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1.0 I n t r o d u c t i o n  - Ames Research Cen te r  h a s  been conduc t ing  d e s i g n  and  
performance s t u d i e s  of V/STOL r e s e a r c h  a i r c r a f t .  The o b j e c t i v e  of 
t h e s e  s t u d i e s  i s  t o  i d e n t i f y  a f e a s i b l e  V/STOL n a t i o n a l  f l i g h t  f a c i l i t y  
t h a t  c o u l d  be o b t a i n e d  a t  t h e  l owes t  p o s s i b l e  c o s t  f o r  t h e  demons t r a t i on  
of  V/STOL technology,  i n f  l i g h t  s i m u l a t i o n  and  f l i g h t  r e sea rch .  A d i s c u s -  
s i o n  of t h e  need f o r  o b t a i n i n g  f u l l  scale f l i g h t  test d a t a  of  V/STOL a i r -  
p l a n e s  is c o n t a i n e d  i n  r e f e r e n c e  1. 

One promising c c n c e p t  t h a t  is  be ing  i n v e s t i g a t e d  is t h e  s u b j e c t  of  t h i s  
paper  and  employs a n  S-3A a i r f r a m e  wi th  two Pegasus 11 engines .  The concept  
i s  d e s c r i b e d  as a r e s e a r c h  a i r c r a f t .  The a i r c r a f t  i n  its b a s i c  c o n f i g u r a t i o n  
w i l l  p rov ide  a  l i m i t e t  r e s e a r c h  p o t e n t i a l .  The a i r c r a f t  ha s  t h e  p o t e n t i a l  
t h a t  w i t h  some m o d i f i c a t i o n s  c o u l d  perform a n  expanded r o l e  a s  a n a t i o n a l  
V/STOL f a c i l i t y  f o r  a  wide range  of V/STOL t e c h n o l o g i e s  an; f l i g h t  r e s e a r c h .  

T h i s  paper  p r e s e n t s  t h e  r e s u l t s  of  a  p r e l i m i n a r y  s t l d y  of t h e  S-3/ 
Pegasus c o n f i g u r a t i o n  i n  terms o f :  1 )  t h e  r a t i o n a l e  f o r  choos ing  t h e  
c o n f i g u r a t i o n ;  2) d e s c r i p t i o n  of  t h e  c o n f i g u r a t i o n ;  3) p e r f ~ r m a n c e ;  4 )  
an  e s t i m a t e d  development s chedu le ;  and  5) t h e  c a p a b i l i t y  of a  f u l l y  
developed r e s e a r c h  a i r c r a f t .  

It is r ecogn ized  t h a t  t h i s  examinat ion  and t h e  comparison of t h e  S-3/ 
Pegasus c o n f i g u r a t i o n  w i t h  o t h e r  c o n f i g u r a t i o n s  is  n o t  d e f i n i t i v e .  liowever, 
b s e d  on t h e  p r e s e n t  ev idence ,  t h e  S-3IPegasus c o n f i g u r a t i o n  a p p e a r s  a t t r a c -  
t i v e  f o r  a r e s e a r c h  a i r c r a f t  and  worthy of f u r t h e r  examinat ion.  

2.0 C o n f i g u r a t i o n  D e f i n i t i o n  - The c o n f ; g u r a t i o n  concep t  i s  p r e d i c a t e d  on 
s e v e r a l  d e s i g n  g u i d e l i n e s .  The f i r s t  p r i o r i t y  is t h a t  t h e  s a f e t y  of t h e  
p i l o t s  must be  provided  i n  a l l  f l i g h t  modes. The second p r i o r i t y  i s  t o  
provide  a  des ign  concept  which c o u l d  be ach i eved  a t  a low c o s t .  To h e l p  
ach i eve  a  low c o s t  c o n f i g u r a t i o n ,  t h e  a i r c r a f t  i s  not  r e q u i r e d  t o  have a n  
eng ine  o u t  c a p a b i l i t y  i n  low-speed f l i g h t .  tiowever, i t  w i l l  be r e q u i r e d  
t h a t  t h e  p i l o t s  c a n  e j e c t  wh i l e  t h e  a i r c r a f t  is  i n  a  s t a b l e  a t L i t u d e  i n  
t h e  even t  of  eng ine  f a i l u r e  i n  p ropu l s ion  l i f t  node of  f l i g h t .  Again t o  
reduce  c o s t ,  t h e  c o n f i g u r a t i o n  w i l l  use an  e x i s t i n g  a i r f r a m e ,  e x i s t i n g  a i r -  
c r a f t  components and e n g i n e s  t h a t  do not  r e q u i r e  major  m o d i f i c a t i o n s .  
The t h i r d  des ign  p r i o r i t y  i s  performance which r e q u i r e s  t h a t  t h e  a i r c r a f t  
be capab le  of performing e f f e c t i v e l y  a s  a  r e s e a r c h  a i r c r a f t .  



