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SUMMARY 

This r e p o r t  p re sen t s  r e s u l t s  of P a r t  II of a  s tudy by McDonnell A i r c r a f t  
Company f o r  NASA Ames Research Center and the U.S. Navy t o  d e f i n e  a  ~ i f t / ~ r u i s e  
Fan V/STOL Tech~z~ logy  A i r c r a f t .  The o b j e c t i v e  of P a r t  11 of t h e  s tudy w a s  t o  
d e f i n e  technology f l i g h t  veh ic l e s  f o r  a t  l e a s t  t h r e e  d i f f e r e n t  approaches which 
could demonstrate t h e  concept and c h a r a c t e r i s t i c s  of t h e  mult ipurpose a i r c r a f t  
e s t a b l i s h e d  f o r  t h e  Navy missions and descr ibed  i n  NASA CR-137678. The t h r e e  
v e h i c l e  des ign  approaches a r e :  

o Approach 1: New Airframe - F u l l  f l i g h t  envelope 

o Approach 2: Modified A i r c r a f t  - F u l l  f l i g h t  envelope 

o Approach 3:  Modified A i r c r a f t  - Limited f l i g h t  envelope 

The propuls ion  system used f o r  t he  va r ious  technology f l i g h t  v e h i c l e s  w a s  
r e p r e s e n t a t i v e  of t h a t  e s t ab l i shed  f o r  the  mult ipurpose a i r c r a f t .  Ex i s t i ng  J97-GE- 
100 gas gene ra to r s  were s e l e c t e d  based on c o s t ,  a v a i l a b i l i t y  and exhaust  charac te r -  
i s t i c s .  The LF459 f a n s  were a l s o  s e l e c t e d  and a r e  compatible wi th  both technology 
and ope ra t iona l  v e h i c l e s .  To comply with t h e  des ign  gu ide l ine  s a f e t y  c r i t e r i a ,  i t  
was determined t h a t  t h r e e  gas genera tors  were r equ i r ed  t o  provide  engine ou t  s a f e t y  
i n  the  hover f l i g h t  mode. The f i n a l  propuls ion  system e s t a b l i s h e d  f o r  t he  techno- 
logy a i r c r a f t  w a s  t h r e e  e x i s t i n g  597 gas gene ra to r s  powering t h r e e  LF459 f ans .  
This system i s  i d e n t i c a l  t o  the  one designed f o r  t h e  mult ipurpose vertical-on-board 
de l ive ry  a i r c r a f t  def ined i n  P a r t  I of t h i s  s tudy.  The s e l e c t e d  propulsion system 
can a l s o  be  opera ted  i n  the  two gas g e n e r a t o r l t h r e e  f a n  mode which i s  r e p r e s e n t a t i v e  
of the mu1 t ipurpose  ASW a i r c r a f t  . 

I n i t i a l l y  e i g h t  d i f f e r e n t  a i r c r a f t  candida tes  were eva lua ted  f o r  a p p l i c a t i o n  
t o  the t h r e e  des igna ted  des ign  approaches. Each conf igu ra t ion  was evaluated on  the  
b a s i s  of (1) propuls ion  system i n t e g r a t i o n ,  (2 )  modi f i ca t ion  r equ i r ed ,  (3) p i l o t ' s  
v i s i b i l i t y  , (4) payload volume (50 f t 3 )  , and, (5) a d a p t a b i l i t y  t o  compatible 
l o c a t i o n  of center-of-gravity/aerodynamic c e n t e r  and t h r u s t  c e n t e r .  This l i s t  of 
candidates  was reduced t o  f i v e ,  a l l  of which were capable  of meeting t h e  app l i cab le  
design gu ide l ine  requirements .  

The a i r c r a f t  configured f o r  the  f u l l  f l i g h t  envelope, Approaches 1 and 2 ,  a r e  
i l l u s t r a t e d  below. The v e h i c l e  s e l e c t e d  f o r  Approach 1, des igna ted  "New Airframe", 

APPROACH 1 AND 2 AIRCRAFT 

Approach 1 : New Airframe Approach" 2: Composite 

w a s  a  new a i r f rame b u t  s t i l l  used a  number of e x i s t i n g  p a r t s  t o  minimize c o s t .  
These e x i s t i n g  a i r £  rame components were A-6 cockp i t  and canopy, modified A-6 , 

s t a b i l i z e r  and A-4 landing  gear .  The v e h i c l e  s e l e c t e d  f o r  Approach 2,  des igna ted  
"Composite", cons i s t ed  of a  more ex tens ive  usage of e x i s t i n g  a i r f r ame  components 
i n t e g r a t e d  by means of a  new fuse l age  cen te r  s ec t ion .  The major e x i s t i n g  a i r f r ame  
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components were F-101 a f t  fu se l age  and empennage, 8-6 wing, A-6 c c c k p i t  and canopy, 
and A-4 i n l e t s  and landing  gear .  Both a i r c r a f t  were designea t o  n e e t  t h e  f u l l  
f l i g h t  envelope and a r e  nea r ly  i d e n t i c a l  t o  t h e  mult ipurpose ASW ~ i r c r a f t .  

Three technology a i r c r a f t  were configured f o r  t h e  l i m i t e d  f l i g h t  envelope, 
Approach 3 ,  and a r e  i l l u s t r a t e d  below. The Composite (low speed vers ion)  i s  
i d e n t i c a l  t o  t h e  Approach 2 ve r s ion  except  t h a t  t h e  landing  gear  i s  f i x e d  i n  t h e  
down p o s i t i o n  and t h e  a s soc i a t ed  systems and f a i r i n g s  are removed. The modi f ica t ion  
t o  t h e  Sab re l ine r  cons is ted  of i n s  t a l l a t i o n  of t he  propuls ion  s y s  tem, F-101 af  t 
fuse l age  and empennage, and f i x e d  A-4 landing gea r .  The modi f ica t ion  t o  t he  Voodoo 

APPROACH 3 AIRCRAFT 

Composite (Low Speed Version) 

1- 51.20 FT-----------4 
Sabreliner 

1-61.80 FT-I 
Voodoo 

cons i s t ed  mainly of removal of a 75 inch  s e c t i o n  of t h e  forward fuse l age  t o  o b t a i n  
proper  f a n  spac ing  and i n s t a l l a t i o n  of t he  p ropu l s ion  system. Although t h e  Voodoo 
s e l e c t e d  i s  a s i n g l e  p l ace  a i r c r a f t ,  i t  was r e t a i n e d  due t o  t he  minimum modif ica t ions  
r equ i r ed  and t h e  a t t e n d a n t  low cos t .  A l l  t h r e e  a i r c r a f t  conf igura t ions  were designed 
to meet t h e  s p e c i f i e d  low speed f l i g h t  envelope (approx 160 KEAS and 15,000 f t  
a l t i t u d e ) .  

Mission performance ana lyses  were conducted f o r  t h e  s e l e c t e d  a i r c r a f t  and 
compared t o  t h e  design g u i d e l i n e  requirements f o r  VTOL c i r c u i t s ,  STOL c i r c u i t s  and 
Cruise/Endurance. The New Airframe, Composite and Sabre l ine r  exceeded o r  e s s e n t i a l l y  
m e t  a l l  t h e  i n d i v i d u a l  mission requirements .  The Voodoo was s l i g h t l y  below t h e  VTOL 
and STOL c i r c u i t  requirements and would r e q u i r e  r e f u e l i n g  o r  increased  TOGW. The 
f l i g h t  envelope and mission performance f o r  t h e  s e l e c t e d  technology a i r c r a f t  are 
shown on page i v .  

A s  evidenced by t h e  performance c h a r a c t e r i s t i c s ,  t h e  New Airframe approach 
e x h i b i t s  t h e  b e s t  p o t e n t i a l  f o r  a technology demonstrator  a i r c r a f t  based on 
a p p l i c a b i l i t y  t o  a n  o p e r a t i o n a l  a i r c r a f t ,  maximum r e s e a r c h  p roduc t iv i ty  and demon- 
s t r a t i o n  of Navy o r i e n t e d  missions.  The Composite a i r c r a f t  i s  a l s o  r e p r e s e n t a t i v e  
of t h e  mult ipurpose a i r c r a f t  and can e a s i l y  b e  configured from a low speed t o  a 
h igh  speed v e r s i o n  by minimum modif ica t ions .  A l l  t h e  ~ e l e c t e d ~ v e h i c l e s  a r e  v i a b l e  
candida tes  b u t  only t h e  New Airframe and Composite a r e  capable of adequately 
demonstrat ing t h e  high speed c h a r a c t e r i s t i c s  which a r e  of importance i n  both 
o p e r a t i o n a l  re levance  and propuls ion  system exposure. Budgetary e s t ima te s  were 
prepared f o r  each of t h e  a i r c r a f t  based on a n  a u s t e r e  development and f l i g h t  t e s t  

'program and a r e  presented i n  Addendum 1 t o  MDC Report No. A3440, Vol 11. 
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INTRODUCTION 

Recent s t u d i e s  by t h e  Navy and NASA have confirmed t h e  f  utu-.e need f o r  a high 
performance V/STOL a i r c r a f t  f o r  both m i l i t a r y  and c i v i l  a p p l i ~ a t ~ o n s .  The Navy 
r e q u i r e s  a mult imission V/STOL a i r c r a f t  i n  t h e  1980's capable  of s e a  c o n t r o l  
opera t ions  from many p la t forms as w e l l  as ship-to-shore and shore-to-ship func t ions .  
The o b j e c t i v e s  of t h i s  s tudy  may be  summarized as fo l lows:  

P a r t  I: Define a  mult imission V/STOL a i r c r a f t  f o r  u se  by t h e  U.S. Navy 
i n  t h e  1980's. 

P a r t  11: Define a l t e r n a t e  approaches f o r  developing a  f l i g h t  v e h i c l e  t o  
demonstrate t h e  proposed l i f t  c r u i s e  f a n  concept. 

The r e s u l t s  of t h i s  s tudy a r e  r epo r t ed  i n  t h e  fol lowing t h r e e  volumes: 

Volume I - Navy Opera t iona l  A i r c r a f t  
Volume I1 - Technology F l i g h t  Vehic le  Def in i t i on  
Volume 111 - Technical  Data Addendum. 

This voiume de f ines  t h e  technology a i r c r a f t  programs proposed t o  a s s e s s  t he  
b e n e f i t s  of t h e  mult ipurpose a i r c r a f t  des igns  generated i n  P a r t  I of t h e  s tudy .  
The major test ob jec t ives  of t h e  technology a i r c r a f t  program are t o  : 

o Develop i n t e g r a t e d  p ropu l s ion /con t ro l  system f o r  a  V/STOL a i r c r a f t .  

o  Evaluate  t h i s  concept i n  powered l i f t  and aerodynamic f l i g h t  regimes. 

o  Exp lo i t  t h e  b e n e f i t s  of t h e  l i f t / c r u i s e  f a n  system. 

o Define f u t u r e  V/STOL a i r c r a f t  des ign  requirements .  

o  Obtain ope ra t iona l  experience.  

o  Develop ope ra t ing  techniques.  

o  Serve a s  a  f a c i l i t y  f o r  con t ro l /p ropu l s ion  system t e s t s .  

o Provide  t h e  c a p a b i l i t y  t o  perform experiments r e l a t e d  t o  te rmina l  a r e a  
ope ra t ion  wi th  advanced s t a b i l i z a t i o n ,  guidance, and naviga t ion  s y s  t e m s  , 

I n  accordance w i t h  t h e  Statement of Work, t h e  des ign  d e f i n i t i o n  s tudy  was 
d i r e c t e d  toward a  minimum c o s t  r e s e a r c h  program c o n s i s t e n t  w i th  provid ing  maximum 
resea rch  p roduc t iv i ty ,  Navy o p e r a t i o n a l  demonstration c a p a b i l i t i e s ,  and proper  
a t t e n t i o n  t o  s a f e t y .  The s p e c i f i e d  Design Guidel ines  a r e  presented  i n  Appendix A 
of t h e  r e p o r t .  

The propuls ion  system s e l e c t e d  f o r  a l l  t he  technology v g h i c l e s  was t h r e e  
e x i s t i n g  gas  gene ra to r s  powering t h r e e  LF459 f a n s  and t h e  system d e s c r i p t i o n  and 
s e l e c t i o n  r a t i o n a l e  are presented  i n  Sec t ion  2. Sec t ion  3 p r e s e n t s  t h e  d e s c r i p t i o n ,  
a v i o n i c  s u i t e s ,  weight  a n a l y s i s ,  and d a t a  base  summary f o r  t h e  s e l e c t e d  technology 
f l i g h t  v e h i c l e s .  The mission c a p a b i l i t i e s  were determined and compared t o  t h e  

MCDONNELL AIRCRAFT GOMPIPNY 

v 



MDC A3440 
Volume I1 

design gu ide l ine  requirements  and a r e  presented  i n  Sec t ion  4. A d e t a i l e d  a n a l y s i s  
of a i r c r a f t  con t ro l  and handl ing q u a l i t i e s  was performed f o r  each a i r c r a f t  and is  
summarized i n  Sec t ion  5. Excess c o n t r o l  margins a r e  provided i n  a l l  axes f o r  
r e sea rch  purposes. An a u s t e r e  development test program was e s t a b l i s h e d  f o r  t h e  
a i r c r a f t  and i s  presented  i n  Sec t ion  6.  

The t a sks  performed i n  t h i s  P a r t  I1 study a r e  shown i n  t h e  fo l lowing  Work Flow 
Diagram. 

NASAINAVY TECHNOLOGY AIRCRAFT STUDY 
TASK SUMMARY - PART ll 
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Symbols and Abbreviat ions 

ACS 

AR 

bY b, 

CD 

C ~ o  

c ~ f  
CL 

CFE 

C N I  

C SD 

EGT 

ETaC 

f 

FPR 

g 

GW 

GFE 

GSE 

K 

KEAS 

LID 

l b  

MAC 

N 

NM, I-ml 

OWE 

S 

SCM 

SF C 

- Active Control  System 

- aspec t  Rat io 

- wing span, f t .  

