k  o f ,  then you must depend on how you design your systems and you 
must depend on how you manufacture your systems. So today what I would 
l i k e  t o  ho ld  i n  f r o n t  o f  you i s  t he  term "prec is ion,"  because t h a t  i s  
what i t  i s  a l l  about. We are  going t o  t a l k  a l i t t l e  b i t  about the  ex- 
perience, what has happened i n  the  Navy i n  the  past  years, where we 
have been and where we t h i n k  the  program i s  r e a l l y  paying o f f .  

I t h i n k  the re  i s  q u i t e  a b i t  o f  excitement i n  terms of our own con- 
t r a c t o r s  and ourselves as t o  what we see being in t roduced t o  the  f l e e t ,  
which has a pr imary j o b  t o  do. 

I f  you not ice ,  i n  the  Figure 1 we d i d n ' t  pu t  i n  r e l i a b i l i t y  and qua- 
1 i t y  assurance and t h a t  i s  f o r  a very good reason. For a number o f  years, 
I t h i n k  most people have become mesmerized w i t h  the  word "re1 i a b i l  i t y "  and 
" q u a l i t y "  and the re  i s  a l i t t l e  s t o r y  about t he  runner who went ou t  t o  see 
how the  war went and the  runner came back and said, " the  war doesn ' t  go 
too  we l l ,  Emperor." And the  Emperor says, "shoot the  runner."  

That i s  r e a l l y  what I found happening, when I came t o  the  Navy. We 
had r e l i a b i l i t y  people standing up, answering quest ions t h a t  should have 
been p rope r l y  addressed t o  the  designer and we had people standing up i n  
q u a l i t y  assurance c i r c l e s  t r y i n g  t o  answer quest ions which r e a l l y  belonged 
t o  the  manufactur ing community. So we have decided t o  focus where i t  i s  
important  and p u t  our hands around the  t h r o a t  o f  the  guy who i s  r e a l l y  
doing i t  t o  us; t he  designer and the manufacturer. 

The r e l i a b i l i t y  and q u a l i t y  o rgan iza t ions  have a purpose and a po in t ;  
and we a re  n o t  i n  any way circumventing t h e i r  r o l e ,  bu t  what we are  t r y i n g  
t o  do i s  make sure t h a t  we focus on where the  c u l p r i t  i s  and t h a t  i s  the  
designer and the  manufacturer. You w i l l  see very l i t t l e  d iscussion about 
re1 i a b i l i t y  and q u a l i t y  i t s e l f ,  bu t  you w i l l  see i t  more centered around 
the  design arena and around the  manufactur ing arena, which i s  where i t  a l l  
takes place. 

I t h i n k  t h e  t h i n g  t h a t  i s  important  i s  the  word "mandate", i n  
F igure 2. On Apol lo  we had a mandate and t h a t  was t o  land th ree  men on 
the  moon and b r i n g  them back s a f e l y  w i t h i n  the  decade. 

That mandate means a l o t ,  The Navy decided back i n  the  mid- '70 's  
t h a t  t he  f l e e t  was n o t  doing we l l  and t h a t  p a r t s  and people were no t  the  
answer t o  bad equipment. And they  r e a l l y  put a mandate ou t  and t h i s  i s  
how I got involved.  

They said, we want t o  change the  way the  Navy operates i n  terms of 
t he  equipment opera t ing  l i f e  and these are the  th ree  commands t h a t  are  
involved:  the  A i r  Command, the  Elex Command and the  Sea Command. 



I n  F i gu re  3 i s  shown how t h e  mandate c a r r i e d  i t s e l f  ou t .  On t h e  
s l i d e  you can see t h e  o f f i c e  I now ho ld  ( 0 6 ) .  I t  i s  a r espons ib l e  
r o l e  a long w i t h  t h e  l o g i s t i c s  community and t h e  a c q u i s i t i o n  community. 
The t h r e e  ope ra t i ons  r e p o r t  d i r e c t l y  t o  t h e  Ch ie f  o f  Naval P a t e r i a l .  
So t h a t  means we have recognized t h e  mandate and t h e  o r g a n i z a t i o n a l  
s t r u c t u r e  which i s ,  o f  course, ve r y  impor tan t .  

A l i t t l e  b i t  i n  terms o f  m o t i v a t i o n .  I saw F igu re  4 i n  t h e  Pa ten t  
O f f i c e  on documents t h a t  I was read ing  n o t  t o o  l o n g  ago. I t  i s  a plow 
i n  combinat ion w i t h  a  gun. I am sure t h a t  t h e  des igner  of t h i s  machine, 
back i n  t h e  t ime  p e r i o d  when t h a t  plow was made, was do ing  i t  f o r  p ro -  
t e c t i o n ,  bu t  I c o u l d n ' t  he l p  bu t  t h i n k  what a g r e a t  m o t i v a t i o n  t h a t  would 
be if you were t h e  mule who was p u l l i n g  t h e  plow. 

Of  course what we want t o  t a l k  about i s  t h e  management o f  a d i s c i -  
p l i n e d  approach. The whole sec re t  t o  t h i s  busines o f  p r e c i s i o n  i s  a  
m a t t e r  of d i s c i p l i n e  (see F igu re  5 ) ,  how you go about i t  and how your  
unders tanding takes  p l ace  d u r i n g  t he  course o f  t h a t  d i  s c i p l  i n e .  

Now no rma l l y  speaking t h i s  i s  what you would f i n d  y o u r s e l f  d e a l i n g  
w i t h  i n  ternis o f  r e l i a b i l i t y  and what I saw t h e  Navy d e a l i n g  w i t h  back 
i n  t h e  m i d - ' 7 0 ' s  i s  t h e i r  v e r s i o n  o f  r e l i a b i l i t y .  I t  has been cha r t ed  
f o r  s imp le  unders tanding,  bu t  i t  i s  what I r e f e r  t o  as t h e  game o f  random 
n ines .  

F i gu re  6 i s  a  c h a r t  t h a t  p o r t r a y s  how t h e  a c q u i s i t i o n  c o s t  ( A )  
i nc reases  as t h e  r e l i a b i l i t y  i s  increased.  The suppor t  c o s t  ( S )  de- 
creases a s  t h e  r e l i a b i l i t y  i s  increased.  

Th i s  c h a r t  was supposed t o  t e l l  you t h a t  f o r  some D e l t a  inc rease  i n  
r e l i a b i l i t y  here, t h a t  t h e r e  i s  a p o i n t  on t h e  a c q u i s i t i o n  c o s t  cu rve  
where i t  would be $00 expensive t o  con t i nue  t o  develop t h e  equipment i n  
terms o f  p l a c i n g  i t  i n t o  a  h i ghe r  r e l i a b i l i t y  category .  

And, o f  course, t h i s  c h a r t  i s  a b s o l u t e l y  t r u e  if you a r e  i n t e n d i n g  
t o  manage your  r e l i a b i l i t y  by a  t e s t  program. I f  you a r e  i n t e n d i n g  t o  
t e s t  your  r e l i a b i l i t y  i n t o  your  program then, o f  course, t h i s  i s  t h e  k i n d  
o f  a  cu rve  you would see i n  terms o f  t h e  a c q u i s i t i o n  cos t s ,  because you 
would be spending so much money f o r  t ime,  equipment, t e s t  chambers and i t  
would be v e r y  l a t e  i n  t h e  program, i t  would be a ve ry  c o s t l y  k i n d  o f  an 
opera t ion .  

And I have seen these t ype  o f  curves r u n  be fo re  on equipment and 
t h e y  a r e  r e f e r r e d  t o  as c o s t  d r i v e r s .  And i n  any program where you r u n  
i n t o  r e l i a b i l i t y  a s  a c o s t  d r i v e r ,  what you w i l l  f i n d  most t imes  i s  t h a t  
you a r e  d e a l i n g  w i t h  a  program where t h e  t e s t  ph i losophy  i s  r e i g n i n g  
supreme, r a t h e r  than t h e  des ign  ph i losophy.  



So t h i s  i s  the game t ha t  I got involved with when I f i r s t  came t o  
NASA back in the  mid-'60's.  And there  was a group cal led  PSAC t ha t  was 
looking over Apollo and they wanted us t o  do a predic t ive  kind of anal-  
y s i s  and t o  do a r e l i a b i l i t y  program in what I c a l l  the game of random 
nines. In other words, they were trying t o  get  us involved in the rnathe- 
matical aspects  of r e l i a b i l i t y  ra ther  than design and manufacturing. 

Very for tunate ly  fo r  NASA they d i d n ' t  l i s t e n  t o  PSAC and went cln and 
did what was r i gh t .  

In Figure 7 i s  shown what we replaced the game of random nines with. 
There i s  nothing t ha t  we c a n ' t  do i n  terms of acquis i t ion fundamentals 
t ha t  defines the program r e l i a b i l i t y  t ha t  a r e n ' t  under these categories.  

Actually when we were with the Apollo program there were qui te  a 
few more analyt ica l  a c t i v i t i e s  than t h i s  t ha t  we could perform in order 
t o  understand r e l i a b i l i t y  o f  our  equipment while i t  was in the d e s i ~ n  
process. B u t  f o r  the mil i t a r y  a p p l i c a t i o n  we picked these categorips a n d  
said they a r e  the ones we want  t o  use, they a re  the ones t ha t  we a re  
go fng  t o  focus on and i f  we understand these,  we a r e  sure t ha t  we c a n  
design and build r e l f ah l c  devices. 

