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This  paper d i s c u s s e s  t h e  needs f o r  high tempera- 
t u r e  e l e c t r o n i c  and e l ec t ro -op t i c  dev ices  a s  they 
would be used on a i r c r a f t  engines  i n  e i t h e r  research  
and d e w l o p e n :  a p p l i c a t i o n s ,  o r  ope ra t  l o l a 1  appl ica- 
t i o n s .  The conclus ion reached is t h a t  .he tempera- 
t u r e  a t  which the  dev ices  must be a b l e  t o  funct ion  is 
i n  t he  neighborhood o f  500' t o  6UOm C z i t h e r  f c r  R6D 
o r  f o r  ope ra t iona l  app l i ca t ions .  In  RM) a p p l i c a t i o n s  
t h e  dev ices  must funct ion  i n  c h i s  temperature range 

n when i n  t he  e w i n e  but on ly  f o r  a moderate period of 
time. On an ope ra t iona l  engine ,  t h e  re1iabi: i ty 

& requirements d i c t a t e  t h a t  t he  dev ices  be a b l e  t o  be 
burned-in a t  tempera tures  s i g n i f i c a n t l y  higher than 
those a t  which they w i l l  funct ion  on the  engine.  The 
major po in t  made is t h a t  semiconductor technology 
must be pushed wel l  beyond the  l e v e l  a t  which s i l i c o n  
w i l l  be a b l e  t o  function.  

In t roduct  ion 

The purpose o f  t h i s  paper is t o  desc r ibe  the  
needs f o r  high temperature e l e c t r o n i c s  i n  the  air- 

c r a f t  engine  f i e l d .  The viewpoi:., e x p - e ~ s r d  i s  a s  
seen f r a a  t he  Lewis Research Cer.:er of NASA in l i g h t  
of the  f a c t  t h a t  a major element of t hc  G n t r r e s  
miss ion is t o  p e r f o m  bas i c  research  and development 
aimed a t  i m p r ~ v i n g  aeropropuls ion systems. This view 
is a l s o  based ?n d i scuss ions  of t h e  t op ic  wi th  many 
o t h e r  groups involved i n  aeropropuls ion both i n  
government and indust ry .  

The major a r e a s  o f  research  and deve:opment i n  
t he  a i r c r a f t  englne  f i e l d  coday a r e :  (1 )  higher fue l  
e f f i c i e n c y ,  ( 2 )  g r e a t e r  d u r a b i l i t y ,  and ( 3 )  reduced 
emissions,  both gaseous and acous t i c .  There i s  a 
fou r th  major a r e a  of work which is not t i e d  so  d i r -  
e c t l y  with labora tory  research  and developmen; but 
with f l y i n g  ope ra t iona l  engines.  ' ihls a r ea  is the  
reduct ion  o f  d i r e c t  opera t ing  c o s t  v i a  reduct ions  i n  
t he  c o s t  o f  mainterance and improvements i n  c o n t r o l  
systems. This may well be the  most s i g n i f i c a n t  moti- 
va to r  of a l l  when one g e t s  t.3 the Sotcom l ine .  

In t h i s  paper we w i l l  endeavor t o  show tha t  a l l  
these  a P a s  of work, s epa ra t e ly  and toge the r ,  provide 
s t rong  m;.ivation f o r  development of  high temperature 
e l e c t r o n i c  and e l ec t ro -op t i c  devices .  

Requirements f o r  Ground Tes t ing  of Engines 

In t h i s  s e c t i o n  we w i l l  d i s cuss  the  need f o r  
high tenipcrature e l e c t r o n i c s  f o r  opera t ion  on the hot 
r o t a t i n g  t u r b i n e  d i s k s  of engines used f o r  research  
and advanced development. One urgent requirement is 
f o r  a mu l t ip l exe r  opera t ing  a t  500' t o  600' C. 

The development o f  a new a i r ~ r a f t  engine  is a 
very long and expensive process.  The process can 
t ake  a s  long a s  10 yea r s  from s t a r t  on t h e  drawing 
board t o  f i r s t  engine  c e r t i f i e d  t o  f l y .  During t h i s  
yrocers  many prototypes  a r e  b u i l t  f o r  t e s t i n g  and 
development purposes. These proto types ,  a s  wel l  a s  
i nd iv idua l  engine  components, a r e  operated repeatedly  
i n  ground t e s t  f a c i l i t i e s .  For each of t hese  t e s t  
runs the  engine o r  component is ins t runented  with the  
maximum number of r en ro r s  p o s r i b l e  s o  t h a t  a s  much of 