2.1 Choosing t h e  C o n f i g u r a t i o n  - I n  choos ing  t h e  c o n f i g u r a t i o n ,  i t  i s  
appa ren t  t h a t  a compromise between c o s t ,  performance and  proof-of- 
concept  c a p a b i l i t y  must be made because a  b a s i c  d e s i g n  g o c l  f o r  
t h i s  s t u d y  was t o  use  a n  e x i s t i n g  a i r f r a m e  of s u f f i c i e n t  : i z e  t o  
r e a l i s t i c a l l y  perform a  r e s e a r c h  mi s s ion  coup led  w i t h  a n  z ~ p r o p r i a t e  
p r o p u l s i o n  sys tem t h a t  would n o t  r e q u i r e  major  mod i f i ca t i ons .  The 
p r e s e n t  c o n f i g u r a t i o n  was s e l e c t e d  r ecogn iz ing  some s a c r i f i c e  i n  
V/STOL technology proof-of-concept b u t  w i th  a n  advantage  i n  o v e r a l l  
c o s t  and pe rhaps  no l o s s  i n  performance. 

The advan tages  and  d i sadvan tages  of some c o n c e p t u a l  V/STOL c o n f i g u r a t i o n s  
a r e  c o n s i d e r e d  i n  f i g u r e  1. The S-31Pegasus c o n f i g u r a t i o n  is  compared wi th  
c o n f i g u r a t i o n s  c u r r e n t l y  be ing  i n v e s t i g a t e d  by i n d u s t r y ,  a  c o n f i g u r a t i o n  
r e s u l t i n g  from t 4 e  I:ASA/h'avy des ign  e f f o r t  o f  1976 ( r e f e r e n c e s  2 ,  3 ,  and 4 )  
and  t h e  two p l a c e  H a r r i e r  a i r c r a f t  (ThV-8A). An advan tage  of  t h e  S-31 
Pegasus c o n f i g u r a t i o n  is  i t s  low c o s t  p r i m a r i l y  a s  t h e  r e s u l t  o f  
no t  r e q u i r i n g  a  major e n g i n e  investment .  The S-31Pegasus a l s o  is 
o f  s u f f i c i e n t  s i z e  and re r formance  p o t e n t i a l  t o  e f f e c t i v e l y  per form 
r e s e a r c h  m i s s i o n s  and  demonst ra te  V/STOL technology.  T h i s  a i r c r a f t  
c o n f i g u r a t i o n  s u f f e r s  t h e  d i s advan tages  of  t h e  l a c k  o f  a n  a v a i l a b l e  
thorough d a t a  base t h a t  can  be used  f o r  sys tem i n t e g r a t i o n  and  t o  
d e f i n e  t h e  t e c h n i c a l  and o p e r a t i o n a l  p o t e n t i a l  of t h e  a i r c r a f t .  

The V/STOL c o n f i g u r a t i o n s  be ing  proposed by i n d u s t r y  a r e  
t y p i c a l l y  more a m b i t i o u s  unde r t ak ings  w i t h  s i g n i f i c a n t l y  g r e a t e r  
proof-of-concept p o t e n t i a l  bu t  w i th  s i g n i f i c a n t l y  i n c r e a s e d  c o s t s .  
The i n d u s t r y  c o n c e p t s  t y p i c a l l y  have a  more thorough a v a i l a b l e  
d a t a  base t h a t  h a s  a l r e a d y  o r  i s  being developed t o  d e f i n e  t h e i r  
t e c h n i c a l  and performance p o t e n t i a l .  

The NASA/Navy Research an'd Technology Demonstrator  A i r c r a f t  (RTA! 
has  a  l a r g e  a v a i l a b l e  d a t a  base  t o  suppor t  t h e  e s t i m a t e s  of i t s  
performance and perhaps  t h e  g r e a t e s t  proof-of-concept p o t e n t i a l ,  
b u t  w i th  a commensurate l a r g e  development c o s t .  

The two-place H a r r i e r  (TAV-8~) has  been c o n s i d e r e d  f o r  use  a s  a  
r e s e a r c h  a i r c r a f t  ( r e f e r e n c e  5). A s  a  technology demonst ra tor  t h i s  a i r -  
c r a f t  ha s  marg ina l  proof-of-concept p o t e n t i a l ,  but  i t  does have 
some r e s e a r c h  p o t e n t i a l  a t  a  r e l a t i v e l y  modest c o s t .  