- drag c o e f f i c i e n t  

- zero l i f t  d rag  c o e f f i c i e n t  

- equiva len t  s k i n  f r i c t i o n  c o e f f i c i e n t  

- l i f t  c o e f f i c i e n t  

- Contractor  Furnished Equipment 

- Communication, Navigation, I d e n t i f i c a t i o n  

- Constanr Speed Dr ive  

- degree 

- Oswald e f f i c i e n c y  f a c t o r  

- Exhaust G a s  Temperature, degrees 

- Energy Transfer  and Control  

- drag a r e a ,  f t 2  

- f e e t  

- Fan Pressure  Ra t io  

- g r a v i t a t i o n a l  cons t an t ,  32.2 f t l s e c .  

- gross  weight,  l b  

- Government ~ u r n i s h e d  Equipment 

- Ground Support Equipment 

- induced drag  f a c t o r  

- equ iva l en t  a i r speed ,  k t  

- l i f t  t o  drag  r a t i o  

- pounds 

- meters  

- Mach number 

- r a t i o  of c o n t r o l  moment t o  moment of i n e r t i a ,  r a d i a n s  per  

- mean aerodynamic chord 

- Newtons 

- n a u t i c a l  mi les  

- ope ra t ing  weight empty, lb 

- a r e a ,  f t 2  

- Signal  Conversion Mechanism 

- s p e c i f i c  f u e l  consumption, l b / h r / l b  

s e c  2 
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Symbols and Abbreviat ions (Cont ' d ) 

SL 

ST0 

STOL 

sw 
t/ c 

TDPR 

TOGW 

TRM 

T/W 

v 

vj 
VL 

VTO 

V TOGW 

VTOL 

V/STOL 

h 

sea l e v e l  

Short  Takeoff 

Shor t  Takeoff and Landing 

wing area, f t2 

a i r f o i l  t h i ckness  r a t i o  

Turbine Discharge P res su re  Rat io  

Takeoff Gross Weight, lb 

Thrust  Reduction Modulation 

t h r u s t  t o  weight r a t i o  

a i r c r a f t  v e l o c i t y  

e f f e c t i v e  jet v e l o c i t y ,  f t / s e c  

V e r t i c a l  Landing 

V e r t i c a l  Takeoff 

V e r t i c a l  Takeoff Gross Weight, l b  

V e r t i c a l  Takeoff and Landing 

~ e r t i c a l / S h o r t  Takeoff and Landing 

t a p e r  r a t i o  

sweep ang le  of q u a r t e r  chord,  deg, 

d e n s i t y  

j e t  exhaust  d e n s i t y ,  l b / f t  
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1. DESIGN PEQUISITES 

1.1 DESIGN GUIDELINES AND CRITERIA 

Attachment 1 of t h e  Statement of Work provides  b a s i c  des ign  gu ide l ines  and 
c r i t e r i a  f o r  t h e  design d e f i n i t i o n  of t he  l i f t  c r u i s e  f a n  technology V/STOL a i r c r a f t  
(Appendix A). These s p e c i f i e d  r e q u i s i t e s  p e r t a i n  t o  gene ra l  des ign  and mission 
requirements ,  f l i g h t  s a f e t y ,  and opera t ing  c r i t e r i a .  Handling q u a l i t i e s  i nc lud ing  
con t ro l  power, conversion,  s t a b i l i t y  and engine o u t  c r i t e r i a  a r e  a l s o  prescr ibed .  
The technology a i r c r a f t  handl ing q u a l i t i e s  are s p e c i f i e d  t o  be c o n s i s t e n t  wi th  
AGARD-R-577-70 and MIL-F-83300. The a i r c r a f t  are t o  b e  considered i n  t h e  Class I1 
category;  and Level  I handling q u a l i t i e s  a r e  t o  be  provided f o r  normal ope ra t ion  
wi th  no f a i l u r e s .  The f u l f i l l m e n t  of t hese  d e t a i l  des ign  requirements  w a s  t h e  
u l t i m a t e  goa l  f o r  t h e  l i f t  c r u i s e  f a n  V/STOL a i r c r a f t  des ign  e f f o r t .  Ce r t a in  
fundamental V/STOL a i r c r a f t  des ign  approaches and r e q u i s i t e s  must be complied wi th  
t o  a s su re  achievement of t h i s  goa l .  These fundamentals a r e  addressed i n  t h e  
fol lowing paragraphs. 

CONFIGURATION INTEGRATION 

The l i f t  c r u i s e  f a n  a i r c r a f t  con f igu ra t ion  s e l e c t e d  f o r  bo th  t h e  mult ipurpose 
and t h e  technology a i r c r a f t  i s  t h e  culminat ion of ex t ens ive  R&D e f f o r t  inc luding  
wind tunnel  t e s t  s u b s t a n t i a t i o n .  Three pneumatical ly  in te rconnected  t i p  t u rb ine  
dr iven  f ans  a r e  spaced l o n g i t u d i n a l l y  and l a t e r a l l y  t o  maximize c o n t r o l  and provide  
symmetrical l i f t  fol lowing an  engine f a i l u r e .  Fan spacing a l s o  permi ts  compensation 
f o r  suck-down whi l e  i n  ground e f f e c t  by f o u n t a i n  f o r c e s .  L i f t  c r u i s e  f a n s  are 
pos i t i oned  on t o p  of a  low wing a t  t h e  fuselage-wing r o o t  j unc tu re  t o  provide power 
induced l i f t  i n  ST0 and t r a n s i t i o n ,  t o  reduce power d i r e c t  t r i m  moments and t o  
minimize the  V/STOL s t r u c t u r a l  pena l ty ;  i .e . ,  t h e  b a s i c  wing s t r u c t u r e  remains 
i n t a c t .  A low wing p o s i t i o n  is a l s o  widely accepted as t h e  optimum f o r  c i v i l  
t r a n s p o r t  a i r c r a f t .  A T - t a i l  empennage was s e l e c t e d  based on wind tunne l  test 
r e s u l t s  which showed t h a t  t h i s  des ign  provided optimum s t a b i l i t y  and c o n t r o l  
con t r ibu t ions  over  t h e  o p e r a t i o n a l  angles  of a t t a c k ,  r e t a i n e d  adequate  c o n t r o l  
power a t  p o s t  wing s ta l l  ang le s  of a t t a c k ,  and minimized t r i m  s t a b i l a t o r  changes 
wi th  t h r u s t  vec to r ing .  The l a r g e  i n s t a l l e d  t h r u s t  (T/W = 1.05);  t h e  aero-propulsion 
ground e f f e c t s ;  and t h e  minimizat ion of t r i m  moments by jud ic ious  l o c a t i o n  of t h e  
t h r u s t ,  weight and aerodynamic c e n t e r s ,  p l a c e  added emphasis on power e f f e c t s  i n  
a l l  f l i g h t  modes. 

1 . 3  RELATIONSHIP OF THRUST, WEIGHT & AERODYNAMIC CENTERS 

A major r e q u i s i t e  f o r  V/STOL a i r c r a f t  con f igu ra t ion  v i a b i l i t y  i s  compatible 
l o c a t i o n s  of t h e  a i r c r a f t  t h r u s t  c e n t e r  (TC), weight c e n t e r  (CG),  and wing aerody- 
namic c e n t e r  (AC). The n e u t r a l  p o i n t  (NP) r a t h e r  t han  t h e  AC i s  t h e  app ropr i a t e  
aerodynamic c r i t e r i o n  s i n c e  i t  de f ines  t he  s t a b i l i t y  l e v e l  and must be  a f t  of t h e  
CG. However, t h e  AC i s  s p e c i f i e d  s i n c e  i t  is r e a d i l y  est imated e a r l y  i n  t h e  des ign  
layout  process .  Coincident TC and GG l o c a t i o n s  forward of t h e  NP are requ i r ed  t o  
minimize t h e  weight p e n a l t i e s  a s soc i a t ed  w i t h  c o n t r o l  p r o v i s i ~ n s  f o r  a l l  ope ra t ing  
f l i g h t  modes. I n  v e r t i c a l  f l i g h t  (VTOL), t h e  t h r u s t  and weight  c e n t e r s  must 
coincide.  Large t h r u s t  v e c t o r  d e f l e c t i o n s  gene ra l ly  are requ i r ed  t o  provide  
e f f i c i e n t  h o r i z o n t a l  a c c e l e r a t i o n  fo rces  f o r  ST0 and f o r  t r a n s i t i o n .  Design con- 
s i d e r a t i o n s  of space  and c o n t r o l  o f t e n  d i c t a t e  h o r i z o n t a l  and v e r t i c a l  spacings 
of l i f t  u n i t s .  Improper spac ing  o r  displacement of t h e  vec tored  t h r u s t  can cause 
l a r g e  t r i m  moment v a r i a t i o n s  which must be trimmed by d i f f e r e n t i a l  t h r u s t  modulation 
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or  by t h r u s t  vec to r  scheduling.  I n  aerodynamic f l i g h t ,  t he  c r u i s e  s t a b i l i t y  margin 
(no s t a b i l i t y  augmentation) f o r  t h e  technology a i r c r a f t  was s p e c i f i e d  t o  be 5 per  
cen t  Mean Aerodynamic Chord a t  t h e  cr i"cca1 center  of g r a v i t y .  

The t r i - c e n t e r  r e l a t i o n s h i p  i s  o f t e n  d i f f i c u l t  t o  achieve.  A l l  t h r ee  cen te r s  
a r e  mutual ly dependent upon component l o c a t i o n s  t h a t  are s p e c i f i e d  o r  r e s t r i c t e d  t o  
achieve increased  aerodynamic, p ropu l s ive  and s t r u c t u r a l  e f f i c i e n c i e s .  Each cen te r  
i s  e s t a b l i s h e d  by a myriad of des ign  cons idera t ions  such a s  vec to r ing  e f f i c i e n c i e s ;  
equipment, f u e l  and s t o r e s  l oca t ion ;  and, b a s i c  a i r c r a f t  component i n t eg ra t ion .  
The complexity of t h i s  c e n t e r  c r i t e r i o n  i s  compounded when a t tempt ing  t o  adapt  o r  
i n t e g r a t e  e x i s t i n g  a i r c r a f t  components i n t o  a  V/STOL f l i g h t  test v e h i c l e  capable of 
demonstrating t h e  concept and mission c a p a b i l i t y .  V/STOL a i r c r a f t  performance and 
handl ing q u a l i t i e s  are more conf igu ra t ion  dependent than  CTOL a i r c r a f t .  This 
s e n s i t i v i t y  r equ i r e s  t h a t  t h e  technology v e h i c l e  be r e p r e s e n t a t i v e  of t he  multi-  
purpose a i r c r a f t  in-so-far as i s  p r a c t i c a l  i f  re levance  is  d e s i r e d .  
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2. PROPULSION 

SYSTEM SELECTION 

The Statement of Work requi red  t h e  propuls ion  system designed f o r  t h e  technology 
f l i g h t  v e h i c l e  t o  r e f l e c t ,  as near as p r a c t i c a l ,  t h e  system def ined  i n  Volume I f o r  
t h e  mult ipurpose a i r c r a f t .  S p e c i f i c  o p e r a t i o n a l  c a p a b i l i t i e s  were a l s o  r equ i r ed  
fol lowing any reasonable  f a i l u r e  of a power p l a n t  o r  c o n t r o l  system component, 
excluding a f an .  These engine-out requirements  a r e  as fol lows:  

o STOL F l i g h t  Mode - Takeoff completion p l u s  cont inuing sus t a ined  f l i g h t  with 
p o s i t i v e  acce l e ra t ion /c l imb  g rad ien t s .  

o V e r t i c a l  F l i g h t  Mode - Sustained hover a t  con t r ac to r  s p e c i f i e d  g ros s  
weight;  a t  g ross  weights  i n  excess o f  sus t a ined  hover gross  weight provide 
c o n t r o l  and l i m i t  landing v e l o c i t y  t o  1 2  f p s ;  provide T/W = 1.03.  

o Provide Level 2 f l y i n g  q u a l i t i e s  

The e x i s t i n g  J97-GE-100 gas generator  (GG) w a s  s e l e c t e d  f o r  t h e  technology 
v e h i c l e s  based on  i t s  ope ra t iona l  c h a r a c t e r i s t i c s ,  a v a i l a b i l i t y  and a t t e n d a n t  low 
c o s t .  A i r c r a f t  performance i s  based on dry  r a t i n g s  only.  The es t imated  a d d i t i o n a l  
l i f t  margin o r  VTO growth p o t e n t i a l  w i t h  water i n j e c t i o n  included i n  t h i s  s e c t i o n  
is only f o r  information.  The LF459 t u r b o t i p  d r iven  f a n ,  def ined  f o r  t h e  mult i -  
purpose a i r c r a f t ,  was s e l e c t e d  a s  i t  is  adaptable  t o  both  e x i s t i n g  597 and growth 
597 gas gene ra to r s  and t o  e i t h e r  2 o r  3 gas genera tor  conf igura t ions .  These major 
propuls ion  elements a r e  r e p r e s e n t a t i v e  of t h e  mult ipurpose a i r c r a f t .  

Both two and t h r e e  gas  genera tor  con f igu ra t ions  were evaluated i n  f u l f i l l i n g  
t h e  c r i t i c a l  requirement f o r  a n  "engine-out" emergency landing during v e r t i c a l  
opera t ions  wi th  2500 l b  payload p l u s  mission f u e l .  F igu re  2-1 shows t h e  est imated 
maximum s t r u c t u r a l  p lus  subsystem weights  (excluding propuls ion)  a l lowable  f o r  
engine o u t  cond i t i on  ve r sus  VTOL opera t ing  time. These curves served as a b a s i s  f o r  
determining p o t e n t i a l  a i r c r a f t  candida tes  and i n d i c a t e  t h a t  f o r  a VTOL ope ra t ing  
t ime of 30 minutes (guide l ine)  t h e  weight should not  exceed approximately 3,000 l b  
f o r  a twin engine a i r c r a f t ,  and 13,000 l b  f o r  a t h r e e  engine design.  With zero VTOL 
ope ra t ing  time t h e  maximum a l lowables  a r e  6,500 and 17,500 l b  r e spec t ive ly .  Est i -  
mated s t r u c t u r a l  p l u s  subsystems weights of t h e  candida te  a i r c r a f t  a r e  superimposed 
on t h e  pe rmis s ib l e  weight curves i n  F igure  2-1 and i n d i c a t e  t h e  d e s i r a b i l i t y  of 
t h r e e  gas gene ra to r s  i n  accommodating t h e  engine  ou t  gu ide l ine  and i n  expanding t h e  
number of a i r f rames  capable of being modified f o r  t h e  technology a i r c r a f t .  