t he  d e s i r e d  information a s  p s s i b l e  i s  obta ined from 
each f a c i l i t y  run. Ewn  a f t e r  an  e l l l i ne  is c e r t i f i e d  
f o r  f l i g h t .  problems a r i s e  i n  its ope ra t ion  on a i r -  
c r a f t ,  o r  ways of improving i ts  ope ra t iona l  charac- 
t e r i s t i c s  hecore apparent s o  t h a t  t h i s  t e s t i n g  pro- 
c e s s  con t inues  e l l  i i t o  t h e  u s e f u l  l i f e  of an  engine  
model. An example of c h i s  is the  REFAN program con- 
ducted by NASA t o  modify engines  l i k e  those  on t h e  
DC9 and t h e  Boeing 727 t o  reduce t h e  acous t i c  noise.  
This modrl engin?  had been i n  s e r v i c e  for  many yea r s  
but new p res su re s  genera ted  by e n v i r o m e n t a l  concerns 
made it d e s i r a b l e  t o  go  back and redes ign p a r t s  o f  i t  
f o r  reduced no i se  emission.  T h i l  program. by t h e  
way, led t o  t h e  improved engine  now or? t h e  new 
s t r e t ched  DC9. 

The ne t  r e s u l t  of a11 t h i s  is t h a t  engine and 
engine compnen t s  rece ive  a l o t  of t e s t i n g  and t h i s  
is a very expensive process. An ind iv idua l  new 
engine can c ~ s t  J few m i l l i o n  d o l l a r s  per copy. I t  
can t ake  the  o rde r  of twenty of t hese  t o  come up wi th  
the  f i r s t  c e r t i f i a b l e  copy. The c o s t  t o  t e a r  dovn an  
engine ,  prlt i n  new senso r s  and wiring.  and re bull^ 
f o r  a:.othe~ t e s t  run  is f r e q u e n t l y  upward of a 
q u a r t e r  m i l l i o ~ r  d o l l a r s .  On top  o f  a l l  t h i s  is t h e  
f a c t  t h a t  t h e  c o s t  of  performing t h e  t e s t  run i t s e l f  
is skyrocket ing  because of t h e  r i s i n g  c o s t  of engine  
t u e l  and t e s t  f a c i l i t y  ope ra t ing  power. A t y p i c a l  
engine t e s t  s tand capable  of a l t i t u d e  f l i g h t  r i m l a -  
t i o n  uses  upwards of  50 megawatts. 

These t e s t i n g  c o s t s  provide - tremendous i rpecus  
t w r r d  g e t t i n g  a s  many senso r s  on an engine  a t  cnr 
time a s  poss ib l e  i n  o rde r  t o  reduce t h e  number of 
r e b u i l d s  and t e s t  runs. Th i s  is accentuated  by t h e  
f a c t  chat every r ebu i ld  gene ra t e s  a poss ib l e  assembly 
e r r o r  which on r a r e  occas ion can z e s u l t  i n  c a t a s -  
t roph ic  f a i l u r e  causing l o s s  of  engine  and/or p a r t  of 
t he  f a c i l i t y  i t s e l f .  

What c u r r e n t l y  l i m i t s  t h e  number o f  s enso r s  
which can be i n s t - l l e d  and u t i l i z e d  f o r  one t e s t ?  To 
answer t h i s  one must look a t  t h e  c u r r e n t  reasons  f o r  
engine RtiD. A s  was mentioned i n  t h e  In t roduct ion .  
two of the  main motives f o r  R I D  a r e  reduced f u e l  
consumption, and g r e a t e r  d u r a b i l i t y .  In  t h i s  a r e a  o f  
work, d e t a i l e d  measurements on che hot r o t a t i n g  tu r -  
b ine  a r e  required .  The example we w i l l  d i s c u s s  i s  
the  need f o r  d a t a  from t h i s  turbine .  Here is where 
the  need f o r  high temperature e l e c t r o n i c s  a r i s e s .  