2.2 ADVANTAGES OF S--?/PEGASUS CONFIGURATION - The S-3 a i r f r a m e  l e n d s  
i t s e l f  t o  an  a d a p t a t i o n  of t h e  Pegasus e n g i n e s  ~ i t h  a  h i g h  wing and 
pylon  mounted eng ines  ( f i g u r e  2) .  The a i r f r a m e  i s  of s u f f i c i e n t  s i z e  
t o  demonst ra te  m i s s i o n i z e d  V/STOL concep t s  and t h e  e x i s t i n g  e j e c t i o n  
sys tem s i g n i f i c a n t l y  r educes  t h e  c o s t  of a] r c r a f  t development. 
The Pegasus 11 e n g i n e s  sliould r e q u i r e  l i t t l e  m o d i f i c a t i o n  f o r  t h e  
c o n f i g u r a t i o n  a d a p t a t i o n .  S i g n i f i c a n t l y ,  t h e  eng ine  is  des igned  f o r  
l a r g e  b l e e d  r a t e s  s u i t a b l e  f o r  u se  w i th  a  r e a c t i o n  c o n t r o l  sys tem (RCS). 



The c ~ c k p i t  is designed f o r  two p i l o t s  which is d e s i r a b l e  when o p e r a t i n g  
i n  e i t h e r  a demonstrator o r  r e sea rch  f l i g h t  mode. A h i g h  wing wi th  pylon 
mounted engines  under t h e  wing a l lows  t h e  Pegasus engines  t o  be opera ted  
i n  t h e  normal o r i e n t a t i o n  and t h e  f u s e l a g e  mounted main g e a r  w i l l  be 
modified t o  avoid t h e  hot  g a s  exhaust  of t h e  engines. The S-3A 
empennage has  an  a l l  movable h o r i z o n t a l  s t a b i l i z e r .  To reducz t h e  
f o r c e  on t h e  t a i l  due t o  l a r g e  downwash ang les  i n  t r a n s i t i o n  t o  
hover,  t h e  d e f l e c t i o n  ang le  of t h e  h o r i z o n t a l  s t a b i l i z e r  must be 
increased.  

Both t h e  a i r f rame  and engines  a r e  i n  Navy inven to ry  which 
reduces  t h e  expected c o s t  and d i f f i c u l t y  i n  o b t a i n i n g  t h e  u n i t s  
f o r  t h e  demonstrator a i r c r a f t  modif ica t ion.  Th i s  s tudy  d i d  not  
address  t h e  a v a i l a b i l i t y  of e i t h e r  t h e  S-3A a i r f rame  o r  t h e  Pegasus 
engines.  

2.3 CAPABILITIES - I n  f i g u r e  3  t h e  c a p a b i l i t i e s  of  primary i n t e r e s t  f o r  
t h e  S-31Pegasus c o n f i g u r a t i o n  a r e  l i s t e d .  The a i r c r a f t  woul ' demonstrate 
t h e  proof-of-concept of multi-engine d i r e c t  j e t  l i f t  i n  V/STOL o p e r a t i o n  
wi th  a n  i n t e g r a t e d  airframe/propulsion/control system. I n f l i g h t  eval-  
u a t i o n  of a v a r i e t y  of low speed c o n t r o l  systems may be ?valuated wi th  
t h e  a i r c r a f t .  Time and e f f o r t  have been expended t c  o b t a i n  t h e  f l y i n g  
c h a r a c t e r i s t i c s  and handl ing q u a l i t i e s  of  V/STOL a i r c r a f t  using simu- 
l a t i o n  techniques.  It is d e s i r a b l e  t o  v a l i d a t e  t h e  s i m u l a t i o n  r e s u l t s  
wi th  i n f l i g h t  exper ience  p a r t i c u l a r l y  i n  view of t h e  d i f f i c u l t i e s  
exper ienced i n  t h e  r e a l i s t i  s imula t ion  of t h e  V/STOL environment 
( r e f e r e n c e  7). The r e s e a r c h  a i r c r a f t  would o p e r a t e  i n  a  v a r i e t y  of 
t e rmina l  a r e a  f l i g h t  modes inc lud ing  VTOL, STOL and CTOL and would 
provide t h e  demonstrat ion of V/STOL s imulated m i l i t a r y  missions.  

3.0 DESCRIPTION OF AIRCRAFT CONFICURATIO?? - A ske tch  of t h e  S-3IPegasus 
c o n f i g u r a t i o n  i s  shown i n  f i g u r e  4. In  t h i s  concept a  Pegasus 11 engine  
is a t t a c h e d  a t  each of t h e  o r i g i n a l  two engine  pylbns.   he Pegasus 11 
engines  provide vec to red  t h r u s t  f o r  V/ST3?- and c r u i s e  f l i g h t  a s  w e l l  a s  
b leed a i r  t o  opera te  t h e  r e a c t i o n  c o n t r o l  system (RCS). The o r i g i n a l  
landing gea r  has  been replaced wi th  t h e  main fuse lage  g e a r  using hardware 
from o t h e r  a i r c r a f t  extending v e r t i c a l l y  from the  fuse lage  t o  avoid  t h e  
engines  nozzle  exhaust .  Har r i e r  o u t r i g g e r  gear  have been a t t a c h e d  a t  t h e  
p o s i t i o n  of each outboard equipment wing ~ y l o n  i n  a  manner s i m i l a r  t a  t h e  
H a r r i e r  a i r c r a f t .  

