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T h i s  paper p r e s e n t s  a n  overview of t h e  remotely piloted research vehicle (RPRV) 
a c t i v i t i e s  a t  the  NASA Dryden F l i g h t  Research F a c i l i t y  from t h e i r  beginning t o  t h e  
p r e s e n t .  The development of  RPRVs as f l i g h t  test tools is discussed ,  and system con- 
f i g u r a t i o n  is presented. S o l u t i o n s  derive4 from human factors exper ience  r e l a t e d  t o  
f l i g h t  a c t i v i t i e s  and p i lo t  responses  have contribut:ed to  overall system c a p a b i l i t y .  
The development and u s e  of v i s u a l  d i s p l a y s ,  which are a cr i t ical  fea ture  of success-  
f u l  RPRV f l i g h t s ,  are d i s c u s s e d  b r i e f l y .  D i r e c t i o n s  f o r  f u t u r e  RPRV e f f o r t s  are 
presented .  

INTRODUCTION 

The Dryden F l i g h t  Research F a c i l i t y  of t h e  Nat iona l  Aeronaut ics  and Space 
Adminis t ra t ion ' s  A m e s  Research C e n t e r  h a s  been working w i t h  unmanned v e h i c l e s  for  14 
years .  These remotely p i  loted r e s e a r c h  v e h i c l e s  , or RPRVs, are v a l u a b l e  r e s e a r c h  
tools for  t e s t i n g  a i r c ra f t  performance i n  s i t u a t i o n s  too hazardous to  r i s k  pilots. 
T h i s  paper p r e s e n t s  an  overview of the RPRV ac t iv i t i e s  a t  Dryden. 

F i r s t ,  i t  is impor tan t  t o  make a d i s t i n c t i o n  between t h e  t y p e s  of  v e h i c l e s  w i t h  
which w e  are working a t  Dryden and o t h e r  types  of unmanned v e h i c l e s .  
c h a r a c t e r i s t i c  of t h e  RPRVs d i s c u s s e d  i n  t h i s  paper is that  a p i lo t  i s  i n  f u l l  c o n t r o l  
of t h e  v e h i c l e  f o r  t h e  d u r a t i o n  of  t h e  test. 

The primary 

As e a r l y  as 1966, the  need f o r  a method to  tes t  a i rc raf t  i n  h i g h - r i s k  f l i g h t  
s i t u a t i o n s  w a s  apparent .  I n  a d d i t i o n ,  e s c a l a t i n g  costs were t h r e a t e n i n g  t o  reduce 
t h e  e x t e n t  of f l i g h t  t es t  programs, adding r i s k s  for  o p e r a t i o n a l  pilots i f  a i rcraf t  
were t o  gc, i n t o  product ion  w i t h o u t  thorough t e s t i n g .  
exper ience  i n  t e s t i n g  small-scale a i r c r a f t  u s i n g  model a i r p l a n e  techniques.  The 
va lue  of tb.e p i l o t  i n  t h e  loop w a s  unquest ioned for f l i g h t  t e s t i n g .  By 1969, a prim- 
i t i v e  RPRV was o p e r a t i o n a l .  

Dryden had a l r e a d y  ga ined  

Since  t h a t  time, RPRVs as f l i g h t  tes t  tools have evolved cont inuous ly .  The 
systems now i n  r e g u l a r  use  are q u i t e  sophisticated and ex t remely  adaptab le .  They are 
capable  of emulat ing a v a r i e t y  of a i r c r a f t  i n  a brcad  range of f l i g h t  regimes u s i n g  a 
number of c o n t r o l  and d i s p l a y  systems. The c r i t i c a l  role of t h e  p i lo t  i n  f l i g h t  tes t  
has been demonstrated r e p e a t e d l y ,  and many system anomalies have been uncovered wi th  
no r i s k  t o  human l i f e .  HPRVs a r e  powerful research tools t h a t  w i l l  c o n t i n u e  t o  s e r v e  
a s i g n i f i c a n t  f u n c t i o n  i n  f l i g h t  t e s t i n g .  

DRYDEN BACKGROUND 

The mission d f  i h e  Dryden F l i g h t  Research F a c i l i t y  (DFRF, f i g .  1 )  i s  t o  test 
a i r c r a f t .  I n  g e n e r a l ,  w e  are concerned wi th  new, r e l a t i v e l y  u n t r i e d ,  high- 
performance a i r c r a f t ,  or e x i s t i n g  v e h i c l e s  t h a t  have developed anomalies.  We o f t e n  
work with m i l i t a r y  v e h i c l e s ,  u s u a l l y  of t h e  f i g h t e r  or reconnaissance  type.  All of 
Q U K  personnel  and f a c i l i t i e s  are o r i e n t e d  towards high-performance v e h i c l e s .  I n  
s h o r t ,  w e  use  unmanned v e h i c l e s  as t o o l s  i n  our  primary a c t i v i t y  of f l i g h t  t e s t  and 
not  a s  end products .  

The  NACA High-speed T e s t  S t a t i o n ,  p redecessor  of DFRF, w a s  e s t a b l i s h e d  i n  1946 
w i t h  c~ dozen people from Langley Research Center .  Its f i r s t  mission was to  tes t  t h e  
rocket-powered X-1 a i r c r a f t  i n  f l i g h t .  That assignment climaxed i n  October 1947 wi th  
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the world’s  f i r s t  supersonic  f l i g h t .  S i n c e  then ,  Dryden h a s  been the leader i n  f l i g h t  
t e s t  techniques,  and h a s  been involved i n  t h e  development and t e s t i n g  of v e h i c l e s  rang- 
i n g  from t h e  very slow (such as t h e  Lunar Lander Research Vehic le )  to  t h e  very f a s t  
( i n c l u d i n g  t h e  t r i p l e - s o n i c  XF-12 a i r c r a f t ) .  Among t h e  l a t te r  have been some vehi- 
cles t h a t  may s t r e t c h  t h e  term “aircraf t”  to  its c r e d i b i l i t y  limits. 

The rocket-powered X-15 a i r c r a f t  is foremost  among t h o s e  b o r d e r l i n e  vehic les .  
T h i s  w a s  an  a i r c r a f t  i n  the s e n s e  that  it began and ended i t s  f l i g h t  where aerodynamic 
f o r c e s  were dominant. 
and was t h e  v e h i c l e  i n  which t h e  f i r s t  p i l o t s  received t h e i r  as t ronaut  wings.  I n  
t h i s  same ca tegory  were the l i f t i n g  bodies - t h e  wingless,  bathtub-shaped v e h i c l e s  
that-  were t h e  f o r e r u n n e r s  of t h e  space s h u t t l e .  

