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ABSTRACT 

The h i g h l y  i n t e g r a t e d  d i g i t a l  e l e c t r o n i c  con- 
t r o l  (HIDEC) program a t  NASA Ames Research Center, 
Dryden F l i g h t  Research F a c i l i t y  i s  a mu l t iphase 
f l i g h t  research  program t o  q u a n t i f y  t h e  b e n e f i t s  
o f  p romis ing  i n t e g r a t e d  c o n t r o l  systems. McDonnell 
A i r c r a f t  Company i s  t h e  pr ime con t rac to r ,  w i t h  
Un i ted  Technologies P r a t t  R Whitney, and Lear 
S i e g l e r  Incorpora ted  as major  subcont rac tors .  

The NASA F-15A tes tbed  a i r c r a f t  was mod i f ied  
f o r  t h e  HIDEC program by i n s t a l l i n g  a d i g i t a l  e lec- 
t r o n i c  f l i g h t  c o n t r o l  system (DEFCS) and rep lac ing  
t h e  s tandard  F l O O  (Arab 3 )  enyines w i t h  FlOO engine 
nodel  d e r i v a t i v e  (EMD) engines equipped w i t h  d i g l -  
t a l  e l e c t r o n i c  eng ine  c o n t r o l s  (DEEC), and in tegra-  
t i n g  t h e  DEEC's and DEFCS. The m o d i f i e d  a i r c r a f t  
p rov ides  t h e  c a p a b i l i t y  f o r  t e s t i n g  many in teg ra -  
t e d  c o n t r o l  modes i n v o l v i n g  t h e  f l i g h t  con t ro l s ,  
engine c o n t r o l s ,  and i n l e t  c o n t r o l s .  

T h i s  paper focuses on t h e  f i r s t  two phases o f  
t h e  HInEC program. which a re  t h e  d i g i t a l  f l i g h t  
c o n t r o l  s y s t e m l a i r c r a f t  model i d e n t i f i c a t i o n  
(DEFCVAMI) phase and t h e  adap t i ve  engine con- 
t r o l  system (ADECS) phase. 

INTRODUCTION 

D i y i t a l  e l e c t r o n i c  c o n t r o l s  i n  new a i r c r a f t  
enhance v e h i c l e  preformance by p r o v i d i n g  a means 
o f  i n t e g r a t i n g  t h e  f l i g h t  and p r o p u l s i o n  con t ro l  
systems. Subs tan t i a l  b e n e f i t s  a r e  gained by 
e x p l o i t i n g  the  a d d i t i o n a l  c o n t r o l  dev ices  a v a i l -  
ab le  th rough d i g i t a l  c o n t r o l s  on advanced design 
a i r c r a f t .  These dev ices  i n c l u d e  symmetr ical  and 
d i f f e r e n t i a l l y  v a r i a b l e  canards, v a r i a b l e  leading- 
and t r a i l i n g - e d g e  f l a p s ,  v a r i d b l e  geometry i n l e t s ,  
two-dimensional  t h r u s t  v e c t o r i n g  and reve rs ing  
nozz les ,  and o the r  c o n t r o l  v a r i a b l e s  associated 
w i t h  v a r i a b l e  c y c l e  engines. The complex i ty  
i nvo l ved  i n  the  i n t e g r a t i o n  o f  these systems 
i s  governed by t h e  d i g i t a l  l o g i c .  The in teg ra -  
t i o n  o f  these systems enhances a i r c r a f t  maneuver- 
a b i l i t y ,  improves t r a j e c t o r y  c o n t r o l  f o r  t e r r a i n  
f o l l o w i n g ,  t e r r a i n  avoidance, and weapon de l i ve ry ,  
and shor tens  t a k e o f f  and l a n d i n g  d is tances .  
Energy management techniques, when combined 
w i t h  t r a j e c t o r y  c o n t r o l ,  can r e s u l t  i n  s i g n i f -  
i c a n t  fue l  and cos t  savings. 

To devplop and demonstrat? I n t e g r a t e d  f l i g h t  
and propu l  s i  on techno1 ogy , NASA Ames Research 

C e n t e r ' s  Dryden F l i g h t  Research F a c i l i t y  i n i t i a t e d  
t h e  h i g h l y  i n t e g r a t e d  d i g i t a l  e l e c t r o n i c  c o n t r o l  
(HIDEC) program. McDonnell A i r c r a f t  Company 
(MCAIR) i s  t h e  pr ime c o n t r a c t o r ,  w i t h  P r a t t  & 
Whi t n e y  A i r c r a f t  (PWA) and Lear S i e g l e r  I n c o r -  
po ra ted  ( L S I )  as ma jo r  subcont rac tors .  
a i r c r a f t  i s  an F-15, m o d i f i e d  f o r  i n s t a l l a t i o n  o f  
d i g i t a l  f l i g h t  and engine c o n t r o l  systems. The 
o b j e c t i v e s  o f  t h e  program a r e  t o  design, imp le -  
ment , and f l i g h t - t e s t  se lec ted  i n t e g r a t e d  f l i g h t /  
p r o p u l s i o n  c o n t r o l  modes which promise s i g n i f i c a n t  
improvements i n  a i r c r a f t  performance. 

The HIDEC program i s  d i v i d e d  i n t o  f i v e  phases. 
These phases and t h e  program schedule a r e  shown 
i n  F ig .  1. Phase 1 o f  t h e  HIDEC program i n v o l v e s  
t h e  f l i g h t  t e s t i n g  o f  t h e  d i g i t a l  e l e c t r o n i c  
f l i g h t  c o n t r o l  system (DEFCS) i n  t h e  NASA F-15 
a i r p l a n e .  The DEFCS c o n s i s t s  o f  a h ighe r -o rde r -  
language d i g i t a l  f l i g h t  c o n t r o l  computer and two 
m o d i f i e d  c o n t r o l  augmentation system (CAS) analog 
computers used f o r  sensor and a c t u a t o r  i n t e r f a c e .  
As p a r t  o f  phase 1, t h e  DEFCS so f tware  i s  p ro -  
grammed t o  p rov ide  a " f l u t t e r  e x c i t e r "  f u n c t i o n  
t h a t  enables t h e  p i l o t  t o  s e l e c t  p r e c i s e  f re -  
quency sweep and dwe l l  i n p u t s  t o  t h e  h o r i z o n t a l  
t a i l s .  Th i s  f e a t u r e  a l l ows  t h e  a c q u i s i t i o n  o f  
d a t a  f o r  improv ing  t h e  mathematical  models o f  
f l i g h t  c o n t r o l  components and a i r c r a f t  r i g i d  
and s t r u c t u r a l  modes. 

The t e s t  

Phase 2 o f  HIDEC, c a l l e d  t h e  adap t i ve  eng ine  
c o n t r o l  system (ADECS, Ref. l ) ,  c o n s i s t s  o f  t h e  
des ign ,  implementat ion,  and f l i g h t  t e s t i n g  o f  an 
i n t e g r a t e d  f l i g h t  and p r o p u l s i o n  c o n t r o l  mode. 
T h i s  mode uses f l i g h t  c o n t r o l  i n f o r m a t i o n  t o  
u p t r i m  t h e  eng ine  pressure  r a t i o  f o r  improved 
eng ine  performance. 
c o n s i s t  o f  t h e  development and e v a l u a t i o n  o f  
s e l e c t e d  t r a j e c t o r y  guidance a lgo r i t hms .  The 
a l g o r i t h m s  w i l l  be t e s t e d  w i t h  and w i t h o u t  t h e  
ADECS fea tures .  A d d i t i o n a l  ADECS modes and 
enhancements t o  t h e  b a s i c  f e a t u r e s  w i l l  be deve l -  
oped and t e s t e d  d u r i n g  phase 4 o f  t h e  HIDEC pro-  
gram. Phase 5 w i l l  i n v o l v e  e f f o r t s  i n  t h e  area o f  
performance-seeking c o n t r o l s  w i t h  t h e  i n t e g r a t i o n  
o f  t h e  a i r c r a f t  i n l e t s  t o  t h e  eng ine  and f l i g h t  
c o n t r o l  systems. Th is  paper concen t ra tes  on 
phases 1 and 2 o f  t h e  HIDEC program, and inc ludes  
d i scuss ions  on t h e  ADECS c o n t r o l  system design. 
t h e  computat ional  a r c h i t e c t u r e ,  t h e  developmental 
t e s t i n g ,  t h e  b u i l t - i n - t e s t  and i n - f l i g h t  i n t e g r i t y  
management system, and the  p lans  f o r  t h e  f l i g h t  
t e s t s  i nc luded  i n  these two phases. 