In  t h i s  conf igura t ion ,  bleed a i r  is  provided from each engine 
t o  opera te  t h e  RCS. P i t c h  nozzles  a r e  shown extended f o r e  and a f t  
of t h e  o r i g i n a l  fuse lage  t o  inc rease  t h e  moment arm and to rque  
produced by t h e  l o n g i t u d i n a l  RCS. Roll c o n t r o l  i n  low speed f l i g h t  
is provided by RCS nozzles  l o c a t e d  near each wing t i p .  The i n i t i a l  
des ign concept provided yaw a t t i t u d e  c o n t r o l  by d i f f e r e n t i a l  
d e f l e c t i o n  of the  engine nozzles  on each wing. This w i l l  not r e q u i r e  
engine bleed a i r ,  w i l l  s i m p l i f y  the  RCS system, and w i l l  r e s u l t  i n  
a  smal l  l o s s  i n  v e r t i c a l  t h r u s t .  A yaw r e a c t i o n  c o n t r o l  nozzle a t  
t h e  t a i l .  cou ld  provide yaw c o n t r o l  a t  low speed wi th  a n  engine  f a i l u r e .  



For t h e  b a s i c  r e sea rch  a i r c r a f t ,  a  mechanical /hydraul ic  c o n t r o l  system 
with  e l e c t r o / h y d r a u l i c  s e r i e s  se rvos  would provide f o r  t h e  s t a b i l i t y  and 
c o n t r o l  augmentation systems envis ioned f o r  t h e  f l i g h t  c o n t r o l  system. 
The c u r r e n t  Pegasus pneumatic system is expected t o  be used f o r  engine  
nozzle  r o t a t i o n .  

The c o c k p i t  i s  conf igured f o r  two p i l o t s  with t h e  a i r c r a f t  f l y a b l e  from 
e i t h e r  pos i t ion .  

For demonstrat ion and e v a l u a t i o n  purposes t h e  a i r c r a f t  is designed t o  
be compat ib le  wi th  shipboard opera t ion.  However, i n  o b t a i n i n g  t h e  Operating 
Weight Empty (OWE) of paragraph 3.3, 250 lbs .  of wing f o l d  mechanism and 
36 lbs .  of t h e  v e r t i c a l  f i n  f o l d  mechanism were removed. 

3.1 ATTITUDE CONTROL POh'ER - Figure  5 p r e s e n t s  the  RCS a t t i t u d e  c o n t r o l  power 
of s e v e r a l  a i r c r a f t  i n  terms of a c c e l e r a t i o n  about t h e  p i t c h  and r o l l  axes. 
A t  t h i s  time, i t  is assumed t h a t  t h e  yawing a c c e l e r a t i o n  f o r  t h e  S-3IPegasus 
c o n f i g u r a t i o n  w i l l  be provided by t h e  d i f f e r e n t i a l  d e f l e c t i o n  of t h e  engine  
exhaust  nozz les  l o c a t e d  on e i t h e r  s i d e  of t h e  fuselage.  Using a v a i l a b l e  
b leed  a i r ,  t h e  S-31Pegasus a i r c r a f t  can genera te  i n  s i n g u l a r  demand approxi-  
mately 1.3 rad/sec2 about t h e  r o l l  a x i s  o r  0.7 rad / sec2  about t h e  p i t c h  ax i s .  
Simultaneous a c c e l e r a t i o n  command about t h e  two axes  is approximated by a  
s t r a i g h t  l i n e  drawn between t h e  two s i n g u l a r  command c h a r a c t e r i s t i c s .  

Th i s  amount of c o n t r o l  power appears  t o  compare favorab ly  wi th  t h e  
c o n t r o l  power of t h e  AV-8A a t  maximum V e r t i c a l  Takeoff Gross Weight 
(VTOCW) w i t h  s t o r e s  loaded on t h e  outboard pylon. The S-3/Pegasus c o n t r o l  
power is  g r e a t e r  than  t h a t  a v a i l a b l e  t o  t h e  DO-31 and c l o s e  t o  t h e  value  
suggested i n  t h e  AGARD Report R-577; however, t h e  suggested value  is f o r  
manuevering on ly  and does not  include t h e  requirement f o r  trim o r  gus t s .  
I t  is d e s i r a b l e  t o  augment t h e  RCS power t o  improve the  resea rch  p o t e n t i a l  
and s imula ted  miss ion c a p a b i l i t y  of t h e  conf igura t ion .  I n  f i g u r e  5, t h e  
a t t i t u d e  c o n t r o l  c h a r a c t e r i s t i c s  of t h e  S-3/Pegasus a i r c r a f t  wi th  the  
a v a i l a b l e  b leed a i r  t h r u s t  augmented by a  f u r t h e r  1000 l b s  of RCS t h r u s t  
is shown. I n  t h i s  case ,  s i n g u l a r  demand would provide 1.8 rad / sec2  i n  
r o l l  and 1.0 rad/sec2 pi tch .  