There i s  one secret  -Lo r e l i a b i l i t y  t h a t  you have t o  understand and  
i t  comes out very c l ea r l y  i n  t h i s  c h a ~ t  and t ha t  i s ,  r e l i a b i l i t y  i s  a 
function of s t r e s s .  I f  yori understand the s t ress  on your  iiardware, you 
understand i t s  re i i ab4 i i t j f .  I f  you are overstresseci, you a r e  pot very 
i T ~ ? i a b l ~ .  I f  your eql.iipnent l:s overstressed i t  i s  not r e l i zb l e .  These 
arc  simp!^ a n a l y t i c a l  t oo l  s, b u t  very  powerful anal y - t ica l  tool s t h a t ,  i f  
used properly Carl g i v e  yrju as  rnuch r:onfidence as  a very complex 1.es.t. 
progrilm. 

They have the zdvantaye o f  k S n g  done u p  f ron t  while the design i s  
! ; t i l l  on t h e  paper, they have the  a d v a i i t a g ~  o f  not i!sing a l o t  of c a p i t a l  
rescurce 2nd invento7-y and  ye t  giving you the confidence t h a t  yol; need 
t;: ~lnder*s.ta!?d whether your e q u i p ~ e n t  .is g o i n g  t a  hack i t  o r  n o t  i n  ternis 
of the  s t r e s s  t ha t  i s  b e i n g  p u t  on i t .  

For instance,  the m i s s i o n  prof i l c  defini1;ion i s  very r ' roportant. 'tcu 
have t o  unders t and  where .it i s  p i n g  t o  be used, haw i t  i s  goSny t o  be 
used and w h ~ t  env'ronment it i s  going t o  he used i n .  O f  course, t h a t  i s  
one where we have f a i l e n  c9>m cn cur swords many t-irnes because WE have 
Just inadequate1 y def i~7et-i t k ~ e  environment,  sometimes out of  i gno rznce  and 
sometimes because we viere j u s t  care less .  

I f  i t  i s  something we don ' t  know and i t  i s  perfect ly  understandable, 
we will  learn what the n~issior! r e a l l y  turns  out t o  be l a t e r .  



B u t  a l l  o f  t h e s e  t o o l s  a r e  des igned t o  produce a n a l y s i s  and i n  t h e  
Navy most o f  o u r  c o n t r a c t o r s  have generated t h e  necessary  a l g o r i t h m s  i n  
t h e  Cad and Cam work i n  te rms o f  g e t t i n g  t h e  a n a l y s i s  i n t o  t h e  au tomat ion  
system such t h a t  t h e  eng ineer  d o e s n ' t  have t o  do i t  i n  t h e  l o n g ,  t i m e -  
consuming way. 

T h i s  i s  a v e r y  i m p o r t a n t  a n a l y s i s  t h a t  A p o l l o  spent  a  l o t  of  t i m e  
on and a s  f a r  as  an a n a l y s i s  goes i n  terms o f  unders tand ing  s t r e s s ,  t h a t  
i s  p r o b a b l y  t h e  most  i m p o r t a n t  one; t h e  most p o w e r f u l  one t h e r e  i s ,  up 
and down t h e  board. 

The o n l y  prob lem was t h a t  i t  w a s n ' t  known o u t s i d e  o f  A p o l l o  c i r c l e s .  
Today i t  i s  g e t t i n g  t h e  emphasis I t h i n k  t h a t  i t  needs i n  i n d u s t r y .  I 
t h i n k  t h e  j u r y  i s  s t i l l  o u t  though as t o  how i m p o r t a n t  i t  i s  t o  m i l i t a r y  
systems t h a t  have n o t  a  h i g h  r e l i a b i l i t y  requ i rement .  I t  may come as a  
shock t o  you b u t  i n  most cases m i l i t a r y  equipment d o e s n ' t  demand h i g h  
r e l i a b i l i t y .  I t  demands what we c a l l  a  median k i n d  o f  a r e l i a b i l i t y  
somewhere i n  t h e  80 t o  90 p e r c e n t  ca tegory ,  n o t  l i k e  t h e  A p o l l o  r e l i -  
a b i l i t y  where f a i l u r e s  were j u s t  o r d a i n e d  n o t  t o  be, wh ich demanded 
v e r y  p r e c i s e  d e s i g n  and v e r y  p r e c i s e  unders tand ing  of t h e  des ign .  

The q u e s t i o n  o f  sneak c i r c u i t  a n a l y s i s  came i n  as whether o r  n o t  i t  
would be a  t y p e  o f  a n a l y s i s  t h a t  would be v a l u a b l e  t o  t h e  m i l i t a r y .  I t  
t u r n s  o u t  t h a t  i t  i s ,  I t h i n k ,  b u t  t h e  j u r y  i s  s t i l l  o u t  v o t i n g  and t h e  
j u r y  i s  r e a l l y  t h e  i n d u s t r y .  As t h e y  use i t ,  become more f a m i l i a r  w i t h  
it, we a r e  f i n d i n g  o u t  how c o s t  e f f e c t i v e  i t  i s  and whether o r  n o t  i t  
i s  r e a l l y  pay ing  i t s  own way i n  terms o f  an a n a l y s i s  a c t i v i t y .  

Next  I am g o i n g  t o  t a l k  about  des ign  exper ience .  

What we have he re  i s  a s e r i e s  o f  f i g u r e s  t h a t  show you some o f  t h e  
invo lvement  of  t h e  des ign  and what i t  r e a l l y  means i n  t h e  e a r l y  s tages.  

When I f i r s t  came t o  t h e  Navy we asked some v e r y  s imp le  q u e s t i o n s  
about  what was t h e  p o l i c y  o f  say j u n c t i o n  temperatures  i n  t h e  d e s i g n  o f  
e l e c t r o n i c  equipment. We c o u l d n ' t  f i n d  any p o l i c y  w r i t t e n .  

We a l s o  went o u t  i n  t h e  f l e e t  and d i d  some measurements t o  see what 
t y p i c a l  j u n c t i o n  tempera tu re  were i n  equipment and we found t h e y  were 
o p e r a t i n g  somewhere i n  t h e  150 t o  140 degree C c a t e g o r y .  

We a l s o  know f r o m  o u r  exper ience  w i t h  B e l l  Labs t h a t  t h i s  i s  t h e  
tempera tu re  t h a t  t h e y  l i k e  t o  des ign  i n  f o r  t h e  m a j o r i t y  o f  t h e i r  e q u i p -  
ment and t h e y  have had a l o t  o f  exper ience  w i t h  those  k i n d  o f  tempera- 
t u r e s  and we know what r e l i a b i l i t y  we can g e t  o u t  o f  them. 

I f  you p u t  those  numbers t o g e t h e r  what you see i n  F i g u r e  8 i s  a  
d i f f e r e n c e  o f  900 t i m e s  t h e  r e l i a b i l i t y  o f  t h e  equipment depending on 
j u s t  s i m p l y  what j u n c t i o n  tempera tu re  you p i c k .  We, i n  t h e  Navy p i c k e d  



the  100 degree standard because we c o u l d n ' t  a f f o rd  the  l u x u r y  o f  t he  
weight, t he  e x t r a  copper t h a t  goes i n t o  designs o f  these very cool sys- 
tems a t  t he  bottom of the  char t ,  bu t  we a l so  c o u l d n ' t  a f f o r d  the  f a i l u r e s  
t h a t  we were seeing a t  these h igh  temperatures, As a mat te r  of f a c t ,  
we s e t  100 degrees as a standard and i t  has turned ou t  now t h a t  we are  
probably designing more i n  the  100 t o  90 degree C region.  

Our con t rac to r  has come back and t o l d  usothat  thgy r e a l l y  t h i n k  they 
canoprobably design f a i r l y  comfor tably  a t  110 t o  120 . But we se t  the  
110 C standard back i n  1975 and we are  probably going t o  move i t  very 
s h o r t l y  i n t o  a lower temperature category s ince we seem t o  do i t  w i t h  a 
r e l a t i v e  amount of ease. 

But as you can see, even w i t h i n  the  bandwidth o f  120 t o  110, we are  
s t i l l  t a l k i n g  12 times t h e  r e l i a b i l i t y .  So you can see the s e n s i t i v i t y  
o f  t he  p r e c i s i o n  o f  re1  i a b i l  i t y  requirements t o  j u s t  one 1 i t t l e  element, 
which i s  c a l l e d  j u n c t i o n  temperature. 

Also embodied i n  another char t ,  which I d i d n ' t  b r i n g  today, i s  the  
e l e c t r o n i c  s t ress  on the  devices. You have two k inds of t h ings  you 
should look  a t  i n  semi-conductors which are  very important ,  one i s  junc- 
t i o n  temperature and the  o ther  i s  e l e c t r o n i c  stresses. I have j u s t  
h igh l i gh ted  t h i s  one because i t  i s  very s i g n i f i c a n t  and easy t o  see. 

F igure 9 i s  a c h a r t  t h a t  I t h i n k  r e a l l y  po r t rays  f o r  people who have 
d i f f i c u l t y  understanding what the  r e l a t i o n s h i p  i s  between d o l l a r s ,  tern- 
pera ture  and MTBF. We have c o l l e c t e d  t h i s  on a f l e e t  o f  a i r c r a f t ,  200 t o  
be exact, and what we a re  l ook ing  a t  was the  impact o f  opera t ing  temper- 
a tu re  on VTBF and on the  opera t ing  cos t  o f  t he  a i rp lane.  I t h i n k  t h i s  i s  
a  very, very, important  char t ,  a t  l e a s t  i t  i s  f o r  the  Navy because i t  i s  
the  f i r s t  t ime we have been ab le  t o  q u a n t i f y  MTBF w i t h  temperature and 
w i t h  the  d o l l a r s .  

And what t he  c h a r t  po r t rays  i s  what we d id.  We took a 200 f l e e t  o f  
a i rp lanes  and we lowered the  cab ine t  temperatures from 110 down t o  90, 
which i s  a 20 degree drop i n  the  cabinet  temperature. 