Phase 3 o f  t h e  program w i l l  



P r o j e c t i o n s  f o r  engine performance improvements 
d u r i n g  t h e  HIDEC program a re  conta ined i n  Ref. 1 
and 2. 
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A I R C R A F T  DESCRIPTION 

The t e s t  v e h i c l e  f o r  t h i s  program i s  an F-15 
a i r p l a n e .  mod i f i ed  w i t h  a d i g i t a l  e l e c t r o n i c  
f l i g h t  c o n t r o l  system (DEFCS). The a i r p l a n e  i s  a 
h igh-performance. tw in -eng ine  f i g h t e r  capable o f  
speeds t o  Mach 2.5. The eng ine  i n l e t s  a r e  o f  the  
two-dimensional  ex te rna l  compression type  w i t h  
t h r e e  rai ips,  and fea tu re  v a r i a b l e  cap tu re  area. 
The F-15 a i r p l a n e  i s  powered by two F l O O  engine 
model d e r i v a t i v e  (EMD) a f t e r b u r n i n g  tu rbo fan  
engines equipped w i t h  d i g i t a l  e l e c t r o n i c  engine 
c o n t r o l s  (DEEC). 

D i g i t a l  E l e c t r o n i c  F l i g h t  Cont ro l  System 

The DEFCS hardware c o n s i s t s  o f  a four-channel 
d i g i t a l  f l i g h t  c o n t r o l  computer (DFCC) and two 
m o d i f i e d  c o n t r o l  augmentation system analog com- 
p i t te rs .  The d i g i t a l  system fea tu res  d i g i t a l  micro- 
p rocessors  f o r  decreased volume and reduced cost,  
para1 1 e l  p rocess ing  a r c h i t e c t u r e  f o r  increased 
th roughput ,  and h igher -order  language f o r  b e t t e r  
proyramning e f f i c i e n c y  and m a i n t a i n a b i l i t y .  The 
h ighe r -o rde r  language c u r r e n t l y  used f o r  t he  DFCC 
i s  PASCAL. Two channels i n  t h e  DFCC c o n t a i n  t h e  
redundant p i t c h  c o n t r o l  laws, w h i l e  the  o t h e r  t w o  
channels c o n t a i n  the  redundant r o l l  and yaw f l i g h t  
c o n t r o l  laws. The mod i f i ed  analog computers pro- 
v i d e  the  i n t e r f a c e  w i t h  t h e  onboard sensors and 
ac tua to rs .  The d i g i t a l  system emulates t h e  analog 
F-15 c o n t r o l  augmentat ion system (CAS) so t h a t  the 
hand l i ng  q u a l i t i e s  a r e  i d e n t i c a l  t o  those o f  a 
s tandard  F-15 a i r p l a n e .  

The a v i o n i c s  a r c h i t e c t u r e  i s  shown i n  F ig .  2. 
The programmable asynchronous s e r i a l  communication 
t r a n s l a t o r  (PASCOT) was i n s t a l l e d  i n  t h e  a i r c r a f t  
t o  a l l o w  an in te rchange of  i n fo rma t ion  between the 
t h r e e  mu1 t i p l e x  buses: t h e  a i r c r a f t  standard HD09 
hus on which the  c e n t r a l  computer (CC) communi- 
ca tes  w i t h  p e r i p h e r a l s  such as the  i n e r t i a l  nav i -  
g a t i o n  system ( I N S )  and the  a i r  da ta  computer, the 
UART s e r i a l  bus t h a t  t r a n s f e r s  da ta  from the  DEEC 
engines (implemented d u r i n g  t h e  ADECS phase), and 
the  1553A bus on which t h e  DFCC and the  instrumen- 
t a t i o n  system communicate. The PASCOT pe rm i t s  
b o t h  OEFCS and CC da ta  t o  be sent t o  t h e  onboard 
i n s t r u m e n t a t i o n  system f o r  reco rd ing ,  and f o r  
t e l e m e t e r i n g  t o  ground r e c e i v e r s  f o r  r e a l - t i m e  
~ . i o n i t o r i n y  and p o s t f l i g h t  da ta  processing. 

d i g i t a l  f l i g h t  c o n t r o l  computer, a 28002 1 6 - b i t  
The key fea tu res  o f  t h e  DEFCS a r e  ( 1 )  t h e  

mic roprocessor  w i t h  490 kops and 26K memory, and 
f o u r  channels f o r  communication; ( 2 )  MIL-STD-1553A 
m u l t i p l e x  i n t e r f a c e ;  ( 3 )  PASCAL as t h e  h ighe r -  
o rde r  language; and ( 4 )  hardware t h a t  enables t h e  
system t o  be  reconf igured  as a t r i p l e x ,  quadru- 
p lex ,  or  dua l -dua l  system. 

order- language c o m p a t i b i l i t y  which enables c o s t -  
e f f e c t i v e  programming of t h e  DFCC f o r  t h e  subse- 
quent  HIDEC phases. 

The execu t ion  of  t h e  DFCC e x e c u t i v e  program, 
i n p u t - o u t p u t  program, and f l i g h t  c o n t r o l  laws 
takes  approx imate ly  one-hal f  o f  t h e  12.5-msec d u t y  
c y c l e  t i m e  and o n l y  about one q u a r t e r  o f  t h e  a v a i l -  
a b l e  memory. 
memory a v a i l a b l e  t o  accompl ish i n t e g r a t e d  c o n t r o l  
l aw  c a l c u l a t i o n s  i n  t h e  DFCC f o r  t h e  HIDEC phases. 

Engine 

The FlOO END eng ine  (Ref.  3)  i s  an upgraded 

A s i g n i f i c a n t  f e a t u r e  f o r  HIDEC i s  t h e  h ighe r -  

Thus t h e r e  i s  ample c y c l e  t i m e  and 

v e r s i o n  o f  t h e  FlDO-PW-100 eng ine  t h a t  c u r r e n t l y  
powers t h e  p roduc t i on  F-15 a i rp lanes .  
i s  b u i l t  by P r a t t  8 Whitney A i r c r a f t  and has a 
company d e s i g n a t i o n  o f  PW 1128. 
i nco rpo ra tes  a redesigned fan, r e v i s e d  compres- 
s o r  and combustor, s i n g l e  c r y s t a l  t u r b i n e  b lades  
and vanes, a 16-segment augmentor w i t h  1 i g h t - o f f  
d e t e c t o r ,  and a DEEC. 

The DEEC i s  a f u l l - a u t h o r i t y  d i g i t a l  c o n t r o l  
w i t h  an i n t e g r a l  hydromechanical backup c o n t r o l .  
The DEEC c o n t r o l s  t h e  gas genera to r  and augmentor 
f u e l  f lows,  t h e  compressor b leeds ,  t h e  v a r i a b l e  
i n l e t  gu ide  vanes, t h e  v a r i a b l e  s t a t o r s ,  and t h e  
v a r i a b l e  exhaust nozzle.  It i n c o r p o r a t e s  l o g i c  
t h a t  p rov ides  c losed- loop c o n t r o l  o f  engine a i r -  
f l o w  and eng ine  pressure  r a t i o  (EPR), l i m i t s  t h e  
fan  t u r b i n e  i n l e t  temperature (FTIT) ,  and i s  capa- 
a b l e  o f  accep t ing  i n p u t s  from t h e  a i r p l a n e  and t h e  
many eng ine  sensors. l o r e  d e t a i l e d  i n f o r m a t i o n  on 
t h e  DEEC i s  g i ven  i n  Ref. 4. 