However, it also operated o u t s i d e  the perceptible atmosphere 

A l l  t h e s e  v e h i c l e s  w e r e  tested i n  t h e  most demanding l a b o r a t o r y  possible - t h e  
actur .1  f l i q h t  environment. Along t h e  way, w e  l e a r n e d  by planning,  execut ion ,  analy-  
sis, a few mistakes,  and a l i t t l e  luck how to  test a new idea i n  a i rcraf t ,  g e t t i n g  
t h e  naximum informat ion  f o r  t h e  minimum r i s k  and cost. W e  have and use s o p h i s t i c a t e d  
d a t a  g a t h e r i n g  and a n a l y s i s  techniques ;  shops and t e c h n i c i a n s  t h a t  can  b u i l d ,  main- 
t a i n ,  and o p e r a t e  a bewildering v a r i e t y  of a i r c r a f t  and a p r a t i n g  systems; e n g i n e e r s  
who can des ign  i n n o v a t i v e  and complex c o n t r o l s ,  p ropuls ion  systems, and s t r u c t u r e s ;  
and h ighly  t r a i n e d  and exper ienced  r e s e a r c h  test pi lots .  F l i g h t  tests are controlled 
by d i r e c t  means from c o n t r o l  rooms s imi la r  t o  t h o s e  t h a t  manage t h e  s p a c e f l i g h t s .  

REMOTELY PILOTED RESEARCH VEHICLES 

With a l l  t h e  s o p h i s t i c a t e d  equipment and techniques  a v a i l a b l e  t o  Dryden, why u s e  
RPRVs? As you undoubtedly know, t h e  cost of b u i l d i n g  a new a i r c r a f t  is r i s i n g  con- 
s t a n t l y .  As t h e  need f o r  speed, a g i l i t y ,  stores c a p a c i t y ,  range, and s u r v i v a b i l i t y  
increases, so does t h e  cost. The cost of t e s t i n g  a n  a i r c r a f t  is also i n c r e a s i n g ,  
b u t  i f  f l i g h t  t e s t i n g  is c u r t a i l e d ,  t h e r e  i s  a p o s s i b i l i t y  of an a i rcraf t ’s  reaching  
product ion with some of i t s  i d i o s y n c r a c i e s  undiscovered. There may be a need f o r  an 
a i r c r a f t  t o  o p e r a t e  i n  an  environment or f l i g h t  p r o f i l e  t h a t  cannot  be tes ted i n  t h e  
wind tunnel  o r  i n  computer s i m u l a t i o n  w i t h  s u f f i c i e n t  confidence t o  r i s k  a p i l o t ’ s  
l i f e .  Even with a good des ign ,  adequate  funding,  s u f f i c i e n t  development t i m e ,  and 
c a r e f u l  c o n s t r u c t i o n ,  t h e r e  are unknowns t h a t  can only  be resolved by f l i g h t  t e s t i n g .  
R P R V s  can be a n  answer. 

RPRVs a t  DFRF were developed as tools to  s o l v e  d myriad of  problems. All t h e s e  
problems ha3 one or bath  of t h e  fo l lowing  f a c t o r s :  The f l i g h t  environment posed h igh  
r i s k s ,  or  t h e  c o s t  t o  t e s t  a system f u l l y  q u a l i f i e d  t o  c a r r y  a human p i l o t  w a s  pro- 
h i b i t i v e .  A prt’cursor t o  RPRV techniques  w a s  t h e  use  of a combination of r a d i o -  
controlled-model equipment and l e f t o v e r  t e l e m e t e r i n g  equipment to  tes t  a n  e a r l y  
des ign  of a r e e n t r y  v e h i c l e  c a l l e d  t h e  Hyper 111 ( f i g .  2 ) .  This  was a good example 
of t he  a p p l i e a t i o n  of unmanned techniques:  The v e h i c l e  concept  was t h e  r e s u l t  of a 
paper s tudy and was never in tended  t o  be b u i l t .  Consequently,  no th ing  was known 
about  i t s  c h a r a c t e r i s t i c s .  I t  was not  impor tan t  enough t o  j u s t i f y  b u i l d i n g  a f u l l y  
r a t e d  vehic le .  

This  f i r s t  RPRV a t  Dryden  was simply c o n s t r u c t e d  of Dacron over  a t u b u l a r  frame. 
A rudimentary,  low-speed wing w a s  added and t h e  v e h i c l e  was ready t o  f l y .  Dropped 
f r ( m  J helicopter, i t  was f l o w n  under t h e  c o n t r o l  of a p i l o t  on t h e  lakebed below, i n  
a c o c k p i t  copied from t h e  Dryden s i m u l a t o r  ( f i g .  3 ) .  The only  d i s p l a y s  were a i r s p e e d  
a l t i t u d e ,  angle  of a t t a c k ,  c o n t r o l  s u r f a c e  p o s i t i o n s ,  and an  e i g h t  b a l l  showing ro l l ,  
p i t c h ,  heading, and s i d e s l i p .  The p i l o t  was an experienced test p i l o t  and e a s i l y  
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f l ew  tire v e h i c l e  to  w i t h i n  200 m of t h e  ground, d i r e c t l y  i n  f r o n t  of t h e  c o n t r o l  s ta-  
t i o n .  A t  t h i s  p o i n t ,  an  experienced radio-controlled-model f l y e r  took ove r  and v i s -  
u a l l y  landed t h e  veh ic l e .  Th i s  was December 1969. 

Even a t  t h i s  ear ly  s t a g e ,  some of t h e  d i c f e r e n c e s  and similari t ies i n  human f a c -  
t o r s  f o r  RPRVs,  r ad io -con t ro l l ed  (RC) models, and conven t iona l  a i r c r a f t  w e r e  ev iden t .  
With only t h e  minimal i n s t rumen ta t ion  mentioned, the RPRV p i l o t  w a s  able t o  d e t e c t  
and damp o u t  o s c i l l a t i o n s  i n  t h e  v e h i c l e  as it was towed a l o f t  by t h e  h e l i c o p t e r .  On 
t h e  o t h e r  hand, when t h e  RC f l y e r  took over ,  ?e w a s  f o r c e d  t o  command l a r g e  excur- 
s i c n s  t o  see t h e  resul ts  of h i s  c o n t r o l  movements. 