3.2 CRITICAL TECHNICAL ISSUES - C r i t i c a l  t e c h n i c a l  i s s u e s  t h a t  have become 
apparent  a r e  l i s t e d  i n  f i g u r e  6. With f u r t h e r  s tudy ,  o t h e r  problems may be 
discovered. P resen t ly  t h e r e  is  concern over t h e  l o c a t i o n  of t h e  main fuse lage  
landing gea r  being i n  proximity t o  the  exhaust  flow of the  a f t  engine nozzles.  
The use of g e a r  s t r u t s  t h a t  extend v e r t i c a l l y  from t h e  fuse lage  is one approach 
t o  t h e  problem. 

It is  t y p i c a l  of V/STOL a i r c r a f t  t o  be c o n f i g u r a t i o n  s e n s i t i v e  t o  ground 
proximity opera t ion.  S t a t i c  models t e s t s  a r e  r equ t red  t o  exarcine ground 
e f f e c t  and r e i n g e s t i o n  c h a r a c t e r i s t i c s  of t h e  S-31Pegasus c o n f i g u r a t i o n  
as l i t t l e  da ta  e x i s t s  r e l a t i v e  t o  8-poster  V/STOL concepts. 



The h o r i z o n t a l  empennage of t h e  S-3A c o n s i s t s  of a  s t a b i l i z e r ,  e l e v a t o r  
and e l e v a t o r  trim tab. The s t a b i l i z e r  i s  capable  of being trimmed from 10 
lead ing  edge up t o  90 l e a d i n g  edge down. V/STOL a i r c r a f t  i n  low speed f l i g h t  
t y p i c a l l y  exper ience  l a r g e  downwash ang les  i n  t h e  v i c i n i t y  of t h e  h o r i z o n t a l  
t a i l ;  t h e r e f o r e  t o  reduce t h e  l o n g i t u d i n a l  trim loads ,  t h e  s t a b i l i z e r  l ead ing  
edge up d e f l e c t i o n  angle must be increased.  

The r e a c t i o n  c o n t r o l  system (RCS) w i l l  r e q u i r e  t h e  i n t e g r a t i o n  of t h e  
bleed a i r  from two engines  a s  w e l l  a s  t h e  i n t e g r a t i o n  of some type of 
augmentation. A t t i t u d e  c o n t r o l  power with accep tab le  c o n t r o l  t ime c o n s t a n t s  
must be provided without unduly a f f e c t i n p  t h e  performance of t h e  propuls ion 
uni ts .  

3.2.1 ENGINE OUT CONSIDERATIONS - With a  complete s i n g l e  engine  f a i l u r e  
during propuls ive  l i f t  f l i g h t ,  i t  is assumed t h a t  t h e  a i r c r a f t  w i l l  
descend. However, t h e  p i l o t s  n u s t  be provided a  s t a b l e  p la t form from 
which t o  e j e c t  i f  a t  a  s a f e  a t t i t u d e  o r  t h e  a b i l i t y  t o  descend a t  a  
l e v e l  a t t i t u d e .  With sudden t h r u s t  l o s s  of  a s i n g l e  engine ,  t h e  remaining 
engine 's  t h r u s t  w i l l  produce u p s e t t i n g  moments about t h e  l a t e r a l - d i r e c t i o n a l  
axes. Th i s  c o n d i t i o n  i s  being analyzed and t h e r e  appears  t o  be s e v e r a l  
means of r e s o l v i n g  t h e  problem. 

One means of r e so lv ing  t h e  engine-out-in-hover problem is  t o  augment 
t h e  RCS c o n t r o l s  with power from sources  o t h e r  than t h e  b a s i c  Pegasus 
engines.  One a l t e r n a t i v e  source  is  a  turbo-shaf ted  a u x i l i a r y  power u n i t  
d r i v i n g  a  compressor which would provide high energy a i r  f o r  t h e  
RCS augmentation. It i s  a l s o  d e s i r a b l e  t o  provide RCS augmentation t o  
inc rease  the  o p e r a t i o n a l  maneuvering c a p a b i l i t y  of t h e  a i r c r a f t .  

