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SUMMARY 

This  paper  d i scusses  t h e  advanced c o n t r o l  technology necessary  t o  cope 

wi th  t h e  Medium STOL Transpor t  l anding  problem and, i n  p a r t i c u l a r ,  t h e  neces- 

s i t y  t o  decouple wi th  a c t i v e  c o n t r o l  techniques.  It w i l l  be  shown t h a t  t h e  

need t o  decouple i s  independent of t h e  powered-l i f t  concept bu t  t h a t  t h e  pro- 

v i s i o n i n g  f o r  decoupl ing is most g r e a t l y  dependent on t h e  preassumed p i l o t i n g  

technique.  

w i t h  r e spec t  t o  p i l o t  t echnique  o p t i o n s ,  handl ing  q u a l i t y  c r i te r ia ,  f l i g h t  

con t ro l  mechanization, and t h e  use of  p i l o t e d  s imula t ion  as a des ign  t o o l ,  

w i l l  a l s o  be d iscussed .  

The impl i ca t ions  of "decoupling" and " a c t i v e  c o n t r o l  techniques" 

INTRODUCTION 

The Medium STOL Transport  (MST) f l i g h t  c o n t r o l  system must p lay  a major 

r o l e  i n  combining good up-and-away t r a n s p o r t  performance wi th  good STOL capa- 

b i l i t y .  This  STOL c a p a b i l i t y  e n t a i l s  r o u t i n e  ope ra t ion  from a 2000 x 60 f t .  

s t r i p .  The use of powered-l i f t  t o  provide t h e  s a t i s f a c t o r y  low speed per for -  

mance d i r e c t l y  adds t h e  need f o r  active c o n t r o l  technology whi l e  i n t roduc ing  

many new unknowns, and aggrava t ing  t h e  problem of engine f a i l u r e s .  The b a s i c  

foundat ion f o r  t h i s  paper i s  der ived  from t h e  r e s u l t s  o f  r e c e n t l y  completed 

AFFDL s t u d i e s  t o  develop t h e  necessary  MST technology. These s t u d i e s  i n -  

volved t h r e e  c o n t r a c t o r s ,  Boeing, General Dynamics and North American under AF 

Contracts  F33615-71-C-1757, F33615-71-C-1754 and F33615-71-C-1760 r e s p e c t i v e l y  

and included a c o l l e c t i v e  t o t a l  of approximately 500 hours  of  d i r e c t  p i l o t e d  

s imula t ion  eva lua t ions .  (Refs.  1, 2 ,  3,  4 ,  5)  

When a t t a c k i n g  a problem area as l a r g e  as t h e  f l i g h t  c o n t r o l  system de- 

velopment f o r  an MST, w e  q u i t e  o f t e n  l o s e  s i g h t  on t h e  key p o i n t s  and t end  t o  

g e t  bogged down i n  minor i n t r a c a c i e s .  It is easy t o  g e t  involved i n  t r i v i a l  

arguments concerning t h e  "hardware" i n  t h e  k i t chen  be fo re  a s u i t a b l e  
foundation" f o r  t h e  house has  been e s t ab l i shed .  A stand-back-and-survey 11 
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view w i l l  t h e r e f o r e  be presented  wi th  t h e  hope t h a t  it w i l l  b e  en l igh ten ing .  

This stand-back p o s i t i o n  is t h e  au tho r s '  main advantage.  Because of our  

exposure t o  a l l  t h r e e  des ign  e f f o r t s  by t h e  c o n t r a c t o r s ,  w e  s a w  c e r t a i n  pa t -  

t e r n s  and r e s t r i c t i o n s  occur r ing  t h a t  have more meaning c o l l e c t i v e l y  than 

i n d i v i d u a l l y .  A u s e f u l  i n t e r p r e t a t i o n  of t h e s e  p a t t e r n s  and r e s t r i c t i o n s  

(real o r  self-imposed) is t h e  main con t r ibu t ion  w e  seek t o  p re sen t .  
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MST FLIGHT CONTROL PROBLEM 

IQssion Or ig in  

The Medium STOL Transport  (MST) f l i g h t  c o n t r o l  problem has i t s  o r i g i n  i n  

t h e  mission goa l s .  B r i e f l y ,  t h e s e  mission goa ls  seek  a c a p a b i l i t y  of de l ive r -  

i n g  a 28,000 pound payload i n t o  a s h o r t ,  narrow (2000' x 60') a u s t e r e  l and ing  

s t r i p ,  i n  a d d i t i o n  t o  having a c r u i s e  Mach number of 0.75, an o p e r a t i o n  r a d i u s  

410 



of  500 N.M. and a f e r r y  range of 2600 N.M. The f i v e  fundamental phases of 

t h e  f l i g h t  c o n t r o l  problem are: 

1. Take-off 

2.  Cruise  

3.  T r a n s i t i o n  from Cruise  t o  STOL conf igu ra t ion  

4 .  STOL Approach 

5. T r a n s i t i o n  from STOL Approach t o  Ground R o l l  

Of t h e s e  phases , t h e  "STOL Approach" receives the  f i r s t  , and j u s t i f i a b l y ,  t h e  

most a t t e n t i o n .  This  emphasis i s  due t o  t h e  r e l a t i v e  impact of t h i s  phase on 

t h e  f l i g h t  c o n t r o l  system, both i n  de f in ing  requirements and l i m i t a t i o n s .  

While, i n  t h i s  paper ,  w e  w i l l  concent ra te  on t h e  STOL Approach, t h e  problems 

which arise from t h e s e  o t h e r  phases cannot be ignored.  

It i s  appropr i a t e  t o  d i scuss  t h e  take-off b r i e f l y .  There is a tendency 

t o  r e f e r  t o  "Take-off and Landing" as a j o i n t  lumping of a common problem 

area f o r  f l i g h t  c o n t r o l  design.  

a performance dominated ground-to-air  problem whose in f luence  on t h e  f l i g h t  

con t ro l  system is  almost t r i v i a l  compared t o  t h e  air-to-ground landing  

p rob 1 em. 

STOL Approach Problem 

For t h e  MST's ,  p a r t i c u l a r l y ,  t h e  take-off  i s  

The performance of  a STOL land ing  on a 2000' x 60' runway n e c e s s i t a t e s  

low touchdown energy and reduced touchdown d i spe r s ions .  To achieve  these ,  a 

MST approaches a t  a low speed and s t e e p  f l i g h t  pa th  angle.  

This  low speed and s t e e p  approach angle  l e a d s  t o  ope ra t ion  on t h e  "back- 

s i d e "  of  t h e  power-required curve and employment of a c t i v e  powered l i f t  capa- 

b i l i t y .  The most prominent powered-l i f t  systems under cons ide ra t ion  are shown 

i n  Fig. 1. These powered-l i f t  systems present  coupl ing problems by t h e i r  

n a t u r e .  The p ropu l s ive  power t h a t  is now used d i r e c t l y  t o  i n c r e a s e  l i f t ,  a l s o  

in f luences  o t h e r  f o r c e  and moment generat ion.  The "backside" area of t h e  

power curve e f f e c t  is  shown i n  F ig .  2.  Note t h a t  f o r  any v e l o c i t y  i n  t h i s  

area, an inc rease  i n  t h r u s t  s e t t i n g  a t  cons tan t  a t t i t u d e  r e s u l t s  i n  an in-  

c reased  f l i g h t  pa th  angle  wi th  an accompanying decrease  i n  a i r speed .  