The load ing  e f f e c t s  of remote f l y i n g  were i n d i c a t e d  i n  t h e  p i l o t ' s  p o s t f l i g h t  
comments. A ve te ran  of many thousands of hours  i n  s i m u l a t i o n  f l y i n g  and f i r s t  
f l i g h t s  i n  e x o t i c  experimental  v e h i c l e s  such as t h e  f i r s t  l i f t i n g  bodies ,  he never- 
t h e l e s s  w a s  s t i m u l a t e d  emot iona l ly  and p h y s i c a l l y  as much as  i n  l i v e  f i r s t  f l i g h t s .  
There w a s  no chance t o  h i t  t h e  reset bu t ton ,  d i s c u s s  the problem, and t r y  aga in .  
There was on ly  o l e  chance, and i t s  success  w a s  e r t i r e l y  h i s  r e s p o n s i b i l i t y .  F u r t h e r  
c o r r o b o r a t i o n  th : t  r e s p o n s i b i l i t y  was a g r e a t e r  d r i v e r  of p h y s i o l o g i c a l  response than  
f e a r  f o r  pe r sona l  s a f e t y  w a s  ob ta ined  i n  many la ter  RPRV f l i g h t s .  

A f t e r  t h i s  i n i t i a l  proof -of -concept f l i g h t ,  t h e  systems g r a d u a l l y  gained i n  
s o p h i s t i c a t i o n  a s  w e  gained experience.  The i t e r a t i o n s  were numerous, sometimes m i s -  
d i r e c t e d ,  and always informative.  The RPRV technique was a p p l i e d  s u c c e s s f u l l y  t o  
v e h i c l e s  t h a t  could no t  have been tested as thoroughly i n  any o t h e r  way. 

In t h e  e a r l y  1970s, a s e r i o u s  problem facivlg f i g h t e r  a i r c r a f t  d e s i g n e r s  w a s  
s t a l l s  and s p i n s .  The A i r  Force w a s  committed t o  a concen t r a t ed  research program t o  
s t u d y  and c o r r e c t  t h e  problem. The unknowns involved i n  f u l l - s c a l e  a i r c r a f t  t e s t i n g  
o f  d e p a r t u r e s ,  behavior  i n  s p i n ,  and recovery techniques were great enough t o  pose a 
d e f i n i t e  t h r e a t  t o  t h e  p i l o t  and a i r c r a f t .  In an a t t empt  t o  s o l v e  t h e  s t a l l  and s p i n  
problem, a model was b u i l t  of a t y p i c a l  high-performance f i g h t e r  a i r c r a f t ,  s c a l e d  
l a r g e  enough t o  v a l i d a t e  any r e sea rch  techniques and small enough t o  be c a r r i e d  a l o f t  
under t h e  wing of a modified B-52 a i r p l a n e  ( f i g .  4 ) .  A 3/8-scale model of t h e  F-15 
a i r c r a f t  w a s  chosen because of the € u l l - s c a l e  a i r c r s f t ' s  i n h e r e n t  s t a h i l i t y ,  resist- 
ance t o  s p i n s ,  and ease of recovery i f  fo rced  t o  spin.  The f l i g h t s  of t h e  F-15 RPRV, 
l a t e r  r e f e r r e d  t o  a s  t h e  s p i n  recovery v e h i c l e  (SRV,  f i g .  51, were very s u c c e s s f u l ,  
and r a p i d l y  r e tu rned  l a r g e  amounts of d a t a  a t  low c o s t  with no r i s k  t o  human l i f e .  
The value and v a l i d i t y  of t h e  RPRV f l i g h t  test technique w a s  demonstrated t o  even t h e  
most hardened s k e p t i c .  

From these  f i r s t  c a u t i o u s  s t e p s  evolved a powerful f l i g h t  t es t  technique.  The 
most important  fea ture  of t h i s  approach has  been t h e  i n c l u s i o n  of t he  p i l o t  i n  t h e  
c o n t r o l  loop. rJnlike m i l i t a r y  drones,  an RPRV is  intended t o  e x p l o r e  unknown eng i -  
nee r ing  t e r r i t o r y ,  t h e  n a t u r e  of which p rec ludes  t h e  use of a u t o p i l o t s  or prepro-  
grammed c o n t r o l  sys t ems .  I n  f a c t ,  t h e  uniqueness of each f l i g h t  may r e q u i r e  t h a t  
c o n t r o l  systems be changed du r ing  a f l i g h t  t o  compensate f o r  unexpected responses.  
Some v e h i c l e s  have maneuver a u t o p i l o t s  t o  perform very s p e c i f i c  t a s k s ,  b u t  i t  is  
s t i l l  t h e  p i l o t ' s  job  t o  e s t a b l i s h  t h e  a p p r o p r i a t e  f l i g h t  c o n d i t i o n s  f o r  t h e  naneuver 
a n d  t o  reccver from it.  The p i l o t  h a s  complete r e s p o n s i b i l i t y  for determining 
emergency o p t i m s ,  e v a l u a t i n g  t h e  v e h i c l e  performance and hand l ing  q u a l i t i e s ,  and 
performing r equ i r ed  d a t a  maneuvers. J u s t  a s  i n  manned f l i g h t  t e s t i n g ,  f l i g h t  
p r o f i l e s  and at tempted d a t a  p o i n t s  may be changed t o  respond to  dynamic c o n d i t i o n s .  
Only an experienced t e s t  p i l o t  can provide such response.  
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RPRV SYSTEMS 

The c u r r e n t  c o n f i g u r a t i o n  of o u r  RPRV systems w a s  developed w i t h  a c t i v e  i n p u t  
from t h e  p i l o t s .  The c o c k p i t s  used for RPRV f l i g h t s  are based on a common framework 
( f i g .  6). The l a y o u t  f o r  i n s t r u m e n t a t i o n  i s  l a r g e l y  a matter of p i l o t  p r e f e r e n c e  
u n l e s s  t h e  p a r t i c u l a r  s t u d y  involves  scan  p a t t e r n s ,  d i s p l a y s ,  or t h e  e f f e c t s  of  inno- 
v a t i v e  ins t rumenta t ion .  i n  t h i s  respect, t h e  RPQV c o c k p i t  is treated as an e x t e n s i o n  
of s i m u l a t i o n  techniques  and i s  designed t o  be e a s i l y  modified. The ins t rument  
p a n e l s  are plug-in devices  and can be in te rchanged  i n  a few minutes. The p a n e l  for- 
mats are never  r e p r e s e n t a t i v e  of a s p e c i f i c  a i r c r a f t  b u t  are r a t h e r  tai lored t o  the 
i mmed i a te  t a s k  . 