3.3 AIRCRAFT WEIGHT - Figure  7 p r e s e n t s  t h e  pre l iminary  e s t i m a t e s  of t h e  
Dperating Weight Empty (OWE) with two p i l o t s .  The OWE was ob ta ined  by 
removing t h e  two TF-34 engines  and t h e  S-3.4 o p e r a t i o n a l  equipment iricluding 
c a t a p u l t  and a r r e s t e d  landing gea r ,  wing and f i n  f o l d  mechanism, and 
p rov i s ions  f o r  t h e  two a d d i t i o n a l  non-pilot ing occupants. To t h i s  s t r i p p e d  
down a i r f r a m e  a r e  added two Pegasus 11 eng ines  with es t ima ted  n a c e l l e  
weight and s t r eng thened  pylons,  a n  RCS f o r  a t t i t u d e  c o n t r o l  and a weight 
increment f o r  r ev i sed  landing gear  with ou t r iggers .  The es t ima ted  OWE 
wi th  two p i l o t s  i s  28,434 lbs .  

The maximum VTOGW shown i n  f i g u r e  7 was obta ined by doubling t h e  
a d v e r t i s e d  VTOGW of the  AV-8B ( r e f e r e n c e  6). With a  payload of 1000 
l b s . ,  t h e  a v a i l a b l e  f u e l  weight i s  such t h a t  even wi th  a  t y p i c a l  growth 
i n  t h e  OWE, t he  a i r c r a f t  should  have s u f f i c i e n t  f u e l  t o  e f f e c t i v e l y  
demonstrate simulated m i l i t a r y  missions.  



The maximum Shor t  Take Off Cross Weight (STOGIJ) ( f i g u r e  7 ) ,  was ob ta ined  
from a performance p r e d i c t i o n  us ing of t h e  A i r c r a f t  Syn thes i s  (ACSYNT) Computing 
Program. The p r e d i c t i o n  model c o n s i s t e d  of S-3A aerodynamics and approximated 
c h a r a c t e r i s t i c s  of two Pegasus 11 engines. The t akeof f  was accomplished i n  
400 f t .  w i t h  z e r o  wind-over-the-deck (WOD). The nozzles  were pos i t ioned  
h o r i z o n t a l  t o  t h e  ground dur ing t h e  i n i t i a l  a c c e l e r a t i o n  and p r i o r  t o  l i f t  
o f f  t h e  nozzles  were r o t a t e d  60° below t h e  h o r i z o n t a l  and t h e  a i r c r a f t  was 
r o t a t e d  lo0 nose up. The maximum STOGW based on a 400 f t .  take-off run i s  
46,500 lbs .  With same ONE and payload a s  t h e  VTO case ,  t h e  a v a i l a b l e  f u e l  
weight i s  17,066 lbs. ,  which exceeds t h e  i n t e r n a l  f u e l  c a p a c i t y  of t h e  unmod- 
i f i e d  S-3A. The unmodified S-3A is capable  of c a r r y i n g  on ly  13,142 lbs .  of 
f u e l  i n t e r n a l l y .  

4.0 PERFORMANCE 

4.1 Time on S t a t i o n  (TOS) v s  Radius of  Act ion - Est imated performance 
i n  terms of TOS and Radius of Action is presented i n  f i g u r e  8. Performance 
is  i n d i c a t e d  f o r  t h e  S-31Pegasus a i r c r a f t  wi th  a 1000 lb.  payload i n  t h e  VTO 
mode a t  maxinuu TOGW, t h e  ST0 mode a t  maximu? TOGW f o r  a 400 f t .  takeoff  
d i s t a n c e  w i t h  z e r o  wind and t h e  ST0 mode wi th  i n t e r n a l  f u e l  only. For com- 
pa r i son  t h e  es t ima ted  VTO and ST0 performance of a n  AV-8A with  no payload is 
indicated.  I n  VTO mode t h e  S-31Pegasus a i r c r a f t  has  a combined performance 
of approximately 1 hour TOS and 340 n.m. r a d i u s  of a c t i o n  whereas the  
AV-8A wi th  1 hour TOS has  miss ion r a d i i  of approximately 210 n. m. and 430 
n. m. i n  VTO and ST0 mode respec t ive ly .  With 3 hours TOS t h e  S-31Pegasus 
a i r c r a f t  i n  ST0 mode wi th  i n t e r n a l  f u e l  and maximw. f u e l  has  miss ion r a d i i  
of approximately 310 and 580 n.m. r espec t ive ly .  

4.2 LANDING AND TAKEOFF PERFORMANCE - Landing and takeoff  d i s t a n c e s  f o r  
varying weights  of t h e  S-31~egasus  a i r c r a f t  a r e  presented i n  f i g u r e  9. 
Takeoff d a t a  f o r  a near opt imal  takeoff  procedure ( a i r c r a f t  r o t a t i o n  and 
t h r u s t  v e c t o r  schedule)  is presented wi th  both eng ines  o p e r a t i n g  and with 
f a i l u r e  of one engine  a t  l i f t o f f .  With a TOGW of 46,500 lbs .  and 
wi th  both engines  opera t ing ,  t h e  a i r c r a f t  can takeoff  i n  400 f t .  with 
ze ro  wind. With one engine  inopera t ive  (OEI) a t  l i f t  o f f ,  t h e  takeoff  
d i s t a n c e  must be inc reased  t o  a p p r ~ x i m a t e l y  470 f t .  t o  provide a p o s i t i v e  
rate-of-climb a f t e r  l i f t - o f f .  