S i m i l a r l y  , i f  a t t i t u d e  is inc reased  (with a f i x e d  t h r u s t  s e t t i n g )  t h e  a i r c r a f t  

responds t o  decrease  v e l o c i t y  and i n c r e a s e  rate o f  descent .  This  adverse  

coupl ing of  a t t i t u d e ,  a i r speed  and f l i g h t  pa th ,  t h e r e f o r e ,  r e p l a c e s  t h e  
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favorable  coupl ing a s s o c i a t e d  wi th  ope ra t ion  on t h e  " f ron t s ide"  of t h e  power- 

r equ i r ed  curve.  The problems a s s o c i a t e d  w i t h  a l a r g e  ang le  between t h e  f l i g h t  

pa th  v e c t o r  and t h e  a i r p l a n e  body a x i s  extend i n t o  t h e  l a t e r a l - d i r e c t i o n a l  

axes and f u r t h e r  aggravate  t h e  normal coupl ing i n  t h e s e  axes.  

The l a r g e  c o n t r o l  s u r f a c e s  requi red  f o r  low "q" o p e r a t i o n  add f o r c e s  t h a t  

are unfavorable  i n  a d d i t i o n  t o  t h e  moments they are designed t o  produce. For 

example, a l a r g e  e l e v a t o r ,  i n  a d d i t i o n  t o  producing a p i t c h i n g  moment, may 

produce a l i f t  l o s s  of  s i g n i f i c a n t  magnitude. 

A p a r t i c u l a r  consequence of t h e  low speed r equ i r ed  is t h e  increased  sen- 

s i t i v i t y  t o  atmospheric d i s tu rbances ,  i . e . ,  wind s h e a r s ,  g u s t s ,  and turbu- 

l e n c e ,  as they re la te  t o  both a i rbo rne  c o n t r o l l a b i l i t y  and l and ing  p rec i s ion .  

I n t e r n a l  d i s tu rbances  such as engine f a i l u r e s  and perhaps i n  combination wi th  

t h e  "ex terna l"  dis turbaf lces  must be coped wi th .  

F i n a l l y  , i n  terms of convent ional  " f ly ing  qua l i t y"  parameters  , t h e  

dynamic c h a r a c t e r i s t i c s  of  t h e  ' 'bare a i r f rame" during l and ing  approach can be  

gene ra l ly  cha rac t e r i zed  (Refs.  1, 2 ,  3 ,  4 ,  5) as having: 

(1) Strongly  d ivergent  s p i r a l  modes 

(2 )  Low Dutch Rol l  damping 

( 3 )  Long r o l l  mode t i m e  cons t an t s  

( 4 )  Low n / a  s e n s i t i v i t y  

(5) 

Z 

Strongly  coupled "short  per iod" and "phugoid" modes 

I t e m  5 s t e m s  d i r e c t l y  from t h e  a t t i t ude - speed- f l igh t  pa th  coupl ing men- 
{ 

t i oned  earlier and is  worthy o f  s p e c i a l  comment. The c l a s s i c a l  s i m p l i f i c a t i o n  

t o  s e p a r a t e l y  i d e n t i f y  t h e  "shor t  per iod" mode as an o s c i l l a t i o n  of  ( a )  a t  

cons tan t  speed and t h e  phugoid mode as an o s c i l l a t i o n  of (V) and (y) a t  con- 

s t a n t  ang le  of a t t a c k  is  n o t  v a l i d .  (Ref. 6)  "Short term" and "long-term" 

response are as important  as ever but  they cannot be s a t i s f a c t o r i l y  developed 

wi th in  t h e  context  of t h e  c l a s s i c a l  "short-period" and "phugoid" modes. 

FLIGHT CONTROL SYSTEM DEVELOPMENT 

The c o n t r o l  of a "powered-lif t" a i r p l a n e  f o r  t h e  s h o r t  f i e l d  c a p a b i l i t y  

d e s i r e d  f o r  MST's must, t h e r e f o r e ,  t ake  a f a r  more b a s i c  approach t o  t h e  

f l i g h t  c o n t r o l  system development than  would normally be requi red .  The sug- 

ges ted  p l an  of a t t a c k  is  i n d i c a t e d  by an ar t ic le  which appeared i n  Aerospace 
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Engineering,  September 1962 , e n t i t l e d ,  "Control Response Requirements", by 

Waldemer 0. Breuhaus and W i l l i a m  F. Mi l l i ken ,  Jr. The au tho r s  made t h e  s imple  

but  s i g n i f i c a n t  p o i n t  t h a t  a l l  f l i g h g  c o n t r o l  can b e  broken down i n t o  t h r e e  

b a s i c  t y p e s :  (1) Up-Down, (2) Right-Left ,  and ( 3 )  Fast-Slow. Although t h e  

art icle was w r i t t e n  w i t h i n  t h e  con tex t  of convent iona l  c o n t r o l s ,  i .e.,  eleva- 

t o r s  , a i l e r o n s  , rudders  and t h r o t t l e s  , t h e  p r e s e n t  day c o r r e l a t i o n  w i t h  (1) 

Direct L i f t ,  (2)  Direct S ide  Force ,  and ( 3 )  Direct Drag, is obvious.  The 

p r e s e n t a t i o n  t h a t  fol lows is  designed t o  show t h a t  t h e  "decoupling" phi losophy 

r e f e r r e d  t o  i n  1962 as an i n t e r e s t i n g  area t o  i n v e s t i g a t e  has  become a b a s i c  

cons ide ra t ion  i n  the des ign  of  f l i g h t  c o n t r o l  systems f o r  t h e  MST'S. 

A t y p i c a l  l and ing  approach p o r t i o n  of  t h e  MST l and ing  f l i g h t  t a s k  is 

shown i n  Fig.  3 .  This  p a r t  o f  t h e  landing  f l i g h t  t a s k  w i l l  b e  emphasized 

because i t  rece ived  t h e  most a t t e n t i o n  i n  t h e  completed s t u d i e s .  It is ha rd  

t o  over-emphasize , .however, t h a t  t h e  t r a n s i t i o n  from up-and-away f l i g h t  t o  t h e  

d e s i r e d  l and ing  approach - -  speed- f l igh t  path p r o f i l e  and t h e  t r a n s i t i o n  from t h e  

l and ing  approach t o  a c t u a l  l and ing  and d e c e l e r a t i o n  t o  a s t o p ,  o r  a go-around, 

must r e c e i v e  c a r e f u l  a t t e n t i o n  i n  t h e  f i n a l  c o n t r o l  system development. 