311 oiir unmanned RPRVs have had one t h i n g  i n  common: an a i r c r a f t  t h a t  se rved  as 
t h e  t e s t  bed f o r  a l l  of t h e  o p e r a t i o n a l  and p i l o t i n g  techniques  and much of t h e  equip-  
m e n t  t h a t  were la ter  a p p l i e d  t o  t h e  more glamorous programs. The P i p e r  Comar,che, or 
PA-30 ( f i g .  71, is a f l y i n g  workbench, l a b o r a t o r y ,  s imulator ,  and t r a i n e r .  Origin-  
a l l y  used f o r  exper imenta l  c o n t r o l  systems work, t h e  l e f t - s e a t  c o n t r o l s  can be oper- 
a t e d  e l e c t r i c a l l y  whi le  t h e  r i g h t - s e a t  c o n t r o l s  remain untouched ( f i g .  8). I t  was a 
l o g i c a l  and p r a c t i c a l  s t e p  t o  conver t  t h i s  a i r c r a f t  t o  a RPRV. The a i r c r a f t  h a s  been 
e s p e c i a l l y  v a l u a b l e  i n  developing video systems fo r  RPRV forward v i s u a l  d i s p l a y  and 
f o r  t r a i n i n g  p i l o t s  i n  t h e  unique atmosphere of remote f l i g h t .  The d u a l  c o n t r o l s  i n  
t h e  v e h i c l e  allow t h e  r a p i d  i n s t a l l a t i o n  and t e s t i n g  of u n t r i e d  concepts  s i n c e  t h e  
vehiN-le can be i n s t a n t l y  returned to  normal o p e r a t i o n  and i s  always flown w i t h  an 
onboar3 s a f e t y  p i l o t .  

The nucleus of our  RPRV f a c i l i t y  i s  t h e  RPRVPAV l a b o r a t o r y  ( f i g .  9 ) .  (The 
remotely auamented v e h i c l e  ( R A V )  c a p a b i l i t y  i s  d i s c u s s e d  later.  ) P r e f l i g h t ,  check- 
o u t ,  and f l i g h t  s u p p o r t  f o r  t h e  RPRV and RAV systems a r e  provided by t w o  Varian 73 
computers, two Varian 77 computers, and one Varian 620f computer. The t e l e m e t r y  con- 
sists of t w o  pulse-code modulation (PCM) and f o u r  hangar  PCM downlink s ;terns; t w o  
up l ink  systems and f o u r  hangar upl ink  t r u n k i n g  systems;  and a 12-MHz-bandwidth video 
system. Communications equipment i n c l u d e s  u l t r a h i g h  frequency (UHF) and very f r e -  
quency (VHF) f l i g h t  communications n e t s ,  and ground in te rcom n e t s ,  s i g n a l  condi t ion-  
i n g ,  and p a t c h a b l e  swi tch ing  s y s t e m s .  The c o c k p i t  s t a t i o n s  have, i n  a d d i t i o n  t o  t h e  
c o c k p i t s  themselves,  a graphics  d i s p l a y  system, a n  X-Y p o s i t i o n  p l o t t i n g  system, and 
var ious  i n p u t  /ou tpu  t ( I /O 1 devices .  

One  of t h e  f e a t u r e s  of t h e  s y s t e m  t h a t  makes i t  va luable  as a r e s e a r c h  too l  i s  
t h e  a h i l i t y  t o  manipulate ?he command s i g n a l s  s e n t  t o  t h e  v e h i c l e  ( f i g .  10) .  This  i s  
accomplished by two modes of up l ink  t ransmiss ion:  t h e  Babcock d i r e c t  and t h e  com- 
p u t e r .  The Babcock i s  an encoder-decoa2r system t?at  c o n v e r t s  t h e  c o c k p i t  analog 
c o n t r o l  s i g n a l s  t o  d i g i t a l ,  merges them wi th  c o c k p i t  d i s c r e t e  s i g n a l s ,  and transmits 
them d i r e c t l y  t o  the v e h i c l e .  Except f a r  t iming  informat ion ,  t h e s e  s i g n a l s  a r e  n o t  
processed.  

l n  t h e  computer mode, t h e  c o c k p i t  ana log  s i g n a l s  are s e n t  to  one of t h e  com- 
put-prs.  These s i q n a l s ,  a l o n g  wi th  downlink feedback s i g n a l s ,  are processed accord ing  
to s e l e c t e d  c o n t r o l  laws which have been preprogrammed i n t o  t h e  computer. S i g n a l s  so  
qerierated a r e  then s e n t  t o  the  Rabcock f o r  encoding and transmission. Appropriate  
c o n t r o l  laws a r e  normally s e l e c t e d  before  f l i g h t  b u t  can be changed d u r i n g  f l i g h t  i f  
d e s i r e d .  The c o n t r o l  mode can a l so  be switched between d i r e c t  and computer dur ing  
f l i q h t .  Because of t h e  d u a l i t y  of t h e  system, c o n t r o l  s i g n a l s  can o r i g i n a t e  i n  ZR 
a p p r o p r i a t e l y  equipped a i r c r a f t  with a p i l o t  on board,  be t r a n s m i t t e d  t o  t h e  ground 
computer f o r  process inq ,  and be r e t r a n s m i t t e d  t o  t h e  a i r c r a f t  where they are sen t  t o  
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the veh ic l e  c o n t r o l  system t o  a c t u a t e  su r faces .  This lat ter laode is c a l l e d  the 
remotely augmented veh ic l e  (RAV). 

