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F u t u r e   m i l i t a r y   a i r c r a f t   p r o p u l s i o n   c o n t r o l   s y s t e m s  w i l l  b e   f u l l -  
a u t h o r i t y ,   d i g i t a l - e l e c t r o n i c ,   m i c r o p r o c e s s o r - b a s e   s y s t e m s .  By now, t h i s  
s h o u l d   n o t   s u r p r i s e   a n y o n e ,   i n   f a c t ,   f o r  someone who h a s   b e e n   c l o s e   t o   p r o -  
p u l s i o n   c o n t r o l   d e v e l o p m e n t ,   t h i s   s t a t e m e n t  is  wide ly   accep ted .  I f e e l  s i l l y  
j u s t   w r i t i n g  i t .  I f  you were l o o k i n g   f o r  a rea l  grabber   o f   an   opening   para-  
graph,  I ' m  s o r r y .  

The e v i d e n c e   i n   s u p p o r t   o f   s u c h  a b o l d   p r e d i c t i o n  is  overwhelming. Cur- 
r e n t l y   a n d   f o r   t h e   n e a r - t e r m   f u t u r e ,   p r o p u l s i o n   s y s t e m   p e r f o r m a n c e   i n c r e a s e s  
w i l l  b e  made t h r o u g h   t h e   e x p l o i t a t i o n  of advanced  variable  geometry  components.  
A s  shown i n   F i g u r e  1, u n l e s s   t h e r e  i s  a breakthrough  in   component   t echnology,  
pe r fo rmance   i nc reases  w i l l  r e s u l t   i n   a d d i t i o n a l   e n g i n e   c o m p l e x i t y .   I n   o t h e r  
words ,   t he   con t ro l   sys t em w i l l  have t o  c o n t r o l   m o r e   v a r i a b l e s ,   m o r e   c l o s e l y  
a n d   f a s t e r   t h a n   e v e r   b e f o r e .   H y d r o m e c h a n i c a l   c o n t r o l   t e c h n o l o g y   s i m p l y   c a n -  
n o t   c o m p e t e   a g a i n s t   t h e   p e r f o r m a n c e   b e n e f i t s   o f f e r e d   b y   e l e c t r o n i c s .  
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Now tha t   t he   fu tu re   has   been   de f ined ,   wha t   shou ld   t he  A i r  F o r c e ' s   r o l e   b e  
in   the  development   of   these  systems?  Clear ly ,  w e  c a n n o t   e x p e c t   t o   b e g i n   t o  
develop new and  bet ter   microprocessors   and  associated  hardware.  It i s  d i f f i -  
c u l t   j u s t   t o   k e e p  up with  the  advances  in  computer  technology. However, w e  
can   beg in   t o   p l an   fo r   t he   day  when microprocessor  technology w i l l  pe rmi t   t he  
i n t e g r a t e d   c o n t r o l  and management of t h e   a i r c r a f t   f l i g h t   c o n t r o l ,   f i r e   c o n t r o l  
and  propulsion  control  systems  and  throw i n  maintenance  and  diagnostic  informa- 
t i o n   f o r   f r e e .  

T h e r e f o r e ,   i n   t h e  A i r  Force  Aero  Propulsion  Laboratory,  w e  have  concen- 
t r a t e d  on the  development   of   control   logic   a lgori thms  with  every  expectat ion 
t h a t   t h e y  w i l l  be   pu t   in to   workable   sof tware   u l t imate ly .  We are conf ident  
t h a t   d i g i t a l   e l e c t r o n i c   c o n t r o l s   s y s t e m s  w i l l  beg in  t o  rea l ly   payoff  when t h e  
f u l l   c a p a b i l i t y  and  power of the  microprocessor  i s  u t i l i z e d .  A t  t he  rate t h a t  
microprocessor   capabi l i ty  i s  expanding, w e  may never   be   ab le   to   use  i t  a l l .  
However, o u r   u l t i m a t e   g o a l   i n   t h e  area of logic  development i s  t o   b e   a b l e   t o  
accomplish real-time, adapt ive   cont ro l   o f   the  a i r c ra f t  propulsion  system.  For 
a p ropu l s ion   sys t em,   t h i s  i s  a chal lenging  problem  for   sure .  The present   pa th-  
way toward   ach iev ing   th i s   goa l  i s  t h e   s u b j e c t  of t h e  rest of t h i s   p a p e r .  
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A schematic  of  the  propulsion  system  control  and  information  management 
system  is  shown  in  Figure 2. Single,  closed-loop  control  of  the  engine is 
shown  in  dark  lines.  The  dark  lines  indicate  which  part  of  the  control  and 
information  management  function  can  be  done  real  time  with  current  state-of- 
the-art  hardware  and  software  technology. In our  current  activities, we are 
developing  basic  control  logic  algorithms  based  on  linear  quadratic  synthesis 
techniques  and  various  schemes  based  on  filter  theory  for  sensor  failure 
detection  and  accommodation  and  to a limited  extent  actuator  failure  detection 
and  accommodation. At this  point  in  time,  actuator  failure  accommodation  con- 
sists  of  a  reversion  to an independent  back-up  control  system.  Just  how  to 
accommodate  an  actuator  failure  without  seriously  degrading  engine  performance 
by way of  reconfiguring  the  control  law  to  account  for  the  loss  of  controlla- 
bility  is  an  attractive  and  needed  research  area. 