An assessment of c r i t i c a l  exposure t i m e  t o  gas genera tor  f a i l u r e ,  when 
opera t ing  a t  weights  above hover c a p a b i l i t y ,  was a l s o  inves t iga t ed  f o r  t h e  two 
engine a i r c r a f t  a t  a gross  weight  of 24,000 1b. The s tudy  ind ica t ed  a n  exposure 
time of 5.5 seconds i n  performing a v e r t i c a l  takeoff  and a c c e l e r a t i o n  t o  80 knots  
( c r i t i c a l  a i r  speed)  and an  exposure t ime of 12.0 seconds during d e c e l e r a t i o n  from 
80 t o  0 knots .  The t o t a l  exposure t i m e  of 17.5 seconds r ep re sen t s  approximately 
6.5 percent  of t h e  t ime r equ i r ed  t o  perform a t y p i c a l  VTOL c i r c u i t  descr ibed  i n  t he  
gu ide l ines .  Aerodynamic f l i g h t  wi th  engine o u t  e x h i b i t s  no c r i t i c a l  exposure t ime. 

Despi te  t h i s  low exposure t ime, a t h r e e  gas  genera tor  system, F igu re  2-2, was 
s e l e c t e d  s i n c e  i t  n o t  only expanded t h e  cand ida t e  a i r c r a f t  s e l e c t i o n s  b u t  provided 

MCDONNELL AlRCRAFT COMPANY 

3 



MDC A3440 
Volume I1 

FIGURE 2-1 
PERMISSIBLE AIRCRAFT WEIGHT (STRUCTURE + SUBSvSTEMS) 

Technology Aircraft Candidates - One Gas Generator Inoperative 

3 Gas Generators 
One lnowerative - 

12 ft/sec Sink / 1 VTOGW = 28,000 1b / 

I 12 ftlsec Sink 

1 ncl udes Sabrel i ner, New 
Airframe, and Skyhawk 

2 Gas Generators 

VTOGW = 16,250 Ib 

VTOL Operating Time - min 

FIGURE 2-2 
V/STOL TECHNOLOGY AIRCRAFT PROPULSION SYSTEM 

59 in. Turbotl p Fan 

Vectoring System 
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complete engine-out s a f e t y  app ropr i a t e  f o r  a  r e sea rch  veh ic l e .  I n  t h e  event  of gas  
genera tor  f a i l u r e  during powered l i f t  f l i g h t ,  t h e  t h r o t t l e s  of t h e  remaining two 
engines are advanced t o  s a t i s f y  t h e  requi red  t h r u s t  l e v e l .  The a i r c r a f t  VTOL gross  
weight (28,000 l b )  i s  e s t a b l i s h e d  by t h e  (2) G.G. emergency dry r a t i n g ,  S.L. 89.8"F 
day. Sustained t h r e e  G.G.  hovering a t  t h i s  gross  weight l e v e l  is  pe rmis s ib l e  s i n c e  
t h e  emergency r a t i n g  t ime pe r iod  i s  s u f f i c i e n t  t o  permit  a c c e l e r a t i o n  t o  f l i g h t  
v e l o c i t i e s  where t h e  a v a i l a b l e  in te rmedia te  t h r u s t  exceeds the  t h r u s t  r equ i r ed  
l e v e l .  The two GG sus t a ined  hover g ros s  weight i s  25,516 l b ,  e s t a b l i s h e d  by the  
in te rmedia te  r a t i n g .  By l i m i t i n g  t h e  VTOGW t o  28,000 l b ,  complete engine o u t  s a f e t y  
and adequate handl ing q u a l i t i e s  a r e  provided f o r  a l l  a i r c r a f t  eva lua ted  dur ing  t h i s  
s tudy.  Addi t iona l  "V" c a p a b i l i t y  i s  a v a i l a b l e  a t  a s l i g h t l y  higher  r i s k  s i n c e  the  
i n s t a l l e d  t h r u s t  i s  adequate f o r  VTOGW up t o  34,300 lb s .  

The s e l e c t e d  system i s  r e p r e s e n t a t i v e  of t h e  multipurpose VOD and w i l l  a l low 
demonstration of mult ipurpose a i r c r a f t :  c h a r a c t e r i s t i c s  and f a c i l i t a t e  s i g n i f i c a n t  
V/STOL research .  Some of t h e  d e s i r a b l e  c h a r a c t e r i s t i c s  of a mult ipurpose a i r c r a f t  
which may be evaluated a r e :  

o  Fan j e t  e f f l u x  v e l o c i t y  and temperature compatible wi th  unimproved landing 
s i t e s ,  and rescue  ope ra t ion  

o A t t i t u d e  c o n t r o l  and hover maneuvering c a p a b i l i t y  

o S ingle  engine l o i t e r  c a p a b i l i t y  

o Engine out  s a f e t y  

o VTOL, t r a n s i t i o n  and STOL performance 

Research a r e a s  include:  

o  Both two and t h r e e  gas  genera tor  ope ra t ion  inc luding  engine o u t  

o  I n v e s t i g a t e  ope ra t ion  of f u t u r e  uprated gas  genera tors ,  i . e .  water  i n j e c t i o n  

o V/STOL n o i s e  r e sea rch  inc luding  suppress ion  t reatment  e f f e c t s  

o  Terminal a r e a  naviga t ion  

o Control a u t h o r i t y  necessary f o r  ope ra t ions  from a i r  capable s h i p s  

2.2 GAS GENERATORIFAN DESCRIPTION 

The J97-GE-100, F igure  2-3, i s  a  s ingle-spool  t u r b o j e t  with a  14-stage com- 
p r e s s o r ,  an  annular  combustor, and a  two-stage tu rb ine .  This engine has  been 
t e s t e d  i n  a  f u l l  s c a l e  ETaC program a t  MCAIR which demonstrated VTOL c o n t r o l  
performance and compa t ib i l i t y  of t h e  597, inc luding  t h e  f u e l  c o n t r o l  system, wi th  
ETaC. The t h i r d  ( c e n t e r l i n e )  gas  genera tor  i s  normally used f o r  VTOL only  and i s  
s h u t  down during aerodynamic f l i g h t .  

I d e n t i c a l  LF459 f a n s  a r e  used a t  each of t h e  l o c a t i o n s ,  one l i f t  f a n  i n  t h e  
forward fuse l age  and two over-the-wing l i f c / c r u i s e  f ans .  The forward f a n  i s  used 
f o r  VTOL f l i g h t  only and is  s h u t  down during c r u i s e .  The LF459 i s  a s ingle-s tage  
1.32 p re s su re  r a t i o  f a n  wi th  a  s ing le-s tage  t u r b i n e  mounted d i r e c t l y  t o  t h e  f a n  
t i p  which e x t r a c t s  power from t h e  gas  genera tor  exhaust  gases  t o  d r i v e  t h e  f an .  

MCDONNELL AIRCRAFT COMPANY 
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FIGURE 2-3 
5-97 GAS GENERATOR 

Exhaust Temperature ........... 
Exhaust Pressure ............ 51.6 fb1it-1.~ 
Ideal Gas HP ................. 13.450 
Ideal Gas HPIlb of Airflow. ... .I92 HPIlblsec 

....... Ideal Gas HPIIb of Weight 18.6 HPIlb 

This  f a n  concept has  been f l i g h t  demonstrated i n  t h e  XV-5 a i r c r a f t .  An 80-inch 
diameter ,  1 .3  FPR model has  been t e s t e d ,  producing a  t h r u s t  of 28,000 Ib .  The LF459 
f a n ,  F igure  2-4, i s  der ived  from t h e  LF460 technology wi th  des ign  changes t o  reduce 
r i s k  and s u i t  t h e  mult ipurpose a i r c r a f t  requirements.  Design improvements inc lude  
s u b s t i t u t i o n  of a downstream combination s t a t o r / s t r u t / f r a m e  f o r  t h e  forward s t r u t /  
frame of t h e  LF460, thereby  d e l e t i n g  the  need f o r  an t i - i c ing  p rov i s ions .  Other 
changes inc lude  a r educ t ion  i n  number of b l ades ,  reduced b l ade  a spec t  r a t i o ,  a i r  
i n l e t  angle  and s c r o l l  shape f o r  c r u i s e  f a n  a p p l i c a t i o n s ,  and d e l e t i o n  of t h e  no i se  
a t t e n u a t i o n  ma te r i a l .  

FIGURE 2-4 
LF 459 FAN - DERIVED FROM LF 460 TECHNOLOGY 

ThrustNVeight (Fan Only) 

"Includes 3% Derate 



MDC A3440 
Volume I1 

THRUST VECTORING AND THRUST FIODULATION SY STmS 

The l i f t  and l i f t l c r u i s e  f ans  a r e  each equipped wi th  t h r u s t  vec to r ing  and 
Thrust  Reduction Modulation (TRM) systems. Thrust  d i r e c t i o n  i n  t he  a i r c r a f t  
v e r t i c a l  (X-Z) plane i s  mechanically con t ro l l ed  such t h a t  during v e r t i c a l  takeoff  
through t r a n s i t i o n  t o  wingborne f l i g h t  t h r u s t  moments a r e  cance l led  l eav ing  f u l l  
p i t c h  con t ro l  a v a i l a b l e  at any powered f l i g h t  condi t ion .  Thrust  is a l s o  vec tored  
t r ansve r se ly  ( s i d e  f o r c e )  f o r  yaw con t ro l  dur ing  powered l i f t  mode. Thrust  modula- 
t i o n  devices  reduce the  t h r u s t  a s  requi red  a t  any one o r  two of t he  t h r e e  f a n s  
during p i t c h  o r  r o l l  c o n t r o l  demands only. 

The l i f t  f a n  t h r u s t  vec tor ing  system i s  shown i n  F igu re  2-5. L a t e r a l  louvers  
vec to r  exhaust flow i n  t h e  X-Z p lane  from 15" forward of v e r t i c a l  t o  60" a f t ,  and 
l o n g i t u d i n a l  vanes vec to r  exhaust flow t r a n s v e r s e l y  +8" f o r  yaw c o n t r o l .  The 
l o n g i t u d i n a l  vanes f u n c t i o n  a s  c l o s u r e  doors  a f t e r  t r a n s i t i o n  t o  aerodynamic f l i g h t .  
The f a n  i s  t i l t e d  forward 15" t o  improve a i r  i n l e t  performance and t o  reduce t h e  
peak t h r u s t  d e f l e c t i o n  requi red  i n  t h e  v e r t i c a l  p lane .  

F igure  2-6 shows t h e  l i f t / c r u i s e  f a n  t h r u s t  vec to r ing  nozzle  concept.  Rotat ing 
hood segments vec to r  t h r u s t  from 105" t o  0" ( c r u i s e )  i n  t h e  X-Z p lane  and longi tu-  
d i n a l  vanes v e c t o r  t h r u s t  +4" i n  t he  t r ansve r se  d i r e c t i o n  f o r  yaw con t ro l .  The 
yaw vanes c l o s e  during aerzdynamic f l i g h t .  A t h r u s t  modulation po r t  i n  each nozzle  
reduces t h r u s t  as requi red  during r o l l j p i t c h  c o n t r o l  a p p l i c a t i o n s  only. 

FIGURE 2-5 
FORWARD FAN VECTORING SYSTEM 

Yaw Control Vanes 
(and Closure Doors) 

/ , Thrust Vectoring 
and Reduction Modulation 
Louvers 

MCDONNELL AIRCRAFT COMPANY 
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FIGURE 2-6 
ti FTfCRUISE TI-IRUST VECTORING SYSTEM 

and Closure Doors 

2.4 ENERGY TRANSFER AND CONTROL (ETaC) SYSTEM 

Energy t r a n s f e r  and c o n t r o l  of t h e  power generated by the  t h r e e  gas  genera tors  
i s  accomplished wi th  the  gas in te rconnect  ETaC system shown schemat ica l ly  i n  
F igure  2-7. The system i s  designed t o  d i s t r i b u t e  t h e  t o t a l  power a v a i l a b l e ,  whether 
i t  be  from two o r  a l l  t h r e e  of t h e  gas  gene ra to r s  t o  t h e  l i f t  and l i f t / c r u i s e  f a n s  
as necessary during a l l  modes of opera t ion .  During STOL and VTOL ope ra t ion ,  ETaC 
d e l i v e r s  gas  power t o  each of t h e  t h r e e  f ans  a s  necessary  t o  produce balanced t h r u s t  
( l i f t )  and r o l l  and p i t c h  a t t i t u d e  con t ro l .  Yaw c o n t r o l  i s  achieved with l a t e r a l  
t h r u s t  d e f l e c t i o n  vanes i n  t h e  t h r u s t  vec to r ing  systems downstream of each f a n .  
During wingborne o r  convent ional  f l i g h t ,  gas  power i s  de l ive red  only t o  t he  two 
l i f t l c r u i s e  f a n s  and a t t i t u d e  c o n t r o l  is  accomplished wi th  convent ional  aerodynamic 
a i r c r a f t  c o n t r o l  su r f aces .  I n  t h e  event  of engine f a i l u r e  o r  shutdown of any one 
of t h e  gas  gene ra to r s ,  t h e  ETaC system i s o l a t e s  t h e  f a i l e d  engine from t h e  d i s t r i -  
bu t ion  system and cont inues  t o  d i s t r i b u t e  t h e  t o t a l  remaining gas power a v a i l a b l e  
t o  t he  f a n s .  