The eng ine  

The engine 

HIDEC PHILOSOPHY 

The p r imary  o b j e c t i v e  o f  t h e  HIDEC program i s  
t o  demonstrate and eva lua te  t h e  improvements i n  
performance and m iss ion  e f fec t i veness  r e s u l t i n g  
f rom eng ine /a i r f rame c o n t r o l  i n t e g r a t i o n .  The 
approach was t o  implement i n t e g r a t e d  engine/ 
a i r f r a m e  c o n t r o l  modes on t h e  F-15 a i rp lane ,  con'- 
c e n t r a t i n g  on t h e  areas of  adap t i ve  engine c o n t r o l  
system modes and t r a j e c t o r y  guidance modes. A key  
element o f  t h e  HIDEC program ph i losophy was t o  
p r o v i d e  a c o s t - e f f e c t i v e  demonst ra t ion  o f  i n t e -  
g ra ted  c o n t r o l  s techno1 ogy. Th is  meant cons t ruc -  
t i n g  a techno logy  demonstrator a i r c r a f t  on which 
t h e  l a t e s t  d i g i t a l  t echno log ies  cou ld  be imp le-  
mented and eva lua ted  e f f i c i e n t l y .  Imp lementa t ion  
o f  t h e  proposed c o n t r o l  modes was achieved i n  a 
c o s t - e f f e c t i v e  manner th rough t h e  use o f  tech-  
no log ies  developed f o r  t h e  d i g i t a l  f l i g h t  c o n t r o l  
system and d i g i t a l  engine c o n t r o l s .  The d i g i t a l  
imp lementa t ion  prov ides  bo th  a d i r e c t  i n t e r f a c e  
w i t h  o t h e r  d i g i t a l  av ion i cs  systems and t h e  con- 
p u t a t i o n a l  c a p a b i l i t y  requ i red  t o  f l i g h t  t e s t  
i n t e g r a t e d  f l i g h t  and p r o p u l s i o n  c o n t r o l  modes. 
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Another key element i n  the  H I D E C  program 
ph i l osophy  was t h e  reduc t i on  o f  pas t  s o c i a l  p r e j -  
ud i ces ,  t hus  a l l o w i n g  the demonst ra t ion  of  more 
complex c o n t r o l  system i n t e g r a t i o n  between t h e  
a i r f r a m e  and p ropu ls ion  components. The p r e j -  
u t l i ces  arc! based on the re luc tance  t o  implement 
ma jo r  engine c o n t r o l  modes i n  t h e  a i r c r a f t  com- 
pu te rs .  The major components of  t h e  HIDEC system 
a r e  e x i s t i n g  hardware ("hardware o f  convenience")  
t h a t  c o n t a i n  a l i m i t e d  redundancy l e v e l .  
f o r e ,  t h e  a r c h i t e c t u r e  and system opera t i on  a r e  
based on a " f a i l - o f f / f a i l - s a f e "  ph i losophy.  Th is  
means t h a t  i n  case o f  major f a i l u r e s  o f  t h e  HIDEC 
modes o r  hardware, t h e  opera t i ns  system would 
r e v e r t  t o  the  s tandard  a i r c r a f t  (non-HIDEC) 
modes o r  t h e  bas i c  mechanical systems. 

There- 

For  t h e  H I D E C  program, c r i t i c a l  engine c o n t r o l  
parameters,  such as engine pressure  r a t i o ,  a r e  
commanded from the  f l i g h t  con t rc j l  computer. I n  
l a t e r  phases, a d d i t i o n a i  engine parameters such 
as a i r f l o w  and fan  t u r b i n e  i n l e t  temperature a l s o  
w i l l  be commanded from the  f l i g h t  c o n t r o l  com- 
pu te r .  The l o g i c  f o r  genera t ing  these commands 
i s  programmed i n  a dual  redundant f a i l - o f f  manner 
i n  the  f l i g h t  c o n t r o l  computers. I n  t h e  f a i l e d  
s i t u a t i o n ,  t h e  eng ine  re tu rns  t o  standard DEEC 
c o n t r o l  opera t ion .  The DEEC i t s e l f  con ta ins  pro- 
t e c t i o n  from excess ive  commands t h a t  cou ld  r e s u l t  
from a f l i g h t  c o n t r o l  computer f a i l u r e  o r  f rom 
i n t e r f a c e  w i r i n g  f a i l u r e s .  The success fu l  t e s t i n g  
o f  t h e  HIDEC/ADECS phase w i l l  r e i n f o r c e  t h e  s i g n i -  
f i c a n t  performance gains t h a t  can be r e a l i z e d  w i t h  
t h e  more complex con t ro l  system i n t e g r a t i o n s  w i t h -  
ou t  t h e  ex tens i ve  redundancy l e v e l s .  

HIDEC TEST PHASES 

The c u r r e n t  H IDEC program c o n s i s t s  o f  f i v e  
t e s t  phases. Phase 1 o f  t h e  program concent ra ted  
p r i m a r i l y  on the  i n s t a l l a t i o n  and e v a l u a t i o n  o f  
t h e  d i g i t a l  f l i g h t  con t ro l  system i n  t h e  F-15 
a i r p l a n e  and an a i r c r a f t  model i d e n t i f i c a t i o n  
(AMI) f l i g h t  t e s t  ser ies .  Phase 2 i n v o l v e s  t h e  
development and f l i g h t  t e s t  o f  t h e  adap t i ve  eng ine  
c o n t r o l  system (ADECS) modes. The development, 
imp lementa t ion ,  and f l i g h t  t e s t  o f  t h e  t r a j e c t o r y  
guidance c o n t r o l  laws and assoc ia ted  a i r c r a f t  mod- 
i f i c a t i o n s  a r e  p r imary  i n  phase 3 o f  t h e  HIDEC 
program. Phase 4 i nvo l ves  t h e  development and 
f l i g h t  t e s t  o f  enhanced ADECS modes, coupled 
w i t h  t h e  t r a j e c t o r y  guidance work f rom phase 3. 
Performance-seeking cont ro l  s development and 
f l i g h t  t e s t  e v a l u a t i o n  c o n s t i t u t e  phase 5 o f  t h e  
program. Dur ing  t h e  course of t h e  va r ious  program 
phases, t h e  F-15 a i r p l a n e  and suppor t i ng  systems 
w i l l  be mod i f ied  i n t o  a f a c i 1 : t y  tes tbed  a v a i l a b l e  
f o r  o t h e r  i n t e g r a t i o n - t y p e  exper iments and r e l a t e d  
developmental  a c t i v i t i e s .  The remainder o f  t h i s  
paper w i  1 1  concent ra te  on t h e  a c t i v i t i e s  i n v o l v e d  
i n  phases 1 and 2 of the program. 

Phase I - D i g i t a l  E lec t ron i c  F l i g h t  Cont ro l  
Sys tem/Ai r c r a f t  Model I den t  i f i c a t i o n  (DEFCS/AMI ) 

D i g i t a l  e l e c t r o n i c  f l i g h t  c o n t r o l  system. 
The DEFCS f l i a h t  t e s t  DhaSe v e r j f i e d  t h e  o o e r a t i o n  
o f  t h e  d i g i t a i  f l i g h t  i o n t r o l  system i n  t h e  NASA 
F - 1 5  a i r p l a n e  and expanded the  DEFCS f l i g h t  enve- 
lope t o  t h a t  requ i red  f o r  t he  HIDEC program. The 
DEFCS system had p rev ious l y  f lown under a McDonnell 
A i r c r a f t  Company ( M C A I R )  research and development 

program, w i t h  a d d i t i o n a l  f l i g h t  e v a l u a t i o n s  per -  
formed i n  a coopera t i ve  e f f o r t  between t h e  A i r  
Force  and MCAIR.  
p i l o t  eva lua t i ons  o f  t h e  a i r p l a n e  and da ta  ana l -  
y s i s  t h a t  compared t h e  DEFCS o p e r a t i o n  w i t h  t h e  
ana log  CAS. 

The NASA F-15 a i r p l a n e  was f lown w i t h  t h e  
DEFCS d u r i n g  February and March 1985. On s i x  
ded ica ted  f l i g h t s  f l own  by  t h r e e  d i f f e r e n t  NASA 
t e s t  p i l o t s ,  t h e  DEFCS was t e s t e d  th roughout  t h e  
c u r r e n t  F-15 envelope. The t e s t  maneuvers designed 
t o  tho rough ly  check a i r c r a f t  f l y i n g  q u a l i t i e s  were 
fo rma t ion  f l y i n g ,  touch-and-go and s i n g l e  engine 
waveoffs. 
t h e  F-15 a i r c r a f t  hand l i ng  q u a l i t i e s  w i th  DEFCS 
i n s t a l l e d  were t h e  same as an F-15 w i t h  t h e  stand- 
a r d  analog c o n t r o l  augmentat ion system (CAS), w i t h  
t h e  excep t ion  t h a t  r o l l  response and fo rma t ion  
f l y i n g  were somewhat improved r e l a t i v e  t o  u s i n g  
t h e  analog CAS. 

A i r c r a f t  model i d e n t i f i c a t i o n .  One o f  t h e  main 
concerns i n  t h e  des ign  o f  advanced a i r c r a f t  i s  t h a t  
o f  a c c u r a t e l y  model ing t h e  a i r c r a f t  r i g i d  body and 
s t r u c t u r a l  modes, and f l i g h t  con to l  components 
( a c t u a t o r s ,  sensors).  I n  t h e  des ign  o f  c o n t r o l  
systems f o r  s t a t i c a l l y  u n s t a b l e  a i r c r a f t .  t h e  area 
o f  a c t u a t o r  and s t r u c t u r a l  mode model ing accuracy 
i s  c r u c i a l .  