And when we d i d  t h a t  we almost doubled the MTBF. I t  went from about 
2.7 t o  4, bu t  we found a1 so t h a t  when we d i d  t h i s  20 degree drop i n  temper- 
a tu re  of t he  box, we found t h a t  the  annual opera t ing  cos ts  decreased $42 
m i l  1  i o n  f o r  every year  f o r  those 200 a i rp lanes,  And now we f i n d  t h a t  i f  
we can drop i t  another f i v e  degrees i n  those cabinets, we can have an 
annual savings o f  $8.5 m i l l  i o n  a year on those 200 a i rp lanes .  

So you see, re1  i a b i l  i t y  has a very d i r e c t  connect ion w i t h  the  economy 
of how we operate, how we b i l l ,  how we buy. And i n  t h i s  day of i n f l a t e d  
d o l l a r s ,  where we a re  buying less and l e s s  w i t h  the  same amount of money, 
we have t o  understand more and more of these r e l a t i o n s h i p s  and we have 
several o the r  f a m i l i e s  o f  cha r t s  t h a t  show the  econon~ic impact of j u s t  a 
few degrees of temperature on the  s u b t l e t y  o f  re1 i a b i l  i t y .  



We have always know these numbers, 1  i ke you cou ld  lower  t h e  tempera- 
t u r e  and t h e  FlTBF's would change by these amounts. Those a r e  r e l a t i v e l y  
known f a c t o r s ,  b u t  what we had n o t  known i s  t h e  impact o f  o p e r a t i n g  c o s t s  
on a i r p l a n e s  when we j u s t  lowered i t  those 20 degrees. 

So i t  shows you t h a t  f o r  every  degree you lower  t he  temperature,  you 
a re  n o t  o n l y  d e a l i n g  w i t h  VTBF, bu t  you a re  d e a l i n g  w i t h  ope ra t i ng  cos t s .  

F igure  10  i s  a  ve r y  s i g n i f i c a n t  c h a r t  i n  terms o f  j u s t  t h e  des ign  
and unders tanding o f  temperature and t he  des ign o f  a p iece  o f  eqipment. 
T h i s  i s  a  s i g n a l  processor .  We c a l l  i t  an ASP and t he  i n t e r e s t i n g  t h i n g  
about t h i s  c h a r t  i s  when we f i r s t  looked a t  t h i s  program a number o f  
years  ago, t h e  r e l i a b i l i t y  i t  was ach iev ing ,  was r i g h t  around t h e  200 
hour l e v e l ,  a g a i n s t  a  s p e c i f i e d  l e v e l  o f  somewhere between 500 and 700 
hours. We d i d  a  des ign  a n a l y s i s  of t h a t  p a r t i c u l a r  p i ece  o f  equipment 
and we found most of t h e  dev ices were runn ing  t o o  ho t .  We d i d n ' t  have 
a whole l o t  o f  money on t h i s  program, so what we t o l d  t h e  des igner  o f  
t h i s  equipment, which was IBM,  t h a t  what we wanted them t o  do was t o  
r e l o c a t e  t h e  components on t h e  boards and n o t  do any new des ign.  So 
e s s e n t i a l l y  we went i n  and changed t h e  p r i n t e d  c i r c u i t  board on l y .  A l l  
of t h e  components went back on t h a t  were on t h e r e  be fo re .  The e l e c t r i c a l  
c i r c u i t s  were e x a c t l y  t h e  same. Only t h i s  t ime  we d i d  a s o r t  o f  a  r e -  
g ress ion  ana l ys i s ,  thermal r eg ress i on  ana l ys i s ,  we p u t  t h e  components 
where t h e y  would bes t  r e c e i v e  t h e i r  coo l i ng .  I n  o t h e r  words, t h e  ve r y  
ho t  ones were near t h e  edge of  t h e  boards and those who needed l e s s  
c o o l i n g  p r o g r e s s i v e l y  went towards t h e  cen te r  o f  t h e  boards. 

We made a  thermal ad justment  o f  t h e  p a r t s  on t h e  board. When we p u t  
i t  back i n t o  se r v i ce ,  750 hours MTBF i s  t h e  equipment r e l i a b i l i t y  t h a t  
we go t .  Now you see, t o  me t h a t  i s  ve ry  power fu l .  Th i s  i s  very i n -  
s p i r i n g  f o r  a des igner  t o  understand t h a t  t h e  o n l y  d i f f e r e n c e  between 
t h e  a l d  f a i l u r e  r a t e  and t h e  new was t h e  f a c t  t h a t  he r e l o c a t e d  com- 
ponents. 

We d i d n ' t  change t h e  des ign.  We d i d n ' t  do any th i ng  except  j u s t  r e -  
l o c a t e  t h e  components on t h e  board. Then what we no t i ced ,  when we g o t  i t  
o u t  i n  t h e  f i e l d  was t h a t  we were s t i l l  n o t  ach iev i ng  t h e  r e l i a b i l i t y  t h a t  
1 though t  we ought t o  be ach iev ing .  So we took  some more l ooks  a t  t h a t  
p i ece  o f  equipment and we found t h a t  t he  f i e l d  f a i l u r e s  were about 50-50 
p a r t s  and workmanship. In  o t h e r  words, t h e  des ign s t resses  were w i t h i n  
t h e  l i m i t s  t h a t  we wanted t o  be i n ,  bu t  p a r t s  and workmanship were a prob-  
lem. 

So i n  t h e  nex t  ve rs ion ,  t h e  i n i t i a l  p roduc t i on ,  we p u l l e d  t h a t  des ign 
back i n t o  t h e  f a c t o r y  and changed t h e  manufac tu r ing  process. When we 
f i e l d e d  t h i s  p i ece  of equipment, F i gu re  10 shows t h a t  t h e  r e l i a b i l i t y  
went up t o  1000 hours M B F .  



We looked i n  t h e  f i e l d  and saw t h a t  we were seeing some k i n d  o f  ca te -  
go r i es  t h a t  were lower than these numbers, bu t  s t i l l  a problem i n  t h e  area 
o f  workmanship. We have i n s t i t u t e d  a screening program which improved t h e  
r e l i a b i l i t y  p r e d i c t i o n .  We haven ' t  f i e l d e d  these u n i t s  y e t .  

We a re  now p u t t i n g  our  equipment through a v i b r a t i o n  thermal c y c l e  be- 
f o r e  we pu t  i t  i n t o  t h e  f i e l d  and when t h a t  i s  completed we expect t o  see 
t h e  r e l i a b i l i t y  go up again. 

I t h i n k  t h e  message o f  t h i s  c h a r t  i s  t h a t  t h i s  i s  a manageable 
process. There i s  no th ing  mys t i ca l  about r e l i a b i l i t y .  It has no th ing  
t o  do w i t h  mathematics. I hate t o  t e l l  you tha t ,  bu t  E t o  the  minus, 
Lambda t o  t he  t i s  a dead duck i n  t h e  Navy. 

F igure 11 i s  a "show and t e l l "  about where a l l  o f  t h i s  leads i f  you 
you p r o p e r l y  f o l l  ow it. 

When we were g e t t i n g  ready t o  pu t  an INS, I n e r t i a l  Naviagat ion Sys- 
tem, i n t o  t he  F-18 program we found we needed f i v e  t o  n ine  t imes t h e  
r e l i a b i l i t y  o f  any c u r r e n t  system i n  o rder  f o r  t h e  a i r p l a n e  t o  meet i t s  
design requirements. 

A t  t h a t  t ime when we went i n t o  the design phase o f  t h e  F-18 I N S  
system, L i t t o n  was t h e  pr imary b u i l d e r  of these systems and everyone of 
these, w i t h  t h e  except ion o f  t he  A-7 had been b u i l t  by the  L i t t o n  Com- 
pany and, as you can no t ice ,  t h e  best  t h a t  they had i n  terms o f  MTBF' on 
any INS they had ever b u i l t  from the  1960's through the  1974 t ime frame, 
was somewhere around 90 hours MTBF. And, ye t ,  we had t o  have somewhere 
around 500 t o  700 hours MTBF on an INS system i f  our  F-18 was going t o  
f l y  t h e  way we wanted i t  t o  f l y .  

So we i n i t i a t e d  those design parameters t h a t  we t a l k e d  about e a r l i e r ,  
what we c a l l  design fundamentals, and pu t  i n  t he  manufactur ing d i s c i p l i n e s  
t h a t  we wanted on t h e  program and today t h a t  program i s  f l y i n g  i n  22 t e s t  
a i rp lanes  and i s  demonstrat ing somewhere between 500 and 700 hours MTBF. 

The t h i n g  t h a t  i s  i n t e r e s t i n g  about t h i s  c h a r t  i s  t h a t  t he  same manu- 
f ac tu re r  who from 1960 t o  t h e  1972 t ime frame c o u l d n ' t  make an I N S  system 
w i t h  any more than 90 hours MTBF i n  i t  f o r  a l l  o f  those a i rp lanes .  And 
y e t  we changed t h e  design standards, changed h i s  manufacturing standards 
and today we r e g u l a r l y  g e t  t h i s  k i n d  o f  t h i n g  o u t  o f  t h a t  manufacturing 
operat ion.  

So once again, I am t r y i n g  t o  show you t h a t  i t  i s  a d i s c p l i n e  process, 
i t  has design c a p a b i l i t y  i n  it, i t  doesn ' t  have t o  be mathemat ica l ly  d r i ven .  
We s imply l o o k  a t  our  design, understand the  st resses and see t o  i t  t h a t  i t  
i s  b u i l t  t o  p r i n t ,  which o f  course i s  a b i g  problem. 