Energy t r a n s f e r  t o  accomplish p i t c h  o r  r o l l  c o n t r o l  i n  the  VTOL mode is  shown 
i n  Figure 2-8. With a c o n t r o l  a p p l i c a t i o n  f o r  pi tch-nose up, t h e  ETaC va lves  f o r  
t h e  a f t  ( l i f t l c r u i s e )  f a n  modulate, reducing flow t o  t h e s e  f a n s ,  causing a t r a n s f e r  
of gas and i n c r e a s e  i n  power t o  t h e  forward f an .  The r e s u l t i n g  i n c r e a s e  i n  back- 
p re s su re  t o  t h e  gas  gene ra to r s  is  compensated by a momentary i n c r e a s e  i n  engine f u e l  
f low,  commanded by t h e  engine f u e l  c o n t r o l ,  t o  ma in t a in  cons tan t  engine  speed. The 
a t t e n d a n t  i n c r e a s e  i n  gas p re s su re ,  temperature,  and f low produce a momentary 

MCDONNELL AlRCRAFt COMPANY 
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FIGURE 2-7 
GAS GENERATORIFAN ETaC INTERCONNECT SYSTEM 

FIGURE 2-8 
ETaC CONTROL CAPABILITY 

. - 
ENERGY 

TRANSFER 

ROLL 

- I 

DIFFERENTIALLY* 

PITCH 
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i n c r e a s e  i n  t h e  t o t a l  power and l i f t  a v a i l a b l e  as shown i n  F igure  2-9(a). Thrust  
r educ t ion  modulation i s  employed a t  t h e  a f t  fans  t o  c a n c e l  t h e  temporary i n c r e a s e  
i n  l i f t ,  F igure  2-9(b). Ro l l  c o n t r o l  i s  e f f e c t e d  by t h e  ETaC syxtem i n  a manner 
s i m i l a r  t o  p i t c h  c o n t r o l  w i t h  t h e  except ion  t h a t  power t r a n s f e r  c~nd t h r u s t  modula- 
t i o n  takes p l ace  only a t  t h e  a f t  l i f t l c r u i s e  f ans .  Yaw c o n t r o l  is accomplished with 
t h r u s t  v e c t o r  vanes and r e q u i r e s  no energy t r a n s f e r .  

Use of on ly  a Thrust Reduction Modulation (TRM) system f o r  c o n t r o l  r e s u l t s  i n  
a l i f t  pena l ty  s i n c e  a p o r t i o n  of t h e  a v a i l a b l e  power must be reserved  f o r  c o n t r o l .  
ETaC uses  t h e  inhe ren t  c a p a b i l i t y  of t he  gas  genera tor  t o  produce s h o r t  t e r m  energy 
inc reases  f o r  c o n t r o l  power t r a n s i e n t s .  This f e a t u r e  a l lows  u s e  of maximum avail- 
a b l e  l i f t  s i n c e  t h e  a t t i t u d e  c o n t r o l  is  accomplished by e x t r a c t i n g  t r a n s i e n t  power 
( a t  constant  W M )  from t h e  gas  genera tor .  The c h a r a c t e r i s t i c s  of t h e s e  two c o n t r o l  
approaches i s  i l l u s t r a t e d  i n  F igure  2-10. The p r i n c i p l e s  and c h a r a c t e r i s t i c s  of 
ETaC were conclus ive ly  demonstrated wi th  a c t u a l  Y J 9 7  g a s  genera tors  i n  a f u l l  s c a l e  
test a t  MCAIR. 

FIGURE 2-9 
ETaC PERFORMANCE CHARACTERISTICS 

ETaC Only 

@ No. I 

. ., . , 

Valve Angles - No.% 1 and 2 
(a) 

ETaC with Thrust Reduction Modulation 

Valve Angles - No.% 1 and 2 
(bl 
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FIGURE 2-10 
ETaC UTILIZES MAXIMUM AVAILABLE LIFT 

(PITCH - NOSE UP EXAMPLE) 

TRM ONLY -.- ETaC WITH THRUST REDUCTION MODULATION - 
I 

NEUTRAL NEUTRAL 
( T R ~ A N S )  

t 
NOSE P ITCH UP 

t 

NOSE FAN WITH ETaC 
(TRANS1 EI~T POWER INCREASE) 

AFT FANS WITH TRM 

LIFT AFT FANS 
PER 
FAN (~NCREASED TRM) - 
LB 

I 
I I 
I . I 

1 . I 
'l r Y 
no VTO 

' POWER POWER 

GAS GENERATOR RPM 

*SAME PENALTY APPLIES TO ALL NON ENERGY TRANSFER SYSTEMS 

Safe ope ra t ion  i s  provided i n  t h e  event  of a  gas genera tor  f a i l u r e  s i n c e  t h e  
ETaC duct  and va lve  system al lows r e d i s t r i b u t i o n  of t h e  gas flow unitormly t o  a l l  
fans .  F igure  2-11 i l l u s t r a t e s  the va lve  p o s i t i o n s  fol lowing f a i l u r e  of a  gas  
genera tor  i n  t h e  3 G G / 3  f a n  technology propuls ion  system. In  t h i s  condi t ion ,  t h e  
f a i l e d  gas  genera tor  i s o l a t i o n  va lve  i s  c losed  and 113 of each f a n  s c r o l l  is 
i s o l a t e d .  A l l  of t h e  remaining a v a i l a b l e  gas  flow i s  equa l ly  d i s t r i b u t e d  t o  each 
f a n  t o  maintain balanced l i f t .  The gas  genera tor  speed i s  allowed t o  i n c r e a s e  t o  

MCDONNELL AIRCRAFT COMPANY 
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FIGURE 2-11 
SYMMETRICAL .LIFT 

Normal and Engine Out 89 .6O~  Day 

Engine Out Operation 
Dry Emergency VTO Rating = 29,313 Ib 
Wet Emergency VTO Rating = 31,589 Ib &:) 

'L- 

emergency power l e v e l  t o  i nc rease  engine out  l i f t  and adequate  a t t i t u d e  c o n t r o l  
power i s  a v a i l a b l e .  Besides t h e  engine o u t  s a f e t y  a spec t s  of t h e  ETaC system, t h e  
t h r u s t  r educ t ion  modulation devices  on t h e  l i f t  and l i f t / c r u i s e  vec tor ing  systems 
provide  a  redundant c o n t r o l  system i n  t h e  event  of l o s s  of a n  ETaC funct ion .  This 
f e a t u r e  i s  d iscussed  i n  Sec t ion  5. 

ETaC a l s o  al lows ope ra t ion  of one gas gene ra to r  i n  t h e  aerodynamic f l i g h t  mode 
t o  accommodate an  engine f a i l u r e  o r  f o r  s i n g l e  engine l o i t e r .  I n  case  of a f a n  
f a i l u r e ,  t h e  f a i l e d  f a n  can be  i s o l a t e d  and the  a i r c r a f t  can be flown wi th  one gas 
genera tor  and one fan .  

2.5 PROPULSION SYSTEM PERFORMANCE 

The most c r i t i c a l  performance requirement f o r  t h e  technology a i r c r a f t  occurs  
during VTO "engine-out" and theref  o r e  determines maximum VTO gross  weight.  
F igu re  2-12 shows t h e  normal and "engine-out" l i f t  a v a i l a b l e  wi th  t h e  3 e x i s t i n g  
gas  generator13 LF459 f a n  system. Ind iv idua l  f a n  t h r u s t  f o r  t h e  same cond i t i on  
i s  presented  i n  F igure  2-13 along wi th  t h e  most c r i t i c a l  c o n t r o l  requirements of 
t h e  technology a i r c r a f t  conf i g u r a t i o n s .  A l a r g e  margin over  t h e  requirements  i s  
a v a i l a b l e  dur ing  normal ope ra t ion ,  F igure  2-13(a). Dry emergency r a t i n g  provides 
adequate  c o n t r o l  margin f o r  t h e  "engine-out" cond i t i on  a s  shown i n  F igure  2-13(b). 
The use  of water  i n j e c t i o n  o f f e r s  t h e  p o t e n t i a l  of i nc reas ing  t h e  "engine-out" 
c o n t r o l  margin approximately 300% o r  i nc reas ing  t h e  VTOGW. 

MCDONNElL AIRCRAFT COMPANY 
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FIGURE 2-12 
TECHNOLOGY AIRCRAFT 

INSTALLED LIFT PERFORMANCE 
SEA LEVEL, STATIC, 89.,g°F 

NORMAL (3GGI3FANS) 
(Drv) 

"ENGINE OUT" (2GGl3FANS) 
(Dry and Wet) 

Engine Speed - % Engine Speed - % 

FIGURE 2-13 
TECHNOLOGY AIRCRAFT CONTROL 

Installed Sea Level 89.g°F Day 

NORMAL (SGGI3FANS) "ENGINE OUT" (PGGISFANS) 

Gas Generator RPM - % 
(a) 

Gas Generator RPM - % 

(b) 
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3. FLIGHT VEHICLE DESIGN 

3.1 DESIGN GUIDELINES 

The technology a i r c r a f t  were designed t o  t h e  Statement of Work requirements ,  
Appendix A, and t h e  V/STOL design r e q u i s i t e s  presented  i n  Sect ion 1. The gu ide l ine  
requirements which have a major impact on t h e  a i r c r a f t  designs a r e  summarized i n  
F igure  3-1. Other major cons ide ra t ions  inc lude  t h e  following: 

o Configurat ion and propuls ion  system s i m i l a r i t y  w i th  multipurpose a i r c r a f t  

o Low program c o s t  

o High research  c a p a b i l i t y  and p r o d u c t i v i t y  per  d o l l a r  

o Low program r i s k ,  i nc lud ing  b a s i c  design and modi f ica t ion  complexity,  
r e l i a b i l i t y  of new and e x i s t i n g  components, and s t a t e  of t h e  art 

FIGURE 3-1 
MAJOR DESIGN REQUl 

Fl igh t  Safe ty  C r i t e r i a  

T/W f o r  Normal VTOL Operation 

T/W f o r  Engine Out, VTOL Operation 

Control Powers i n  Emergency (2 of Level 1 )  

Notes: (1) Intermediate  gas generator  r a t i n g  
(2) Emergency dry r a t i n g  

- 
~ r o p u l s i o n  System 

- 
System Type 

Gas Generator 

Fan (Single Stage) 

Design Fan Pressure  Rat io  

Note: (1) Per multipurpose design of P a r t  I 

Payload/Mission 

Payload (Ib) /f t3 
I 

VTOL Missions, To t a l  (hr) 

STOL Missions, Tota l  (hr) 

Cruise/Endurance, To t a l  (hr) 

Air£ rame 

F l i gh t  Load Fac tor  

Sink Rate a t  Touchdown (Max. Landing Weight) 

Cockpit P r e s su r i z a t i on  

Crew 

V i s i b i l i t y  

MCDONNELL AlRCRAFf 

REMENTS 

1.05 Note (I)  

1.03 Note (2) 

45 t o  70 

- - 
- -  - - -- --- -- - -  - - -  

- - -  - 

Remote L i f t  Fan 

J97-GE-100 

LF459 Type Note (1) 

1.32 Rote (1) 

2500/50 

112 

1 

2 

+2.5, -0.5 g 

12 fps  

F u l l  Envelope Configuration Only 

2 P i l o t s  with Eject ion Sea ts  

Maximum Possjble  
1 

COMPANY 
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3 . 2  CANDIDATE AIRCRAFT 

Candidates f o r  a technology f l i g h t  v e h i c l e  were defined f o r  each of t h e  t h r e e  
approaches : 

o Approach 1: New Airframe - F u l l  F l i g h t  Envelope 

o Approach 2: Modified A i r c r a f t  - F u l l  F l i g h t  Envelope 

o Approach 3: Modified A i r c r a f t  - Limited F l igh t  Envelope 

Based on t h e  design gu ide l ines  and s e l e c t e d  propulsion system, a l a r g e  number 
of e x i s t i n g  a i r c r a f t  were eva lua ted  t o  e s t a b l i s h  candida tes  f o r  Approaches 2 and 3 .  

Prel iminary Se lec t ion  

F igure  3-2 i s  a ma t r ix  showing the  o r i g i n a l  candidates  considered f o r  t h e  
technology a i r c r a f t .  They a r e  divided i n t o  f u l l  and l i m i t e d  envelope ca t egor i e s  
t o  r e f l e c t  t he  performance requirements s p e c i f i e d  i n  t h e  Statement of Work. The 
Skyhawk (A-4) and the  J e t S t a r  (C-140) were e l imina ted  e a r l y  i n  t he  s e l e c t i o n  
process .  The Skyhawk lacked t h e  space r equ i r ed  f o r  a t h i r d  engine, f l i g h t  test 

FIGURE 3-2 
CANDIDATE AIRCRAFT STUDY MATRIX 

New Airframe 

MCDONNELL AIRCRAFT COMPANY 

15 



MDC A3440 
Volume I1 

equipment, and mission f u e l ,  as w e l l  as r e q u i r i n g  major a i r f rame modi f ica t ions .  
The J e t S t a r  was e l imina ted  because of major changes requi red  t o  t he  wing, cockp i t ,  
and landing  gea r ,  and because of t h e  l i m i t e d  number i n  t h e  m i l i t a r y  inventory.  
The Sabre l ine r  requi red  l e s s  modi f ica t ion ,  had an OWE a p p r o x i m a t ~ l y  6000 l b  less 
than t h e  J e t S t a r ,  was more a v a i l a b l e ,  and o f f e red  adequate u s e f u l  l oad  c a p a b i l i t y  
f o r  t h e  gu ide l ine  missions.  Therefore,  t h e  J e t S t a r  was removed from t h e  f i n a l  
l i s t  t o  be eva lua ted .  Because of t h e  complexity of modi f ica t ion  t o  t h e  Gulfstream 
1, MCAIR w a s  reques ted  t o  d e l e t e  t h i s  con f igu ra t ion  from t h e  l i s t  t o  be eva lua ted  
and p r i ced ,  and t o  cons ider  i n s t e a d  a low speed ve r s ion  of  t h e  Composite a i r c r a f t .  