A fundamental law of thenndynamics ,  t h e  Camot  
theorem, says  chat  g r e a t e r  e f f i c i c n c y  r e s u l t s  f r a a  
higl.rr t u r b i n e  i n l e t  temperature.  Another fundament- 
a l  law ( r e l a t e d  t o  Chat of Murphy) s a y s  t h a t  h o t t e r  
r o t a t i n g  machineiy i s  e i t h e r  l e s s  du rab le  o r  weighs 
more. Pa r t  of che process ,  thcn,  of producing more 
e t r i c i e 3 t  and du rab le  engines  is one of ob ta in ing  
information about t h e  tempera tures  and s t r e s s e s  with- 
i n  t he  t u rb ine  t o  a l e v e l  of d e t a i l  never be fo re  
attempted. The l e v e l  of d e t a i l  needed i n  a par-ticu- 
l a r  sect:on of t h e  engine  is, i n  f a c t ,  propor t fonal  
t o  t h e  s e v e r i t y  of cond i t i on*  i n  t h a t  sectit-n because 
the  margin fo r  e r r o r  i s  l e s s  i n  t hose  s e c t i o n s  vhere  
t he  tempera tures  and s t r e s r e r  a r e  t h e  g r e a t e a t .  T h i r  
l eads  t o  t h e  need f o r  f a r  more d a t a  than eve r  be fo re  
from the  ru rb ine  d i s k r  and blades.  Th i s  is t h e  
h o t t e s t  pa r t  of t h e  engine  o t h e r  than t h e  combustor 
i t s e l f .  In t he  t u r b i n e  t h e  tempera tures  a r e  not  only 



very h i g h  but  t h e y  a r e  a l s o  very non-uniform due  t o  
eoolim f l o e  throbgh -11 b l e e d  h o l e s  w i t h i n  t h e  
b lader .  

There wrf s w  c o n d i t i o n s  t h a t  r a k e  f c l l  
i n s t r r w n t a t i o n  o f  t h e  t u r b i n e  a a n d a t o r y  a l s o  make 
r e l i a b l e  i n s t n m e n t a t i o n  -st d i f f i c u l t .  I n  c t u r -  
b i n e  test o f  t h i s  type .  i t  is n e c e s s a r y  to o b t a i n  
d a t a  f r tm t h e  o r d e r  o f  o n e  hundr td  s e n a n t s ,  l i k e  
t h e n w ~ o u p l e s  and s t r a i n  gmges. r o r n t e d  on the  r o t a t -  
i n g  b l a d e s  a d  d i s k s .  A l l  t h e s e  s e n s o r s  c a n  be 
I- l tnted bu t  r o u t i n g  t h e  leaduork  becomes imposs ib le .  
One is faced  w i t h  m u t i n g  a t c u  hundred w i r e s  down 
from the b l a d e s  and/or  d i s k  to the s h a f t .  F r c a  h e r e  
they  must be m u t e d  through a hol,? i n  t h e  hollow 
s h a f t  o u t  t o  sore t r a n s a i s s i o n  d r r i c e  such  a s  a s l i p  
r i n g  assembly or t e l e m e t r y  d e v i c e  t o  g e t  t h e  d a t a  
from the  r o t a t i n g  s h a f t  to t h e  s t a t i o n a r y  d a t a  haw. 
d1111g equipment. The problem is t h a t  t h e  h o l e  is t o e  
-811 and/or  t h e  w i r e s  a r e  t o o  t h i c k .  I f  t h e  h o l e  is 
made b i g g e r ,  t h e  s h a f t  h a s  t o o  l i t t l e  s t r e n g t h  and 
its mechanical  resonant  f r e q u e n c i e s  begin  t o  lie i n  
dangerous  reg ions .  I f  the w i r e s  a r e  made t o o  t h i n ,  
they bre.  e i t h e r  i n  i n s t a l l a t i o n  a n d / o r  i n  opera-  
t i o ~ .  Compounding t h i s  problem, i n  f u l l  s c a l e  e n g i n e  
t e s t i n g ,  is riw f a c t  t h a t  there is no t e l e m e t r y  sys-  
tem a v a i l a b l e  today  which i s  c a p a b l e  of h a n d l i n g  a i l  
t h e s e  c h a n n e l s  of d a t a  s i ~ u l t a n e o u s l y  i n  t he  severe 
e n v i r o r r e n t  where it must be  loca ted .  

The c u r r e n t  p r a c t i c e  is to b r i q  a11  t h e  w i r e s  
t o  t h e  d i s k  but  connec t  o n l y  a s  r s n y  a s  can  be 
brought th rough t h e  s h a f t .  A t t e r  t e s t i ~  is comple te  
w i t h  t h i s  conf i g u r a t i o n .  t h e  e n g i n e  is tor.1 Jovn 
s o l e l y  t o  a l l o v  c o n n e c t i n g  araother b a t c h  of  t h e  
wi res .  T h i s  p r o c e s s  is repea ted  maybe t h r e e  t o  f i v e  
Limes u n t i l  a l l  t h e  d a t a  is o b t a i n e d .  Not o n l y  is 
t h i s  a t e r r i b l y  e x p e n s i v e  p r o c e s s  but  by t h e  t ime  you 
g c t  t >  the  t h i r d  o r  f o u r t h  reassembly  of t h e  e n g i n e .  
many of t h e  s e n s o r s  a n d / o r  w i r e s  have f a l l e d  from 
e i t h e r  t h e  r i g a r s  of  t e s t i n g  o r  t h o s e  of  d i s a s s e u b i y  
and assembly.  Tkis whole s i t u a t i o n  is o b v i o u s l y  n o t  
very good. 