Longi tudina l  Control  

"The two p r i n c i p a l  q u a n t i t i e s  t h a t  need t o  be c o n t r o l l e d  i n  symmetric 

f l i g h t  are t h e  speed and t h e  f l i g h t  pa th  ang le ,  t h a t  is  t o  s a y ,  t h e  v e h i c l e ' s  

v e l o c i t y  vec to r .  To achieve  t h i s  obviously e n t a i l s  t h e  a b i l i t y  t o  apply con- 

t r o l  fo rces  both  p a r a l l e l  and perpendicular  t o  t h e  f l i g h t  pa th ."  (Ref. 6 )  

This  enlargement o f  what l o n g i t u d i n a l  c o n t r o l  r e a l l y  i s ,  as compared t o  t h e  

too  o f t e n  made assumption tha t  l o n g i t u d i n a l  c o n t r o l  is  l i m i t e d  t o  " e l e v a t o r  

cont ro l" ,  is  one o f  t h e  important  messages of  f l i g h t  c o n t r o l  development f o r  

t h e  MST'S. The second is t h e  suppos i t i on  t h a t  t h e  p i l o t  and/or  a u t o p i l o t  must 

be  a b l e  t o  make commands f o r  speed changes wi thout  m a t e r i a l l y  a f f e c t i n g  f l i g h t  

pa th  and conversely t h e  a b i l i t y  t o  make f l i g h t  p a t h  ang le  changes without  

m a t e r i a l l y  a f f e c t i n g  speed. Fig.  4 i l l u s t r a t e s  t h e  des ign  approach i n d i c a t e d  

f o r  t h e  l o n g i t u d i n a l  c o n t r o l  p rov i s ions .  There is  no commitment a t  t h i s  p o i n t  

as t o  what i n p u t  device  w i l l  b e  used t o  command speed change o r  f l i g h t  p a t h  

change o r  what f o r c e  o r  moment gene ra to r s  w i l l  b e  used f o r  c o n t r o l .  

no d i r e c t  c o n t r o l  of  ( 0 )  o r  consequent ly  (a). The assumption is  made t h a t  t h e  

a i r p l a n e  is "trimmed" f o r  a given speed- f l igh t  p a t h  p r o f i l e  and that  d e t e c t i o n  

There is  
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of  changes i n  t h i s  p r o f i l e ,  (V) speed and (y) f l i g h t - p a t h ,  can be de t ec t ed  

and ac ted  upon by t h e  p i l o t  and/or  a u t o p i l o t .  Fig.  4 s e r v e s  as a common 

s t a r t i n g  p o i n t  t o  d i s c u s s  t h e  development of two MST l o n g i t u d i n a l  f l i g h t  eon- 

t r o l  systems by two s e p a r a t e  c o n t r a c t o r s .  One of  t h e  c o n t r a c t o r s  f ea tu red  an 

Ex te rna l ly  Blown Flap (EBF) ve r s ion  f o r  h i s  s tudy  model and t h e  o t h e r  used a 

Mechanical Flaps p l u s  Vectored Thrust  ve r s ion .  

EBF Version 

The key t o  t h e  manner i n  which t h i s  would develop w a s  t h i s  e a r l y  state- 

ment, "In a d d i t i o n  t o  t h e  e l e v a t o r ,  t h r o t t l e  and f l a p s  are a v a i l a b l e  f o r  

f l i g h t  pa th  c o n t r o l .  The l i t e r a t u r e  and experience i n d i c a t e s  t h a t  t h e  p i l o t  

would l i k e  t o  c o n t r o l  f l i g h t  pa th  wi th  t h e  t h r o t t l e  on a power approach, when 

s i g n i f i c a n t  l i f t  is due t o  t h e  t h r o t t l e .  However, t h e  coupl ing of a i r speed  

and f l i g h t  pa th  through each of  t h e s e  c o n t r o l s  makes ba re  a i r f r ame  c o n t r o l  

d e f i c i e n t  . \ r  

I n  e f f e c t ,  t h i s  philosophy i n d i c a t e s  a s t r o n g  preference  t o  change t h e  

gene ra l  form of Fig.  4 t o  a s s i g n  a t h r o t t l e  l e v e l  as t h e  f l i g h t  pa th  command 

device .  The same c o n t r a c t o r  goes on t o  s a y ,  "A d i r e c t  l i f t  system via  

t h r o t t l e  c o n t r o l  g ives  t h e  p i l o t  two d i s t i n c t  means of c o n t r o l l i n g  f l i g h t  

pa th  : 

1. Heave c o n t r o l  wi th  t h e  t h r o t t l e ,  wi th  minor p i t c h  changes. 

2 .  P i t c h  c o n t r o l  wi th  the  e l e v a t o r ,  which depends on an 

adequate  (n  / a )  t o  minimize ( a )  changes and make p i t c h  

changes r e s u l t  i n  f l i g h t  pa th  changes. 
Z 

The equat ion  (y = e-a) expresses  the  two techniques ,  t h e  heave c o n t r o l  

corresponding t o  changing (y) with  ( a )  and p i t c h  c o n t r o l  changing (y) with  

(e ) .*  The l i n e a r  d e r i v a t i v e s  i n d i c a t e  t h e  t h r o t t l e  t o  be  a b e t t e r  d i r e c t  

% h i s  s ta tement  is  p a r t i c u l a r l y  i n t e r e s t i n g  and s i g n i f i c a n t  f o r  powered l i f t  
MST's. The genera l  d e f i n i t i o n  of ( a )  = tan-lw/u does no t  exclude t h i s  concept 
of (y) change w i t h  ( a ) .  It i s  a change i n  t h e  convent iona l  s ense  of ( a ) ,  
however, t h a t  must be c a r e f u l l y  recognized i n  t h e  a p p l i c a t i o n  of many e x i s t i n g  
parameters.  nZ/a f o r  example, i s  def ined  i n  MIL-F-83300 as " the  s t eady  s t a t e  
normal a c c e l e r a t i o n  change p e r  u n i t  change i n  angle  of a t t a c k  f o r  an inc re -  
mental p i t c h  c o n t r o l  d e f l e c t i o n  a t  cons tan t  speed", and i n  MIL-F-8785 as "the 
s t e a d y - s t a t e  normal a c c e l e r a t i o n  change p e r  u n i t  change i n  angle  of a t t a c k  f o r  
an incrementa l  e l e v a t o r  d e f l e c t i o n  a t  cons tan t  speed ( a i r speed  and Mach 
number)". 
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l i f t  c o n t r o l  and t h e  f l a p s  as b e t t e r  speed c o n t r o l  as seen  by: 
" n 
L t h r u s t  - -0.1316 = -3.75 

+O. 0351 
- 

't h r us t 

L 

1.575" f l a p s  - 23.48 
14.89 

- -=  

' flaps 

where 

' t h rus t  

' thrust  
- - Rat io  of  change i n  v e r t i c a l  f o r c e  (Z-axis) p e r  change i n  

h o r i z o n t a l  f o r c e  (X-axis) f o r  a given change i n  engine 

t h r u s t .  

and 

Zflaps= 
'flaps 

Rat io  of change i n  v e r t i c a l  f o r c e  (Z-axis) p e r  change i n  

h o r i z o n t a l  f o r c e  (X-axis) f o r  a given change i n  f l a p s  

d e f l e c t i o n s .  