Side views of t h e  f i v e  b a s i c  technology a i r c r a f t  eva lua ted  and p r i ced  a r e  
shown i n  F igure  3-3. Weights shown correspond t o  prel iminary l a y o u t s  of t h e  
conf igura t ions .  The New Airframe most n e a r l y  r e f l e c t s  t h e  mult ipurpose a i r c r a f t  
w i t h  the  except ion t h a t  i t  has t h r e e  gas genera tors ,  u t i l i z e s  an A-6 cockpi t  and 
s t a b i l i z e r ,  and an A-4 l and ing  gear .  The Composite design inco rpora t e s  a g r e a t e r  
number of e x i s t i n g  a i r c r a f t  components, and t h e  remaining a i r c r a f t  a r e  e x i s t i n g  
a i r c r a f t  w i t h  vary ing  degrees of modi f ica t ion  o r  component s u b s t i t u t i o n s .  A l l  
ve r s ions  have two p i l o t s  w i th  the  except ion of t h e  Voodoo, which is s i n g l e  p lace .  

Configurat ion Refinement 

The technology a i r c r a f t  con f igu ra t ions  were analyzed f o r  s t a b i l i t y  and c o n t r o l  
requirements and ad jus ted  accordingly.  This cons i s t ed  p r imar i ly  of s h i f t i n g  t h e  
t h r u s t  c e n t e r ,  c e n t e r  of g r a v i t y ,  and a i r c r a f t  n e u t r a l  p o i n t  r e l a t i o n s h i p s  t o  be 
wi th in  acceptab le  l i m i t s .  

Addi t iona l  changes t o  t h e  New Airframe design included r e l o c a t i o n  of t h e  main 
landing  gear  a f t  t o  improve t ip-over  angle ,  and r e l o c a t i o n  of t he  t h i r d  engine 
exhaust t o  t h e  lower s u r f a c e  wi th  r e a c t i o n  loads  pass ing  through the  cen te r  of 
grav i ty .  

The Composite a i r c r a f t  design underwent t h r e e  b a s i c  changes; namely, t h e  
add i t i on  of a p l u g  i n  t h e  forward f u s e l a g e  t o  improve s t a b i l i t y ,  r e l o c a t i o n  of 
t h e  t h i r d  engine t o  t h e  c e n t e r  s e c t i o n  ( fac ing  forward) ,  and payload r epos i t i on ing .  
The above changes r e s u l t e d  i n  the  d e s i r e d  forward s h i f t  of t h e  c e n t e r  of g r a v i t y  
and t h r u s t  cen te r .  A s  mentioned e a r l i e r ,  a low speed vers ion  of t h e  Composite 
a i r c r a f t  was introduced,  which d i f f e r s  from the  f u l l  envelope design only i n  t h e  
landing  gear  i n s t a l l a t i o n .  The same A-4 gear  is  i n s t a l l e d  i n  t h e  locked-down 
p o s i t i o n  a s  opposed t o  be ing  r e t r a c t a b l e  and enclosed (£a i red)  f o r  c r u i s e  f l i g h t .  

I n  t h e  case  of t h e  I n t r u d e r  t h e  l i f t / c r u i s e  f ans  were moved forward t o  achieve 
t h e  des i r ed  t h r u s t  c e n t e r ,  and t h e  f a n  s c r o l l  was placed above t h e  wing mold l i n e  
i n  o rde r  t o  avoid  ex tens ive  wing modi f ica t ions .  Because of t h e  reduct ion  i n  i n l e t  
performance r e s u l t i n g  from t h i s  change, t h e  In t rude r  con f igu ra t ion  was t r a n s f e r r e d  
t o  t h e  l i m i t e d  f l i g h t  envelope category.  The S a b r e l i n e r  con f igu ra t ion  d id  n o t  
r e q u i r e  f u r t h e r  modi f ica t ion ,  and t h e  l i f t l c r u i s e  f ans  on t h e  Voodoo were s h i f t e d  
forward t o  a t t a i n  proper  c g / t h r u s t  c e n t e r  r e l a t i o n s h i p .  

Figure 3-4 i s  a summary of t h e  major a i r f r ame  components used i n  conf igur ing  
t h e  f i n a l  s i x  candida tes .  Annotations a r e  included t o  i n d i c a t e  usage of e x i s t i n g  
o r  modified components. 
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FIGURE 3-3 
FINAL EVALUATION 

Technology Aircraft 
VTOGW = 28,000 Lb 

NEW AIRFRAME 
Wing Area 368 ft2 (34.19ml2) 
O.W.E. 18,247 i b (81,163 N) 
U. L. 9,753 Ib (43.381 N) 

COMPOSITE AIRCRAFT 
High Speed 

Wing Area 368 ft2 (34.19 m12) 
O.W.E. 21,116 1b (93,924 N) 
U. L. 6,884 Ib (30,620 N) 

Low Speed 
Wing Area 368ft2 (34.19 m2) 
O.W.E. 20,774 I b (92,403 N) 
U. L. 7,226 Ib (32,141 N) 

INTRUDER (A-6 I 
Wing Area 368 ft2 (34.19 rn2) 
O.W.E. 23,700Ib (105,418N) 
U. L. 4,300 I b (19,126 N) 

SABRELINER (T-39) 
Wing Area 342 ft2 (31.77 m2) 
O.W.E. 18,640 Ib (82,911 N) 
U. L. 9,360 Ib (41,633 N) 

VOODOO ( F-101) 
Wing Area 368 ft2 
O.W.E. 21,899 Ib 
U. L. 6,101 1b 
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FIGURE 3-4 
TECHNOLOGY AIRCRAFT CONFIGURATIONS 

Major Component Summary 

HOTa: 1 NEW CONTRMS Atlo EQUIPMENT IMTALLAT~ONS REQUIRED FOR ALL VERSIONS. THO PILOTS EXCEPT AS NOTED. 
2 OPTIONAL 2 ZEROIZERO EJECTION SEATS. REQUIRES NEW COCKPIT AND FORWARD FUSELAGE 

6.3 F l  AFT OF COCKPIT 

MMJIFIED INTRUDER 

H)DIFIED SABRELl!IER 

MODIFIED VOOCOO 

6 FT REI~VED-EACH WING TIP 
LANDING GEAR FIXED I N  WWll POSITION 
ZERO-ZERO SEAT REPUICES EXISTING EJECTION SEAT. 

F i n a l  Evaluat ion 

MEN 

NEU 

NEU 

A s  shown i n  Figure 3-4, t h e  New Airframe and Composite designs were considered 
a s  f u l l  envelope candida tes  whi le  t h e  Composite (low speed) ,  Sab re l ine r ,  I n t r u d e r ,  
and Voodoo were considered l i m i t e d  envelope candidates .  A Sabre l iner  wi th  zero- 
zero s e a t s  was included as an a l t e r n a t e  vers ion .  

Figure 3-5 compares t h e  "V" mission c a p a b i l i t y  of t h e  candidates  when ope ra t ing  
wi th in  t h e  engine o u t  VTOGW of 28,000 l b  and ca r ry ing  t h e  2500 l b  payload. A s  
noted,  t h e  I n t r u d e r  i s  severe ly  l i m i t e d  i n  t o t a l  mission time, which r e s u l t s  i n  an 
unacceptably low number of "V" c i r c u i t s .  Based on t h e  r e s u l t s  of t h i s  a n a l y s i s ,  
t h e  I n t r u d e r  w a s  e l imina ted  from the  l is t  of accep tab le  candida tes  f o r  a technology 
a i r c r a f t  . 

EXISTI~G 

EXISTING 
(NOTE t )  
EXISTING 
SIttGLE SEAT) 

I t toTE 6) 

FIGURE 3-5 
"V" MISSION CAPABILITY 

VTOGW (SL 89.8OF) = 28,000 Lb 
Payload 2,500 Lb 

VTOL 
MISSION 

TIME 
OWE FUEL M I N  . 
LB LB NOTE (1) 

NEW AIRFRAME 18,247 7,253 4 2 

COMPOSITE 21,116 4,384 2 5 

INTRUDER 23,700 1,800 9 

SABRELINER 18,640 6,860 38 

VOODOO 21,899 3 ,  '601 20 

APPROX . 
NO. OF 

"V" CIRCUITS 

EXISTING 

EXISTING 
(NOTE 2) 

HOD 
(NOTE 3) 
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The c h a r a c ~ e r i s t i c s  of  t h e  remaining f o u r  b a s i c  a i r c r a f t  a r e  summarized i n  
Figure 3-6. The STOGW's were determined by t h e  maximum i n t e r n a l  f u e l  c a p a b i l i t y  
p l u s  t h e  2500 l b  payload. With t h e  except ion of t h e  Sab re l i ne r ,  a l l  have t h e  same 
wing a r e a  as t h e  multipurpose a i r c r a f t .  The maximum c o n t r o l  modulations are w i t h i n  
accep tab l e  limits i n  a l l  cases .  The p i l o t ' s  v i s i b i l i t y  i n  each ca se  exceeds that 
of  t h e  H a r r i e r ,  which i s  11 degrees  over t h e  nose and 40 degrees  over  t h e  s i d e .  

FIGURE 3-6 
CHARACTERISTICS SUMMARY 

Final Evaluation 
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Voodoo 

32,789 
145,845 

28,009 
124,544 

21,899 
97,407 

368 
34.19 

8,400 
37,363 

15  (max) 
44 (max) 

Sabre l ine r  

30,240 
134,508 

28,000 
124,544 

18,640 
82,911 

342 
31.77 

9,100 
40,477 

15 
5 3  

Composite 
A i r c r a f t  

34,216 
152,193 

28,000 
124,544 

21,116 
93,924 

36 8 
34.19 

10,600 
47,149 

16.5 
5 3 

STOGW ( l b )  
(N 1 

VTOGW ( l b )  
(N 1 

OWE ( l b )  
(N 1 

Wing Area ( f t 2 )  
(m2 1 

I n t e r n a l  Fuel Capacity ( l b )  
(N 1 

V i s i b i l i t y  (deg) 
Over t h e  Nose 
Over t h e  S ide  

New 
Airframe 

32,247 
143,435 

28,000 
124,544 

18,247 
81,163 

368 
34.19 

11,500 
51,152 

16.5 
5 3 
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3 . 3  NEW AIRFRAME - FULL FLIGHT ENVELOPE 

The genera l  arrangement of the  New Airframe designed f o r  the technology a i r -  
c r a f t ,  Approach 1, is shown i n  Figure 3-7, and the  p r inc ipa l  weights and geometric 
c h a r a c t e r i s t i c s  a r e  presented i n  Figure 3-8. With the exception of the  t h i r d  
engine and de le t ion  of wing f o l d ,  the configurat ion and geometry a r e  e s s e n t i a l l y  
i d e n t i c a l  to  t h a t  of the  multipurpose a i r c r a f t .  The th ree  fans  and three  gas 
generators a r e  interconnected in to  a  duct  and valve system i d e n t i c a l  i n  concept t o  
the multipurpose a i r c r a f t .  The t h r u s t  vector ing and con t ro l  systems a r e  a l s o  
e s s e n t i a l l y  i d e n t i c a l  to  those of the  opera t ional  a i r c r a f t .  

FIGURE 3-7 
NEW AIRFRAME 

MCDONNELL AlRCRAFT COMPANY 
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FIGURE 3-8 
DIMENSIONAL AND DESIGN DATA 

New Airframe Technology Aircraft 

Propulsion Sys tem 

Overa l l  Length 

Crew Provis ions  (No. ) 

Max. I n t e r n a l  Fuel  

The propuls ion  system i s  composed of t h r e e  GE LF459 f ans ,  t h r e e  GE-J97-100 
gas genera tors ,  and an in t e rconnec t ing  gas duc t ing  system with va lves  f o r  d i s t r i -  
bu t ion  c o n t r o l  a s  presented i n  Sec t ion  2. Two gas genera tors  a r e  enclosed i n  
n a c e l l e s  ad j acen t  t o  t he  c e n t e r  fu se l age  and i n  c l o s e  proximity t o  t he  l i f t l c r u i s e  
fans .  The t h i r d  engine i s  loca t ed  i n  t h e  a f t  fu se l age  on the  a i r c r a f t  c e n t e r l i n e ,  
f ac ing  a f t .  A plenum chamber i s  provided f o r  a i r  induct ion  and a  f i r e w a l l  is  
incorpora ted  f o r  engine i s o l a t i o n .  The l i f t / c r u i s e  fans  a r e  f i t t e d  w i t h  i n l e t s  
t h a t  enc lose  t h e  fan  s c r o l l s ,  and a r o t a t i n g  hood vec to r s  t h r u s t  from h o r i z o n t a l  
through v e r t i c a l  f o r  c r u i s e  and "V" f l i g h t  modes r e spec t ive ly .  Vanes a r e  incor-  
pora ted  i n  the  e x i t  f o r  yaw con t ro l .  The l i f t  f a n  i n  t h e  nose r ece ives  a i r  through 
an i n l e t  i n  t h e  upper mold l i n e  and exhaus ts  through a  s e t  of louvers  t o  provide 
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f o r e  and a f t  t h r u s t  vec tor ing .  Yaw vanes a r e  used t o  v e c t o r  thru:;t sideways. The 
t h r u s t  vec to r ing  systems a r e  i l l u s t r a t e d  i n  Sec t ion  2. 

Each of t h e  t h r e e  gas genera tors  i s  equipped wi th  an  a i r  tu rL ine  s t a r t e r  t h a t  
can be d r iven  e i t h e r  by a pneumatic ground c a r t  source o r  by bleed air from t h e  597 
gas genera tors  i n  f l i g h t .  I n  t h e  event  t he  t h i r d  engine is s h u t  down i n  aerodynamic 
f l i g h t ,  s t a r t  a i r  is  supp l i ed  by the  l i f t l c r u i s e  engines.  