What is needed is e l e c t r o n i c s  which c a u  f u n c t i o n  
i.1 t h e  e n v i r o m e n t  i n  t h e  r e g i o n  of  t h e  t u r b i n e  
dis't .  Here t h e  t e m p e r a t u r e s  a r e  i n  the neighbor;.ood 
o f  500' t u  600' 5 and t h e  c e n t r i p e t a l  a c c e i e r a t i o n s  
a r e  t t n s  of  thousands  o f  G's. Uhat i s  needed most 
u r g e n t l y  i s  a m u l t i p i e x e r  s o  t h a t  a11  t h e  s e n s o r s  c a n  
be read o u t  d u r i n g  a s i n g l e  test run. C i v r n  t h e  
rechnology t o  b u i l d  t h e  m u i t i p l e x e r ,  t h e  n e x t  i t e m  of 
i n t e r e s t  r a y  be some form of a n a l o g  t o  d i g i t a l  con- 
v e r t e r  c a p a b l e  of  h a n d l i n g  t h e  m i i ~ i r c l t  l e v e l  s i g -  
n a l s  from themoccruples.  .4ddit icmally,  a i ~ i p h  tea- 
p e r a t u r e  t e l e m e t r y  system t o  send t h e  sig. .als  f r a  
t h e  r o t a t i n g  s h a f t  t o  a s t a r i o n a r y  r e c e i v e r  would oe 
h i g h l y  d e s i r a b l e .  The i d e a l  w u l d  be one  t h a t  
r e q u i r e s  no  c o o l i n g  because  g e t t i n g  c o o l i n g  a i r  f low 
t o  t h e r e  r e g i o n s  is n o t  o n l y  complex and e :pcnsivc 
b u t  a l s o  rhe c o o l i n g  a i r  f low i t s e l f  u p s e t s  t h e  cun- 
d i t i o n - ,  i n  t h e  e n g i n e  t o  some e x t e n t .  I t  should  b ?  
n o t e d  t h a t  t h e  c a p a b i l i t y  f o r  crlemet-:). m u l t i -  
p l e x i n g ,  and a n a l o g  t o  d i g i t a l  c o n w r s i s n  ir: t h i s  
e r v i r ~ m n t ,  e x c e p t  f o r  t h e  h igh  Lemperature,  h a s  
a l r e a d y  been d c l o n s t r a - e d .  

Uhat we have d e s c r i b e d  h e r e  is t h e  need f o r  
rugged e l e c t r o n i c s  t o  be used  a t  s i n k  t a p e r a t u r e s  o f  
atrout 500. or 600- C.  It is most impor tan t  th t  
t h e s e  d e v i c e s  work r e l i a b l y  f o r  t h e  o r d e r  o f  50 t o  
100 hours  a t  t e s t  c o n d i t i o n s .  ? h i s  is n o t  c o n t i n u o u s  
o p e r a t i o n ,  thaugh.  b e c a u s e  t y p i c a l  test r u n s  l a s t  
 fro^ 2 to 1 0  h ~ u r r .  More w i l l  be s a i d  about  r e l i -  
a b i l i t y  i n  t h e  n e x t  s e c t i o n  vhen we d e a l  w i t h  t h e  
problems encountered  mr e q i n e s  t h a t  are on w e r a -  
t i o n a l  a i r c r a f t .  

R e q u i r e m t s  f o r  C p e r a t i o n a l  l o g i n e s  

In  t h i s  s e c t i o n  we w i l l  d e v e l o p  t h e  needs  f o r  
h igh  t a p e r a t u r e  e l e c t r o n i c s  on o ~ e r a t i o r u l  engines .  
Oven though ue w i l l  arrive a t  t h e  s a e  tempera ture  
;eve1 r e q u i r e r r n t  of  500. to 600. C, it w i l l  be  f o r  a 
d i f f e r e n t  rraso-1. The f u n c t i o n i n g  tempera ture  level 
of t h e  e l e c t r o n t c s  on a n  o p e r a t i n g  e n g i n e  w i l l  be 
about 300' C but  r e l i a b i l i t y  w i l l  d i c t a t e  a much 
h igher  burn-in temperature.  