I f  you l o o k  a t  ou r  genera l  i n d u s t r y ' s  response t o  a l l  o f  t h e  i n i t i a -  
t i v e s  t h a t  I have j u s t  t a l k e d  about, i n  F i gu re  12 i s  shown t h e  t o p  10  
people  who spend most o f  t h e  Navy's money i n  terms o f  d e l i v e r i n g  systems 
t o  t h e  Navy. And these a r e  t h e  k inds  of  eva lua t i ons  t h a t  we have p u t  on 
t h e  i n d u s t r y .  

As you can see, t h e r e  i s  s t i l l  some r e d  ( R )  w i t h  some companies as 
t h e y  g r a d u a l l y  unders tand t h e  t r a n s i t i o n  des ign  and t h e  b i g g e s t  one, o f  1 course, i s  m o t i v a t i o n  which we a r e  work ing on t h i s  year ,  which I t h i n k  

I i s  ve r y  impor tan t .  
I You know, Pa t ton  once s a i d  years  ago, "You c a n ' t  push a  wet noodle . "  

I And t h a t  i s  a  ve r y  t r u e  statement.  So what we have done i s  gone t o  t h e  
co rpo ra te  people  and sa id ,  we a re  now demanding t h a t  you ask t h a t  you r  
equipment be r e l i a b l e ,  t h a t  you make t h a t  f i r s t  i n  your  company. 

I 

There i s  no p o i n t  i n  b u i l d i n g  equipment, no m a t t e r  how w e l l ,  no 
I 
I m a t t e r  how p rec i s i oned ,  such a s  your  t ime  equipment. You know, i f  you 
I b u i l d  ve r y  p r e c i s i o n e d  t ime  equipment, b u t  i t  d o e s n ' t  do t h e  j o b ,  i t  

q u i t  on you when you want i t  t h e  most, then  t h e r e  i s  r e a l l y  n o t  much 
p o i n t  i n  hav ing t h a t  des ign.  You know, l e t ' s  n o t  be i n f a t u a t e d  w i t h  

I j u s t  t h e  performance aspects  of equipment. 

The Japanese have shown us what happens when you become i n f a t u r a t e d  

I 
w i t h  a  t o t a l  equat ion,  n o t  o n l y  t h e  des ign o f  t h e  equipment, b u t  t h e  
manufactur ing and t h e  unders tanding o f  t h e  s t r e s s  o f  t h e  equipment. You 
know, t h e  Japanese a r e  j u s t  about t o  p u t  us o u t  o f  bus iness e l e c t r o n i c a l l y  

I and t h a t  i s  because t hey  have understood t h e  equat ion.  I t h i n k  i t  i s  h i g h  
t ime  we, as Americans, understand what t h a t  equa t ion  l ooks  l i k e  a l so .  

So we have been work ing d i l i g e n t l y  i n  t h a t  area and i t  w o n ' t  be l o n g  
I before I t h i n k  t h a t  t h e  c h a r t  i s  go ing  f rom a l l  r e d  i n  1975 t o  have i t  a l l  

green ( G )  i n  1985. And I t h i n k  w i t h  our  t op  10 c o n t r a c t o r s  we w i l l  have 
I t h a t  happen. 

As I s a i d  e a r l i e r ,  unders tanding des ign stress  i s  r e a l l y  t h e  main 
p a r t  o f  t h e  equa t ion  f o r  t h e  des ign aspect .  Bu t  now you s t i l l  have t o  
b u i l d  i t  t o  p r i n t .  No m a t t e r  how w e l l  t h e  des ign has been c a r r i e d  o u t ,  
no m a t t e r  how w e l l  you understood t he  s t r e s s  on t h e  equipment and no 
m a t t e r  how w e l l  you d i d  your  design, i f  t h e  guy o u t  t h e r e  on t h e  f l o o r  
d o e s n ' t  p u t  i t  toge the r  t h e  way t he  des ign i s  supposed t o  go t oge the r ,  
then  you have sho t  i t  a l l .  

So what we a r e  i n v o l v e d  i n  F i gu re  13 i s  a  heavy emphasis on t h e  
manufac tu r ing  o f  equipment, o r  what we l i k e  t o  r e f e r  t o  as  b u i l d  t o  
p r i n t .  

We a r e  go ing  t o  t a l k  about today i n  two areas: p a r t s  and workman- 
I s h i p  (see F igu re  1 4 ) .  The o n l y  p a r t s  t h a t  I am go ing  t o  b r i n g  up w i t h  



you today, which a re  occupying probably 90 percent of our problem areas, 
i s  semi-conductors. And the  o the r  t h i n g  we w i l l  t a l k  about i s  workman- 
ship. But I w i l l  f i r s t  t a l k  about t he  p a r t s  problem, what we see i n  t he  
p a r t s  area and what I t h i n k  you should be very  a t t e n t i v e  t o  i n  your 
p rec i s ion  t ime work i n  terms of semi-conductors. 

Back i n  t he  l a t e  ' 70 ' s  we d i d  a study, shown i n  F igure 15, which 
became very  s i g n i f i c a n t  t o  us. I became aware t h a t  p a r t s  and semi- 
conductors were g i v i n g  us an unusual amount o f  t r o u b l e  i n  t he  f l e e t  and 
we were buying mi l -s tandard  par ts ,  h igh  re1 i a b i l  i t y  par ts ,  JANTX and 
JANTX-B par ts ,  which a re  supposed t o  be the  top  of the  l i n e ,  the  cream 
o f  t h e  crop. 

But we began t o  see equipment w i t h  these mi l -s tandard p a r t s  i n  them 
t h a t  weren' t  per forming the  way t h a t  we thought they  should, So we went 
ou t  and bought a dozen p a r t  types i n  q u a n t i t i e s  o f  about 100 o r  1000, 
I have f o r g o t t e n  how many were i n  these l o t s  now, bu t  we bought 12 d i f -  
f e r e n t  types o f  semi-conductor devices w i t h  what was r e f e r r e d  t o  as a 
s t a t i s t i c a l  q u a n t i t y  and then we pu t  them i n  t e s t s  a t  one o f  our labs .  
And what you are  seeing here i s  t he  summary o f  one p a r t  type of which 
the  o ther  eleven looked e x a c t l y  a l i k e .  

But what I  want t o  go i n t o  i s  t o  show you what r e a l l y  happens i n  
t h i s  wor ld t h a t  began t o  open our  eyes. 

If you go t o  Radio Shack t o  buy a g iven p a r t  i t  w i l l  cos t  you 59$ 
f o r  t h a t  pa r t .  I f  you buy the  same p a r t  commercial screened, such as 
the  FAA, o r  o ther  people buy, t h a t  same p a r t  w i l l  cos t  you $1.99. If 
you buy the  p a r t  w i t h  high-re1 standards, such as NASA buys, t h a t  w i l l  
cos t  you $3.10. I f  you buy the  same p a r t  under what i s  r e f e r r e d  t o  as 
a m i l  -spec the  p a r t  w i l l  cos t  you $12.50. 

Now what we found out  i n  t h i s  study, i f  you n o t i c e  there  i s  o n l y  
one t h i n g  changing i n  t h i s  cha r t  t h a t  you can see and t h a t  i s  t he  amount 
o f  paper you buy. 

I f  you buy your p a r t  a t  Radio Shack there  i s  no more than your 
rece ip t .  You get  a l i t t l e  more data a t  each h igher  p r i ced  p a r t  and 
when you ge t  t he  mil-spec p a r t  you have bought a t r a i n l o a d  f u l l  o f  
in fo rmat ion  and i t  i s  supposed t o  guarantee you t h a t  you have now bought 
the  p a r t  q u a l i t y  t h a t  you want. 

Well, what we found i n  t h i s  study i s  t h a t  t h a t  wasn't  t r u e !  What we 
r e a l l y  saw i s  t h a t  t he re  was q u i t e  a d i f f e r e n c e  i n  terms o f  t he  r e l i a b i l -  
i t y  between t h e  f i r s t  t w ~  categor ies.  And we saw there  was a l o t  of 
d i f f e rence  i n  the  q u a l i t y  between the next  two. But the  s i g n i f i c a n t  
p a r t  t h a t  came out  i n  a l l  12 p a r t  types was t h a t  we could see no d i s -  
cernable d i f ference between the  mil-spec and commercial screened par ts ,  



Now, why i s  t h a t ?  We began t o  s tudy  i t  and we though t  we knew t h e  
answer, and s i nce  F a i r c h i l d  has blown t h e  l i d  o f f  e v e r y t h i n g  we now know 
t h e  answer. But  a t  t h a t  t ime  we were specu la t i ng .  

You see, commercial screened p a r t s  i s  where 99 percen t  of t h e  p a r t s  
a r e  s o l d  commerc ia l ly .  We i n  government o n l y  buy t h r e e  t o  fou r  percen t  
o f  t h e  i n d u s t r y ' s  o u t p u t  and what i s  happening i s ,  when t h e y  r u n  s h o r t  
o f  m i l - spec  p a r t s  t h e y  a re  j u s t  d i p p i n g  i n  t h e  box and g e t t i n g  us these 
commercial screened, unburned- in p a r t s .  And t h a t  i s  t h e  reason we cou ld  
no t  see t h e  d i f f e r e n c e .  They j u s t  l o o k  a l i k e .  

You know, we wro te  a  g r e a t  mi l -spec,  bu t  we j u s t  a r e n ' t  a b l e  t o  
p o l i c e  i t  o r  enforce i t. 

So t h a t  began t o  open ou r  eyes. I go t  a  coup le  more p ieces  of da ta  
here t h a t  I am go ing  t o  show you. Here a re  s i x  o f  t h e  l e a d i n g  semi- 
conductor  manufacturers i n  F i gu re  16; we took  t h e i r  names o f f  t o  p r o t e c t  
t h e  g u i l t y ,  b u t  I never have q u i t e  f i g u r e d  o u t  why I wanted t o  p r o t e c t  
them, b u t  never the less  every  name t h a t  you know i s  on t h i s  l i s t .  