F l i g h t  Controls  

Dual sets of convent ional  s t i c k  and rudder c o n t r o l s  a r e  provided i n  a s ide-  
by-side arrangement and a r e  supplemented by power and t r a n s i t i o n  c o n t r o l  l e v e r s .  
The f l i g h t  c o n t r o l  b a s e l i n e  system i s  a t r i p l e x  control-by-wire system r e f e r r e d  
t o  as an Active Control  System (ACS) and i s  descr ibed  i n  Sec t ion  5. Three e lec-  
t r i c a l  power s u p p l i e s  and t h r e e  hydraul ic  systems a r e  provided. Switching va lves  
are used between the  h y d r a u l i c  systems a t  a l l  f l i g h t  c r i t i c a l  power ac tua to r s .  
The hydrau l i c  f l i g h t  c o n t r o l  a c t u a t o r s  a r e  of t h e  dua l  tandem type.  The power 
management c o n t r o l s  are mechanical. 

Fuselage 

The fuse l age  and engine n a c e l l e s  a r e  convent ional  a l l  metal  semimonocoque 
s t r u c t u r e .  The c e n t e r  fu se l age  incorpora tes  a carry-through wing and a t t a c h  poin ts  
f o r  t he  c r u i s e  fans .  Space i s  provided f o r  f l i g h t  test equipment a f t  of t he  cockpit  
and i n  t h e  c e n t e r  fu se l age .  A f u e l  tank wi th  capac i ty  of 3630 l b  is  a l s o  i n s t a l l e d  
i n  t h e  c e n t e r  fuse lage .  

Cockpit System - The A-6 cockpit  system i s  u t i l i z e d  i n  t h i s  conf igura t ion .  
This inc ludes  t h e  canopy, canopy t r a c k s ,  and locks  a s  w e l l  a s  t h e  two Martin-Baker 
s e a t s  r e loca t ed  from a s taggered  t o  a side-by-side arrangement. Removal of consoles  
and most ins t rumenta t ion  is  necessary t o  provide space f o r  t he  dua l  i n s t a l l a t i o n .  
P r e s s u r i z a t i o n  is provided f o r  t he  f u l l  ope ra t ing  envelope of t h e  mult ipurpose 
a i r c r a f t .  V i s i b i l i t y  of 16.5 degrees over  t h e  nose and 53  degrees over  t he  s i d e  
i s  provided f o r  both p i l o t s .  

Empennage 

The v e r t i c a l  s t a b i l i z e r  and rudder a r e  convent ional  a l l  metal  s t r u c t u r e ,  and 
t h e  h o r i z o n t a l  s t a b i l i z e r  is  an adap ta t ion  from t h e  A-6. The A-6 torque tube  is  
shortened approximately 16  inches  and t h e  su r f aces  f a i r e d  t o  f i t  t h e  v e r t i c a l  
contours.  

Wing 

The wing, which has  a modified s u p e r c r i t i c a l  a i r f o i l ,  is  convent ional  meta l  
t h r e e  s p a r  cons t ruc t ion  w i t h  a carry-through torque  box t h a t  s e rves  as the  main 
f u e l  tank. It has  a capac i ty  of 7870 l b .  Conventional f l a p s  and a i l e r o n s  cover  
t h e  e n t i r e  span from n a c e l l e  t o  wing t i p .  Main gears  a r e  r e t r a c t e d  i n t o  pods 
e x t e r n a l  t o  t h e  mold l i n e .  

Landing Gear 

Both t h e  main and nose gears  of t h e  A-4 are adapted by at tachment  f i t t i n g s  
external t o  t h e  mold l i n e .  The attachment f i t t i n g s  a r e  designed t o  provide t h e  
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proper  ground c l ea rance  and a i r c r a f t  a t t i t u d e .  The A-4 r e t r a c t i o n  mechanism and 
c o n t r o l  system are used without  modif icat ion.  

Fuel System 

The f u e l  system employs a s i n g l e  poin t  r e f u e l i n g  arrangement. Double ended 
boost  pumps a s s u r e  f u e l  flow t o  t h e  engines under a l l  f l i g h t  condi t ions  and tanks 
are vented through merging p ipes  and a vent  tank  loca t ed  i n  t he  v e r t i c a l  ta i l .  
The wing f u e l  t ank ,  which se rves  as t h e  feed  tank ,  i s  p a r t i t i o n e d  by r i b  bulkheads 
loca t ed  a t  t h e  fuselage-wing junc t ion  and a t  t h e  c e n t e r l i n e .  The junc ture  bulk- 
heads a r e  f i t t e d  w i t h  in te rconnect  f l a p p e r  check va lves  which limit t h e  lateral 
excursion of f u e l ,  and t r a p  f u e l  i n  t h e  cen te r  wing s e c t i o n  when t h e  wing is  not  
l e v e l .  The f u e l  system is  configured f o r  p re s su re  f u e l i n g  and defue l ing .  

Hydraulic Systems 

Three independent 3000 p s i  hydrau l i c  systems a r e  provided t o  support  t h e  
t r i p l e x  Active Control  System (ACS) and u t i l i t y  requirements  of t he  a i r c r a f t .  
Pumps a r e  mounted on gas genera tors  and/or l i f t l c r u i s e  f a n  accessory 'dr ive pads. 
Dual hydrau l i c  a c t u a t o r s  a r e  provided f o r  c o n t r o l  of a i l e r o n s ,  f l a p s ,  rudder ,  
s t a b i l a t o r ,  engine t h r o t t l e s ,  as we l l  a s  a l l  powered l i f t  func t ions  (p i t ch ,  r o l l ,  
yaw, power, and vec to r ing ) .  

E l e c t r i c a l  Systems 

Three independent e l e c t r i c a l  power s u p p l i e s  a r e  provided t o  support t h e  t r i p l e x  
Active Control  System (ACS), u t i l i t i e s ,  av ion ic s ,  and test instrumentat ion.  AC 
genera tors  (and CSD's) a r e  mounted on gas gene ra to r s  and l i f t / c r u i s e  fan  accessory 
d r i v e  pads. T r a n s f o r m e r / r e c t i f i e r s  a r e  used f o r  DC power. 

Avionics and Tes t  Equipment 

Avionics equipment i s  i n s t a l l e d  t o  perform communications and naviga t ion  
func t ions  r equ i r ed  f o r  t he  f l i g h t  t e s t  program, and space  i s  provided f o r  f u t u r e  
i n s t a l l a t i o n  of equipment f o r  experiments r e l a t e d  t o  V/STOL termina l  a r e a  ope ra t ion ,  
inc luding  advanced s t a b i l i z a t i o n ,  guidance and nav iga t ion  systems. The b a s i c  
av ionics  s e l e c t e d  a r e  presented  i n  Sec t ion  3.6. 

Approximately 50 cu f t  of space i s  provided i n  t h e  fuse lage  t o  i n s t a l l  t he  
2500 l b  of t e s t  equipment s p e c i f i e d  i n  t h e  guide l ines .  

F i r e  Detect ion and Extinguishing System 

F i r e  warning senso r s  and ex t inguish ing  agent  a r e  i n s t a l l e d  i n  c r i t i c a l  hea t  
zones of t h e  a i r c r a f t .  

MCDONNELL AIRCRAFT COMPLINY 
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3 . 4  MODIFIED AIRCRAFT - FULL FLIGHT ENVELOPE 

The gene ra l  arrangement of t h e  Composite a i r c r a f t  designed £1-r Approach 2 is  
shown i n  F igure  3-9, and i t s  p r i n c i p a l  weights  and geometric char2c ter i s t ic . s  a r e  
presented  i n  F igure  3-10. With t h e  except ion of t h e  t h i r d  engine and t h e  increased  
fuse l age  l eng th ,  t he  geometry c l o s e l y  approximates t h a t  of t he  multipurpose a i r c r a f t .  
The increased  l eng th  i s  t h e  r e s u l t  of us ing  an e x i s t i n g  (A-6) wing, which r e s u l t e d  
i n  increased  f a n  spacing,  f o r  t r i - c e n t e r  co inc iden t  l oca t ions .  I n  a d d i t i o n  t o  t he  
A-6 wing, t h e  design a l s o  uses  t h e  A-6 cockpi t  system, t h e  landing  gear  and engine 

FIGURE 3-9 
COMPOSITE AIRCRAFT 

MCWNNEII  AIRCRAFT COMPANY 
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FIGURE 3-10. 
DIMENSIONAL AND DESIGN. DATA 

Composite Technology Aircraft 

Overa l l  Length 

C r e w  Provis ions  (No. ) 

i n l e t s  of the  A-4, and the  F-101 empennage. Figure 3-11 i n d i c a t e s  t he  new a i r f r ame  
r equ i r ed  t o  i n t e g r a t e  t hese  components. 

r 

S ( f t 2 )  
(m2 ) 

AR 

X 

b ( f t )  
(m > 

AC/4 (deg) 

t / c  ( X  ~ o o t / T i p )  

A i r f o i l  

Propulsion Sys tern 

The propuls ion  system is  f u n c t i o n a l l y  i d e n t i c a l  t o  t h a t  descr ibed  i n  Sec t ion  2. 
The primary d i f f e r e n c e  i s  l o c a t i o n  of t h e  t h i r d  engine,  which i s  i n s t a l l e d  i n  t h e  
c e n t e r  fuse lage  t o  improve cg and a l s o  t o  avoid rework of  t h e  9-101 a f t  fu se l age .  
Thrust  vec to r ing  and c o n t r o l  systems a r e  i d e n t i c a l  t o  t hose  of t h e  mult ipurpose 
a i r c r a f t .  

F l i g h t  Controls  

V e r t i c a l  T a i l  

84.88 
7.89 

0.66 

0.51 

7.5 
2.29 

46 

7.017.0 

6 5AOXX 

Wing 

368.0 
34.19 

4.45 

0.39 

40.5 
12.34 

2 5 

8.716.0 

6 4AOXX 
Modified 

The f l i g h t  c o n t r o l  system f o r  t h e  Composite a i r c r a f t  is  as descr ibed  f o r  t h e  
New Airframe i n  Sec t ion  3.3. 

MCDONNELL AIRCRAFT COMPANY 
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75.1 
6.98 

3.3 

0.46 

15.75 
4.80 

35 314 

7.016.0 

65AOXX 
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FIGURE 3-1 1 
COMPONENT INTEGRATION 

COMPOSITE AIRCRAFT 

A-4 Engine Inlets 

Forward and Center 

;$::RTQ: New Structure A-6 Wing Modified 
9.9. . ..d ...**& d 

F-101 Aft Fuselage 
and Empennage 

A-4 Landing Gear 1 

Fuselage 

The forward fuse l age ,  except  f o r  s l i g h t  mold l i n e  d i f f e r e n c e s ,  i s  the  same a s  
t h a t  of New Airframe. The forward and cen te r  fu se l age  a r e  new s t r u c t u r e  which j o i n  
toge the r  t h e  e x i s t i n g  A-6 cockpi t  system and F-101 a f t  fu se l age ,  and t h e  A-6 wing. 
The cen te r  fu se l age  s t r u c t u r e  i nco rpora t e s  attachment p o i n t s  f o r  fhe l i f t l c r u i s e  
f a n s  and mounting f i t t i n g s  f o r  t h e  t h i r d  engine. The a i r  i n l e t  i s  loca t ed  on t h e  
upper fu se l age  su r f ace .  Space i s  provided i n  t h e  forward and c e n t e r  fu se l age  
s e c t i o n s  f o r  i n s t a l l a t i o n  of  t h e  f l i g h t  t e s t  payload (50 f t 3 ) .  Two f u e l  tanks 
w i t h  a t o t a l  capac i ty  of 7770 lb are c a r r i e d  i n  t h e  fuse l age ,  

WCDONNEII AIRCRAFT COMPANY 
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Cockpit Sy.stem - The cockpit  p rovis ions  and rework requi red  t o  convert  t h e  
A-6 system a r e  as described i n  Sect ion 3.31 P i l o t  v i s i b i l i t y  i s  the  same a s  f o r  
t h e  New Airframe. 

Empennage 

The F-101 empennage, i nc lud ing  h o r i z o n t a l  and v e r t i c a l  t a i l  p l anes ,  and a f t  
fuse lage  are used e s s e n t i a l l y  without  modif icat ion.  Since t h e  c e n t e r  fu se l age  i s  
new, i t  inc ludes  t h e  major s p l i c e  d e t a i l s ,  t hus  minimizing t h e  rework requi red  on 
t h e  F-101 a f t  fuse lage .  It i s  a n t i c i p a t e d  t h a t  some new suppor ts  o r  modi f ica t ions  
w i l l  be  r equ i r ed  t o  accommodate t h e  ACS requirements.  

Wing 

The A-6 wing was modified i n  t h e  fol lowing manner: 

(a)  Approximately 11 f e e t  of t h e  c e n t e r  s e c t i o n  of t he  torque  box was removed, 
and t h e  r e s u l t i n g  sec t ions  r e j o i n e d  a t  t h e  a i r c r a f t  c e n t e r l i n e  wi th  s k i n  
and s p a r  s t r a p s  and shear  t i e s .  The r e s u l t i n g  f u e l  capac i ty  i s  2830 l b .  

(b) The wing t i p s ,  which inc lude  speed brakes ,  a r e  rep laced  by simple f a i r i n g s .  

(c) Wing f o l d  mechanism was removed. 

(d) Leading edge f l a p s  and a c t u a t o r s ,  fences ,  and s p o i l e r s  a r e  de le ted .  

(e )  T r a i l i n g  edge f l a p s  and f laperons  a r e  removed and rep laced  by f l a p s  and 
a i l e r o n s .  E x i s t i n g  f l a p s  a r e  converted t o  t h e  maximum p r a c t i c a b l e  ex t en t .  

( f )  Pods a r e  added e x t e r n a l  t o  t he  mold l i n e  t o  house t h e  main gear  i n  t h e  
r e t r a c t e d  p o s i t i o n .  

Landing Gear 

The A-4 main and nose gears  a r e  adapted t o  t h e  a i r f rame a s  i n  t h e  case  of t h e  
New Airframe. The A-4 r e t r a c t i o n  mechanism and con t ro l  system a r e  used without 
modif icat ion.  

Subsys tems 

Except f o r  tank conf igu ra t ion  and plumbing d i f f e r e n c e s ,  t h e  f u e l  system of t h e  
Composite a i r c r a f t  i s  a s  descr ibed  i n  Sec t ion  3 . 3 .  The hydrau l i c  system, e l e c t r i c a l  
system, av ion ic s  and t e s t  equipment, and f i r e  p r o t e c t i o n  system a r e  a l s o  a s  def ined  
i n  Sec t ion  3.3. 