As a r e s u l t  of t h i s  reasoning ,  t h e  c o n t r a c t o r  used decoupl ing c ros s feeds  

t o  t h e  t r a i l i n g  edge f l a p s  t o  minimize speed changes due t o  f l i g h t  pa th  

commands through t h e  t h r o t t l e  l e v e r s .  H e  then cons t ra ined  t h e  c o n t r o l  column 

t o  command e l e v a t o r  d e f l e c t i o n s  only.  Fur ther  ref inements  inc luded  an auto- 

B speed mode which c o n t r o l l e d  t o  t h e  s e l e c t e d  speed d i r e c t l y  by us ing  t h e  

t r a i l i n g  edge f l a p s  as t h e  primary speed c o r r e c t i n g  ou tpu t .  An a t t i t ude -ho ld  

mode w a s  a l s o  used t o  minimize a t t i t u d e  coupl ing from f l i g h t  pa th  commands 

through t h e  t h r o t t l e  l e v e r .  

The f u n c t i o n a l  o p e r a t i o n  of  t h i s  type  of  system is  gene ra l ly  i l l u s t r a t e d  

i n  Fig.  5. I n  e s sence ,  they provided " d i r e c t  l i f t  con t ro l "  as d i r e c t  c o n t r o l  

of  engine t h r u s t  magnitude and as commanded through t h e  t h r o t t l e  l e v e r s  as 

~ 

Both of t h e s e  d e f i n i t i o n s  c o n s t r a i n  t h e  g e n e r a l i t y  of (a) f o r  t h e  purpose 
of  apply ing  t h e  s p e c i f i c a t i o n  c r i t e r i o n  nZ/u. Fu r the r ,  t h e  equa t ion  (y = 
0-a) is ,  i n  i t s e l f ,  a seve re  c o n s t r a i n t  on t h e  vantage p o i n t  t h a t  must b e  
a t t a i n e d  t o  f u l l y  cope w i t h  t h e  MST landing  problem. (y) is de f ined  i n  MIL- 
F-8785 as s i n - l  v e r t i c a l  s p e e d f t r u e  a i r speed .  The d i s t i n c t i o n  between t h i s  
(Y), def ined  wi th  r e s p e c t  t o  t h e  "a i r  m a s s " ,  and a (y)  def ined  wi th  r e s p e c t  
t o  t h e  ground t an - l  v e r t i c a l  speedfground speed is  t o o  s i g n i f i c a n t  t o  ignore  
f o r  t h e  l and ing  speeds and touchdown p r e c i s i o n  r equ i r ed  f o r  t h e  MST's. 
Rela ted  c r i te r ia  such as a Y / a V  must a l s o  be  c a r e f u l l y  reviewed f o r  a p p l i c a t i o n  
on MST'S. The use of  t h i s  c r i t e r i a  wi th in  t h e  con tex t  of  MIL-F-83300 and 
MIL-F-8785 i s  n o t  on ly  purposely l i m i t e d  t o  t h e  "air m a s s "  r e f e r e n c e  but  a l s o  
r e q u i r e s  that  i t  must be  measured w i t h  cons tan t  t h r u s t  i n  bo th  d i r e c t i o n  and 
magnitude and w i t h  a p e r t u r b a t i o n  o f  t h e  a i r p l a n e  s o l e l y  by an "e leva tor"  o r  
equ iva len t  ( 0 )  change producing device .  



t h e i r  main f l i g h t  pa th  c o n t r o l  provis ion .  They went on t o  conclude: 

"In regard  t o  p i l o t i n g  techniques  f o r  STOL t e rmina l  area f l i g h t  

o p e r a t i o n s ,  t h e r e  is  c l e a r l y  a preference  f o r  t h e  STOL mode of 

f l i g h t  pa th  c o n t r o l ,  i . e . ,  power level  adjustments  f o r  f l i g h t  

pa th  e r r o r  c o r r e c t i o n s  wi th  r e l a t i v e l y  cons t an t  p i t c h  a t t i t u d e  

maintained by a p i t ch -a t t i t ude -ho ld  mode and a i r s p e e d  r egu la t ed  

by t h e  autospeed func t ion ."  

Mechanical Flaps P lus  Vectored Thrust  Version 

The key t o  t h i s  c o n t r a c t o r ' s  philosophy wi th  r e spec t  t o  Fig. 4 i s  

i n d i c a t e d  by t h i s  s ta tement :  

" P i l o t s  confirmed t h a t  they could use ' convent iona l '  techniques f o r  

c o n t r o l l i n g  f l i g h t - p a t h  ang le  and a i r speed .  The ' convent iona l '  

t echnique  impl i e s  t h a t  f l i g h t  pa th  a n g l e  i s  c o n t r o l l e d  wi th  t h e  

column and t h a t  t h r u s t  v e c t o r  angle  is. used f o r  c o n t r o l l i n g  air- 

speed. The o t h e r  c o n t r o l  technique o f t e n  used f o r  STOL approaches 

involves  c o n t r o l l i n g  a i r speed  wi th  t h e  c o n t r o l  column and f l i g h t  

pa th  angle  wi th  t h r u s t  magnitude. 'I 

A c o n t r o l  l a w  s t r u c t u r e  t h a t  evolved from t h i s  concept is  shown i n  Fig.  

1 

6 .  The use  of t h i s  c o n t r o l  du r ing  approach assumes t h a t  t h r u s t  v e c t o r  t ra i l -  

i n g  edge f l a p s ,  t h r u s t  l e v e l  and s p o i l e r  d e f l e c t i o n  have a l l  been set t o  

s a t i s f y  " t r i m "  f o r  t he  d e s i r e d  f l i g h t  path-speed p r o f i l e .  F l i g h t  p a t h  angle  

d e v i a t i o n s  are c o n t r o l l e d  through the  c o n t r o l  column which commands e l e v a t o r  

and s p o i l e r  d e f l e c t i o n s  about " t r i m "  and speed dev ia t ions  are c o n t r o l l e d  by 

c l o s i n g  an automatic  speedloop which v a r i e d  t h e  t h r u s t  v e c t o r  ang le  around t h e  

t r i m  p o i n t ,  approximately 70" wi th  t h e  h o r i z o n t a l .  A closed-loop decoupling 

c ross feed  w a s  found t o  be  necessary  f o r  f l i g h t  pa th  angle-to-speed changes. 

The use of t h r u s t  v e c t o r  angle  changes t o  c o n t r o l  speed reduced t h e  speed-to- 

f l i g h t  pa th  (open loop)  coupl ing t o  a p o i n t  where c a n c e l l i n g  by closed-loop 

decoupl ing w a s  n o t  considered necessary.  

Summary of  t h e  Two Cont rac tor  Approaches 

Each c o n t r a c t o r  recognizes  the  f l i g h t  p a t h  angle-speed coupl ing problem. 