PLIGHT TEST RESULTS 

I n  a d d i t i o n  t o  t h e  Hyper I11 and PA-30 aircraft, v e h i c l e s  tested w i t h  the Dryden 
RPRV system have inc luded  the 3/8-scale P-15 s p i n  recovery v e h i c l e  (SRV), the drones 
f o r  aerodynamic and s t r u c t u r a l  t e s t i n g  (DAST), the o b l i q u e r i n g  a i r c r a f t ,  and the 
h i g h l y  maneuverable a i r c r a f t  technology (HimT)  vehicle (fig. 11). Jkch of t h e s e  
demonstrated the special n a t u r e  of RPRV systems and their value  i n  f l i g h t  t e s t i n g .  
The SRV w a s  i n t e n t i o n a l l y  s u b j e c t e d  t o  and s a f e l y  recovered  from spins up to 
270 deg/sec.  One of t h e  DAST v e h i c l e s  los t  a wing whi le  t e s t i n g  beyond f l u t t e r - l i d t  
boundaries .  The veh ic l e  was reclaimed after the r e s u l t a n t  crash and r e b u i l t .  The 
o b l i q u e r i n g  a i r c r a f t  t e s t e d  a concept  that some claimed would n o t  f l y :  a wing set 
a t  an ob l ique  ang le  t o  reduce high-speed drag while main ta in ing  low-speed l i f t .  It 
f l e w ,  and t h e  confidence gained from that test led to  the c o n s t r u c t i o n  and tes t ing  
(wi th  a l ive p i lo t  on board) of an  a i rcraf t  whose wing could  be skewed d u r i n g  f l ight.  

The HiMAT veh ic l e  tested t h e  des ign  and performance of a complete series of 
t o t a l l y  new f l i g h t  concepts  and h igh- r i sk  t echno log ie s  ( f i g .  12). The most advanced 
technology on t h e  HiMAT w a s  t h e  use  of composite materials for 30 p e r c e n t  of its 
cons t ruc t ion ,  i nc lud ing  t h e  wing (ref. 1 ) .  Besides  b e i n g  lighter t h a n  conven t iona l  
materials, t h e  composites allow f o r  aeroelastic t a i l o r i n g .  The material f i b e r s  are 
so o r i e n t e d  du r ing  c o n s t r u c t i o n  tha t  t h e  wing w i l l  t w i s t  i n  a f a v o r a b l e  d i r e c t i o n  
under aerodynamic loading,  i n c r e a s i n g  maneuvering c a p a b i l i t y  under g stresses by 10 
pe rcen t .  Onboard computers receive and modify the te lemetered  comands  from the 
ground s t a t i o n  be fo re  sending  them t o  the c o n t r o l  s u r f a c e s ,  and a l s o  c o n t r o l  the 
v e h i c l e ' s  p ropuls ion  system. 

HUMAN FACTORS 

Ear ly  i n  t h e  development period, t h e  e f f e c t s  of RPRV f l i g h t  on t h e  p i l o t  were 
noted. During the peak of f l i g h t  a c t i v i t y ,  human f a c t o r s  pe r sonne l  s t u d i e d  the u s e  
of d i f f e r e n t  v i s u a l  p r e s e n t a t i o n s  for t h e  RPRV p i l o t  and the stressas and workloads 
t h e  p i  lo t  experienced. 

Previous ly ,  I mentioned t h e  s t i m u l a t i o n  t h e  f i r s t  RPRV p i l o t  f e l t  dur ing  h i s  
f i r s t  RPRV f l i g h t .  H e  had a l s o  been concerned about  the absence of motion cues ,  a 
common apprehension about  unmanned v e h i c l e s  i n  genera l .  As t h e  systems inc reased  i n  
complexi ty ,  we a t tempted t o  addres s  t h i s  concern by  a t t a c h i n g  s t r a p s  to  t h e  p i l o t ' s  
w a i s t ,  c h e s t ,  or head. These s t r a p s  were p u l l e d  by small motors d r i v e n  by l a t e r a l  
a c c e l e r a t i o n  telemetered from t h e  a i r c r a f t .  
t u t e  €or t h e  p ropr iocep t ive  cues  they  might f e e l  i n  s i d e s l i p .  Although t h e  p i lo t s  
repor ted  t h a t  it now f e l t  more n a t u r a l  t o  use the rudder  peda l s  to c e n t e r  t h e  b a l l  
f o r  s i d e l s i p ,  it d i d  no t  appear  t o  reduce s u b j e c t i v e  workload o r  i n c r e a s e  p e r f o r -  
mance. That  idea  was subsequent ly  r e l e g a t e d  t o  t h e  "n ice  t r y "  bin.  

Th i s  provided t h e  p i l o t s  wi th  a s u b s t i -  

One of t h e  r e c u r r i n g  problems was the  p i l o t ' s  d i f f i c u l t y  i n  pe rce iv ing  p o s i t i o n  
r e l a t i v e  t o  the  ground dur ing  t h e  l a s t  hundred meters t o  touchdown. Opera t iona l ly ,  
i t  was handled by having t h e  f l i g h t  test eng inee r ,  who i s  always a t  t h e  RPRV pi lo t ' s  
s ide  dur ing  a tes t ,  c a l l  o u t  t h e  c l o s i n g  a l t i t u d e  from a radar a l t i m e t e r .  This was 
necessary  because t h e  p i l o t ' s  e n t i r e  a t t e n t i o n  was focused on t h e  forward f i e l d  of 
view, and t h e  only dev ia t ion  he al lowed himself was t h e  b r i e f e s t  of g lances  a t  the 
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a i rspeed .  
reduced wi th  better video. The problem of h e i g h t  perception was f e l t  to  be critical 
and r e l a t e d  t o  the degrada t ion  of depth  cues. 

The pilots f e l t  that the workload w a s  unnecessa r i ly  h igh  and could ba 

An a t t empt  was made t o  resolve this dep th  pe rcep t ion  problem by us ing  a 
s t e r e o s c o p i c  video s y s t e m  based l o o s e l y  on a des ign  proposed f o r  use  wi th  the  remote 
manipulator  arm on t h e  space s h u t t l e  ( f i g .  13).  The concept worked b u t  o f f e r e d  no 
advantage because of  t h e  l i m i t a t i o n s  of t h e  e x i s t i n g  v ideo  t rans ln iss ion  and  reception 
system. There is on ly  so much informat ion  that  can be packed i n t o  the a v a i l a b l e  
bandwidth, and pass ing  t w o  separate images through a system designed f o r  one required 
mul t ip lex ing .  The demul t ip lex ing  w a s  n o t  as s u c c e s s f u l  as the mul t ip lex ing ,  and the 
r e s u l t a n t  separated images w e r e  never  f r e e  from c ross - t a lk  ghos t s  (ref . 2) .  