MCDONNELL AIRCRAFT COMPANY 
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3.5 MODIFIED AIRCRAFT - LIMITED FLIGHT ENVELOPE 

Three candida tes  were s e l e c t e d  f o r  t h e  l i m i t e d  f l i g h t  envel:.bpe ca tegory ,  
Approach 3,  and a r e  a s  fol lows:  

o Composite A i r c r a f t  (Low Speed Version) 

o S a b r e l i n e r  (T-39) 

o Voodoo (F-101) 

The Composite (low speed vers ion)  conf igura t ion  d i f f e r s  from t h e  Composite 
a i r c r a f t  desc r ibed  i n  Sec t ion  3.4 only i n  adap ta t ion  of t h e  landing gear  and t h e  
removal of t h e  a f t  fuse lage  f a i r i n g .  The A-4 landing  gear  i s  locked i n  t h e  down 
p o s i t i o n ,  and a l l  r e l a t e d  gear  acces so r i e s  i nc lud ing  doors ,  f a i r i n g s ,  and power 
and con t ro l  f o r  r e t r a c t i o n  a r e  de le ted .  Its conf igu ra t ion  is as descr ibed  i n  
Sec t ion  3.4, and w i t h  t h e  except ion of weights i t s  dimensions and c h a r a c t e r i s t i c s  
a r e  a s  shown i n  F igures  3-9 and 3-10. 

The propuls ion  system, f l i g h t  con r ro l  system, and subsystems a r e  a l l  func- 
t i o n a l l y  i d e n t i c a l  t o  those  descr ibed  i n  Sec t ion  3.3. Major d i f f e r ences  a r e  i n  
component l o c a t i o n s  and rou t ing  of duc t s  and plumbing. 

Sab re l ine r  (T-39) 

The modified Sabre l ine r  design proposed f o r  t h e  technology a i r c r a f t  is  shown 
i n  Figure 3-12, and t h e  p r i n c i p a l  weights and geometric c h a r a c t e r i s t i c s  are pre- 
s en ted  i n  F igure  3-13. Its o v e r a l l  l eng th  is  2.8 f t  g r e a t e r  and i t s  wing span 
3.5 f t  more than  t h e  comparable dimensions of t h e  mult ipurpose a i r c r a f t .  The new 
s t r u c t u r e ,  a r e a s  of rework, and usage of e x i s t i n g  components from o t h e r  a i r c r a f t  
a r e  shown i n  F igure  3-14. The l a t t e r  inc ludes  t h e  F-101 a f t  fu se l age ,  empennage, 
and the  A-4 l and ing  gear .  An op t iona l  i n s t a l l a t i o n  of two zero-zero e j e c t i o n  
seats a s  shown i n  F igure  3-15 has  t h e  same o v e r a l l  dimensions and fan spacing. 
Movement of t h e  windshield forward and i n s t a l l a t i o n  of e j e c t i o n  s e a t s  r e s u l t s  i n  
an inc rease  of 416 1b i n  weight empty and some degrada t ion  i n  forward v i s i b i l i t y .  

Airframe - A new nose s e c t i o n  was requi red  forward of  t h e  cockpit  t o  accom- 
modate t h e  nose f a n  i n s t a l l a t i o n .  I n  t h e  i n t e r e s t  of minimizing c o s t ,  t h e  e x i s t i n g  
p i l o t s '  compartment ( inc luding  s e a t s )  was u t i l i z e d .  Downward and over t h e  s i d e  
v i s i o n  a r e  improved by t h e  i n s t a l l a t i o n  of t r anspa ren t  pane ls  below e x i s t i n g  s i d e  
t r anspa renc ie s ,  

The two 560 t u r b o j e t  engines mounted on t h e  r e a r  of  t h e  fuse l age  were removed 
and replaced w i t h  two J97-GE-100 gas genera tors  and l i f t / c r u i s e  fans  enclosed i n  
nace l l e s .  The t h i r d  gas generator  f a c e s  forward and i s  loca t ed  i1.i t h e  a f t  p o r t i o n  
of t h e  passenger  cabin.  It has an i n l e t  l oca t ed  on top  t h e  fuse lage .  The c e n t e r  
fu se l age  s e c t i o n  was modified t o  provide a s e p a r a t e  compartment f o r  t he  t h i r d  gas 
genera tor  and t h e  r e l a t e d  systems. I n  a d d i t i o n ,  t h e  f u s e l a g e a c e n t e r  s e c t i o n  w a s  
s t rengthened  t o  accommodate e x t e r n a l  attachment of two l i f t l c r u i s : ?  fans  and two 
gas genera tors .  The a f t  fu se l age  of t h e  T-39 was removed and rep laced  w i t h  an a f t  
fu se l age  and empennage assembly of t h e  F-101. Minor mod i f i ca t ions  of t h e  empennage 
were requi red  i n  a d d i t i o n  t o  t h e  a f t  fu se l age  s p l i c e  j o i n t .  A f u e l  tank with 
capac i ty  of 5410 l b  i s  i n s t a l l e d  i n  t h e  c e n t e r  fu se l age  and adequz..te space i s  
provided i n  t h e  forward p o r t i o n  of t h e  cabin  f o r  t h e  f l i g h t  t e s t  equipment. 

mCDONNELL AIRCRAFI COMPIINY 
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FIGURE 312 
MODIFIED SABRELINER (T-39 ) 

MCDONNELL AlRCRAFT COMPANY 
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FIGURE 3-13 
DIMENSIONAL AND DESlGN DATA 

Modified T-39 Aircraft 

Overa l l  Length 

Crew Prov i s ions  (No. ) 

MCDONNELL AlRCRaFT COMPANY 
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S ( f t 2 )  
(m2 

AR 

h 

b (ft) 
(m ) 

Ac/4 
t / c  ( X  ~ o o t / T i p )  

A i r f o i l  

Wing 

342.05 
31.78 

5.77 

0.32 

44.64 
13.61 

28.5 

11.301'9.4 

64AOXX 
Modified 

Hor i zon ta l  T a i l  

75.1 
6.98 

3.30 

0.46 

15.75 
4.80 

31.25 

7.016.0 

6 5AOXX 
Modified 

9 

V e r t i c a l  Tail 

84.88 
7.89 

0.66 

0.51 

7.50 
2.29 

46.0 

7.0/7.0 
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FIGURE 3-14 
MAJOR MOD1 FlCATlONS TO SABRELINER (T-39) 

.-.....-.....'. 
$$$**::: .t.:.m,.3 New Structure 
:I::::::::::::: 

F-101 Aft Fuselage 
and Empennage 

A-? Landing Gear 

MCDONNELL AIRCRAFT COMPANY 
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FIGURE 3-15 
MODIFIED SABRELINER (T-39) 

WITH EJECTION SEATS 

MCDONNELL AIRCRAFT COMPANY 
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The e x i s t i r g  wing was used wi th  l o c a l  s t r u c t u r a l  changes and s trengthened as 
needed f o r  t h e  i - 4  landing  gear  and l i f t l c r u i s e  f a n  at tachments .  Removal of p a r t  
of t h e  inboard f l a p  s e c t i o n  was requi red .  The upper s u r f a c e  of t h e  inboard wing 
s e c t i o n  is  f a i r c d  t o  provide  a  smooth t r a n s i t i o n  t o  t he  f a n  i n l e t .  Fuel  c a r r i e d  
i n  t h e  wing (36W l b )  is  reduced from t h a t  of t h e  Sab re l ine r  by s e a l i n g  o f f  r i b s  
a t  Wing Rib 106. The purpose of t h i s  modi f ica t ion  was t o  reduce t h e  r o l l  moment 
of i n e r t i a  f o r  VTOL opera t ion .  

The A-4 main landing  gea r ,  which is  longer  than  t h e  T-39 g e a r ,  provides t h e  
proper  ground c l ea rance  wi th  l i f t l c r u i s e  t h r u s t  vec to r ing  hoods de f l ec t ed .  The 
main g e a r . a t t a c h  p o i n t s  were moved outboard on  t h e  wing t o  improve t h e  turnover 
angle .  Both t h e  nose and main gear  a r e  mounted i n  t he  "locked down" pos i t i on .  The 
A-4 brake and nose gear  s t e e r i n g  systems a r e  u t i l i z e d  as is .  I t e m s  a s soc i a t ed  wi th  
r e t r a c t i o n  and stowage of t h e  gears  were de l e t ed .  

E jec t ion  Sea t  I n s t a l l a t i o n  - The o p t i o n a l  i n s t a l l a t i o n  of two zero-zero s e a t s ,  
shown i n  Figure 3-16, was accomplished by moving t h e  windshield forward 20 inches  
and adding f r a n g i b l e  t r a n s p a r e n t  enc losure  f o r  eg re s s .  The forward movement of 
t h e  windshield i s  requi red  f o r  e j e c t i o n  c learance .  A s  i n  t h e  ca se  of t he  b a s i c  
ve r s ion  descr ibed above, t h e  nose fan  enc losure  is f a i r e d  i n t o  the  Sab re l ine r  
fu se l age ,  and a d d i t i o n a l  t r anspa ren t  panels  a r e  i n s t a l l e d  f o r  improved p i l o t  v i s ion .  

Voodoo (F-101) 

The modified Voodoo design proposed f o r  t h e  technology a i r c r a f t  is shown i n  
Figure 3-17, and t h e  p r i n c i p a l  weights and geometric c h a r a c t e r i s t i c s  a r e  presented 
i n  Figure 3-18. I ts  wing a r e a ,  aspec t  r a t i o ,  and span a r e  e s s e n t i a l l y  t h e  same a s  
t h e  multipurpose a i r c r a f t ,  and has an o v e r a l l  g r e a t e r  l eng th  of 12.7 f t .  Because 
of t h e  f an  spac ing  r a t i o  d e s i r e d ,  and the  complexity of s t r u c t u r a l  modi f ica t ion  
requi red ,  t h e  a i r c r a f t  i s  configured with a  s i n g l e  r a t h e r  than a  two p l ace  cockpit .  
A s  shown i n  F igure  3-19, a s i d e  from t h e  i n s t a l l a t i o n  of t h e  propuls ion  system, 
shor ten ing  of t h e  c e n t e r  fuse lage  c o n s t i t u t e d  the  g r e a t e s t  modif icat ion t o  t h e  
e x i s t i n g  a i r f rame.  

Airframe - A new nose s e c t i o n  was requi red  forward of t h e  cockpi t  t o  accommodate 
t h e  nose fan  i n s t a l l a t i o n .  A s ec t ion  75 inches  i n  length  was removed from t h e  bas i c  
a i r c r a f t  and t h e  forward cockpi t  s e c t i o n  r e jo ined  t o  t h e  cen te r  fuse lage .  The 
e x i s t i n g  cockpi t  system was used except t h a t  t h e  F-101 e j e c t i o n  seat . w a s  replaced 
by a  zero-zero type.  The e x i s t i n g  equipment bay loca t ed  a f t  of t h e  p i l o t ' s  com- 
partment was reserved  f o r  f l i g h t  t e s t  equipment. 

The two 557 t u r b o j e t s  were removed and rep laced  wi th  two J97-GE-100 gas 
genera tors .  E x i s t i n g  i n l e t s  were adapted. Fuel  c e l l s  i n  t h e  c e n t e r  fuse lage  were 
removed t o  permit i n s t a l l a t i o n  of t he  t h i r d  gas genera tor  and ETaC duct ing  system. 
The i n l e t  f o r  t h e  t h i r d  gas genera tor  i s  loca t ed  on t h e  upper fuse lage  s u r f a c e  a f t  
of t h e  canopy. The c e n t e r  s e c t i o n  s t r u c t u r e  was r e in fo rced  t o  accommodate e x t e r n a l  
attachment of two l i f t l c r u i s e  fans  and two gas genera tors .  Two f u e l  tanks wi th  a  
t o t a l  capac i ty  of 7770 l b  were i n s t a l l e d  i n  t h e  a f t  fu se l age . ,  Minor modif icat ions 
were requi red  i n  t he  empennage t o  provide f o r  i n s t a l l a t i o n  of t h e  f l i g h t  c o n t r o l  
a c t u a t i o n  components. 

MCDQNNELL AIRCRAFT COMPANY 
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FIGURE 3-16 
EJECTION SEATS FOR SABRELINER 
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FIGURE 3-17 
MOD1 F I ED VOODOO ( F 101 ) 

selage Fuel Tanks 

\-- Test Equipment 
Volume (50 ft3) 

MCDONNELL AIRCRAFT COMPANY 
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FIGURE 3-18 
DIMENSIONAL AND DESIGN DATA 

Modified F-101 Aircraft 

C r e w  P rov i s ions  (No. ) 

MCDONNELL AIRCRAFT COMPLINY 
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.. 
S (ft2) 

(m2 

AR 

X 

b (ft) 
(m 

4214 
t / c  (% Root/Tip) 

A i r f o i l  

Wing 

368.0 
34.19 

4.28 

0.28 

39.69 
12.10 

36.61 

6.67/5.70 

65AOXX 
Modified 

Hor izonta l  T a i l  

75.1 
6.98 

3.2 

0.46 

15.51 
4.73 

35.74 

7.016.0 

65AOXX 
Modified 

V e r t i c a l  T a i l  

84.9 
7.89 

0.66 

0.51 

7.5 
2.29 

45.97 

7.017.0 
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FIGURE 3-19 
MAJOR MODIFICATIONS TO VOODOO ( F-101) 

- - - - - - . . ............... ............... $$@za New Structure Nacelle 
>>>>:.:*:.: 

No change w a s  requi red  t o  the  b a s i c  wing torque box s t r u c t u r e .  Local modifica- 
t i o n s  t o  t he  wing were r equ i r ed ,  however, f o r  l i f t / c r u i s e  fan secondary attachments.  
I n  order  t o  provide a smooth t r a n s i t i o n  t o  t h e  f a n  i n l e t ,  a f a i r i n g  w a s  b u i l t  up on 
t h e  upper s u r f a c e  from the  l ead ing  edge t o  t he  fan  s c r o l l .  The e x i s t i n g  a i l e r o n s  
were adapted t o  be used a s  f laperons .  