Each c o n t r a c t o r  made an,  a p r i o r i ,  assumption as t o  what i npu t  device  would b e  

used t o  c o r r e c t  f l i g h t  pa th  d e v i a t i o n s ;  i n  one case a t h r o t t l e  lever, and i n  

t h e  o t h e r ,  a c o n t r o l  column and then  suppressed t h e  p i l o t  e f f o r t  a s s o c i a t e d  
- -_ 
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with  speed cor rec t ions  by using an automatic speed cont ro l  loop. 

case, t h e  closure of t he  automatic speed loop w a s  accomplished by de f l ec t ing  

the  f l aps  about t he  t r i m  pos i t i on  and thus vectoring t h e  t h r u s t  i n d i r e c t l y  

with the  f l aps .  I n  t h e  second case, t h e  e f f l u x  of t h e  engine w a s  vectored 

d i r ec t ly .  Each ar r ived  at a method of exer t ing  forces  f o r  speed cont ro l ,  X- 

axis fo rces ,  t h a t  minimized t h e  coupling of Z-axis ( l i f t )  forces.  

I n  t h e  f i r s t  

Each used d i r e c t - l i f t  t o  minimize speed changes caused by f l i g h t  path 

change commands. 

n i tude  modulation about t h e  t r i m  pos i t i on  and i n  the  o the r  case symmetrical 

s p o i l e r  de f l ec t ion  about a t r i m  pos i t ion .  Each w a s  ab l e  t o  demonstrate within 

a reasonable degree of va l ida t ion  t h a t  the cont ro l  of t h e i r  respec t ive  study 

models, EBF and Mechanical Flaps Plus Vectored Thrust w a s  generally satis- 

fac tory  f o r  an MST landing approach. Each cont rac tor  described h i s  r e s u l t s  as 

v indica t ion  of (1) t h e  "STOL technique i n  one case and (2) t h e  "Conventional" 

I n  one case the  "d i r ec t - l i f t "  w a s  i n  the  form of t h r u s t  mag- 

technique i n  t h e  o ther .  Subs tan t ia t ion  arguments included t h e  observation 

t h a t  when t h e  "Conventional" technique w a s  used with the  "STOL" technique 

system designed f o r  t he  EBF vers ion ,  i t s  performance w a s  poorly r a t ed  by t h e  

simulation p i l o t s .  On t h e  o t h e r  s i d e  of t h e  coin,  i t  w a s  pointed out t h a t  t he  

Conventional" technique w a s  p refer red  f o r  the  Mechanical Flaps Plus Vectored 11 

Thrust version because: 

"(1) With t h e  t h r u s t  vec tor  set a t  approximately 7 0 ° ,  changes i n  vec tor  

angle primarily produce axial acce le ra t ion ,  with a s m a l l  change i n  

normal acce lera t ion .  

(2) I n  t h e  nominal approach condition and with the  power set  at 75% of 

maximum, t h e  aerodynamics and propulsive normal acce lera t ion  

capab i l i t y  is An (with DLC) = .45g and Anz thrust = Z aero . lg .  

= 0 i f  t h e  t h r u s t  t o  AnZ t h r u s t  With a s i n g l e  engine f a i l u r e ,  

weight r a t i o  i s  maintained." 

The comments quoted i n  support of e i t h e r  t h e  "Conventional" technique o r  

the  "STOL" technique are t r u e  statements. 

e i t h e r  "technique" and t o  MST longi tudina l  cont ro l  provisioning i n  general ,  

however, needs examinat ion ,  

"STOL" versus ltConventional" Technique? 

Their relevance t o  supporting 

Many papers have been w r i t t e n  t h a t  discuss t h i s  choice. The overwhelming 
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majori ty  of t h e s e  papers make t h e  o f t e n  non-stated assumption t h a t  a con t ro l  

column o r  s t i c k  command is synonomous with e l e v a t o r  d e f l e c t i o n  and the 

t h r o t t l e  l e v e r  is  synonomous wi th  engine t h r u s t  modulation. Under t h i s  con- 

s t r a i n t ,  t h e r e  i s n ' t  much l e f t  t o  c lose  t h e  coupled f l i g h t  path angle-speed 

con t ro l  loops , o the r  t han  "pilot-technique" . Augmentation and automation 

techniques t h a t  are r e s t r i c t e d  t o  opera t ing  through only t h e  e l e v a t o r s  o r  

engine t h r u s t  commands w i l l  a l s o  be of dubious he lp  because of t h e  inherent  

coupling. For a i r p l a n e s  a l ready  b u i l t ,  the pi lot- technique issue has v a l i d i t y  

because i t  is  a case of doing t h e  b e s t  you can wi th  t h e  only v a r i a b l e  l e f t  t o  

analyze,  t h e  p i l o t  himself .  For t h e  "powered l i f t "  MST's however, the so- 

c a l l e d  "STOL" versus  "Conventional" landing technique i s s u e  , as i t  is  normally 

presented , i s  of extremely doubtful  v a l i d i t y .  

The argument t h a t  t h e  system designed f o r  t h e  "STOL" technique would not  

perform w e l l  when t h e  "Conventional" technique w a s  appl ied  o r  vice versa, is  

not  r e a l l y  a suppor t ing  argument. The p i l o t  i s  no longer  commanding an 

"elevator"  o r  " t h r o t t l e "  o r  s e l e c t i n g  a technique t o  use them; he ,  o r  t h e  

AFCS, is commanding f l i g h t  path cor rec t ions  o r  speed co r rec t ions  through what- 

eve r  input  device w a s  assigned. Any attempt t o  interchange t h e  use of t hese  

assigned devices ,  which now command a set of f o r c e  and moment genera tors  

through a con t ro l  l a w  s t r u c t u r e  deemed most s u i t a b l e  t o  make f l i g h t  pa th  o r  

speed co r rec t ions  s e p a r a t e l y ,  i s  obviously going t o  be d i f f i c u l t .  The a f t e r -  

the- fac t  p i l o t  opt ion has been removed, t h e  real i s s u e  i s  t h e  b a s i s  on which 

t h e  cockpi t  c o n t r o l  assignment i s  made t o  b e s t  serve t h e  MST mission. 

Other Control Considerat ions 

Fig. 4 ,  as s t a t e d  previous ly ,  makes t h e  assumption t h a t  t h e  a i r p l a n e  is  

i n  " t r i m "  during landing  approach. 

one con t r ac to r  found t h a t  t h e  t r a n s i t i o n  from up-and-away f l i g h t  t o  t h e  con- 

f i g u r a t i o n  requi red  f o r  landing approach, p lus  capture  and " t r i m "  t o  t h e  

requi red  f l i g h t  path-speed p r o f i l e  i s  d i f f i c u l t .  It should be  obvious t h a t  

the  assignment of cockpi t  con t ro l s  cannot be made without  c a r e f u l  considera- 

t i o n  of how they can b e s t  serve these  t r a n s i t i o n  needs. Fig. 4 makes i t  clear 

t h a t  " a t t i t ude"  during t h e  landing approach is  not  necessa r i ly  t h e  dominating 

con t ro l  parameter. 

c e r t a i n  limits. 

As a p a r t  of t h e s e  same s t u d i e s ,  a t  least 

It is only important t o  restrain "a t t i tude"  changes wi th in  

When t h e  t r a n s i t i o n  is  made from landing approach (a i rborne  



f l i g h t )  t o  touchdown (ground c o n t r o l )  however, a t t i t u d e  must be  reconci led  

along w i t h  a probable  change i n  f l i g h t  pa th  from t h e  "trimmed" condi t ion.  