The most d e s i r a b l e  method of  c o n s t r u c t i n g  and 
v e r i f y i n g  math models i s  t o  compare t h e  model 
response w i t h  t h a t  ob ta ined i n  f l i g h t .  Th i s  was 
done p r e v i o u s l y  by  equ ipp ing  an a i r c r a f t  w i t h  
" f l u t t e r  e x c i t e r "  hardware, o b t a i n i n g  f l i g h t  
t e s t  da ta ,  and reduc ing  i t  by u s i n g  f a s t  F o u r i e r  
t r a n s f o r m  (FFT) techn iques  t o  o b t a i n  f requency 
responses o f  a i r c r a f t  and a c t u a t o r  performance. 
T h i s  f l u t t e r  e x c i t e r  hardware i s  t y p i c a l l y  q u i t e  
expens ive  because i t  must be custom designed f o r  
each p a r t i c u l a r  a i r c r a f t  i n s t a l  1 a t i o n .  A1 s o ,  
once designed and i n s t a l l e d ,  t h e  hardware has 
v e r y  l i m i t e d  f l e x i b i l i t y  i n  changing t h e  t y p e  
o f  e x c i t a t i o n .  Conversely,  i n c o r p o r a t i o n  of  a 
f l u t t e r  e x c i t e r  f u n c t i o n  i n  t h e  f l i g h t  c o n t r o l  
system so f tware  i s  r e l a t i v e l y  inexpens ive  because 
no a d d i t i o n a l  hardware i s  needed. It i s  a l s o  very  
f l e x i b l e  because a d d i t i o n a l  types  o f  e x c i t a t i o n s  
can be p rog ramed  e a s i l y .  

F o r  t h e  preced ing  reasons, t h e  HIDEC program 
extended t h e  DEFCS phase 1 t e s t i n g  t o  i n c l u d e  t h e  
a i r c r a f t  model i d e n t i f i c a t i o n  (AMI) t e s t s .  These 
t e s t s  demonstrated t h e  concept o f  o b t a i n i n g  ground 
and f l i g h t  te'st da ta  f o r  improved mode l ing  accuracy 
by add ing  a so f tware  module t o  t h e  d i g i t a l  f l i g h t  
c o n t r o l  computer. The method used f o r  t h e  A M I  
f l i g h t  t e s t s  i s  summarized i n  F ig .  3. The A M I  
method i s  f u n c t i o n a l l y  s i m i l a r  t o  f l u t t e r  e x c i t e r s  
implemented p r e v i o u s l y  i n  hardware on t h e  F-15 and 
F-18 a i rp lanes .  
s i n u s o i d a l  commands a r e  issued t o  t h e  c o l l e c t i v e  
h o r i z o n t a l  s t a b i l a t o r s .  As i n d i c a t e d  i n  Fig.  3, 
t h e  AMI e x c i t e r  module i s  one o f  severa l  DFCC 
modules c o n t a i n i n g  t h e  menu s e l e c t  l o g i c ,  t h e  
fade - in  c i r c u i t r y .  l i m i t e r s ,  and an au tomat ic  
disengage func t i on .  The r e s u l t i n g  AMI e x c i t a t i o n  
i s  i n p u t  t o  t h e  f l i g h t  c o n t r o l  laws immedia te ly  
b e f o r e  i s s u i n g  a s t a b i l a t o r  d e f l e c t i o n  command t o  
t h e  s t a b i l a t o r  s e r i e s  servos. 

The t e s t  phase cons is ted  o f  

Unanimous p i l o t  o p i n i o n  concluded t h a t  

Fo r  t h e  HIDEC/AMI  a p p l i c a t i o n ,  
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F i g u r e  4 shows t h e  H I D E C / A M I  crew s t a t i o n  con- 
f i g u r a t i o n .  A c o n t r o l  panel was added t o  s e l e c t  
t h e  AMI mode and t o  d e f e a t  t he  p i t c h  CAS when 
des i red .  Two d e s t i n a t i o n  l o c a t i o n s  i n  t h e  stand- 
a r d  F -15  n a v i g a t i o n  c o n t r o l  i n d i c a t o r  (NCI) a r e  
used f o r  e n t e r i n g  AMI data,  such as t h e  frequency 
range f o r  t h e  e x c i t a t i o n  sweep, sweep r a t e ,  and 
ampl i tude o f  t he  sweep (which can be frequency 
dependent) .  An u p f r o n t  panel was added t o  show 
t h e  p i l o t  when t h e  system was opera t i ng  o r  i n  the  
r e s e t  mode, whether t h e  prev ious  e x c i t a t i o n  was 
te rm ina ted  abnormal ly,  and which AMI modes he re  
se lec ted  (such as p i t c h ,  CAS de fea t ,  and a l t e r -  
na te  e x c i t a t i o n  shapes). Fo l l ow ing  proper  AMI 
mode setup, t h e  p i l o t  must depress t h e  coup le  
b u t t o n  on t h e  t h r o t t l e  t o  cause t h e  e x c i t a t i o n  
s i g n a l  t o  be sent  t o  t h e  s t a b i l a t o r .  The paddle 
s w i t c h  on t h e  s t i c k  can be used as an emergency 
disengage i f  t h e  p i l o t  encounters a problem du r ing  
t h e  A M I  t e s t .  

The f l i g h t  t e s t i n g  o f  t h e  AMI modes inc ludes  a 
range o f  Nach numbers f rom 0.2 t o  1.2 and a l t i t u d e s  
from 5.000 t o  30,000 f t .  Tne F-15 t e s t  a i r c r a f t  
i s  e x t e n s i v e l y  ins t rumented t o  ga ther  a l l  per -  
t i n e n t  a i r c r a f t  mot ion ,  su r face  d e f l e c t i o n ,  and 
a c t u a t o r  i n p u t - o u t p u t  i n fo rma t ion .  The NASA 
ground s t a t i o n  4s capab le  o f  oer fo rming  " r e a l -  
t i n e "  FFT's which can be c a l c i l l a t e d  i n  about 
30 seconds f o l l o w i n g  a f requency sweep t e s t .  
The FFT's a r e  used on se lec ted  sweeps t o  v e r i f y  
t h a t  good da ta  i s  be ing  generated d u r i n g  a par -  
t i c u l a r  t e s t  p o i n t ,  and t h a t  no undetected 
problems e x i s t .  

The p r i n c i p a l  da ta  r e d u c t i o n  i s  done pos t -  
f l i g h t  u s i n g  f l i g h t  da ta  tapes and r e a l - t i m e  
i n f o r n a t i o n  from t h e  f l i g h t .  The r e s u l t s  from 
t h e  f l i g h t  t e s t  da ta  a r e  used t o  i l l u s t r a t e  t h e  
c a p a b i l i t y  o f  improv ing  math models o f  t h e  a i r -  
c r a f t  and i t s  f l i g h t  c o n t r o l  components u s i n g  
thp  A M I  techn ique.  

PHASE 2 - Adapt ive  Engine Cont ro l  System (ADECSL 

The HIDEC/ADECS phase i s  designed t o  demon- 
s t r a t e  improved engine performance us ing  f l i g h t  
c o n t r o l  i n f o r m a t i o n  which has no t  been p rev ious l y  
ava i  1 a b l e  f o r  engine c o n t r o l  opera t ion .  Informa- 
t i n n  exchange i s  f a c i l i t a t e d  by t h e  use o f  d i g i t a l  
systems on the  a i r p l a n e  - t h e  DEFCS f o r  f l i g h t  
c o n t r o l ,  and t h e  DEEC f o r  engine c o n t r o l .  I n  the 
ADECS u p t r i m  mode, a d d i t i o n a l  t h r u s t  i s  ob ta ined 
a t  i n te rmed ia te  and h ighe r  power s e t t i n g s  by 
decreas ing  the  nozz le  t h r o a t  area t o  i nc rease  
eng ine  pressure  r a t i o .  Increased engine pres- 
sure  r a t i o  r e s u l t s  i n  increased engine t h r u s t .  