The most s i g n i f i c a n t  problem w i t h  o p e r a t i o o a t  
a i r c r a f t  e n g i n e s  today is t h a t  t h e i r  d i r e c t  o p e r a t i n g  
c o s t s  a r e  t o o  n igh  and g e t t i n g  h i p h e r .  C e r t a i n l y  t h e  
r i s i n g  c c s t  of  f u e l  is a u j u r  c u n i r i b u t o r  t o  t h i s  
problem. I t  is t h e  root r e a s o n  f o r  t h e  RID a u u d  a t  
reduced t u e l  ccnsumption. Llovever, f u e l  c o s t s  are 
not  the  only  major c o n s t i t u e n t  of d i r e c t  o p e r a t i n g  
c o s t .  Another -;or f a c t o r  is e n g i n e  maintenance. 
As t h e  e n g i n e s  beccae  w r c  s o p h i s t i c a t e d  and c a p l e x  
i n  t h e  i n t e r e s t  o f  reduced f u e l  c o n s u m p t ~ o n  and l o w r  
weight .  t h e y  a l s o  became more d i f f i c u l t  and c o s t l y  t o  
maintain.  T h i s  h a s  l e d  tc emphasis  on g r e a t e r  dur -  
a b i l i t y  a.hd tc m d u l a r i u t i m  uf e n g i n e  des igns .  

t k c a u s e  w seem t o  be h a r i n g  away a t  c o s t s  s o  
t d ~ d  h e r e ,  t h e  r e a d e r  may g e t  t h e  impress ion  t h a t  
t h e s e  problems apply  p r i m a r i l y  t o  t h e  c i v i l i a n  
f l e e t .  Not so. The m i l i t a r y  is a l s o  a c u t e l y  con- 
cerned  w i t h  t h e s e  c o s t  problems both  because  o f  t h e i r  
budget c o n s t r a i n t s  and because  t h e y  are f i y i n g  t h e  
l a t e s t ,  mcsr s o p h i s t t c a t e d  e n g i n e s  which have not y e t  
developed t h e  m a t u r i t y  and refinement of d e s i g n  t h n t  
u s u a l l y  l e a d s  :o reduced maintenance c o s t s .  

How does  ole knov when t o  p u l l  ar. e n g i n e  from 
s e r v i c e  and t e a r  it  down f o r  maintenance? The -st 
conmon c r i t e r i o n  is t h a t  a p a r t i c u i a r  caslponent of  
t:lr e n g l n r  h a s  o p e r a t e d  t o r  a p r e d e t e m i n e d  n u ~ b e r  o f  
hours  o r  c y c l e s .  Another c-n c r i t e r i o n  which is 
used r o  de te rmine  vhen t o  reao'Je an e n g i n e  1s t h a t  
t h e  r e q u i r e d  t h r u s c  cannot  be ach ieved  wi thout  
exhaus t  g a s  t e a p e l s t t a r e  exceeding  a p r m i s s i b l e  
leve l .  T h i s  tempera ture  is moni torea  t o r  j u s t  t h i s  
puxpqse. I f  t h i s  t empera ture  g e t s  t c o  h igh  t h e  t u r -  
b i n r  i i f e  i s  d r a s t i c a l l y  reduced. There a r e  o t h e r  
c r i t e r i a  used f o r  removing a n  e n g i n e  such  a s  t h e  
b e l c h i a g  of  s t r a n g e  looking f 1 . w -  or smoke from t h e  
t a t 1  p i p e  o r  t h e  emiss ion  o f  a t y p i c a l l y  cacophonous 
sounds snd v i b r a t i o n s .  Though t h e s e  w i l l  n o t  be 
cons l4ered  s i g n i f i c a n t  f o r  t h e  purposes  o f  t h i s  
paper. t h e y  a r e  u s u a l l y  c o n s i d e r e d  urgent  i n  t h e  
extreme by t h o s e  aboard t h e  a i r c r a f t .  