I n  one major  program i t  became a r e a l  eye opener f o r  us, i t  was a 
m in i ng  program where we were hav ing t r o u b l e  w i t h  some of t h e  senii- 
conductor  dev ices.  

We dec ided t h a t  we would go i n  and do our  own pre-cap v i s u a l .  The 
manufacturer  had been do ing  i t  f o r  us now f o r  t h r e e  years  and we were 
hav ing t r o u b l e  w i t h  t h i s  p a r t i c u l a r  dev ice.  So we sa id ,  we a re  go ing  t o  
see i f  any th i ng  i s  d i f f e r e n t .  We a r e  go ing t o  send our  own people i n t o  
t h e  f a c t o r y  and we a r e  go ing  t o  s i t  down w i t h  t h e  guy who does t h e  p re -  
cap v i s u a l  and we a r e  go ing  t o  do i t  r i g h t  a long  w i t h  him. 

When ou r  man a r r i v e d  a t  each one of these s i x  p l a n t s  t h e  r e j e c t  
r a t e  t h a t  showed up i s  shown i n  F i gu re  16. Now mind you, t h e y  had been 
d e l i v e r i n g  them t o  us a l l  a long.  And, as a m a t t e r  o f  f a c t ,  these two 
f e l l o w s ,  number t h r e e  and f o u r ,  came t o  t h e  Navy and s a i d  t h a t  t hey  had a 
72 percen t  r e j e c t i o n  when we were s i t t i n g  t h e r e  w i t h  them and t h a t  t hey  
p r e v i o u s l y  had o n l y  a 6 t o  5 pe rcen t  r e j e c t i o n ,  

Those two f e l l o w s  s a i d  t o  us, i f  you r e a l l y  want a  m i l - spec  p a r t  
we c a n ' t  supply  i t  t o  you and they  d i s q u a l i f i e d  themselves and t h e y  had 
been sending them t o  us f o r  t h r e e  years .  

Now these  o t h e r  f e l l ows  who had s t i l l  unusua l l y  h i g h  numbers, a t  
l e a s t  agreed t o  c l ean  up t h e i r  l i n e s ,  and t hey  began t o  d e l i v e r  us 
q u a l i t y  semi-conductor dev ices.  

Well what we found o u t  i s  t h e r e  i s  gross chea t i ng  go ing  on i n  t h e  
semi-conductor wor ld ;  gross cheat ing.  



A t y p i c a l  example i s  shown i n  F igure 17. We screened, we took a 
f a m i l y  o f  them and you can see the  number o f  par ts .  I won ' t  go i n t o  i t  
here f o r  t ime reasons. But when we d i d  the  exact same t e s t ,  we took m i l -  
spec p a r t s  t h a t  had a l ready  been de l i ve red  t o  us and we pu t  them through 
the mi l -spec t e s t  again. We j u s t  sent them t o  an independent t e s t e r ,  and 
we sa id  what we want you t o  do i s  submit these t o  a  mi l-spec standard 
t e s t  requirement j u s t  as though you were the  manufacturer and do e x a c t l y  
the  same t h i n g  he i s  supposed t o  do when he ships them t o  us. And t h a t  
i s  what t he  column represents i n  F igure 17. 

And when t h a t  guy was f i n i shed  w i t h  t e s t i n g ,  I t h i n k  i t  was 20,000 
par ts ,  we found 14 percent  r e j e c t i o n  o f  t r a n s i s t o r s ,  14 percent r e j e c t i o n  
o f  I C ' s  and about 11 percent r e j e c t i o n  o f  diodes. 

What we a r e  seeing cons i s ten t l y ,  i n  the  Navy i n  t he  mi l -s tandard  
wor ld of m i l i t a r y  par ts ,  i n  the  semi-conductor world, i s  somewhere be- 
tween 10 and say 17 percent  r e j e c t i o n  o f  mi l -s tandard par ts .  Now those 
are  p a r t s  t ha t ,  you know, we are  paying the  $12.00 for.  They a re  n o t  
the  Radio Shack pa r t .  They are  the  p a r t  t h a t  i s  supposed t o  be tested,  
burned-in and a re  supposed t o  be h igh  q u a l i t y  devices. That has changed 
our whole way o f  doing business once we learned t h i s ,  

Now here i s  an example o f  what happens. We c a l l  i t  the  manufac- 
t u r i  ng burden. 

F igure 18 i s  a  c h a r t  I showed the  i n d u s t r y  j u s t  t o  show them how 
s t u p i d  t h i s  whole t h i n g  r e a l l y  i s .  But here i s  a case where a guy d e l i v -  
ered 425 pieces of which 243 were found bad. When they  were taken apar t ,  
they found they  d i d n ' t  even have the  same d i e  i n  them. Figure 18 i s  a  
p i c t u r e  o f  two d i f f e r e n t  d ies  i n  the  devices. What had happened i s ;  he 
had j u s t  p u t  t h e  wrong d ies  i n t o  the  devices. Now mind you, no t  on ly  
does he have the  wrong q u a l i t y  on the  d ie ,  bu t  he a l so  has the  wrong 
d i e  i n  the  semi-conductor. Now t h a t  doesn ' t  bother me n e a r l y  as much as 
the statement down on the  bottom. An a l e r t  was pu t  out,  everybody was 
t o l d ,  t he  manufacturer, which i s  Nat ional  Semi-conductor, responded t o  
the  a l e r t  i n  t h i s  way. And t h i s  i s  what was w r i t t e n  on the  a l e r t ;  It 
says: "Th is  s i t u a t i o n  o f  mixed p a r t s  does no t  c o n s t i t u t e  a  r e l i a b i l i t y  
problem". I t  has got  t he  wrong d i e  i n  each one, bu t  t h a t  i s  no t  a 
r e l i a b i l i t y  problem! ! They say: " A l l  o f  t h e  i n c o r r e c t  devices would 
have been detected a t  t he  users incoming, r e c e i v i n g  t e s t i n g  board l e v e l  
checkout". I n  o the r  words, "Buyers beware." 

You w i l l  f i n d  t h a t  somewhere along the  1  i n e  a t  your c o s t  and a t  ,your 
expense, bu t  we d o n ' t  consider  t h a t  a problem. And t h a t  i s  t he  k ind  of 
t h i n g  we a re  dea l i ng  w i t h  i n  semi-conductors. 

Now, o f  course, there  was one t h a t  has r e a l l y  h i t  the  s t r e e t  l a t e l y .  
I am n o t  going t o  spend a  l o t  o f  t ime on it, but  as  you know Schoenberg 
took over F a i r c h i l d  i n  a stock op t i on  b i t  and when Schoenberg came i n t o  



t h a t  p l a n t  and began t o  do an a u d i t  o f  what t h e y  had bought, and my own 
ve rs i on  o f  t h i s  i s  t h e y  g e t  what they  deserve because I d o n ' t  1 i ke people 
t h a t  do these s tock  o p t i o n  takeovers ,  b u t  a t  any r a t e  t h e y  now found o u t  
t h a t  t hey  have a  d i s a s t e r  on t h e i r  hands. 

You know, Schoenberg came t o  t h e  Navy and came t o  DESEE and says, 
hey we d o n ' t  q u i t e  understand what i s  happening i n  t h e  F a i r c h i l d  p l a n t .  
We p u t  o u t  approx imate ly  2 m i l l i o n  semi-conductor dev ices a  day -- on 
t h e  m i l i t a r y  l i n e  -- and y e t  we d o n ' t  f i n d  bu t  500 sockets  i n  which 
we can burn  them i n  and we d o n ' t  understand how t h e y  a r e  do ing  t h a t .  

O f  course everybody rushed i n t o  t h e  p l a n t  t o  see what i t  was a l l  
about and what you r e a l l y  found o u t  i s  t h a t  t h e y  w e r e n ' t  bu rn i ng  i n  a t  
a l l .  

For t h e  l a s t  f i v e  years  F a i r c h i l d  has been sh ipp ing  m i l - s t anda rd ,  
h i g h  r e l i a b i l i t y  dev ices  unburned- in.  And those a r e  i n  a l l  o f  you r  
ewuipment r i g h t  now. You see, what I am say ing t o  you i s  you a re  r e a l l y  - - "Buyer beware. " 

Now t h e  Navy has e s t a b l i s h e d  i t s  own programs w i t h  screening.  Most 
a l l  o f  ou r  major  vendors have bought what i s  r e f e r r e d  t o  as  " cen tu r y  
equipment". I t  i s  a  temperature sc reen ing  dev i ce  t h a t  we resc reen  a l l  
semi-conductors. We j u s t  d o n ' t  use any semi-conductor t h a t  i s n ' t  r e -  
screened. I t  i s  j u s t  a  d i s a s t e r .  I am sure i n  your  p r e c i s i o n  wo r l d  
you should  t ake  ve ry  g r e a t  no te  o f  t h i s  because I t h i n k  i t  i s  ve r y  
impo r tan t  t h a t  you recogn ize  t h a t  j u s t  because you bought a m i l - spec  
p a r t  d o e s n ' t  mean you have g o t  any th i ng  a t  a l l .  You have go t  t o  
determine what you have g o t  yourse lves .  