ADECS modes. A t y p i c a l  fan map i n  Fig.  5. 
i I 1  u s t r a t e s  what happens d u r i n g  subsonic up t r im.  
Fan pressure  r a t i o  (FF'R) and engine pressure  r a t i o  
( E P R )  a r e  r e l a t e d ,  d i f f e r i n g  on ly  i n  t h e  bypass 
duc t  p ressu re  losses .  Thrus t  i s  inc reased by 
i n c r e a s i n y  EPR a long J cons tan t ,  c o r r e c t e d  fan  
speed l i n e .  Th is  i s  accomplished w i t h  l i t t l e  
r e d u c t i o n  i n  engine a i r f l o w .  Because h i g h e r  fan 
t u r b i n e  i n l e t  temperatures (FTIT)  a re  requ i red ,  
f o r  the  i n i t i a l  ADECS t e s t s  t h i s  mode i s  used only 
when the  engine i s  no t  on t h e  F T I T  l i m i t .  Uptr im 
i s  a l l owed  u n t i l  t he  normal maximum FTIT l i m i t  i s  
reached, then t h e  u p t r i m  i s  h e l d  cons tan t  along 

t h e  FTIT l i m i t  t o  p reven t  r e d u c t i o n  i n  eng ine  l i f e ,  
wh ich  r e s u l t s  f rom t h e  eng ine  be ing  opera ted  above 
t h e  FTIT l i m i t .  

!<hen EPR i s  uptrimmed, inc reased t h r u s t  i s  
ob ta ined  a t  t h e  expense o f  reduced eng ine  s t a l l  
margin. S i g n i f i c a n t  s t a l l  marg in  i s  n o r m a l l y  
b u i l t  i n t o  t h e  eng ine  c o n t r o l  schedules. A l a r g e  
p a r t  o f  t h i s  margin i s  designed t o  accommodate 
i n l e t  d i s t o r t i o n  produced a t  h i g h  ang les  o f  a t t a c k  
o r  s i d e s l i p .  I n  t h e  ADECS mode, some o f  t h e  s t a l l  
marg in  reserved f o r  i n l e t  d i s t o r t i o n  i s  used t o  
i nc rease  t h r u s t  i n  reg ions  of  l o w  d i s t o r t i o n .  
When t h e  i n l e t  d i s t o r t i o n  i s  h igh ,  EPR i s  reduced 
and s t a l l  margins a r e  res to red .  For more i n f o r -  
ma t ion  on t h e  s t a b i l i t y  a u d i t s  and d e f i n i t i o n  o f  
t h e  amount of  s t a l l  marg in  a v a i l a b l e ,  see Refs. 1 
and 2. 

Subsonic u p t r i m  i s  implemented as shown i n  
F ig .  6. The necessary c o n t r o l  laws a r e  i n c o r -  
po ra ted  i n t o  t h e  d i g i t a l  f l i g h t  c o n t r o l  computer. 
When p r e d i c t e d  ang le  o f  a t t a c k  and s i d e s l i p  angles 
a r e  moderate, t h e  c o n t r o l l e r  i ssues  an EPR comnand 
t o  t h e  engine, caus ing  t h e  eng ine  t o  ope ra te  c l o s e r  
t o  t h e  s t a l l  l i n e .  The c o n t r o l l e r  senses a i r f r a m e  
p i t c h ,  r o l l  and yaw ra tes ,  and a c c e l e r a t i o n s  t o  
p r e d i c t  ang le  o f  a t t a c k  and s i d e s l i p  ang les  i n  t h e  
immediate fu tu re .  
become la rge ,  t h e  c o n t r o l l e r  w i l l  immedia te ly  wash 
o u t  t h e  u p t r i m  s igna l  i n  a wel l -behaved t r a n s i e n t  
w i t h o u t  s t a l l i n g  t h e  engine. 

The d e t a i l s  o f  t h e  ADECS EPR u p t r i m  l o g i c  
t o  be implemented i n  t h e  DFCC a r e  desc r ibed  i n  
Ref. 2. The EPR u p t r i m  i s  based on t h e  minimum o f  
the maximum amount o f  EPR a l l owab le ,  f o r  inc reased 
performance and t h e  maximum amount o f  EPR a l l o w -  
a b l e  f o r  engine s t a l l  cons ide ra t i ons .  Implemen- 
t i n g  t h i s  c o n t r o l  law r e q u i r e s  b o t h  a i r f r a m e  
i n f o r m a t i o n  (ang le  o f  a t tack ,  s i d e s l i p ,  and Mach 
number) and engine da ta  ( a i r f l o w ,  f a n  speed, and 
pressures  a t  t he  engine face) .  

t u r e  used f o r  t h e  ADECS modes i s  shown i n  F ig .  7. 
The PASCOT has a d d i t i o n a l  c a p a b i l i t y  as a m u l t i -  
p l e x  bus c o n t r o l l e r  u n i t  t o  t r a n s f e r  t h e  i n f o r -  
ma t ion  f l o w  among t h e  a i r c r a f t  sensors (H009 bus), 
t o  t h e  d i g i t a l  f l i g h t  c o n t r o l  computer (1553 bus), 
and t h e  d i g i t a l  e l e c t r o n i c  engine c o n t r o l l e r  
( s e r i a l  databus).  The PASCOT a l s o  a c t s  as an 
i n t e r f a c e  u n i t  f o r  t h e  HIDEC c o n t r o l  panels.  

When these p r e d i c t e d  angles 

ADECS modes implementat ion.  The HIDEC a r c h i t e c -  

F i g u r e  8 d e t a i l s  t h e  ADECS imp lementa t ion ,  
i n c l u d i n g  where t h e  ADECS c o n t r o l  laws and 
i n - f l i g h t  i n t e g r i t y  management so f tware  res ide ,  
and g i ves  t h e  da ta  r a t e s  f o r  communication among 
t h e  key ADECS system computers. The ADECS con- 
t r o l  laws a r e  computed i n  bo th  t h e  p i t c h  A and 8 
channels w i t h i n  t h e  DFCC when bo th  t h e  HIDEC and 
ADECS modes a r e  se lec ted .  The b u i l t - i n  t e s t  
(B IT) ,  i n - f l  i g h t - i n t e g r i t y  management ( I F I I I )  
t e s t ,  and r e l a t e d  s a f e t y  t e s t s  f o r  t h e  ADECS 
modes a r e  a l s o  executed i n  t h i s  manner. Com- 
mands a r e  then issued from t h e  DFCC th rough  t h e  
PASCOT t o  t h e  DEEC. 

The a i r p l a n e  crew s t a t i o n  c o n f i g u r a t i o n  f o r  
t h i s  phase i s  shown i n  F ig .  9. 
panel i s  used t o  a c t i v a t e  t h e  HIDEC modes, t o  
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s e l e c t  t he  eng ine (s )  - l e f t ,  r i g h t ,  o r  bo th  - t o  
r e c e i v e  t h e  ADECS command(s), and t o  s e l e c t  t h e  
AUECS mode and t h e  submodes (EPR, o r  a combina t ion  
o f  EPR and FTIT)  f o r  a p a r t i c u l a r  t e s t  sequence. 
Data e n t r y  l o c a t i o n s  through t h e  N C I  Panel a r e  
p rov ided t o  i n i t i a t e  B IT 'S  and t o  e n t e r  rev i sed  
ADECS da ta  f o r  use i n  the DFCC. There a re  f o u r  
d e s t i n a t i o n  e n t r i e s  i n  the NC! conver ted  t o  s e l e c t  
r e v i s e d  ADECS parameter da ta  from s to red  values i n  
the  DFCC, p r o v i d i n g  great f l e x i b i l i t y  f o r  t h e  
f l i g h t  t e s t  exper iments.  

The u p f r o n t  panel d isp lays  ADECS system 
coup l i ng ,  I F I M  f a i l u r e ,  and automat ic commands 
d e s t i n a t i o n ( s )  - t o  t h e  engine c o n t r o l  (TH/ENG), 
o r  t o  the  f l i g h t  c o n t r o l  system, o r  t o  both.  The 
coup le  command b u t t o n  i s  on the  t h r o t t l e  l e v e r  and 
the  emergency d isconnect  f o r  t h e  system i s  th rough 
t h e  paddle sw i t ch  on the c o n t r o l  s t i c k .  