PHYSIOLOGICAL MEASUREMENTS 

As t h e  s y s t e m  approached i t s  p r e s e n t  level of s o p h i s t i c a t i o n  and more programs 
were being considered,  w e  began monitor ing the h e a r t  rates of the p i l o t s .  This w a s  
p a r t  of a long-range e f f o r t  by t h e  human f a c t o r s  group to  o b t a i n  h e a r t  rate data 
under  a c t u a l  € l i g h t  cond i t ions  f o r  a v a r i e t y  of a i r c r a f t  and test cond i t ions .  Many 
human f a c t o r s  people  hoped t o  f i n d  some phys io log ica l  parameter t h a t  would be easy t o  
o b t a i n  i n  s t renuous  s i t u a t i o n s  and would be unambiguously i n d i c a t i v e  of  mental  
workload. S t a t i s t i c a l  manipulat ions of h e a r t  rate were the prime cand ida te s .  

Analysis  of h e a r t  rate never gave u s  t h e  u n i v e r s a l  answer t o  p i l o t  l oad ing  b u t  
d i d  enable  us t o  observe the p a r a l l e l s  between a p i l o t ' s  p h y s i o l o g i c a l  response t o  
RPRV c o n t r o l  and t o  convent iona l  f l i g h t .  A s  a n  example, cons ide r  t h e  f i r s t  f l i g h t  of 
t h e  F-15 RPRV. The program c a l l e d  f o r  a complex sequence of 36 d a t a  maneuvers, per- 
formed as quick ly  as  p o s s i b l e  s i n c e  the v e h i c l e  had no engine.  The v e h i c l e  was air- 
launched a t  an a l t i t u d e  of 15,000 m and was flown as a g l i d e r  down t o  5000 m i n  9 m i n  
a t  which p o i n t  a series of pa rachu tes  deployed and t h e  v e h i c l e  w a s  recovered by h e l i -  
c o p t e r  i n  a midair  sna tch .  The p i l o t  d i d  n o t  have t o  worry about  approach and 
landing.  The p i l o t  who c o n t r o l l e d  t h i s  f l i g h t  is normally q u i t e  calm, and h i s  h e a r t  
rate u s u a l l y  remains below 80 beats /min,  ever. du r ing  hazardous manned f l i g h t s .  
However, s h o r t l y  a f t e r  t h e  RPRV w a s  dropped, h i s  h e a r t  rate jumped t o  150 b e a t s / d n  
a n d  plateaued a t  130 beats/min f o r  most of t h e  f l i g h t .  

Some of h i s  comments (which were echoed by later RPRV p i l o t s )  were on t h e  a p t -  
n e s s  of the term "remote p i l o t " :  *. . . t h e  f e e l i n g  is of remoteness from t h e  essen- 
t i a l  ve r i fy ing ,  comfort ing s e n s a t i o n s  of f l i g h t .  . . . The d i f f e r e n c e  between 
s imula t ion  and f l i g h t  is enormous i n  t h i s  r e spec t .  Only t h e  most s u p e r f i c i a l  evi- 
dence t h a t  the  f l i g h t  is proceeding p rope r ly  is q u i t e  enough i n  s imula t ion ,  b u t  i n  
f l i g h t  much more conc re t e  and d i v e r s e  evidence i s  demanded. In  remote p i l o t i n g  t h i s  
ev idence  is harder  t o  come by - a t  l e a s t  i t  was on t h i s  f i r s t  exper ience"  ( r e f .  3 ) .  

All tes t  f l i g h t s  a t  DFRF, inc lud ing  t h e  RPRV f l i g h t s ,  are preceded by many hours  
of s imula t ion  ( f i g .  ' 4 ) .  However, n e i t h e r  t h e  o v e r a l l  i n t e n s i t y  of the  remote expe- 
r i e n c e  nor t h e  subj, - ive time compression was a n t i c i p a t e d .  To compensate, s i m u l a t i o n  
r a t e s  were increased  u n t i l  the p i l o t  f e l t  t h a t  even t s  were occur r ing  a t  t h e  same pace 
as they  were i n  f l i g h t .  The s e l e c t e d  rate was 1.5 times r e a l  time. Af te r  more 
f l i q h t s ,  t h i s  was ad jus t ed  s l i g h t l y ,  and t h e  r a t e  w e  use  today f o r  s i m u l a t i o n  pre- 
p a r a t o r y  t o  an RPRV f l i g h t  is  1.4 times real  time. 
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F a i l u r e s  encountered  i n  the mida i r  recovery  system sugges t ed  t h a t  the  RPRVs 
should h a v e  h o r i z o n t a l  l and ing  c a p a b i l i t y .  I n  a real sense ,  t h i a  c a p a b i l i t y  a l r e a d y  
e x i s t e d :  During one of t h e  F-15 SRV f l i g h t s ,  t h e  v e h i c l e  broke  away from the recov-  
e r y  h e l i c o p t e r  af ter  i t  had been t e t h e r e d  and  ground c o n t r o l  r e l i n q u i s h e d .  The 
gr3und p i l o t  reestablished c o n t r o l  and a t t empted  to  f l y  the v e h i c l e  back to  t h e  dry 
lakehad. 
f l a t  area, the pi lo t  w a s  f o r c e d  to  l and  i t  in rough t e r r a i n .  
smoothly, flared, and set  it down on i ts  b e l l y .  As the v e h i c l e  s l i d  t o  a s t o p ,  he 
was s t i l l  a b l e  t o  command a las t  minute  maneuver to  avo id  a r a p i d l y  approaching  
Joshua tree. A s  s p e c t a c u l a r  as this r ecove ry  was, it was accomplished ‘with a visual 
sys tem t h a t  could  be best described as margina l .  Up t o  this time, most RPRV flights 
had been  done almost e n t i r e l y  by i n s t r u m e n t a t i o n  wi th  the video  used o n l y  for the 
most g e n e r a i  o r i e n t a t i o n .  

Because t h e  v e h i c l e  w a s  low and d i d  n o t  have enough ene rgy  l e f t  to  reach  a 
H e  b rough t  it i n  

There were s e v e r a l  advantages  to  add ing  l and ing  g e a r  and c a p a b i l i t y  t o  t h e  RLRV 
system. With the removal of the elaborate pa rachu te  system, the v e h i c l e  had mote 
a v a i l a b l e  weight  f o r  expe r imen ta l  pu rposes ,  and weight  d i s t r i b u t i o n  c o u l d  be s t u d i e d  
more eas i ly .  The e l i m i n a t i o n  of the close c o o r d i n a t i o n  necessa ry  f o r  s u c c e s s f u l  
midair recovery  made f o r  much s i m p l e r  o p e r a t i o n s ,  and f l i g h t s  did n o t  have t o  be can- 
celled f o r  lack of recovery  h e l i c o p t e r s .  There was a p r i c e ,  however. The workload 
demands on t h e  p i l o t s  were h i g h e r ,  e s p e c i a l l y  d u r i n g  t h e  approach and landing .  The 
marginal  video system became i n t o l e r a b l e ,  and it was necessa ry  t o  develop adequate  
v ideo  systems to  permit  r e g u l a r  o p e r a t i o n s .  