?he a p p r s a c h e s  t n  maintenance d e s c r i b e d  above 
a r e  nut  n e c e s s a r i l y  c o s t  e f f e c t i v e .  The f a c t  t h a t  a n  
e n g i n e  h a s  o p e r a t e d  f o r  s g i v e n  number o f  hours  o r  
c y c l e s  s a y s  n o t h i n g  o f  t h e  c o n d i t i o n s  under which it  
opera ted .  I n  t h e  i n t e r e s t  o f  s a f e t y ,  t h e s e  i n t e r v a l s  
a r e  u s u a l l y  S e i  s h o r t e r  t h a n  rea!ly necessary  s o  t h a t  
u i n t e n a n c e  is f r e q u e n t i y  performed on  a n  engine  t h a t  
rea!ly d o e s  not  need it. Exhaust  g a s  tempera ture  is 
only  r wry g r o s s  i n d i c a t o r  o f  h e a l t h  so t h a t  t h e  
engine may be i n  sore need of  mazntenance b e f o r e  t h i s  
c r i t - r i o n  demands ~ t .  An a l t e r n a t i v e  approach,  v h i c h  
l t rs been t r i e d  w i t h  same i n s t a n c e s  o f  s u c c e s s ,  is m .  
e n g i n e  m n : t o r i n g  system. Tt,r i d e a l  ~ ~ i t o r i n g  sys-  
tem would be on t h e  engine.  I t  should  c o l l e c t  d a t a  
on s e l e c t e d  e n g i n e  p a r r a e t e r a  and p r o c e r s  t h i s  d a t a  
t o  a Corm t h a t  i n d i c a t e s  v h e t h e r  t h e  engine  n e e d s  
maintenance.  p u i n t s  t o  t h e  c a p o n e n t  needing t h e  
maintenance.  and. perhaps ,  s p e c i f i e s  what u i n t e n a n c e  
is needed. Such J s y s l a ,  coupled  w i t h  t h e  l o d u l r r -  
i t y  of modern e n g i n e s ,  w i l l  a l l o w  r a p i d  a c c e s s  t o  t h e  
p a r t s  needing  r e p a i r  o r  r e p l a c c w n t  based on  a c t u a l  
p e r f m a a n c e  d a t a .  However. t h e  m d u l a r i t y  r e q u i r e -  
ment d i c t a t e s  t h a t  8t i e a s t  some of t h e  e l e c t r o n i c s  
requited f o r  e n g i n e  moni tor ing  be  l o c a t e d  on t h e  
engine.  1 

The need f o r  such  m e n g i n e  c o n d i t i o n  monitoring 
s y s t c r  l e a d s  r a t h e r  d i r e c t l y  t o  t h e  need f o r  h igh  



temperature e l e c t r o n i c r .  f h e  dev ices  needed here a n  
f o r  sensor  s ~ g t a l  c o n d ~ t i o n i n g ,  s igna l  transmissiotl .  
and a monitoring c a p u t e r .  C a p a d  wtth t h e  re- 
q u i r a e n t  d iscussed i n  t h e  previous s e c t i o n  on ground 
testim needs. the  dev ice  r e q u i n w n t s  d i c t a t e d  by 
t h i s  v n i t o r i n g  system a t  f i r s t  appear t u  be q u i t e  
h i g n .  There a r e  f a r  fever  sensors  needed. They 

prabrbly not  i n  t he  r o t a t i n g  e o v i r o m e n t .  The 
s i g n a l  condi t  ionillg. t r a n m i s s i o n .  an3 c m p u t  ing 
equipment w i l l  not  be  located  r i g h t  i n  t h e  verl, 
h o t t e s t  p a r t s  of t he  ellgine bur on t h e  o u t s i d e  ca s ing  
sacwhere :  where t i n  t-peratures a r e  lower. Careful  
cons ide ra t ion  o f  t h i s  s y s t r r ,  though. l eads  t o - t h e  
coaclus ion t h a t  t h e  r e q u i m e n t s  may v e i l  be a s  
d i f f i c u l t  t o  s a t i s f y .  

The cpe ra t ing  temperature r e q u i r w e n t s  f o r  t h i s  
m n i t o r i w  system r, ..1allv c a e  out t o  be about 300' C 
f o r  high perfomarise m i l i t a r y  a i r c r a f t  o r  t h e  poss i -  
b l e  fu tu re  supersonic  t r anspor t  .2 Titis temperature 
is s e t  by the  f a r t  t h a t  t h e  c o l d e s t  a i r  a v a i l a b l e  a t  
muimua speed and a l t i t u d e  is a t  what is c a l l e d  ram 
a i r  temperature o r  t o t a l  temperature a t  t he se  f l i g h t  
condi t rons .  Every o t h e r  a v a i l a b l e  f l u i d  temperature.  
except t ha t  of t he  fue l .  is higher.  Fuel coo l ing  o f  
the  e l e c t r o n i c s  is now being used i n  some c a s e s  but 
it  is very undesi rable  from t h e  s tandpoint  of com- 
p l ex i ty .  n i g h t ,  and leak po ten t i a l .  Thus 300- t o  
600' C seas a reasonable  t a r g e t  f o r  f l i g h t  engine  
monitoring devices .  This  l eve l  does not s e a  very 
severe  u n t i l  one cons ide r s  t he  problem of r e l i a b i l i t y .  