Our  current  planned  research  activities  include an increasing  emphasis 
on  the  development  of  real-time  system  identification  techniques.  It  is 
obvious  to  us  that  this  is an extremely  important  and  vital  area  that will 
enable  us  to  develop a real-time  adaptive  control.  Research in this  area  has 
been  ongoing  with  the  initial  emphasis  on  identification  of  aircraft  handling 
qualities.  Research  in  developing  real-time  identification  methods  has  begun. 

With  the  knowledge  of  the  engine's  current  operating  characteristics, 
adaptive  control  techniques  can be implemented.  Such a scheme  would  involve 
on-line  optimization  based  on  continuous  observations  of  engine  operating 
parameters.  Adjustments  to  the  control  logic  would  then be made. 

System  identification  methods  may  also  be  used  for  engine  diagnostics. 
The  technique  would  isolate  a  faulty  engine  component  or  sensor  based  on  com- 
parisons  of  observed  engine  behavior  with  nominal  engine  behavior. The re- 
sults  of  such  an  analysis  could be used  to  trim  up  or  adjust  for  the loss in 
performance  by  way of an  adjustment  to  the  control  logic. A sensor  failure, 
for  example,  would  result  in  the  reconstruction of that  measurement  in  the 
signal  conditioning  logic so it  would  continue to operate  without  any  per- 
ceivable  change  in  performance.  In  any  event,  the  results  would  be  saved  and 
used  later  for  maintenance  purposes. 

As  shown  in  the  figure,  the  development  of  a  control  and  diagnostics 
capability is a  logical  evolution  of  such  an  approach.  Unfortunately,  the 
prevailing  opinion  of  Government  and  industry  is  that  the  integration  of  con- 
trol  and  diagnostics  is  revolutionary,  not  evolutionary.  In  an  industry  where 
change  is  both  painful  and  slow,  it  would  appear  easier  to  reduce  the  national 
debt.  Despite  the  internal  and  political  resistance,  which  is  great,  tech- 
nical  advancements  and a  carefully  orchistrated  effort  on  the  part  of  the 
Government  agencies  who  sponsor  research in this  area  may  just  pull  it  off. 

Such  a  system,  when  implemented,  would  involve  several  microprocessors 
working  together in parallel  being  monitored by  a master  control  or  super- 
visory  computer.  Such a concept of a  distributed,  microprocessor-based  control 
system  is  shown  in  Figure 3 .  What  looks  like  a  system  designer's  nightmare 
will have  to be another  area  of  intense  research  activity. The microprocessor 
is  breaking  down  the  conventional  divisions  between  software  and  hardware - 
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the  new  definition  is  firmware.  Control  design  engineers  will  by  necessity 
become  electronics  engineers. 

Fortunately,  aircraft  propulsion  systems  will  not  lead  the way, already 
energy-minded  industries  involved  in  process  control  are  utilizing  micro- 
processors  to  optimize  system  efficiency  and  save  energy  costs.  However, 
the  engine  control  problem  is  unique  and will  require  more  foresight,  greater 
imagination  and  more  coordination  on  the  part  of  Government  and  industry  alike. 
Greater  emphasis will be placed  on  concept  demonstration  and  validation. A 
large  ongoing  commitment in terms  of  facilities  and  test  beds  within  the 
Government  is  vital  to  the  successful  implementation of the  concepts  presented 
in  this  paper. 

In  conclusion, we in  the  Air  Force  have  defined  the  problem  and  proposed 
an  outline  of  an  approach  to  accomplishing  a  real-time,  adaptive  control  and 
diagnostic  information  system.  Such  a  task  requires  further  research  in 
several  areas.  These  are  listed  below  in  Table I. Some  areas  have  been  the 
focal  point  of  generic  development  activity  and  the  investigation  of  how  these 
techniques  may be  applied  to  the  propulsion  control  problem  remains  to be in- 
vestigated. In  some  areas,  such  as  linear  quadratic  synthesis  and  multi- 

66 



r 

variable  frequency  methods  for  control  logic  development,  applications  to  the 
propulsion  control  problem  have  been  investigated. In other  areas,  basic 
research  is  needed.  In  any  event,  a  coordinated  research  effort  on  the  part 
of the  Air Force,  NASA, and  the  Navy  is  needed. 

TABLE I. - AREAS OF  FUTURE RESEARCH 

Systems  Modeling 

System  Identification 

Multivariable  Control 

Frequency  Domain 
Time  Domain 
Discrete-Time  Control 

Stochastic  Control 

Distributed  Systems 

Hierarchical  Control 

System  ReliabilityIIntegrity 

Filtering/Estimation 

Failure  Accommodation 

Fault  Detection 
Fault  Isolation 

Adaptive  Control/Optimization 

Performance  Seeking 
Real-Time  Optimization 
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