The workhorse P A - 3 0  a i r c ra f t  was p r e s s e d  i n t o  service, and s e v e r a l  v a r i a t i o n s  of 
magn i f i ca t ion ,  c o n t r a s t ,  camera l o c a t i o n ,  l e n s  f o c a l  l e n g t h ,  and aim a n g l e  w e r e  exa- 
mined by the RPRV p i l o t s  wh i l e  f l y i n g  the PA-30 a i r c r a f t  as an  RPRV. The s a f e t y  
p i l o t s  i n  th’ s t u d y  were a l s o  RRRV q u a l i f i e d  and served as onboard observers and 
performance evaluators.  A compromise video sys tem was adopted which s e r v e d  t h e  cr i -  
t i c a l  needs as w e l l  a s  p o s s i b l e  w i t h i n  t h e  c o n s t r a i n t s  of the e x i s t i n g  equipment. I n  
t h e  course of t h i s  s t u d y ,  t h e  va lue  of the P A - 3 0  a i r c ra f t  as an  RPRV t r a i n e r  and 
s i m u l a t o r  v a s  r e a l i z e d .  

TRAINING 

A s  t h e  RPRV f l i g h t  t es t  t echn ique  evolved ,  more p i l o t s  were added t o  the team. 
A t r 3 i n i n g  p r o t o c o l  was established whereby each new RPRV p i l o t  began i n  the PA-30 
a i r c r a f t .  During the  v ideo  s t u d y ,  a monitor  had been mounted i n  t h e  l e f t  p a n e l  and 
connected d i r e c t l y  t o  a nose-mounted camera. New RPRV p i l o t s  beqan t r a i n i n g  by exe- 
c u t i n g  a s t a n d a r d  s e r i e s  of f l i g h t  maneuvers i n  v i sua l - f  l i q h t - r u l e  ( W R )  c o n d i t i o n s ,  
i n c l u d i n g  many touch,-and-go l and ings .  The nex t  s t e p  was t o  repeat a l l  of those man- 
e u v e r s  u s i n g  on ly  the monitor f o r  their forward f i e l d  of view. For the second series 
of mnduver s ,  t h e y  were “under t h e  hood” - t h a t  is, a su r round ing  black d rape  comple- 
t e l y  blocked t h e i r  view o u t s i d e  t h e  a i r c r a f t .  This s t e p  was r e p e a t e d  u n t i l  t h e y  were 
c o n f i d e n t  of t h e i r  a b i l i t y  t o  l and  t h e  veh ic l e  u s i n g  o n l y  the  monitor.  F i n a l l y ,  t hey  
were p laced  i n  t h e  ground c o c k p i t  t o  f l y  t h e  PA-30  a s  an RPRV. The p r o g r e s s i o n  was 
na tura l ,  and a l l  t h e  p i l o t s  made the t r a n s i t i o n  wi thou t  d i f f i c u l t y .  
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CURRENT AND FUTURE ACTIVITIES 

F a c i l i t y  Improvements 

Cur ren t ly ,  the e n t i r e  RPRV ground f a c i l i t y  i e  being  updated and expanded 
( f i g .  1 5 ) .  The new area w i l l  i n c l u d e  the DFRF s imula t ion  f a c i l i t y  as w e l l  a8 the 
RPRV/RAV f a c i l i t y .  N e w  equipment and subsystems w i l l  i nc lude  f o u r  SEL 2750 32-hi t  
computers f o r  RPRV use  and one SEL 8780 for s imula t ion .  The t e l e m e t r y  downlink w i l l  
a l so  pass through t h e  computer so t h a t  t h e  d a t a  can be manipulated b e f o r e  being d ia -  
p layed  i n  the cockp i t .  I n  a d d i t i o n  t o  t h r e e  s imula t ion  cockp i t s ,  the RPRV area w i l l  
a l s o  have t h r e e  cockp i t s ,  one of which w i l l  be used wi th  a 180° projection system 
called the v a r i a b l e  a c u i t y  remote viewing system (VARVS). 

I n  convent iona l  a i r c r a f t  d i s p l a y s ,  as w e l l  as i n  head-up d i s p l a y s ,  there are as 
many v a r i a t i o n s  of what is needed t o  do  a good p i l o t i n g  job as t h e r e  are a i r c r a f t  
des igne r s ,  human f a c t o r s  eng inee r s ,  and pilots.  No matter how e x c e l l e n t  a particular 
d i s p l a y  scheme may be, it cannot  summarily be dropped i n t o  a n  o p e r a t i o n a l  v e h i c l e  
d i t h o u t  pos ing  some r i s k  t o  t h e  operator. S imula t ion  does n o t  g ive  t h e  whole answer 
because t h e  infamous reset bu t ton  always allows escape. The load ing  e f f e c t  of the 
RPRV method of  f l i g h t  tes t  o f f e r s  realistic c o n d i t i o n s  wi th  that very  important 
r e s p o n s i b i l i t y  f a c t o r  r i g h t  where i t  belongs - w i t h  t h e  p i l o t .  

That  loading  e f f e c t  i s  i n  part  due t o  t h e  restrictive n a t u r e  of t h e  forward 
v i s u a l  f i e l d .  The normal-aspect-rat io ,  b roadcas t -qua l i t y ,  monochromatic v ideo  system 
used  f o r  RPRV work a t  Dryden does n o t  provide  t h e  normal v i s u a l  cues  p r e s e n t  i n  l i v e  
f l i g h t .  RPRV pi lo ts  ha7.e b e e n  more d i s s a t i s f i e d  wi th  t h i s  aspect of  t h e  method than  
wi th  any o the r .  As mentioned, t h e  e a r l y  s t u d i e s  were designed to  produce a workable 
system i n  t h e  l e a s t  time. Ir. t h a t  regard ,  they  were success fu l .  However, as t h e  
f l i g h t  tests gained i n  complexi ty  and t h e  RPRV v e h i c l e s  gained capabilities, t h e  need 
f o r  augmented video systems became great. 