Whereas, i n  r h e  previous s ec t ion  w: came up wi th  
opera t ing  t i -  requirements of about LOO hcurs ,  i n  
the  f l i g h t  w n i t o r ~ n g  system ue need thousands of 
hours o t  abso lu t e ly  t roub le  f ree  opera t ion .  The 
primary reason f o r  t h i s  is t h a t  you w i l l  not reduce 
maintenance c o s t  i f  your monizoring sys t .  t a l l s .  
Fa i iu re  of the  monitoring system wi l l  r e s u l t  i n  
e i t h e r  premature engine  r e p a i r  o r  i n  aonitor1:;g sys- 
tem r e p a i r  o r ,  f a r  worse than these .  t he  i nd ica t ion  
t h a t  the engine is heal thy  when it is not.  This  
l eads  to the inescapable conclus ion t h a t  very h i g ~ t  
r e l i a b i l i t y  is needed. 

Corron p r a c t i c e  f o r  achieving high system r r l i -  
a b i l i t y  f o r  a g iven f u n ~ ~ i o n r l  t e w e r a t u r e  is t o  u s e  
corponents  t h a t  have betn  burned-in a t  a s i g n i f i c a n t -  
ly  h igher  temperature i n  order  t o  weed ou t  p o t e n t i a l  
f a i l u r e s .  The h igher  t h e  burn-in remperature,  t he  
s h o r t e r  the  burn-in r u s t  be t o  weed ou t  t l n  bad 
pa r t s .  An accepta?  le burn-in temperature would be 
about the s- a s  t.re tempera'.~:re required  f o r  ground 
t e s t  a p p l i c a t i o n s  d iscussed e a r l i e r .  

A f u r t h e r  requirement on ~ p e r a t i o n a l  eng ines  
a r i s e s  from ?he need f o r  more soph i s t i ca t ed  engine  
con t ro l  systtms. This is being pursued by going t o  
a11 e l e c t r o n i c  c o n t r o l s .  These c o n t r o l s  a r e  required  
i n  o rde r  t o  dchieve peak perforrance  with high e f f i -  
c iency,  long l i f e ,  and s a f e t y .  Requirements f o r  
modulari ty.  f l i g h t  s a f e t y ,  and combat s u r v i v a b i l i t y  
d i c t aLe  t h a t  t h i s  c o n t r o l  system be located  on the  
engine.2 Th i s  p u t s  i t  a l s o  i n  an environment l i k e  
t ha t  d iscussed f o r  t he  monitoring system. Indeed t h e  
c o n t r o l  c a p o t e r  may a l s o  be the  monitoring coa- 
potrr. Thus, e t q i n e  c o n t r o l  requirements r e s u l t  i n  
about t h e  same e a v i r o m e n t a l  and r e l i a b i l i t y  needs 
fo r  e i e c t r o n i c  dev ices  a s  do  those of the  monitoring 
sysLca. 

Ve should po in t  out  here t h a t  t he re  is a l s o  a 
need f o r  o p t i c  and e l ec t ro -op t i c  dev ices  t o  opera te  
on th.? engine. Th i s  need a r i s e s  p r imar i ly  i n  m i l i -  
t a r y  a i r c r a f t .  Fiber-optic,  r a t h e r  than e l e c t r o n i c  
cab le ,  t r m s a i s s i o n  of d a t a  f r o a  p lace  t o  p lace  on 
the  a i r c r a f t  br ing8 the s i g n i f i c a n t  advantages o f  
enhanced freed- Lrol e lec t romagnet ic  i n t e r f e r e n c e  
and t h e  a b i l i t y  to send d a t a  over mu l t ip l e  pa ths  
without i ncu r r ing  t h e  weight p e n a l t i e s  of m u l t i p l e  
e l e c t r o n i c  cab le s .  S ince  much of t h e  d a t a  o r i g i n a t e s  
on t h e  e-ine, a t  1.-t same o f  t h e  e l ec t ro -op t i c  

dev ices  and f i b e r  o p t i c  bundles w i l l  r e s i d e  on the  
twine and t h e r e f o r e  have t o  ope ra t e  r e l i a b l y  i n  t h e  

t h e m a 1  e n v i r a n r n t  8s t h e  monitoring and con- 
trel e l e c t r o n i c s .  