ADECS v e r i f i c a t i o n  and Val i d a i i o n  process. The 
ADECS phase o f  t h e  HIUEC program e n t a i l s  so f tware  
a d d i t i o n s  and m o d i f i c a t i o n s  t o  bo th  t h e  a i r f r a m e  
computers ( d i g i t a l  f l i g h t  c o n t r o l  computer and 
c e n t r a l  computer)  and t o  t he  DEEC computer. The 
m o d i f i c a t i o n s  t o  these systems were tho rough ly  
v e r i f i e d  and v a l i d a t e d  p r i o r  t o  f l i g h t .  Th is  
s e c t i o n  desc r ibes  t h e  key elements o f  t h e  v e r i -  
f i c a t i o n  and v a l i d a t i o n  ( V A ' J )  process b e f o r e  
i n s t a l l a t i o n  o f  t h e  equipment on t he  a i r c r a f t .  
It a l s o  desc r ibes  t h e  b u i l t - i n  t e s t  (B IT )  and 
i n - f l  i g h t - i n t e g r i t y  management ( IF IM)  fea tu res  
f o r  i n s t a l l e d  m o n i t o r i n g  and checkout o f  t h e  
HIDEC system opera t i on .  

The DFCC, CC, and DEEC computers a l l  undergo 
i n d i v i d u a l  module t e s t i n g  and module i n t e g r a t i o n  
t e s t s .  These v e r i f y  t h a t  t h e  code i s  programmed 
c o r r e c t l y  t o  compute the approp r ia te  v a r i a b l e s  and 
l o g i c ,  and t h a t  a l l  i n t e r f a c e s  between modules a r e  
c o r r e c t .  The modual t e s t i n g  es tab l i shes  t h e  mem- 
ory  and th roughput  (du ty  c y c l e  t ime)  requirements 
f o r  each computer. 

The nex t  s tep  i n  the VAV process i s  t h e  HIDEC 
system i n t e g r a t i o n  t e s t i n g .  The DEEC c o n t r o l l e r s  
a r e  t e s t e d  w i t h  t h e  PASCOT m u l t i p l e x  bus c o n t r o l  
i i n i t  t o  v e r i f y  t h e  proper i n t e r f a c e s  so t h a t  t h e  
a i r c r a f t  computer (DFCC) can exchange i n f o r m a t i o n  
w i t h  and i ssue  commands t o  t h e  DEEC's. The 
remainder o f  t h e  HIDEC equipment i s  t e s t e d  as a 
system a t  t he  M C A I R  sof tware t e s t  f a c i l  i t y - f l  i g h t  
c o n t r o l  l a b  (STF-FCL). The t e s t  c o n f i g u r a t i o n  i s  
i l l u s t r a t e d  i n  F ig .  10 and inc ludes  t h e  DFCC, CC, 
PASCOT, c o n t r o l  panels,  and N C I .  Models o f  t h e  
a i r c r a f t .  atmosohere. enaine. DEEC. and i n l e t s  
r e s i d e  i n  t 
t i v e s  o f  t h  

1. va l  
1 

2. Val 

3. Val 
a .  
b .  
C .  

d .  

f .  
e .  

e hos t  HARRIS  computer: 
s i n t e g r a t i o n  t e s t  a r e  as f o l l o w s :  

da te  CC, PASCOT, DFCC, i n d i c a t o r  
yh ts  and con t ro l  ?anel i n t e r f a c e s ,  

da te  1553 & H009 nux bus opera t i on ,  

da te  use o f  the N C I  t o  
s e l e c t  d i f f e r e n t  ga ins  
read memory l o c a t i o n s  
per fo rm d iagnos t i c  maintenance func-  

s e l e c t  yround t e s t  mode 
s e l e c t  av ion i c  p r e f l i g h t  B I T  
d i s p l a y  f a i l e d  p r e f l i g h t  t e s t  nwioer ,  

The ob jec-  

t i o n s  

4.  v a l i d a t e  t h e  
a. ADECS c o n t r o l  laws 
b. s a f e t y  f e a t u r e s  
c.  coup le /uncoup le  c r i t e r i a ,  

r e s o l v e  any th roughput  t i m i n g  problems. 5. 

The i n t e g r a t i o n  t e s t i n g  i d e n t i f i e s  and e l i m i n a t e s  
most o f  t h e  HIDEC system i n t e r f a c e  problems. 

The HCAIR manned s i m u l a t i o n  f a c i l i t y  i s  used 
as p a r t  o f  t h e  V&V t e s t i n g  f o l l o w i n g  t h e  i n t e g r a -  
t i o n  t e s t i n g  i n  t h e  STF/FCL. The manned simula- 
t i o n  f a c i l i t y  p rov ides  a 2 0 - f t  dome f o r  scen ic  
p r o j e c t i o n s  and a h ighe r  f i d e l i t y  s i m u l a t i o n  w i t h  
a s imu la ted  F-15 crew s t a t i o n .  The major  HIDEC 
hardware components (DFCC, CAS computers, PASCOT, 
CC, NCI ,  and HIDEC pane ls )  a re  i nc luded  i n  t h e  
manned s i m u l a t i o n  t e s t s  f o r  a f i n a l  c e r t i f i c a t i o n  
o f  t h e  HIDEC system b e f o r e  d e l i v e r y  t o  t h e  a i r -  
c r a f t .  
gram i s  shown i n  F ig .  11. The CYBER computer con- 
nec ted  w i th  t h e  f a c i l i t y  a l l ows  h i g h e r  f i d e l i t y  
models of t h e  a i r c r a f t ,  a i r c r a f t  sensors, engine, 
DEEC, and i n l e t s  t o  be used than was p o s s i b l e  i n  
t h e  STF-FCL s imu la t i on .  
manned hardware- in - the- loop s i m u l a t i o n  a r e  
as f o l l o w s :  

1. 

The i i i D E C  manned s i m u l a t i o n  t e s t i n g  d i a -  

The o b j e c t i v e s  o f  t h e  

v e r i f y  p roper  ope ra t i on  o f  t h e  ADECS 
c o n t r o l  laws under r e a l i s t i c  p i l o t  
i n p u t s  th roughout  f l i g h t  envelope, 

o f  ADECS s a f e t y  fea tu res ,  

c o n t r o l  f unc t i ons ,  

2. v e r i f y  p roper  ope ra t ton  and s u i t a b i l i t y  

3. f a m i l i a r i z e  t h e  p i l o t  w i t h  t h e  ADECS 

4. assess ADECS performance b e n e f i t s .  

T e s t i n g  i n  t h e  manned s i m u l a t i o n  f a c i l i t y  i s  
t h e  f i n a l  s t e p  i n  t h e  V&V process b e f o r e  d e l i v e r y  
o f  t h e  hardware t o  t h e  a i r c r a f t .  A t  t h e  c l o s e  o f  
t hese  t e s t s  t h e  so f tware  i s  " f rozen"  i n  i t s  con- 
f i g u r a t i o n .  Any changes t o  t h e  f l i g h t - c r i t i c a l  
so f tware  a f t e r  comple t ion  o f  t h e  manned s i m u l a t i o n  
t e s t s  may r e q u i r e  a r e t e s t  i n  t h e  manned simula- 
t i o n  f a c i l i t y  f o r  c e r t i f i c a t i o n .  

ADECS ground t e s t ,  maintenance f u n c t i o n s ,  and 
bu i  1 t - i n - t e s t s .  
7 n s t a I l e d  on t h e  a i r c r a f t .  t e s t s  must be performed 

Once t h e  HIDEC equipment i s  

t o  de termine i f  i t  i s  f u n c t i o n i n g  p roper l y .  The 
t e s t s  a r e  r e q u i r e d  f o r  checkout f o l l o w i n g  equip- 
ment i n s t a l l a t i o n  o r  some system anomaly, and as 
an au tomat ic  p r e f l i g h t  t e s t .  

f o l l o w i n g  i n i t i a l  i n s t a l l a t i o n ,  a ground t e s t  
f u n c t i o n  and a maintenance f u n c t i o n  a re  i n c o r -  
po ra ted  i n  t h e  HIDEC system DFCC and CC so f tware .  
The ground t e s t  f u n c t i o n  a l l ows  t h e  ADECS so f tware  
t o  be opera ted  on t h e  ground and EPR u p t r i m  s i g -  
n a l s  sen t  t o  t h e  DEEC. The proper  f u n c t i o n i n g  
o f  t h e  HIDEC system can be assessed by m o n i t o r i n g  
system v a r i a b l e s  us ing  mux mon i to rs  and ins t rumen-  
t a t i o n  system outpu ts .  Using t h e  N C I  panel key- 
board and d i s p l a y ,  t h e  maintenance f u n c t i o n  a l l ows  
access t o  CC and DFCC se lec ted  memory l o c a t i o n s  
f o r  a l t e r i n g  them and read ing  da ta  f rom t h e  DFCC 
and CC f o r  t roub leshoo t ing .  