The landing performance is  given f o r  OEI during t h e  approach and 
landing r o l l o u t .  The a i r c r a f t  a t  34,000 lb .  g ross  weight can complete 
t h e  landing r o l l  out  i n  approximately 400 f t .  For t h i s  landing perfor-  
mance c a l c u l a t i o n ,  t h e  approach ang le  was -40, t h e  t h r u s t  v e c t o r  
ang le  was 125O a t  90% t h r u s t  and t h e  r o l l o u t  braking c o e f f i c i e n t  was 
0.35g. No propuls ion induced e f f e c t s  on aerodynamics o r  l a t e r a l - d i r e c -  
t i o n a l  t r i m  requirements were assumed f o r  t h e s e  performance analyses.  



5.0 DEVELOPMENT SCHEDULE - An es t ima ted  development schedule  f o r  two S-31 
Pegasus V/STOL a i r c r a f t  is presented i n  f i g u r e  10. Neglect ing t h e  procure- 
ment process  time, (conducted i n  yea r  01, t h e  f i r s t  a i r c r a f t  could  complete 
its i n i t i a l  a i r w o r t h i n e s s  f l i g h t  t e s t s  a t  t h e  conclus ion of t h e  t h i r d  
year. Procurement would be conducted i n  two phases. Phase I would c o n s i s t  
of a pre l iminary  des ign e f f o r t  t o  determine t h e  g e n e r a l  c o n f i g u r a t i o n  and 
design o p t i o n s  and performance and c o s t  e s t i m a t e s  as wel l  a s  t h e  i n i t i a l  
wind t u n n e l  tests avd s imula t ion  i n v e s t i g a t i o n s .  P r i o r  t o  conducting 
Phase 11, t h e  r e s u l t s  of Phase I would be c r i t i q u e d  and a n  o p t i o n  t o  con t inue  
would be exerc ised.  Phase 11 w i l l  be i n i t i a t e d  wi th  a  d e t a i l e d  eng ineer ing  
des ign e f f o r t .  Th i s  i s  t h e  f i n a l  des ign a c t i v i t y  p r i o r  t o  f a b r i c a t i o n  of 
t h e  modified a i r c r a f t  and would be followed by d e l i v e r y  of t h r e e  Pegasus 
engines  and a n  S-3A a i r f r a m e  requ i red  f o r  t h e  modi f i ca t ion  of a i r c r a f t  
No. 1. Two of t h e  Pegasus engines  would be used i n  t h e  modi f i ca t ion  of 
t h e  a i r c r a f t  and t h e  t h i r d  engine  w i l l  be used i n  the  c o n t r o l  system t e s t s  
and a s  a  spare. Airworthiness  f l i g h t  t e s t s  would commence i n  t h e  l a t t e r  
p a r t  of y e a r  t h r e e  of engineer ing a c t i v i t y .  

6.0 S-3/PEGASUS BASIC AIRCRAFT MODIFIED TO FULL RESEARCH CAPABILITY 

Subsequent t o  t h e  f a b r i c a t i o n  of t h e  b a s i c  a i r c r a f t ,  i t  i s  suggested 
t h a t  a second modi f i ca t ion  could  be conducted t o  produce a  n a t i o n a l  
contemporary V/STOL r e s e a r c h  f a c i l i t y .  Th i s  second modi f i ca t ion  would 
provide f o r  t h e  a d d i t i o n  of 1 )  i n t e g r a t e d  computer and sof tware ,  2 )  l a r g e  
a u t h o r i t y  servos  f o r  f l i g h t  and propuls ion c o n t r o l ,  3) programmable c o n t r o l  
systems and heads-up d i sp lay ,  4)  a  r e sea rch  guidance and nav iga t ion  system 
and 5 )  a  low speed a i r s p e e d  system. With these  modi f i ca t ions  i t  is  expected 
t h a t  t h e  resea rch  a i r c r a f t  would have t h e  fo l lowing c h a r a c t e r i s t i c s .  