To s m r i z e  t h i s  s ec t ion .  t h e  needs of opera- 
t i o n a l  a i r c r a t t  e a i n e  monitoring and c o n t r o l  d i c t a t e  
e l e c t r o n i c  and e l ec t ro -op t i c  d e v i c e s  capab le  of very 
high I - e l i a 5 i l i t y  while ope ra t ing  a t  tempera tures  not 
t oo  much higher  t han  300. C. Th i s  r e l i a b i l i t y  re-  
q u i r e r i t t .  we believe. v i l l  r equ i r e  burn-in a t  t h e  
500' t o  600' C temperature l eve l .  

In t h i s  paper we have d iscussed t h e  needs for  
high temperature e l e c t r o n i c s  and e l ec t ro -op t i c s  a s  
they would Se used on a i r c r a f t  engines  i n  research .  
developaent.  and opera t ion .  The conclus ion reached 
is t h a t  t he  t e r p r r a t u r e  a t  which t h e  dev ices  must be 
a b l e  t o  funct ion  is about t h e  same e i t h e r  f o r  RbD o r  
f o r  ope ra t iona l  a p p l i c a t i o n s  though the  reasons  f o r  
a r r i v i n g  a t  t h i s  es t imated  temperature a r e  q u i t e  
d i f f e r e n t .  tn  R I D  app1i:ations t h e  dev ices  must 
funct ion  a t  t h i s  temperature uhea i n  t h e  engine  but 
only fo r  a moderate p e r i d  of time. On an opera t ion-  
a l  engine. t h e  r e l i a b i l i t y  requirements d i c t a t e  t h a t  
t h e  dev ices  be a b l e  t o  be burned-in a t  tempera tures  
s i g n i f i c a n t l y  h igher  than those  a t  utiich they w i l l  
funct ion  on t h e  engine. 

Ue have been purposely vague i n  d e f i n i n g  t h e  
temperature goal  a s  bping around 500" t o  hOOO C 
because the re  a r e  arguments fo r  a goa l  a hundred 
degrees  above and below t h i s  temperature range. The 
major point  t v  be made is t h a t  ue must push e l l  
b y o n d  t h e  l eve l  a t  whish silit m b i l l  be a b l e  t o  
function.  

As  a f i n a l  thought,  ve would l i k e  t o  say t h a t  
a l l  of t h i s  c o n s ~ i t u t e s  the  j u s t i f i c a t i o n  needed t o  
get  support  f o r  a program aimed a t  high temperature 
e l ec t ron ic s .  I t  probably bas  l i t t l e  t o  do with t h e  
most s i g n i f i c e i t  f u tu re  a p p l i c s t i o n s  of t hese  d e -  
v ices .  They a r e  p re sen t ly  unknown. Consider t h e  
o r i g i n a l  j u s t  i f  i c a t  ions  fo r  degeloping in t eg ra t ed  
c i r c u i t s .  Ih-y were t o  enable  -11. low p w e r  c i r -  
c u i t r y  f o r  spacec ra f t  a p p l ~ c a t i o n s .  As i t  has  turned 
ou t ,  they were indeed u s e f u l  f o r  t hese  purposes but 
t hese  u ses  have provea t o  be of t r i v i a l  impact .an 
s o c i e t y  r e l a t i v e  t o  t he  o t h e r ,  m9re mundane uses  t o  
which they a r e  now being appl ied .  A t  Lewis ve had a 
high temperature e l e c t r o n i c s  program going i n  t h e  
l a t e  60's and e a r l y  70's aimed a t  t h e  needs of 
nuclear  power systems f o r  spacec ra f t .  Wher. t h a t  was 
no longer supported the  e l e c t r o n i c s  program went down 
the  tubes  with i t .  Now ve a r e  s t a r t i n g  up essen-  
t i a l l y  the  same program fo r  completely d i f f e r e n t  
reasons.  We cannot he lp  but f e e l  t h a t  high tempera- 
t u r e  e l e c t r c t i i c s  w i l l  indeed have wide a p p l i c a t i o n  
not only t o  the  a r e a s  d iscussed a t  t h i s  conference  
but a l s o  t o  f a r  more impcrcsnt a r e a s  which we j u s t  do  
not have t h e  v i s ion  t o  p red ic t .  
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