The f a i l u r e  of t h e  s t e r e o  idea l e f t  u s  wi th  t h e  pe rcep t ion  problem. The human 
v i s i o n  sys'.cm (eye -b ra in )  uses  many more cues  than  j u s t  b inocu la r  d i s p a r i t y  to  
e s t a b l i s h  p o s i t i o n  i n  space.  kmong t h e s e  are r e l a t i v c  sizes and p e r s p e c t i v e  i n  both  
s ta t ic  and dynamic c o n d i t i o n s ,  and c l o s u r e  rates and s t reaming i n  dynamic con- 
d i t i o n s .  Consider ing t h e  motion s e n s i t i v i t y  of t h e  p e r i p h e r a l  v i s i o n  and t h e  e f f e c t  
of t he  large human v i s u a l  f i e l d  i n  e s t a b l i s h i n g  o r i e n t a t i o n ,  a very wide a n g l e  video 
system would seem t o  answer many of t h e  forward view ques t ions .  However, cramming a 
wide f i e l d  of view i n t o  a l i m i t e d  bandwidth system g i v e s  a pronounced f i s h e y e  e f f e c t  
- t h a t  is, v e r y  small images a c r o s s  t h e  f i e l d  of view, and poor r e s o l u t i o n .  

To  maintain r e s o l u t i o n  w i t h i n  t h e  a v a i l a b l e  system, a n o n l i n e a r  l e n s  system was 
devised  which emulates t h e  human eye  ( f i g .  16). It  is non l inea r  i n  t h e  sense  t h a l  
its f o c a l  l eng th  v a r i e s  as a f u n c t i o n  of t h e  radial d i s t a n c e  from t h e  c e n t r a l  axis 
( r e f .  4 ) .  The e f f e c t  is an oddly d i s t o r t e d  image wi th  a 20° cone abou t  t h e  central 
a x i s  having normal s i z e  and r e s o l u t i o n ,  wi th  t h e  image s i z e  and r e s o l u t i o n  dec reas ing  
r a p i d l y  as t h e  edge i s  approached. S ince  r e s o l u t i o n  is s a c r i f i c e d  i n  t h e  p e r i p h e r a l  
v i s i o n  a r e a  which has  poor r e s o l u t i o n  anyway, no a c u i t y  f u n c t i o n  i s  l o s t .  The 
d i s t o r t e d  image is normaiized upon p r e s e n t a t i o n  by p r o j e c t i n g  i t  through an  i d e n t i c a l  
l e n s  on to  a hemispher ica l  dome ( f i g .  1 7 ) .  This concept  is c a l l e d  t h e  v a r i a b l e  a c u i t y  
remote viewing system (VARVS)  and w i l l  form an  impor tan t  p a r t  of  RPRV systems a t  
Dryden. 
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The T r a n s p o r t  Crash  T e s t  Program 

One of t h e  most i n t e r e s t i n g  p r o g r a m  planned  f o r  t h e  nea r  f u t u r e  is the 
t r ~ n r p o r t  crash test (TCTI. 
f i r e  s u p p r e s s i o n  sys tems is d i f f i c u l t  under s i n g l e - i t e m  l a b o r a t o r y  conditionr. 
dynamic c o n d i t i o n s  it becomes very  expens ive .  
t h e s e  concepts  i n  a s i n g l e  v e h i c l e  and f l y  the v e h i c l e  i n t o  a r e p r e s e n t a t i v e  c r a s h  
s i t u a t i o n ,  a l l  sys tems could  be tested under  real cond i t ione .  
TCT. A complete i n s t r u m e n t a t i o n  package and a n  RPRV system are be ing  installed c"' 
an  o b s o l e t e  mediumaized  t r a n s p o r t  a i r c r a f t  to  prepare It f o r  one lart f l i g h t .  
a i r c r a f t  w i l l  be flown to  a precise impact p o i n t  a t  a n  exact g l i d e  a n g l e  and d a r c e n t  
v e l o c i t y  with a l l  f l i g h t  c o n d i t i o n s  b e i n g  monitored. The f l i g h t  w i l l  n o t  t a k e  place 
u n t i l  1984; ;lowever, because  of the p r e c i s i o n  r e q u i r e d  by t h e  t a s k ,  the RPRV p i l o t  
has  a l r e a d y  begun t r a i n i n g  i n  t h e  PA-30 a i r c r a f t .  

Examining c ra shwor th iness  and r e c e n t l y  ?topored f u e l -  
Under 

I f  it were possible t o  incorporate 

E n t e r  t h e  RPRV and t?. 

T.? 

CONCLUDING REMARKS 

S u c c e s s f u l ,  e f f e c t i v e ,  manned a i r c r a f t  t han  can be flown w i t h  con f idence  and 
s a f e t y  a r e  ou r  f i n a l  p roduct .  The RPRV is  a u s e f u l  t o o l  i n  t h e  e v a l u a t i o n  p r o c e s s ,  
p rov id ing  p r e c i s i o n  test  c a p a b i l i t y ,  repeatable test  maneuvers, and the f l e x i b i l i t y  
t o  a l t e r  t es t  p l a n s  q u i c k l y  and cheaply .  I n  a d d i t i o n ,  we g e t  t h a t  a l l - i m p o r t a n t  
human feedback - the o b s e r v a t i o n s ,  i n s i q h t s ,  and t r a i n e d  e v a l u a t i o n s  t h a t  o n l y  a 
p i l o t  i n  the loop  can  give.  

Dryden 's  RPRV e x p e r t i s e  and f a c i l i t i e s  are an impor t an t  t o o l  i n  NASA's rcper- 
t o i r e  of f l i g h t  test techniques .  
f u n c t i o n  i n  f l i g h t  t e s t i n g  whenever pe r sonne l  risks and costs p r e c l u d e  more conven- 
t i o n a l  test p rocedures  . 

The techn ique  w i l l  c o n t i n u e  to  serve a s i g n i f i c a n t  

Ames Research C e n t e r  
Dryden F l i g h t  Research Facil i t y  
National Aeronaut ics  and Space Admin i s t rac fon  

Edwards, C a l i f o r n i a ,  June 2 ,  1983 
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f l y u r e  9 .  Dryden's RPRV/RAV facility. 
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