The e f f e c t s  of engine  f a i l u r e s  and/or  t h e  need f o r  a go-around must a l s o  

be considered. 

workload i n  dea l ing  wi th  t h e s e  emergencies. 

away f l i g h t  where 95% of t h e  mission t i m e  w i l l  b e  spen t  must b e  considered. 

The p i l o t  must be  given a c o n t r o l  system t h a t  minimizes h i s  

F i n a l l y ,  harmony wi th  up-and- 

It is i n  t h i s  up-and-away f l i g h t  regime where a more fundamental s ense  of 

what "Conventional" f l i g h t  c o n t r o l  r e a l l y  c o n s i s t s  of  can be  more c l e a r l y  

i l l u s t r a t e d .  A r ecen t  paper (Ref. 7) states, 

"The p i l o t  must c o n t r o l  t h e  a i r c r a f t  v e l o c i t y  v e c t o r  i n  a t h r e e  

dimensional space.  I n  a convent ional  a i r p l a n e ,  t h e  two v e c t o r  

angles  (y,$) usua l ly  are t r acked  us ing  column and wheel i n p u t s ,  and t h e  

v e c t o r  magnitude (V) is  c o n t r o l l e d  i n  e s s e n t i a l l y  open loop o r  

d i scont inuous  fash ion  us ing  t h r o t t l e  inputs" .  

The r e l e g a t i o n  of  v e c t o r  magnitude (Fast-Slow) c o n t r o l  t o  an " e s s e n t i a l l y  

open-loop o r  discont inuous" manner is  a key element of convent ional  f l i g h t  

con t ro l .  

l anding  approach because of t h e  severe coupl ing problem. Fur the r ,  t h e  c o n t r o l  

of speed,  v e c t o r  magnitude ( V ) ,  cannot n e c e s s a r i l y  be l i m i t e d  t o  t h r u s t  magni- 

tude  modulation, and f i n a l l y ,  t h e  manual c l o s u r e  of t h i s  c o n t r o l  loop by t h e  

p i l o t ,  i n  a d d i t i o n  t o  c l o s i n g  h i s  (y,$) (Up-Down) (Right-Left) loops does not  

appear d e s i r a b l e  from a p i l o t  workload b a s i s .  

i n d i c a t e s  t h a t  (V) must be c o n t r o l l e d  independent of t h e  p i l o t ,  i .e . ,  auto- 

mat ica l ly .  

l o n g i t u d i n a l  c o n t r o l  p rov i s ion ing  f o r  t h e  MST'S. 

For t h e  MST's t h i s  t ype  of c o n t r o l  is  no longer  s a t i s f a c t o r y  during 

The weight of t h e  evidence 

S t i l l  another  f a c t o r  is  worth emphasizing i n  t h e  s e l e c t i o n  of t h e  

The landing  of an MST and subsequent d e c e l e r a t i o n  t o  a s t o p ,  o r  a go- 

around are obviously "energy-control" problems. (Ref. 8) The rate of energy 

consumed ( f u e l )  as i t  a f f e c t s  t h e  t o t a l  a i r p l a n e  energy s t a t e ,  p o t e n t i a l  

(he ight )  p l u s  k i n e t i c  ( speed) ,  is d i r e c t l y  changed by t h e  engine t h r u s t  lever. 

On t h e  o t h e r  hand, c o n t r o l  fo rces  used t o  change f l i g h t  pa th  gene ra l ly  only  

t r a n s f e r  p o t e n t i a l  energy (he ight )  t o  k i n e t i c  (speed) o r  visa versa. ' 
This  energy concept does not  l e a d  t o  some e a s i l y  perce ived  l o n g i t u d i n a l  

c o n t r o l  provis ioning  concept f o r  t h e  MST'S. It is  fundamentally s i g n i f i c a n t ,  

however, and f a r  more r e l e v a n t  than  t r y i n g  t o  j u s t i f y  t h e  system on a 
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preconceived "STOL" o r  "Conventional" technique b a s i s .  

l o n g i t u d i n a l  c o n t r o l  p rov i s ion ing  must s t a n d  on i t s  own f e e t .  

La tera l -Direc t iona l  Control  

The m e r i t s  of t h e  

A vantage p o i n t  f o r  t h e  l a t e r a l - d i r e c t i o n a l  c o n t r o l  problems is  i l l u s -  

s t r a t e d  by t h i s  quo ta t ion :  

"This s i m p l i c i t y  i s  l o s t  ( t h e  au thor  is  r e f e r r i n g  t o  

l o n g i t u d i n a l  c o n t r o l )  when w e  go t o  lateral motions,  

f o r  then  t h e  r o t a t i o n  t akes  p l a c e  about two axes (x) 

and ( z ) .  The moments a s soc ia t ed  wi th  t h e s e  r o t a t i o n s  

are c ross  coupled, i .e . ,  (p)  produces yawing moments 

C ) as w e l l  as r o l l i n g  moment C and yaw displacements  N R' 
(6) and rate (r) both  produce r o l l i n g  and yawing 

moments. Furthermore, t h e  r o l l  and yaw c o n t r o l s  are 

a l so  o f t e n  cross-coupled, def Zect ion of t h e  a i l e r o n s  

can produce s i g n i f i c a n t  yawing moments, and d e f l e c t i o n  

of t h e  rudder  can produce s i g n i f i c a n t  r o l l i n g  moments." 

(Ref. 6) 

I n  view of t h e  prev ious  d i scuss ion  under l o n g i t u d i n a l  c o n t r o l  t h e  r eade r  

is c e r t a i n l y  e n t i t l e d  t o  ques t ion  t h e  91simplicity-comparison11. The com- 

pa r i son  is thought s i g n i f i c a n t  however. 

some degree has  long  been recognized f o r  Right-Left c o n t r o l ,  wh i l e  t h e  need 

t o  do so  f o r  good (Up-Down) (Fast-Slow) i s  only f u l l y  apprec ia ted  when c o n t r o l  

must be  provided n e a r  the minimum speed poss ib l e  wi th  "powered l i f t "  

techniques.  

The need t o  provide "decoupling" i n  

The t rea tment  of l a t e r a l - d i r e c t i o n a l  c o n t r o l  and i t s  r e l a t i o n s h i p  t o  

19decoupling'f w i l l  t h e r e f o r e  b e  less emphasized i n  t h i s  paper t han  l o n g i t u d i n a l  

c o n t r o l ,  a l though t h i s  i s  no t  intended t o  suppress  i t s  importance. Landing 

on a 60 f t  wide s t r i p  i n  t h e  presence of "dis turbances"  i s  a demanding f l i g h t  

task. 