To s a t i s f y  t h e  need f o r  t h e  manua l ly  run  t e s t s  

Fo r  t h e  ADECS f l i g h t  
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phase, t h i s  f u n c t i o n  a l s o  a l l ows  va r ious  parame- 
t e r s  and schedules t o  be se lected,  and access t o  
the  DFCC and CC f o r  v e r i f i c a t i o n  o f  t h e  so f tware  
v e r s i o n  and checksums. 

The b u i l t - i n  t e s t s  can be i n i t i a t e d  be fo re  
each t e s t  f l i g h t  t o  a u t o m a t i c a l l y  check t h e  f o l -  
lowing:  PASCDT-ini t iated BIT, DFCC/PASCOT/CC MUX 
i n t e r f a c e ,  DFCC power-up B I T ,  ADC v a l i d i t y ,  INS 
v a l i d i t y ,  DFCC/PASCOT/DEEC MUX i n t e r f a c e ,  and DEEC 
power-up BIT.  

ADECS i n - f l  i g h t  i n t e g r i t y  management/coupl i nq  
c r i t e r i a .  The HIDEC system, i n  t h e  ADECS mode, 
nus t  pass an ex tens i ve  se t  o f  I F I M  t e s t s  and 
coupl  i n g  c r i t e r i a  b e f o r e  a1 l ow ing  commands t o  
pass from the  a i r c r a f t  DFCC t o  t h e  (DEEC). The 
I F I M  t e s t s  and c o u p l i n g  c r i t e r i a  l o g i c  are a c t i v e  
whenever the  HIDEC system i s  on and the  modes a r e  
coupled. The f o l l o w i n g  IFIM checks must be passed 
b e f o r e  a1 l o w i n g  coupl  i n g  between the  DFCC and DEEC: 

1. DEFCS s e l f  checks, 

2. Cen t ra l  computer s e l f  checks, 

3. H009 m u l t i p l e x  bus checks, 

4. PASCOT s e l f  checks, 

5. 1553 m u l t i p l e x  bus checks, 

6. DEEC s e l f  checks 
a. c r i t i c a l  f a i l u r e  i n d i c a t i o n s  
b. f a u l t  i n d i c a t o r s ,  

7 .  Wraparound cross checks 
a. DFCC/PASCOT/CC 
b. DFCC/PASCOT/DEEC/CC 

To a l l o w  c o u p l i n g  between t h e  DFCC and DEEC 
f o r  the ADECS modes, t h e  f o l l o w i n g  c r i t e r i a  must 
be met: 

1. c o r r e c t  c o n t r o l  panel switches a r e  
i n i t i a t e d ,  

2. more than  one second has passed a f t e r  
s w i t c h  i n i t i a t i o n .  

3. t h r o t t l e  couple b u t t o n  i s  depressed each 
t i m e  ADECS mode couple i s  des i red,  

4. no HIDEC system I F I M  f a u l t s  a r e  i n d i c a t e d ,  

5.. no a i r c r a f t  system f a u l t s  a re  i n d i c a t e d ,  

6. a i r c r a f t  ang le  o f  a t t a c k  i s  w i t h i n  spec- 

7 .  landing-gear-up d i s c r e t e  i s  present  ( o r  

8. wraparound m u l t i p l e x  channels a r e  

The checks a r e  v e r i f i e d  as opera t i ona l  d u r i n g  
t h e  ground t e s t s  on the  a i r c r a f t  f o l l o w i n g  HIDEC 
equipment i n s t a l l a t i o n .  C e r t a i n  subsets o f  these 
t e s t s  a re  checked before each f l i g h t  us ing  the  
b u i l t - i n  t e s t  f u n c t i o n  descr ibed e a r l i e r .  

i f i e d  l i m i t s ,  

s i m u l a t e d ) ,  

opera t i ng . 

ADECS fli hts .  The f l i g h t  t e s t  c o n s i s t s  o f  
both- g acce e r a t i o n s ,  and se lec ted  f l i g h t  t e s t  
maneuvers f o r  e v a l u a t i n g  t h e  system between 10,000 
and 40,000 f t  a l t i t u d e s  a t  speeds rang ing  between 
Mach 0.3 and 2.0. Hore d e t a i l e d  i n f o r m a t i o n  
rega rd ing  t h e  p r e d i c t e d  performance o f  t h e  
HIDEC modes i s  i n  Refs. 1 and 2. 

Fu tu re  p lans f o r  t h e  HIDEC program i n v o l v e  
research i n  t h e  area o f  t r a j e c t o r y  guidance. 
f u r t h e r  development and e v a l u a t i o n  o f  s e l e c t e d  
guidance a lgor l thms,  such as op t ima l  guidance, 
op t ima l  i n t e r c e p t i o n ,  energy management (minimum 
time/minimum f u e l  ), and maneuver au top i  l o t  t ech -  
n iques w i l l  a i d  i n  t h e  e v a l u a t i o n  o f  t h e  ADECS 
modes. The a l g o r i t h m s  w i l l  be eva lua ted  i n  t h e  
manual mode and automat ic mode, w i t h  and w i t h o u t  
t h e  ADECS modes, and w i l l  p r o v i d e  a d d i t i o n a l  
i n f o r m a t i o n  on t h e  b e n e f i t s  o f  eng ine /a i r f rame 
i n t e g r a t i o n  technology. The HIDEC F-15 a i r c r a f t  
w i l l  p r o v i d e  a t e s t  f a c i l i t y  f o r  deve lop ing  and 
e v a l u a t i n g  t h e  t r a j e c t o r y  guidance a l g o r i t h m s  
u s i n g  a ground-based computer and sending t h e  com- 
mand i n f o r m a t i o n  t o  t h e  a i r c r a f t ,  w i t h  t h e  poten-  
t i a l  o f  t r a n s f e r r i n g  t h e  f i n a l  a l g o r i t h m s  t o  an 
onboard a u x i l i a r y  a i r b o r n e  computer. Performance- 
seeking c o n t r o l s  and advanced ADECS modes t o  be 
developed a re  discussed i n  Ref. 1. 

The 

CONCLUDING REMARKS 

The o b j e c t i v e  o f  t i l e  HIDEC program i s  t o  demon- 
s t r a t e  and evaluate t h e  improvements i n  per form- 
ance and m iss ion  e f f e c t i v e n e s s  r e s u l t i n g  f rom 
eng ine /a i r f rame c o n t r o l  i n t e g r a t i o n .  The approach 
uses t h e  techno log ies  be ing  developed i n  t h e  areas 
o f  d i g i t a l  f l i g h t  c o n t r o l  systems and d i g i t a l  
engine c o n t r o l s  t o  implement i n t e g r a t e d  engine/  
a i r f r a m e  c o n t r o l  modes. The program ph i l osophy  
and course o f  a c t i o n  have been successfu l  i n  
deve lop ing  an i n t e g r a t e d  eng ine /a i r f rame t e s t  
program i n  a c o s t - e f f e c t i v e  manner. 

Phase 1 t e s t i n g  o f  t h e  d i g i t a l  f l i g h t  c o n t r o l  
system developed t h e  bas i c  HIDEC a r c h i t e c t u r e  and 
evaluated t h e  o p e r a t i o n  o f  t h e  DEFCS i n  t h e  NASA 
F-15 a i rp lane .  The t e s t s  Were success fu l ,  w i t h  no 
ma jo r  d i f f e r e n c e s  noted between t h e  d i g i t a l  f l i g h t  
c o n t r o l  system and t h e  s tandard F-15 analog CAS 
system. The a i r c r a f t  model i d e n t i f i c a t i o n  f l i g h t  
t e s t s  p rov ide  a i r f r a m e  a e r o s e r v o e l a s t i c  f l i g h t  
da ta  t o  compare w i t h  math models by  u s i n g  a " s o f t -  
ware e x c l t a t i o n  system" t o  e x c i t e  t h e  a i r p l a n e  
s t r u c t u r a l  modes. 

t r o l  modes. The development o f  t h e  c o n t r o l  modes 
and l o g i c  demonstrates t h e  i n t e g r a t i o n  necessary 
between t h e  a i r f r a m e  and p r o p u l s i o n  systems. The 
v e r i f i c a t i o n  and v a l i d a t i o n  process i n v o l v e s  i n d i -  
v i d u a l  module t e s t i n g .  module i n t e g r a t i o n  t e s t i n g ,  
and hardware bench i n t e g r a t i o n  t e s t s  c u l m i n a t i n g  
i n  t h e  manned hardware- in - the- loop s i m u l a t i o n  
t e s t s .  The B I T  and I F I N  f e a t u r e s  p r o v i d e  a means 
o f  checking t h e  i n t e g r i t y  o f  t h e  va r ious  HIDEC 
systems bo th  on the  ground and I n  f l i g h t ,  b e f o r e  
and d u r i n g  HIDEC mode opera t i ons .  F i n a l  v a l i d a -  
t i o n  o f  t h e  HIDEC systems i s  performed d u r i n g  
t h e  a i r c r a f t  ground t e s t s ,  t o  be fo l l owed  by 
t h e  f l i g h t  t e s t s .  