Shown i n  F i gu re  19 i s  a program f o r  which we had s p e c i f i e d  an KTBF 
a l l o c a t i o n .  I p icked  i t  because i t  was a f a i r l y  h i g h  number i n  terms 
o f  Navy equipment and t h e  t h i n g  t h a t  i s  i n t e r e s t i n g  about t h i s  cu rve  i s  
i f  you l o o k  a t  t h e  JAN wor ld ,  you see t h e  m i l - bu rned - i n  p a r t  i s  r equ i r ed ,  
t h e  t h i n g  F a i r c h i l d  d i d n ' t  do f o r  us and l e t  me j u s t  s t op  r i g h t  here a 
minute.  

I f  you t h i n k  t h e  scandal go ing  on w i t h  F a i r c h i l d  i s  o n l y  w i t h  
F a i r c h i l d ,  i t  i s  j u s t  because you haven ' t  v i s i t e d  t he  o t h e r  p l a n t s  y e t .  
Don ' t  you b e l i e v e  f o r  a m inu te  F a i r c h i l d  i s  t he  o n l y  one d e l i v e r i n g  
unburned- in pa r t s .  You j u s t  have t o  understand how semi-conductors 
a re  made, you have t o  understand what t h e  volume i s  and hav ing been 
around these p l a n t s  f o r  awh i l e  you have t o  understand t h e  term c a l l e d  
" s h i p  f o r  revenue".  

A t  t h e  end o f  every  month a p a y r o l l  has t o  go o u t  i n  a  semi-conductor 
p l a n t .  And when t h e y  g e t  near  t h e  end o f  t h e  month, i f  t h e y  h a v e n ' t  
s o l d  enough dev ices t o  meet t h e i r  p a y r o l l ,  any th i ng  t h a t  i s  on t h e  
s h e l f  ge t s  so l d .  That  i s  c a l l e d  " sh i pp ing  f o r  revenue" and t h a t  goes 
on across t h e  whole i n d u s t r y .  



Now what t h i s  c h a r t  shows you i s  t h a t  there  r e a l l y  i s  a break p o i n t  
a t  which the  c o s t  begins t o  go up, but  t he  MTBF doesn' t  meet the  same 
cos t  r i s e .  And r e a l l y  i s  there  s u f f i c i e n t  reason t o  use the  mil-burned- 
i n  p a r t  f o r  m i l i t a r y  equipment, o r  should we r e a l l y  l ook  a t  t he  883 
screen par ts ,  which i s  where the  cos t  cross over p o i n t  i s .  

We a re  l ook ing  fo r  cos t  e f fec t i ve  reasons, does the  JANTX p a r t  
r e a l l y  pay fo r  i t s e l f ,  o r  should we buy a couple o f  l e v e l s  down, do our 
own screening and see i f  t h a t  i s n ' t  t he  most cos t  e f f e c t i v e  way t o  pu t  
the  semi-conductor i n t o  m i  1 i t a r y  equipment. 

I f  you t h i n k  the  problem i s  bad, F igure  20 j u s t  says you haven' t  
seen anyth ing ye t ,  Because when you go t o  the  ou ter  c i r c l e ,  which i s  
t he  ' 80 ts ,  what you a re  going t o  f i n d  ou t  i s  t h a t  i n  the  past,  the  
ou t look  f o r  t h e  semi-conductor i n d u s t r y  was market emphasis and then 
sales were s o r t  o f  t h e  t h i n g  they  were i n t e r e s t e d  i n  bu t  i n  the ' 80 ' s  
you a re  going t o  f i n d  t h a t  p r o f i t a b i l i t y  i s  the  on l y  t h i n g  i n d u s t r i a l  
sources a re  i n t e r e s t e d  i n .  

As f o r e i g n  companies come i n  and take over t he  semi-conductor houses 
( I  w i l l  make you a p r e d i c t i o n  t h a t  w i t h i n  10 years the re  w i l l  be no semi- 
conductor house i n  t he  Uni ted States t h a t  i s n ' t  owned by a f o r e i g n  
i n t e r e s t )  and buy up t h i s  i n d u s t r y  what they are  going t o  be i n t e r e s t e d  
i n  i s  o n l y  word, " p r o f i t a b i l i t y . "  And you are  going t o  have a d e v i l  of 
a t ime knowing what you have go t  and b e l i e v i n g  what you got  unless you 
have some way o f  screening your own par ts .  

F igure 21 shows the re  i s  a l o t  going on i n  t he  semi-conductor wor ld 
t h a t  I t h i n k  i s  good. What I have sa id  i s  a bad p i c tu re ,  bu t  a c t u a l l y  
any p lace we have seen the  Japanese take over t he  semi-conductor i n d u s t r y  
and work w i t h  the  semi-conductor world, what we f i n d  immediately i s  t he  
p a r t  type q u a l i t y  goes up. 

There are  a l l  k inds o f  laws saying d o n ' t  buy overseas, d o n ' t  buy 
of fshore,  a l l  o f  t h i s  k ind  o f  s t u f f ,  bu t  i t  i s  p r i m a r i l y  nonsense because 
i n  ac tua l  f a c t  the  Japanase b u i l d  a b e t t e r  device. And the  reason they  
do i s  because they  spend more money i n  t he  design process. 

You know, our manufacturers have known f o r  years t h a t  t he  q u a l i t y  
o f  t he  device would go up i f  they  j u s t  spend more money on the  masking 
process, j u s t  f o r  example. They spend over tw i ce  the  amount o f  money 
we do f o r  masking t h e i r  devices and, o f  course, they  ge t  a b e t t e r  
device when they  mask it. 

So i f  you l ook  i n t o  the  process what you f i n d  i s  t h a t  t h e  Japanese 
are  r e a l l y  moving and you can l ook  a t  the  curve and see t h a t .  The 
reason i s  they  have understood what i t  i s  t h a t  they are  l ook ing  f o r  t h a t  
makes r e a l  p r o f i t a b i l i t y ;  a dependable device. 
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Figure 22 i s  a l i t t l e  parts story. The other part of i t  i s  work- 
rnanship. We have recognized that  workmanship also i s  a problem, loose 
wires, improper manufacturing procedures, e t  cetera. So we inst i tuted 
about a year ago, a year time frame, we inst i tuted th i s  screening pro- 
gram which i s  real ly  just  a matter of known l i t e r a tu re  that we p u t  into 
a document. We used i t  on the .Apol lo  program. I t  has bken used in space 
programs and probably i s  nothing new t o  you a l l .  

B u t  the point i s ,  we said,  hey on a l l  of our equipment from now on 
we want t o  see random vibration, 6G, no l ess  than 1 0  minutes, no more 
than maybe 20 minutes, b u t  somewhere in that time frame. And we said we 
also want to see thermal cycling and we want to see that thermal cycling 
i s  a function of complexity and there i s  a family of curves in th i s  book 
that  shows i t .  We have given th i s  book to a l l  of our industry aind par t i -  
cularly the corporate people because what we want them t o  understand i s  
tha t ,  i t  decreases corporate costs. 

I f  you can understand what i t  i s  in your manufacturing cycle that  
i s  giving you trouble, then you can correct i t  and you can build the 
product better and better a t  a cheaper and cheaper cost .  

So th i s  document was sent o u t  t o  the industry. I t  has very good 
response. We are now thinking about turning th i s  into a NAVMAT publi- 
cation, or maybe even a mil-standard, or I don ' t  know what to do with 
i t  exactly. B u t  a t  any ra te ,  i t  has served i t s  purpose in industry now. 
I t  has called attention to  the fac t  that  i f  you really want t o  improve 
your prof i tab i l i ty  of your company, as well as delivering more rel iable  
equipment, you must do  some type of manufacturing screening and that  i s  
the screen we picked that came mostly o u t  of NASA l i t e r a tu re  and i f  you 
have seen i t  I am sure you are familiar with i t .  That i s  working well 
for us. 

Between the emphasis on semi-conductors, rescreening, between doing 
th i s  kind of manufacturing screening, we are seeing equipments now go 
out into the f l e e t  that  are sometimes two,  three, and as much a:: f ive 
times greater MTBF then we have ever seen before and th i s  i s  because we 
p u t  the focus on design and manufacturing and I think that  i s  the point 
I really want to  make with you. 

Don't play mathematical games. D o n ' t  get involved with E to the 
minus Lambda t. Those are interesting things and I am sure they have 
some design predictive nature, b u t  look a t  the part that i s  real ly  
important in t h i s  whole equation and that i s  understanding the s t ress  
in your design and being a b l e  t o  build i t  t o  pr int .  

I f  you can guarantee yourselves those two areas are under control,  
you will be building precision time equipment that  just  will be very 
dependable. And, a f t e r  a l l ,  that i s  real ly  what we are looking for i s  
dependable equipment. 



Figure  23 j u s t  says we haven ' t  made q u i t e  t h e  progress w i t h  the  
t r a n s i t i o n  i n  manufacturing as we have w i t h  the  t r a n s i t i o n  i n  design, 
bu t  t h i s  i s  because we got  on i t  a  l i t t l e  b i t  l a t e r ,  we go t  on i t  i n  the  
l a t e  '70 t ime frame recogn iz ing  these k inds  of problems. There i s  s t i l l  
very 1  i t t l e  green ( G )  on the  c h a r t  and I guess the  main message i n  t h a t  
b u i l d i n g  t o  p r i n t  i s  very, very, d i f f i c u l t  and we a re  working very hard 
t o  g e t  i n d u s t r y  standards s e t  such t h a t  we a l l  can have a  base l ine  fo r  
manufactur ing t h a t  we understand. 

What we see i s  a  g rea t  deal o f  v o l a t i l i t y  i n  t he  manufacturing pro-  
cess. Some companies do i t  one way, some companies do i t  another way 
and nobody r e a l l y  knows why they  do i t  e i t h e r  way. 