None of the c o n t r a c t o r s  involved i n  t h e  s t u d i e s  i n v e s t i g a t e d  us ing  d i r e c t  

s i d e  f o r c e  f o r  b e t t e r  Right-Left c o n t r o l  a l though i t  has  attractive possi-  

b i l i t i e s .  The decoupl ing approach, t h e r e f o r e ,  w a s  immediately reduced from 

t h e  g e n e r a l i t y  presented  i n  t h e  l o n g i t u d i n a l  t o  t h a t  shown i n  Fig. 7,  i .e . ,  

t h e  c o n t r o l  su r f aces  are convent ional  moment genera tors  a The c o n t r o l  l a w  
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development implied by Fig. 7 stems d i r e c t l y  from the Etkins  quote and t h e  

"decoupling" concept t h a t  t h e  cont ro l  wheel w i l l  command (p) without inducing 

( 6 )  and the  rudder pedals  w i l l  command (6) without inducing (p). 

Fig. 8 i l l u s t r a t e s  t y p i c a l  cont ro l  laws t h a t  can develop from t h i s  pre- 

There can be no doubt that  many of t h e  symptoms of .  poor Right-Left m i s e .  

cont ro l  are removed by these  a c t i v e  techniques. 

undesired (6)  during en t ry  i n t o  t h e  t u r n  can be l a r g e l y  cancel led out by feed- 

forward i n t o  the  rudder, and the  remainder w e l l  suppressed by feedback tech- 

niques. 

dis turbances before  they have a l t e r e d  the output" (Ref. 9) .  In t h i s  case, t h e  

"disturbance" i s  an unwanted coupling of t h e  outputs .  

The Dutch Roll  modes can be damped reasonably w e l l  and perhaps at least 

as important,  the  tendency t o  "stir-them-up" with r o l l  rate commands can be 

l a rge ly  removed. The s p i r a l  mode can be  made e s s e n t i a l l y  n e u t r a l  such t h a t  

the  bank angle tends t o  n e i t h e r  increase  nor bleed o f f  during the turn.  The 

e f f e c t i v e  r o l l  t i m e  constant  can be decreased such that the  s m a l l  p r ec i se  

heading changes assoc ia ted  with landing on a minimal width runway can be 

enhanced . 

The i n i t i a l  development of 

"Feedforward i s  r e a l l y  a very o ld  t r i c k  t o  cancel out  t h e  e f f e c t s  of 

The decoupling techniques used f o r  l a t e r a l - d i r e c t i o n a l  con t ro l  are no t  as 

s e n s i t i v e  t o  the  remainder of t h e  t o t a l  f l i g h t  regime as the long i tud ina l  pro- 

vis ioning.  The t r a n s i t i o n  from landing approach t o  ground-roll, however, has 

a similar problem i n  that "a t t i tude"  must be reconci led and p a r t i c u l a r l y  s o  

when landing i n  a cross  wind. 

landing approach (zero p), then decoupling is des i red  t o  change t h e  heading 

"a t t i tude"  of  t h e  a i rp l ane  t o  t h a t  of t h e  runway j u s t  p r i o r  t o  touchdown with- 

out changing f l i g h t  path.  The removal of yaw-to-roll coupling goes a long way 

towards achieving this type of f l i g h t  path- to-at t i tude decoupling. I f  the  

forward-slip maneuver i s  executed, then  the purposeful  coupling must be 

"iinwound" and the r o l l  a t t i t u d e  of t h e  a i rp l ane  reconci led wi th  the  ground, 

again without ma te r i a l ly  a f f e c t i n g  f l i g h t  path. 

I f  the crab angle  is accepted during the  

There i s  one more aspect of "decoupling" that deserves mention, t h e  cou- 

p l i n g  of l a t e r a l - d i r e c t i o n a l  o r  Right-Left cont ro l  i n t o  (up-Down) (Fast-Slow) 

cont ro l .  

o r  speed i n  the  =-plane, then compensation must be  provided f o r  the l o s s  of 

I f  heading changes are t o  be made without change of f l i g h t  p a t h  
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l i f t  due t o  bank angle .  

p e r  u n i t  bank angle  can be  e s t a b l i s h e d  i f  t h e  previous "decoupling" of f l i g h t -  

pa th  and speed has  been accomplished. 

A r e l a t i v e l y  s imple c ros s feed  of  l i f t  compensation 

IMPLICATIONS FOR DESIGN 

The emphasis on decoupling j u s t  p resented ,  is n o t  an argument t h a t  com- 

p l e t e  "decoupling" must be  provided f o r  landing  powered l i f t  MST's. 

sound and s u b s t a n t i a l  reasons ,  t h i s  is  n o t  l i k e l y  t o  be e i t h e r  completely 

p o s s i b l e  o r  d e s i r a b l e .  This  p r e s e n t a t i o n  is an argument, however, t h a t  t h e  

p r i n c i p l e s  involved i n  decoupl ing must be  thoroughly understood be fo re  t h e  

t r a d e s  involved i n  backing-off can be j u s t i f i e d .  

t r a d e s  w i l l  be  d iscussed  b r i e f l y .  

F l i g h t  P ath-Speed-Att i t  ude 

For many 

One of t h e  most s i g n i f i c a n t  

The matur i ty  of a t t i t u d e  senso r s  is w e l l  e s t a b l i s h e d  whereas t h e  a b i l i t y  

t o  sense  abso lu te  f l i g h t  pa th  angle  wi th  r e spec t  t o  t h e  ground involves  f ind-  

ing  t h e  a r c t a n  v e r t i c a l  speed/ground speed. 

s t a n t i a l l y  d i f f e r e n t  from a i r speed  and is  n o t  easy t o  ob ta in .  A good a t t i t u d e -  

hold loop ,  i n  i t s e l f ,  does a g r e a t  dea l  t o  minimize t h e  coupl ing between 

f l i g h t  p a t h  and speed. On t h e  o t h e r  hand, t h e  importance of  c o n t r o l l i n g  t o  an 

abso lu te  ground re ferenced  f l i g h t  p a t h  f o r  MST's can be apprec i a t ed  by reading  

t h e  art icle,  "Effec ts  of Wind Shear on Approach", by Captain W. W. Melvis, 

Delta A i r l i n e s ,  i n  t h e  June,  1 9 7 1  i s s u e  of I n t e r c e p t o r  Magazine. The ar t ic le  

d i scusses  t h e  problems o f  f l i g h t  pa th  and speed c o n t r o l  i n  t h e  contex t  of 120 

k t  l and ing  approach speeds.  

speeds should be  obvious. 

Handling Q u a l i t i e s  Criteria 

The lat ter q u a n t i t y  can be  sub- 

The increased  concern at t h e  MST landing  approach 

There are many th ings  t h a t  could be  s a i d  about t h i s  c o n t r o v e r s i a l  aspec t  

of t h e  MST'S and as i t  relates t o  MIL-F-83300 and MIL-F-8785. A few of t h e  

observa t ions  considered most s i g n i f i c a n t  are l i s t e d  h e r e  : 

1. The concept of p i l o t  workload as it  relates t o  t h e  MST 

landing  t a s k  performance and as set f o r t h  i n  MIL-F-83300 and MIL-F-8785 is a 

sound and v a l i d  measure of  "goodness" f o r  MST " f ly ing -qua l i t i e s "  o r  perhaps 

more a p t l y  t i t l e d  F l i g h t  Cont ro l  Performance. 