Phase 2 t e s t i n g  concen t ra tes  on t h e  ADECS con- 
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The NASA F-15 a i r c r a f t  i s  b e i n g  developed as a ZYonke, W. A., T e r r e l l ,  L. A., and Myers,  L. P., 
n a t i o n a l  f a c i l  i t y  " tes t -bed ' '  f o r  f l  i g h t  and p ro -  " I n t e g r a t e d  F1 i g h t / P r o p u l s i o n  Con t ro l  : Adap t i ve  
p u l s i o n  i n t e g r a t i o n  and r e l a t e d  exper iments .  The Eng ine  Con t ro l  System Mode," A I A A  Paper 85-1425, 
a r c h i t e c t u r e  and techn iques  developed d u r i n g  t h e  J u l y  1985. 
HIDEC program w i l l  p rov ide  t h e  f l e x i b i l i t y  t o  
a l l o w  g e n e r i c  research  t o  be conducted i n  t h e  3Myers, L. P. and Burcham, F. W., Jr., " P r e l i m i n a r y  
e n g i n e / a i r f r a i i e  i n t e g r a t i o n  techno logy  area. F l i g h t  Test R e s u l t s  O f  t h e  FlOO EM0 Engine i n  an 

F-15 A i rp lane , "  A I A A  Paper 84-1332, June 1984. 
REFERENCES 

4Burcham, F. W., Jr., Flyers, L. p., and Walsh, 
K. R., " F l i g h t  E v a l u a t i o n  of  a D i g i t a l  E l e c t r o n i c  
Eng ine  contro l  system i n  an F-15 A i rp lane , "  J. of  
A i r c r a f t ,  Vol. 22, No. 12, Dec. 1985, pp. 1072-1078. 

IPutnam, T. W., Burcham, F. W., Jr.,  Andr ies ,  M. 
G., and K e l l y ,  J.  B., "Performance Improvements o f  
a H i g h l y  I n t e g r a t e d  D i g i t a l  E l e c t r o n i c  Con t ro l  
System f o r  an F-15 A i rp lane, "  NASA TM-86748, 1985. 

2 ADECS Development _ _ _ _  ~ _ _ _ _ _ _ _ _ _ _ _ _  
ADECS Flight Test _ _ _ _ _ _ _ _  ~ _ _ _ _ _ _ _ _ _  

3 Trajec!wy Guidznce Deve!opment 
Trajectory Guidance Flight Test _ _ _ _ _  

F i g .  I. HIDEC program schedule. 
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F i g .  2 .  HIDEC ADECS avionics architecture.  
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PILOT 110- 

SOFTWARE AMI EXCITER IN DFCC 
FUNCTIONALLY SIMILAR TO EXISTING F-15 AND FIA-18 HARDWARE 
FLUTTER EXCITERS 
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F i g .  3. Aircmft model identification. 
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F i g .  5 .  Adaptive engine controt system, subsonic uptrim. 
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F i g .  6 .  Adaptive ens.ine control system, subsonic EPR u p t r h .  
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F i g .  7 .  H I D E  system architecture,  ADECS modes. 
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F i g .  8 .  ADECS architecture.  
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F i g .  9 .  HIDEC c r w  s ta t ion  orientation. 
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F i g .  10. HIDEC labomtory integration t e s t i n g ,  ADECS mode. 
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F i g .  11. HIDEC manned simulation t e s t i n g ,  ADECS mode. 

. 

13 



1. Report No. 
NASA TM-86793 

. _. - 

13. T y w  of Report 8nd Period C o v r d  Edwards , CA 93523-5000 

Techn ica l  Memorandum 2. Spotnoring Agency N J ~  urd Addreu 

2. Gormnmemt Accession No. 3. Recipient's cltrlog No. 

Nat iona l  Aeronaut ics and Space A d m i n f s t r a t i e n  
Washington, DC 20546 

4. Title md Subtitle 
H i g h l y  In teg ra ted  D i g i t a l  E l e c t r o n i c  Cont ro l  - 
and Adapt ive  Engine Cont ro l  
D i g i t a l  F l i g h t  Control  , A i r c r a f t  Model I d e n t i f i c a t i o n ,  

7. Author(s) 
J e n n i f e r  L. 

S t .  Louis.  M issour i  

Baer-Riedhart, NASA Ames-Dryden F l i g h t  Research 
F a c i l i t y ,  and Robert J. Landy o f  McDonnell A i r c r a f t  Company, 

9. Performing Organization Nmm a d  Address 
NASA Ames Research Center 
Dryden F1 i ght  Research Fac i  1 i t y  
P.O. Box 273 

14. SpMIuwlng Agency Coda 

5. Report Date 

6. Performing Organization Coda 

March 1987 

8. Performing Organization Report No. 
H-1318 

10. Work Unit No. 
RTOP 533-02-21 

11. Contract or Gnnt No. 

I 

5. Supplementary Notes 

' this pagd 21: NO. of p q p ~  

Prepared as A I A A  Paper 85-1877 f o r  p r e s e n t a t i o n  a t  t h e  A I A A  Guidance and Cont ro l  Conference, 
Snowmass , Colorado, August 19-21. 1985. 

22. Rice' 

6. Abstract 

Unc 1 ass i f i ed Uncl ass i  f i  ed 

The h i g h l y  i n t e g r a t e d  d i g i t a l  e l e c t r o n i c  c o n t r o l  (HIDEC) program a t  NASA Ames 
Research Center, Dryden F l i g h t  Research F a c i l i t y  i s  a mu l t i phase  f l i g h t  research  
program t o  q u a n t i f y  t h e  b e n e f i t s  o f  p romis ing  i n t e g r a t e d  c o n t r o l  systems. 
A i r c r a f t  Company i s  t h e  pr ime c o n t r a c t o r ,  w i th  Un i ted  Technologies P r a t t  & Whitney 
A i r c r a f t  , and Lear S i e g l e r  I nco rpo ra ted  as major  subcont rac tors .  

The NASA F-15A tes tbed  a i r c r a f t  was m o d i f i e d  f o r  t h e  HIDEC program by i n s t a l l i n g  
a d i g i t a l  e l e c t r o n i c  f l i g h t  c o n t r o l  system (DEFCS) and r e p l a c i n g  t h e  s tandard  FlOO 
(Arab 3 )  engines w i t h  FlOO eng ine  model d e r i v a t i v e  (EMD) engines equipped w i t h  d i g i -  
t a l  e l e c t r o n i c  eng ine  c o n t r o l s  (DEEC), and i n t e g r a t i n g  t h e  DEEC's and DEFCS. The 
m o d i f i e d  a i r c r a f t  p rov ides  t h e  c a p a b i l i t y  f o r  t e s t i n g  many i n t e g r a t e d  c o n t r o l  modes 
i n v o l v i n g  the  f l i g h t  c o n t r o l s ,  eng ine  c o n t r o l s ,  and i n l e t  c o n t r o l s .  

d i g i t a l  f l i g h t  c o n t r o l  s y s t e m l a i r c r a f t  model i d e n t i f i c a t i o n  (DEFCS/AMI) phase and 
t h e  adapt ive  engine c o n t r o l  system (ADECS) phase. 

McDonnell 

T h i s  paper focuses on t h e  f i r s t  two phases o f  t h e  HIOEC program, wh ich  a r e  t h e  

14  A 02 

7. Key Words (Suggested by Authorb)) 

Adapt ive  engine s t a l l  margin;  advanced FlOO 
eng ine ;  d i g i t a l  e l e c t r o n i c  engine c o n t r o l  
(OEEC); F-15 a i r c r a f t ;  f l i g h t  t e s t ;  f l i g h t -  
p a t h  management; increased t h r u s t ;  improved 
o p e r a b i l i t y ;  i n t e g r a t e d  c o n t r o l ;  

20. Security Clamif. 19. Security Classif. (of this report) 

18. Distribution Statement 

U n c l a s s i f i e d  - U n l i m i t e d  