6.1 V/STOL Research A i r c r a f t  C a p a b i l i t y  - Given t h e  second modi f i ca t ion  of 
t h e  S-3/Pegasus c o n f i g u r a t i o n ,  t h e  a i r c r a f t  i s  predicted t o  have t h e  resea rch  
c a p a b i l i t y  i n d i c a t e d  i n  f i g u r e  11. Class ic ia l l ! .  i t  has  been d e s i r a b l e  t o  cor-  
r e l a t e  ground based s imula t ion  and f l i g h t  data. This  i n c r e a s e s  t h e  
accuracy and c r e d i b i l i t y  of t h e  s imula t ion  r e s u l t s .  The resea rch  a i r c r a f t  
o f f e r s  t h i s  p o t e n t i a l  over a  wide range of va r i ab les .  The t r adeof f  i n  
c o n t r o l  system and d i s p l a y  complexity can be eva lua ted  i n  a  r e a l i s t i c  
environment. Terminal a r e a  guidance and nav iga t ion  systems us ing f l i g h t  
hardware wi th  the  a t t e n d a n t  sensor  e r r o r s  and maintenance problems can be 
evaluated.  The resea rch  a i r c r a f t  would have l a r g e  a t t i t u d e  c o n t r o l  power 
margins wi th  good response c h a r a c t e r i s t i c s  s o  t h a t  s p e c i f i c  handling q u a l i t i e s  
problems can hs reso lved  and t h e  handling q u a l i t i e s  of s p e c i f i c  a i r c r a f t  
can be s imulated i n  f l i g h t .  With the  f l e x i b i l i t y  o f f e r e d  by the. computer 
and sof tware  onboard t h e  resea rch  a i r c r a f t ,  t h e  i n t e g r a t i o n  of s e v e r a l  
c o n t r o l  systems wi th  a i r f rame  and propuls ion systems can be obtained.  The 
completion of each of t h e  i tems shown i n  f i g u r e  11 is  important  f o r  t h e  
o r d e r l y  advance of V/STOL technology. 



7.0 CONCL'JSIONS 

A p re l iminary  examination of e n  S-3/Pegasus V/STOL c o n f i g u r a t i o n  has  
been conducted and compared wi th  o t h e r  a i r c r a f t  which appear compet i t ive  
wi th  t h e  S-31Pegasus c o n f i g u r a t i o n  f n  terms of  performance and p o t e n t i a l  
f o r  s imula ted  m i l i t a r y  miss ion c a p a b i l l i t y .  A s  a  r e s u l t  of t h i s  pre l iminary  
examinat i o n  t h e  following conclus ions  were drawn: 

1. The S-3IPegasus a i r c r a f t  appears  t o  compete favorab ly  wi th  
o t h e r  contemporary c o n f i g u r a t i o n s  i n  terms of low c o s t ,  performance, 
da ta  base requirements and a f r c r a f t  s i z e .  

2. Es t imates  of the  propuls ion system performance and t h e  
empty weight of a  S-3/Pegasus c o n f i g u r a t i o n  i n d i c a t e  t h a t  t h e  
payload/fuel  weight f r a c t i o n  should  a l low r e a l i s t i c  c a p a b i l i t y  t o  
perform e f f e c t i v e  V/STOL f l i g h t  r e sea rch  and t o  demonstrate s imula ted  
m i l i t a r y  missions. 

3. Severa l  t e c h n i c a l  i s s u e s  have been i d e n t i f i e d  which w i l l  r e q u i r e  
f u r t h e r  s t u d y  and t e s t s  p r i o r  t o  f a b r i c a t i o n  and o p e r a t i o n  of t h e  S-3/ 
Pegasus a i r c r a f t .  S p e c i f i c a l l y ,  t h e  a v a i l a b l e  b leed a i r  from two Pegasus 11 
engines  o f f e r s  marginal  a t t i t u d e  c o n t r o l  power and may r e q u i r e  
augmentat ion. 

4 .  The es t ima ted  performance of t h e  S-3/Pegasus i n  terms of time on 
s t a t i o n  and r a d i u s  of a c t i o n  i n d i c a t e  t h a t  t h e  a i r c r a f t  could  be used t o  
demonstrate r e a l i s t i c  s imulated m i l i t a r y  missions.  

5. An o p t i m i s t i c  e s t ima te  of a  schedule f o r  t h e  f a b r i c a t i o n  of 
two S-3/Pegasus a i r c r a f t  i n d i c a t e  t h a t  a i r w o r t h i n e s s  f l i g h t  t e s t s  of 
t h e  f i r s t  v e h i c l e  cou ld  be completed a t  t h e  conclus ion of t h e  t h i r d  year. 
Th i s  schedule  is p red ica ted  on t h e  t imely  d e l i v e r y  of GFE i tems and 
d i s regard ing  t h e  time requ i red  f o r  procurement a c t i v i t i e s .  
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Figure 1.- S-31Pegasus and alternate concepts. 
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Figure I t . -  Sketch of S-J/Pegaslu concept. 
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Figure 9.- S-31Pegasus performance - landing and takeoff distance. 



Figure 10.- S-3/Pegasus V/STOL aircraft development schedule. 
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Figure 11. - S-31Pegasus V/STOL research aircraft  capability.  
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