2. The i n t e r p r e t a t i o n  of  t h e  p i l o t  workload concept i n t o  
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mutually v e r i f i a b l e ,  necessary  and s u f f i c i e n t ,  contractor-customer "f lying-  

qua l i t y"  requirements i s  n o t  p r e s e n t l y  s a t i s f i e d  by e i t h e r  MIL-F-8785 o r  MIL- 

F-83300. In genera l ,  MIL-F-8785 purposely excludes a p p l i c a b i l i t y  t o  powered- 

l i f t ,  d i r e c t - l i f t ,  d i r ec t -d rag  and those  a c t i v e  techniques  d i r e c t l y  a s soc ia t ed  

wi th  s a t i s f a c t o r y  MST landing  c a p a b i l i t y ,  whi le  MIL-F-83300 is  too  s t r o n g l y  

o r i e n t e d  towards STOL as a t r a n s i t i o n  t o  o r  from VTOL i n s t e a d  of an  e x t r a -  

p o l a t i o n  from CTOL. 

3. The main e f f e c t  of t h i s  vacuum of  a p p l i c a b i l i t y  is  t o  pu t  a 

f a r  h ighe r  premium on t h e  use  of  p i l o t e d  s imula t ion  as a "tool" f o r  both 

c o n t r a c t o r  design development and customer assessment.  

P i l o t e d  Simulat ion 

It i s  d i f f i c u l t  t o  make judgment as t o  which a spec t  of  MST landing  simu- 

l a t i o n  w a s  v i o l a t e d  t h e  most, t h e  f i d e l i t y  of t h e  s imula t ion  r equ i r ed  t o  be  

r e p r e s e n t a t i v e  o f  what t h e  p i l o t  w i l l  a c t u a l l y  eFperience,  o r  t h e  manner i n  

which t h e  s imula t ion  experiments w e P e  conducted. The r e p r e s e n t a t i o n  of a l l  

fo rces  a c t i n g  on t h e  a i r p l a n e  f o r  t h e  powered-lif t  MST's i s ,  a t  least ,  an 

o r d e r  of magnitude more complex than  f o r  a convent ional  a i rp l ane .  Fur ther ,  

t h e  q u a l i t y  of t h e  v e h i c l e  dynamics d a t a  is  s u s c e p t i b l e  t o  poor p r e d i c t i v e  

techniques and t h e  system design eva lua t ions  must recognize t h e  need t o  con- 

s i d e r  v a r i a t i o n s  from those  assumed, even wi th  ex tens ive  wind tunne l  da ta .  

The q u a l i t y  of t h e  v i s u a l  (ou t s ide  world) p r e s e n t a t i o n  t o  t h e  p i l o t  has  

been troublesome. Unless t h e  p i l o t  i s  convinced t h a t  t h e  r e p r e s e n t a t i o n  is 

r ea l i s t i c ,  p a r t i c u l a r l y  i n  t h e  l and ing  touchdown t r a n s i t i o n  area, t h e  v a l i d i t y  

of t h e  s imula t ion  d a t a  f o r  design purposes i s  tenuous.  

Motion can b e  r equ i r ed ,  p a r t i c u l a r l y  f o r  i n v e s t i g a t i o n  of engine f a i l u r e s ,  

however, i t  is easy t o  o v e r r a t e  as a c r i t i c a l  s imula t ion  parameter. Follow up 

experiments from f ixed  base  t o  moving base during t h e  MST s t u d i e s  revea led  

la teral  a c c e l e r a t i o n  as perhaps t h e  most s i g n i f i c a n t  e x t e r n a l  f o r c e  cue a 

A l a r g e  problem i n  accept ing  t h e  p i l o t i n g  s imula t ion  d a t a  from t h e s e  MST 

s t u d i e s  w a s  t h e  promiscuous use  of Cooper Rating.. The use of  Cooper Rat ing as 

an a f t e r - the - f ac t  eva lua t ion  is  one th ing .  The use  of Cooper Rat ing f o r  

design feedback without  an active ques t ion ing  of  how and why t h e  eva lua t ions  

w e r e  given denies  t h e  needed use of p i l o t e d  s imula t ion  as a design t o o l .  
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F l i g h t  Control  System Mechanization 

The "hardware" implementation i s  n e c e s s a r i l y  d iscussed  last  because t h i s  

choice  must f i r s t  o f  a l l  be  based on a b i l i t y  t o  s a t i s f y  t h e  control-laws found 

necessary  and as they  encompass "decoupling" w i t h  active techniques.  

shor t - s igh ted  t o  be  i n  a hur ry  t o  d iscuss  s a f e t y ,  r e l i a b i l i t y ,  and maintain- 

a b i l i t y  u n t i l  t h e  mechanized c a p a b i l i t y  t o  perform t h e  j o b  can be e s t ab l i shed .  

The mechanizing job  s h a r e s  a common f a c e t  w i th  o t h e r  p a r t s  of MST development, 

i .e . ,  t h e  need t o  avoid premature commitments based on p a s t  mechanizing 

It is 

p r a c t i c e s .  

fo l lowing  manner. 

A s h o r t  s aga  o f  t h e  MST mechanizing problem unfo lds  i n  t h e  

Pure  mechanical systems cannot provide s u f f i c i e n t  performance. Pure Fly- 

by-Wire systems have s u f f i c i e n t  performance but  i n v i t e  r i s k s  a t  t h i s  t i m e  

t h a t  do n o t  seem j u s t i f i a b l e  when compared t o  t h e  performance a t t a i n a b l e  wi th  

a hybr id  mechanica l -e lec t r ica l  system. The number one i s s u e  t h e r e f o r e  , is  

how t o  design t h i s  hybr id  mechanica l -e lec t r ica l  system i n  a fash ion  t h a t  makes 

t h e  b e s t  p o s s i b l e  i n t e g r a t e d  use  of t h e s e  two types  of s i g n a l  t ransmiss ion  

and which recognizes  i n  p a r t i c u l a r  t h e  ove r r id ing  e lec t romechanica l  i n t e r f a c e  

problem. 

CONCLUSIONS 

1. 

non- in te rac t ing  Up-Down, Right-Lefty Fast-Slow c o n t r o l ,  is  an e s s e n t i a l  p a r t  

o f  MST f l i g h t  c o n t r o l  system design.  

2.  Cockpit c o n t r o l l e r s  must be  d i s t ingu i shed  from t h e  f o r c e  and moment 

genera tors  they  con t ro l .  

3.  

4 .  

t r o l  system must f u l l y  recognize  t h e  t o t a l  mission. 

The need f o r  "decoupling" by active c o n t r o l  techniques ,  i .e . ,  s e p a r a t e  

P i l o t e d  s imula t ion  must be used more ex tens ive ly  as a design t o o l .  

Although t h e  " landing approach" area is  s i g n i f i c a n t ,  t h e  MST f l i g h t  con- 
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FLIGHT T A S K  DESCRIPTION 
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FIG. 3 TYPICAL LANDING APPUqACH TASK 
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FIGURE 5 LONGITUDINAL COMROL SYSTEM C E B F )  
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