So what we a re  doing now i s  s e t t i n g  a  f a m i l y  of standards f o r  manu- 
fac tu r i ng  t h a t  we a re  going t o  send out  very s h o r t l y  and we a r e  going t o  
say, now t h i s  i s  what we expect you t o  do as a  minimum; i f  you want t o  
do any more than tha t ,  f i n e .  But we feel by doing t h a t  we can se t  a  
base l ine  i n  t h i s  manufactur ing where we come c lose r  t o  b u i l d i n g  t o  p r i n t  
w i t h i n  the  economics o f  t h e  design. So t h a t  i s  r e a l l y  what we are  look-  
i n g  towards. 

Le t  me j u s t  say t o  you i n  c l o s i n g  t h a t ,  t h i s  has been a very  f a s c i -  
na t i ng  area f o r  me i n  the  m i l i t a r y .  Coming from the  NASA Apo l lo  program, 
I r e a l l y  d i d n ' t  t h i n k  the re  was an achievement t h a t  I cou ld  make t h a t  
cou ld  r e a l l y  top  p u t t i n g  men on the  moon and b r i n g i n g  them home. 

But having been w i t h  the  Navy now a  number o f  years and working i n  
t r a n s i t i o n  w i t h  them t o  t r y  t o  b r i n g  more r e l i a b l e  equipment i n t o  the  
f l e e t ,  t r y  t o  decrease t h e  f l e e t  burden i n  terms o f  OMN costs, what we 
found i s  what I t h i n k  i s  a  very e x c i t i n g  program. 

I t h i n k  t h e  Navy i n  t h e  nex t  few years w i l l  be r o u t i n e l y  d e l i v e r i n g  
r e l i a b l e  equipment t o  t h e i r  f l e e t .  I t  w i l l  be equipment t h a t  j u s t  l i k e  
the I N S  system f o r  t h e  F-18, i t  w i l l  have f i v e  t o  n ine  t imes more r e l i -  
a b i l i t y  i n  i t  then we have ever seen i n  the past and we w i l l  be doing i t  
f o r  l e s s  d o l l a r s .  That i s  very  important.  We w i l l  be doing i t  f o r  l e s s  
do1 1 ars. 

As the  i n f l a t i o n  goes up, we j u s t  have t o  do more and more w i t h  l e s s  
and l e s s  d o l l a r s .  And by r e s o r t i n g  more and more t o  the  a n a l y t i c a l  under- 
standing o f  r e l i a b i l i t y ,  r a t h e r  than t o  the t e s t i n g  understanding o f  r e -  
l i a b i l i t y ,  we f i n d  the  economics t h a t  we are r e a l l y  l ook ing  f o r  i n  t h i s  
who1 e  business. 

1 t h i n k  the  Navy i s  making g rea t  s t r i d e s  i n  t h i s .  As  a mat te r  o f  
f a c t ,  I t h i n k  the  A i r  Force i s  moving along w i t h  it. We have spent a 
g rea t  deal of t ime w i t h  A1 Slay on t h i s  mat te r  and I t h i n k  you are  going 
t o  see the  FSC Command begin t o  be very much engaged i n  t h i s  business. 
It i s  r e a l l y  q u i t e  e x c i t i n g .  



The t h i n g  t h a t  you w i l l  have t o  keep i n  mind i s  t h a t  i t  i s  ve r y  
f r a g i l e .  U n t i l  we can g e t  i t  down t o  where i t  has some s o l  i d  base under 
i t ,  i t  i s  f r a g i l e ,  We have had programs t h a t  were do ing w e l l ,  w e  l e f t  
them a lone  f o r  about a year ,  came back and they  werenl t do ing  t o o  w e l l .  
We found t h a t  v a r i o u s  d i s c i p l i n e s  had been dropped. The emphasis h a d n ' t  
been c a r r i e d  through.  So what we found i s  t h a t  r i g h t  now, a t  l e a s t ,  we 
j u s t  c a n ' t  d rop  any program. We have t o  keep them a1 1 under our  v i s i -  
b i l i t y  i n  o r d e r  t o  keep them moving because t h e y  a r e  a l i t t l e  f r a g i l e .  

B u t  I t h i n k  a s  t ime  goes by we w i l l  see i t  harden more and more and 
we w i l l  f i n d  l e s s  o f  t h i s  f r a g i l e  business. So t h a t  i s  t h e  main message 
I have and thank you v e r y  much. 
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@ THE RELIABILITY MANDATE 

N A V A L  MATERIAL COMMAND - NAVMAT 
Figure  2 
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MAJOR ORGANIZATION FUNCTIONS 
AND INTERFACES 

NEW OBJECTlVES UNDERSTOOD - - NEED FOR POLICING DlMtNlSHlNG 

INITIATED INSTRUCTIOMS, MANAGEMENT INFOSYSTEM, AWARENESS PUBLICATIONS 
INITIATED ?RE-PRODUCTION RELlABlLlTY DESIGN REVIEWS 





MATERIAL ACQUISITION 
FUNDAMENTALS 

MISSION PROFILE DEFINITION 

STRESS ANALYSIS 

DERATING CRITERIA 

WORST CASE ANALYSIS 

SNEAK CIRCUIT ANALYSIS 

PREDICTION/ALtOCATIONS 

FAILURE MODES & EFFECTS ANALYSIS 

TEST, ANALYZE, & FIX  WITH CLOSED LOOP REPORTING 

DESIGN REVIEWS 

MlSSlON PROFILE QUALIFICATION TEST 



JUNCTION TEMPERATURE IMPACT 
ON SEMICONDUCTOR RELIABILITY 

JUNCTION FAILURE RATE (MTBF) CUMULATIVE IMPACT 
TEMPERATURE IMPROVEMENT FACTOR ON RELtABILlTY 

REDUCTION IMPROVEMENT 

150°C - 140°C 2.0 X 

14OUC - 130°C 2.1 X 

W 
4 

130°C - 120°C 2.2 X 

N A V Y  
1 2 0 ~ ~  -110°C l S T A N D A R D  2.3 x 9 0 0 X  

110°C - 100°C 2.4 X 

100°C - 90°C 2.5 X 

90°C - 80°C 

80°C 70°C 2m6 2.8 X / 
F i g u r e  8 



OPERATING TEMPERATURE IMPACT 

IMPAC MTBF 

I AVERAGE RACK AMBIENT TEMPERATURE ('F) 



ANIUYS-1 ANALYZER UNIT 
RELIABILITY PERFORMANCE 

IN SERVICE USE 

~ END ITEM VISIBILITY, RANDOM 
VIBRATION, 81 FIELD FAILURE 
DATA COLLECTION 

FIELD FAILURE CATEGORIES 
WORKMANSHIP - 50% 
COMPONENT FAILURE - 30% 
OTHER - 20% 

RELIABILITY BY DESIGN - 
THE NEW LOOK: 

CONTRACT REQUIREMENTS, 
RELIABILITY ANALYSIS AND 
EVALUATION, THERMAL & 
ELECTRICAL DERATlNG CRITERIA, 
AND NAVMAT/CONTRACTOR 
INTERFACE TO MINIMIZE FAILURE 

RELIABILITY BY CHANCE 



@ F-18 INS DESIGN EXPERIENCE 

EFFORT TO DESIGN RELIABILITY IN HAS BEEN EFFECTIVE 

ANALYSIS OF IN-HOUSE AND FIELD FAILURES REVEALS 

NO ELECTRICAL DESIGN PROBLEMS 1 1 
NO HYBRID MLCROEtECTRONIC DEVICE FAILURES I I 
RESIDUAL PROBLEMS ASSOCIATED WITH - 
MECHANICAL DESIGN AND PRODUCIBILITY 

REQUIRE ENVIRONMENTAL EXPOSURE FOR IDENTIFICATION II  
300 - 

MTBF 
(HRS) 

200 - 

100 - 

0 

CAINS 

t +% - + S - J  / j3+-4-&15 

1 I 1 I I I 1 I 1 1 
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P A R T  SCREENING RESULTS 
MIL-SPEC P A R T S  

15,000 

-- 
1- 

-- 
i 0 , O O O  - - 

- - 
NUMBER 

-' 

OF PARTS -- 

5,000 - - 
- - 
-* 

-- 
-- 

0- 

12,350 

DIODES 

m NUMBER 
TESTED 

NUMBER 
FAILED 

FAILURE 
RATE - % 

0 
< 1% 

RECEIVING VISUAL 
INITIAL ELECTRICAL 

THERMAL SHOCK 
&TEMP, CYCLING 1 

rn ACCELERATION 

b SEAL 1 
1-5% PRE-HTRB ELECTRICAL 2.6 

HIGH-TEMP. REVR. BIAS I . . - - -  I I 

?RE BURN-IN ELECTRICAL 1 1.4 1 1.8 1 1.4 
BURN-IN I I I 



MANUFACTURING BURDEN 

ALERT: 
(T3-A-79-06) 
243 DEVICES OUT OF A LOT OF 425 PIECES FAILED INCOMING INSPECTION 
FUNCTIONAL TEST AT ROOM AMBIENT TEMPERATURE, ON SlTEK 3200 TESTER. 

INTERNAL VISUAL (DECAP) lNSPECTlON REVEALED TWO DlFf ERENT DIES 
IN PACKAGES WITH IDENTICAL JAN MARKING. FIGURE 1 SHOWS DIE FOR UNITS 
THAT PASSED, AND FIGURE 2 SHOWS THE DIE FOR UNITS THAT FAILED TEST. 

FIGURE 1 - GOOD PARTS FIGURE 2 - NON-CONFORMING PARTS 

MANUFACTURING RESPONSE: "THIS SITUATION OF MIXED PARTS DOES NOT 
CONSTITUTE A RELIABILITY PROBLEM. ALL OF THE INCORRECT DEVICES WOULD 
BE DETECTED AT A USER'S INCOMING TESTING OR AT BOARD LEVEL CHECKOUT." 

Figu re  18 
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SEMICONDUCTOR INDUSTRY 



@ JAPAN'S PENCHANT FOR RELIABILITY 

JAPAN PRODUCES RELIABLE SEMICONDUCTORS EVIDENCE: 
BY DESIGN, NOT BY CHANCE: 
DEFECT PREVENTION, NOT DEFECT DETECTION 

EXAMPLE: BETTER, MORE EXPENSIVE 
PRODUCTION MASKS FOR CHIPS 

VI 
Q 

RESULT: JAPANESE REJECTION RATES 
ONE-HALF TO ONE-TENTH U.S. RATES 

CONCLUSiON: UNWILL1NGNESS OF SOME 
U.S. VENDORS TO PRODUCE RELIABLE 
SEMICONDUCTORS IS COSTING THEM 
NOT ONLY LOSS OF MILITARY BUSINESS 
BUT POTENTIALLY OTHER CUSTOMERS SOURCE: BUSINESS WEEK, 3 DECEMBER 1979 

1 AS WELL 

f 4 

JAPAN NARROWS A TRADE GAP 

1973 1974 1975 1976 1977 1978 1979 

AT 300 YEN TO THE DOLLAR 
T 



SCREENING PROGRAM (P-9492) 

NAVMAT P-9492 

NAVMAT PUBLISHED P-9492 AND DISTRIBUTED TO 83 TOP CORPORATE 

OFFICIALS (CHAIRMEN OF BOARDS THROUGH DIVISION VICE PRESIDENTS] 

NAVY 
MANUFACTURING RESPONSES ENDORSE P-4492 THRUST ENTHUSIASTICALLY 
SCREENING PROGRAM 

I DECREASE CORPORATE COSTS 
INCREASE FLEET READINESS 

cum@er#lr of tyulymsn~ 

1030 Pmrcr 

23B Psnr 

0 1 

/ SOME CONTRACTORS HAVE ALREADY BEEN USING P-9492 TYPE SCREENING I 
AT THEIR OWN EXPENSE BECAUSE OF ITS OVERALL COST IMPROVEMENT 

OTHERS PROPOSE TO SCHEDULE ONTO EXISTING TEST EQUIPMENT, I 
SINCE TEST TIME SO SHORT. IF CONTRACTS REQUIRE I 

* 

RESPONSES INDICATE EVEN MORE STRINGENT TESTING OF 

LATEST COMPLEX ELECTRONIC SYSTEMS, AND TESTlNG 

\ AT LOWER LEVELS OF ASSEMBLY SHOULD BE REQUIRED I 

GENUINELY COOPERATIVE, CONSTRUCTIVE RAPPORT DEVELOPING 

BETWEEN NAVMAT AND INDUSTRY WITH REGARD 

TO NEED FOR MANUFACTURING IMPROVEMENT 
L 

DEPARTMENT OF THE NAVY MAY 1979 

F i g u r e  2 2  



INDUSTRY IN TRANSITION 

MANUFACTURING 

1975 1985 

REPRESENTATIVE CONTRACTORS 



QUESTIONS AND ANSWERS 

DR. WINKLER: 

Thank you very much f o r  a most i n t e r e s t i n g  and cha l leng ing  presenta- 
t i o n .  L e t  me add t o  your  quote o f  Patton. I d o n ' t  t h i n k  you can pu 
screws i n  t he  General ever. 

And t h a t  i s  what i t  amounts t o  i n  some o f  these th ings .  Wel l ,  
i f  gear i s  t o  be there,  then of course i t  i s  up t o  us t o  i n s i s t  on 
qua1 i t y .  

There i s  one t h i n g  I wanted t o  ask  you, however, and t h a t  i s  
your  comment about m i l i t a r y  systems r e l i a b i l i t y  i n  general i s  no t  
requ i red  t o  be so very great .  

I would suggest t h a t  there  are cases such as f o r  instance i n  
our case i n  p rec i se  t im ing  i n  which we prov ide  a commodity, pre-  
c i s i o n  t im ing ,  on which many operat ions depend. That i n  t h i s  case 
I t h i n k  you have t o  i n s i s t  on much h igher  r e l i a b i l i t y .  The r e l i -  
a b i l i t i e s  t h a t  we are  t a l k i n g  about i n  t i m i n g  equipment i s  om the  
order  of  20 t o  50,000 hours MTBF. I n  t h i s  case we have an e n t i r e l y  
d i f f e r e n t  p ropos i t i on .  I t  has become uneconomical, f o r  instance, 
t o  have maintenance people t r a i n e d  i n  some equipment because they  
w i l l  never see equipment f a i l .  O r  i f  i t  f a i l s  you w i l l  never have 
one experienced man around. 

But i t  was c e r t a i n l y  an extremely cha l leng ing  and i n t e r e s t i n g  
speech. I wish we cou ld  a l l  read i t  a f t e r  i t  has become a v a ~ i l a b l e  
i n  p r i n t e d  form, a t  l e a s t  once a month on a Monday morning. 

Do we have any quest ions? 

DR. MCCOUBREY: 

I wonder i f  values of parameters, such as j u n c t i o n  temperature, are 
inc luded i n  procurement s p e c i f i c a t i o n s  now? 

MR. WILLOUGHBY: 

You mean i n  ours o r  i n  yours? 

DR. MCCOUBREY: 

I n  the Navy procurement. 



MR. WILLOUGHBY: 

That 1 i s t  o f  what we c a l l  fundamentals up the re  goes i n t o  most o f  
t he  Navy procurements now and we s e t  110 degrees as the  max temper- 
a tu re  t h a t  we w i l l  accept. 

Now, I won' t  l i e  t o  you and say t h a t  we have accepted any tem- 
peratures w i t h  more than 110. We do, on an engineer ing basis,  make 
some except ions t o  tha t .  But  i t  i s  w i t h  judgement and cons idera t ion  
t h a t  we a l l o w  t h a t  temperature t o  go more than 110 degrees, which i s  
the  important  po in t .  

We know the  r i s k s  we a r e  t a k i n g  and then we w i l l  l e t  i t  go 
higher.  But  we a re  f i n d i n g  t h a t  we have t o  make l e s s  and l e s s  o f  
those judgements. 

E a r l y  i n  t he  program we had a l o t  of people ask ing fo r  excep- 
t i o n s  on the  110 degree. Now we f i n d  almost nobody asking f o r  it. 
As a mat te r  o f  f a c t ,  as I said, we a re  running more l i k e  90 t o  100. 

It has been pu t  i n t o  standard specs, which I t h i n k  i s  important .  

MR. RUEGER, The Johns Hopkins Un ive rs i t y ,  Appl i e d  Physics Laboratory 

I understand t h a t  when re1  i a b i l  i t y  gets  t o  a h igh  enough number 
the  Navy has a phi losophy about n o t  buying spare pa r t s .  Then when 
a f a i l u r e  occurs the re  i s  a long recovery c y c l e  t o  ge t  t he  i n s t r u -  
ment back i n  serv ice.  

MR. WILLOUGHBY: 

Yes. You have h i t  on p a r t  o f  a problem. I t  has t o  do w i t h  mathe- 
mat ics once again. The Navy, i n  terms of spar ing i t s  equipment, 
uses a lgor i thms as t o  c e r t a i n  numbers o f  t imes t h a t  t he  equipment 
has t o  be worked on du r ing  a years time, o r  du r ing  s i x  months t ime. 
And the re  i s  a ve ry  f l u k e y  l i t t l e  a lgo r i t hm t h a t  they use t h a t  does 
q u a n t i f y  e x a c t l y  what you said. 

And as the  bITBF goes up, what they w i l l  do, i f  you f o l l o w  t h i s  
a lgor i thm, you w i l l  f i n d  y o u r s e l f  w i t h  less  and l e s s  spare pa r t s .  

See, what t h i s  has caused t o  happen, I w i l l  ge t  i n t o  i n  j u s t  a 
minute. But what t h i s  has caused t o  happen, we have doubled, t r i p l e d  
and quadrupled the  r e l i a b i l i t y  of some equipments o n l y  t o  f i n d  t h a t  
i t  i s  t he  most unava i lab le  i n  t he  f l e e t  i n  terms o f  a v a i l a b i l i t y .  

The reason i s  from the  way the  spar ing system i s  p u t  together .  
We ran  i n t o  an anomaly i n  t he  spar ing system. That i s  what i t  
amounts to ,  I t  i s  a l o g i s t i c s  world. But t he  l o g i s t i c s  community 



i s  now r e - l o o k i n g  t h e  way t hey  p r o v i s i o n  equipment because what 
t h e y  were do ing  was shoo t ing  themselves i n  t h e  head w i t h  t h i s  pa r -  
t i c u l  a r  a1 g o r i  thm. 

And i t  i s  j u s t  s imp l y  sa id ,  s i g n i f i c a n c e  o f  f a i l u r e  has no th i ng  
t o  do w i t h  it. I t  i s  o n l y  q u a n t i t y .  For ins tance ,  we had one p i ece  
o f  equipment we t r i p l e d  t h e  r e l i a b i l i t y  on and t h e  a v a i l a b i l i t y  o f  
t h e  equipment went down t o  a mean t ime  t o  r e p a i r  of 13 months because 
t hey  d i d n ' t  even o rde r  a spare t r ans fo rmer  f o r  i t .  They had t o  o rde r  
one a t  t h e  f i r s t  f a i l u r e  o f  a t r ans fo rmer  and have i t  wound. 

Bu t  t h a t  i s  a  problem t h a t  i s  ve r y  unique t o  t h e  m i l i t a r y  and 
l e t ' s  hope nobody e l s e  does dumb t h i n g s  l i k e  tha t ,  