The landing  gear  system w i l l  be  used a s  i s ;  however, t h e  ;heel base  was changed 
somewhat, due t o  shor ten ing  of t h e  nose,  and r e s u l t i n g  aft movement of t h e  nose gear  
and wheel wel l .  
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3 .6  AVIONICS SYSTEM 

The avionics  equipment f o r  the  technology f l i g h t  veh ic le  is  comprised pr imar i ly  
of off-the-shelf GFE sets, a s  shown by the  l i s t i n g  i n  Figure 3-20. The avionics 
accomplishes communications, navigat ion,  d isplay  and con t ro l  f u n c ~ i o n s  representa t ive  
of those required f o r  t h e  f l i g h t  t e s t  demonstration program. Optional equipment can 
be added a t  a l a t e r  d a t e  t o  f u l f i l l  s p e c i f i c  ob jec t ives ,  such a s  a Head-Up display  
f o r  V/STOL terminal  a rea  guidance and con t ro l  evaluat ions.  A b r i e f  summary des- 
c r i p t i o n  of technology f l i g h t  vehic le  avionics  appears i n  the  fol lowing paragraphs. 

FIGURE 3-20 
TECHNOLOGY AIRCRAFT AVIONICS 

Unins t a l l e d  
Equipment Weight 
Function Nomenclature (Lb 

Communication, Radio Nav 
and I d e n t i f i c a t i o n  

UHF AM Transceiver 
I n t e r  comm 
IFF Transponder 
TACAN 
Antennas 

*UHF/L Band 
*Transponder 

Navigation 

At t i tude  and Heading 
Reference (2) 
Magnetic Azimuth Detector(2)  
A i r  Data System 

* A i r  Data Computer 
P i t o t  S t a t i c  Probe (2) 
AlphaIBeta Sensors (2)  
To ta l  Temp Sensor (2) 

*Low Velocity A/S Sys t e m  (2) 

Displays 

At t i tude  Direc tor  Ind ica to r  
Horizontal S i t u a t i o n  

Indica tor  
A 1  timeter 
Standby At t i tude  Ind ica to r  

Sub t o t a l  

ANIASN-120 Type 

AN/ASK-6 Type 
Rosemount 855 CG 
Rosemount 861 E 
Rosemount A-2-18001A 
J TEC 

Sub t o  tal 

ARU- 39/A 
AQU-12A 

Sub t o t a l  

*Flight  Control Avionics 127 .O 

!?ote: A l l  I t e m s  GFE Except a s  Noted by * 
mscLIoNmLL AIIIUCRAF~ COMPLINY 
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Communications, Radio Navigation and I d e n t i f i c a t i o n  Equipment 

Radio set AN/A~c-159 i s  a s o l i d  s t a t e  UHF t r a n s c e i v e r  t h a t  provides two-way 
amplitude modulated, double-sideband, f u l l  c a r r i e r ,  r a d i o  telephone communication. 
The r ad io  s e t  pe rmi t s  t r ansmi t t i ng  and r ece iv ing  on any of 7000 f requencies  spaced 
25 kHz a p a r t  i n  t h e  225 t o  399 MHz frequency range,  w i t h  t r a n s m i t t e r  output  of  
10  w a t t s  minimum. 

The AN/AIC-25 intercommunication system provides headse t  ampl i f i ca t ion  f o r  t h e  
UHF rad io  and audio warning s i g n a l s  a s  w e l l  a s  microphone p reampl i f i ca t ion  c o n t r o l  
of t he  UHF r a d i o  t ransmiss ion ,  cockpit  communications, and cockpit-to-ground crew 
vo ice  communications. 

The AN/APX-~OO panel  mounted t ransponder  provides  p o s i t i v e  i d e n t i f i c a t i o n  
whenever i n t e r r o g a t e d  and, i n  conjunct ion wi th  t h e  a i r  d a t a  system, has provis ions  
f o r  a l t i t u d e  r epor t ing .  System opera t ion  i n  Modes 1, 2 ,  3/A,  4, C and Tes t  is  
augmented by a b u i l t - i n  t e s t  c a p a b i l i t y  i n  a l l  modes. Mode 4 opera t ion  is  p o s s i b l e  
w i t h  t h e  a d d i t i o n  of t h e  op t iona l  KIT-lA/TSEC u n i t .  

The AN/ARN-84(v) t a c t i c a l  a i r  naviga t ion  s e t  p rovides  bearing,  d i s t a n c e ,  and 
tone  i d e n t i t y  informat ion  t o  i n d i c a t e  t h e  l o c a t i o n  of s e l e c t e d  complementary 
su r f ace  s t a t i o n s  wi th  r e spec t  t o  t h e  a i r c r a f t .  It o p e r a t e s  i n  t h e  L-band frequency 
range wi th  252 channels a v a i l a b l e  from 962 MHz t o  1213 MHz. TACAN bear ing  and 
range informat ion  i s  displayed on t h e  Horizontal  S i t u a t i o n  Ind ica to r  (HSI). 

Navigation Equipment 

The A t t i t u d e  Heading Reference Se t  (AHRS) provides  p i t c h ,  r o l l ,  and heading 
information f o r  t h e  d i sp l ays  and t h e  F l i g h t  Cont ro l  System e l e c t r o n i c s  s e t .  Dual 
AHRS a r e  provided f o r  f a i l -ope ra t e  automatic  hover f l i g h t  cont ro l .  The magnetic 
azimuth d e t e c t o r  ( f l u x  va lve  o r  compass t r a n s m i t t e r )  measures t h e  heading of t he  
v e h i c l e  w i t h  r e s p e c t  t o  t he  d i r e c t i o n  of t h e  e a r t h ' s  magnetic f i e l d ,  providing a 
magnetic heading re ference  f o r  t he  AHRS. 

The A i r  Data System computes and outputs  a i r c r a f t  a l t i t u d e ,  i nd ica t ed  a i r speed ,  
and t r u e  a i r speed .  A l t i t ude  information is  provided t o  t h e  transponder equipment 
f o r  t he  a l t i t u d e  r epor t ing  func t ion .  Dual a i r  d a t a  s e n s o r s  allow one f a i l -ope ra t e  
of a i r  d a t a  i n p u t s  t o  t he  f l i g h t  c o n t r o l  system e l e c t r o n i c s .  Backup a i r  d a t a  
computation c a p a b i l i t y  i s  contained wi th in  t h e  f l i g h t  c o n t r o l  system e l e c t r o n i c s  
u n i t s .  

The J TEC low v e l o c i t y  a i r speed  system y i e l d s  a c c u r a t e  a i r speed  information 
f o r  the  very  low v e l o c i t i e s  t h a t  a r e  below t h e  a i r  d a t a  sensors '  lower l i m i t  of 
ope ra t ion  (approximately 40-50 knots ) .  

Display Equipment 

The A t t i t u d e  Di rec to r  I n d i c a t o r  (ADI) d i s p l a y s  a i r c r a f t  g i t c h ,  r o l l ,  heading, 
and t u r n  r a t e .  The Hor izonta l  S i t u a t i o n  I n d i c a t o r  (HSI) d i s p l a y s  a i r c r a f t  heading 
and TACAN information.  The Standby A t t i t u d e  I n d i c a t o r  provides  t h e  p i l o t  w i t h  
informat ion  on a i r c r a f t  p i t c h ,  r o l l ,  t u r n  r a t e ,  and s i d e s l i p  i n  t h e  event  of AHRS 
malfunct ions.  
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F l i g h t  Control  Avionics Equipment 

The f l i g h t  con t ro l  av ion ic s  equipment con ta ins  sensors  and e l e c t r o n i c s  t o  
proper ly  shape, schedule,  amplify,  and monitor t h e  input  s i g n a l s  suppl ied  f o r  use 
i n  d r i v i n g  t h e  app ropr i a t e  c o n t r o l  system s u r f a c e  a c t u a t o r s  and f o r  supplying 
c o n t r o l  s i g n a l s  t o  t h e  power management s e rvoac tua to r s .  The e l e c t r o n i c s  u t i l i z e  
mu l t ip l e  redundancy channel techniques i n  conjunct ion wi th  redundant s i g n a l  con- 
ve r s ion  mechanisms (servos)  t o  provide f a l l  o p e r a t i o n a l  f l i g h t  c o n t r o l ,  a s  neces- 
s a r y  t o  meet t h e  o p e r a t i o n a l  and s a f e t y  requirements  of t h e  f l i g h t  c o n t r o l  system. 
The equipment comprising t h e  i n d i c a t e d  127 l b  of hardware inc ludes :  

o In te rchangeable  computers conta in ing  a l l  necessary  inpu t lou tpu t  c i r c u i t r y ,  
memory, power supply,  and processors  

o F l i g h t  con t ro l  pane l  providing mode s e l e c t  and p r e f l i g h t  t e s t  i n i t i a t e  
c a p a b i l i t y  

o S t a t u s / r e s e t  pane l  showing system modes and ope ra t iona l  s t a t u s  

o Sensor packages f o r  r a t e  and a c c e l e r a t i o n  sens ing  

o P i l o t  i npu t  t r ansduce r s  

MCWNNEIL AIRCRAFT COMPLINV 
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3.7 WEIGHTS 

The weight and balance summaries f o r  t h e  s e l e c t e d  technology conf igu ra t ions  
a r e  shown i n  F igures  3-21 and 3-22 r e sepc t ive ly .  A l l  a i r c r a f t  a r e  designed f o r  a 
VTOGW of 28000 l b  which inc ludes  t h e  payload of 2500 l b  of-  e l e c t r o n i c  f l i g h t  t e s t  
ins t rumenta t ion .  With t h e  except ion  of t h e  Sab re l ine r ,  t h e  l i m i t  l oad  f a c t o r  f o r  
a l l  conf igura t ions  exceeded t h e  des i r ed  2.5 g  s p e c i f i e d  i n  t he  gu ide l ines  ( a t  VTOGW). 
The l i m i t  load f a c t o r  f o r  t h e  S a b r e l i n e r  i s  2.1 g  a t  t he  VTOGW of 28000 l b ,  which was 
considered acceptab le  f o r  a  technology demonstrator.  This l oad  f a c t o r  could have 
been increased  by s t r u c t u r a l  modi f ica t ions ;  however, a d d i t i o n a l  modi f ica t ion  c o s t s  
would have been incu r red .  The fol lowing r a t i o n a l e  was used t o  d e r i v e  weight  s t a t e -  
ments f o r  t h e  f o u r  s e l e c t e d  technology a i r c r a f t .  

New Airframe 

The New Airframe conf igu ra t ion ,  a l though s i m i l a r  t o  t h e  multipurpose a i r c r a f t  
def ined  i n  P a r t  I, is  a c t u a l l y  a  much s i m p l i f i e d ,  a l l -meta l  v e h i c l e  t h a t  has  been 
f u r t h e r  modified t o  accept  c e r t a i n  s t r u c t u r a l  and subsystem components from e x i s t i n g  
a i r c r a f t .  This con f igu ra t ion  u t i l i z e s  t h e  canopy/windshield, e j e c t i o n  s e a t s .  and 
modified ho r i zon ta l  t a i l  of t h e  A-6 and t h e  landing gear  from the  A-4. Another 
major change t o  t h e  conf igura t ion  was t h e  incorpora t ion  of a  t h i r d  gas genera tor  
i n t o  t h e  propulsion system. A minimum C N I  e l e c t r o n i c s  group i s  i n s t a l l e d  wh i l e  
t h e  f l i g h t  c o n t r o l  system r e f l e c t s  t h e  weights  of a  FLY-BY-WIRE Active Control  
Sys tern. 

Composite A i r c r a f t  

This conf igura t ion  was based on t h e  New Airframe design bu t  uses  a  modified 
A-6 wing and a n  F-101 a f t  fuselage/empennage i n  l i e u  of new s t r u c t u r e .  The A-6 
wing assembly i s  ex tens ive ly  modified wi th  t h e  c e n t e r  s e c t i o n  and major p o r t i o n  of 
t h e  o u t e r  pane l  removed. The forward and c e n t e r  fu se l age  of  t h e  New Airframe 
v e h i c l e  was r e t a i n e d ,  but  a  three-foot  fu se l age  plug i s  added forward of t h e  wing. 
Incorpora t ion  of t h e  F-101 a f t  fu se l age  n e c e s s i t a t e d  a d d i t i o n  of f a i r i n g  s t r u c t u r e  
t o  approximate t h e  New Airframe moldl ine.  Subsystem weights  d i f f e r  between t h i s  
and o t h e r  conf igura t ions  e s s e n t i a l l y  because of geometric d i s s i m i l a r i t i e s .  

A low speed ve r s ion  of t h e  Composite con f igu ra t ion  was a l s o  s tud ied .  This  
a i r c r a f t  i s  i d e n t i c a l  t o  t h e  f u l l  envelope conf igu ra t ion  except t h a t  t h e  l and ing  
gear  i s  f i xed  i n  t he  down p o s i t i o n  and t h e  f a i r i n g  s t r u c t u r e  on the  F-101 a f t  
fu se l age  i s  removed. Weight empty was reduced by 342 l b  wi th  these  changes. 

Sab re l ine r  

Configurat ion weights  a r e  based on those  of t h e  T-35 Sabre l iner  modified t o  
accept  t he  F-101 a f t  f u s e l a g e  and A-4 l and ing  gear .  The Sabre l iner  wing was 
changed t o  adapt  t h e  A-4 gear  f o r  u s e ,  and f u e l  was l i m i t e d  t o  t h e  volume inboard 
of B.L. 105. This  wing f u e l  capac i ty  l i m i t a t i o n  reduced t h e  r o l l  and yaw i n e r t i a s  
f o r  t h i s  conf igura t ion .  Subsystems a r e  modified T-39 w i t h  changes made t o  incor-  
p o r a t e  t he  3  gas gene ra to r /3  fan  propuls ion  system and ~ c t i v ;  Control  System. 

An op t iona l  con f igu ra t ion  u t i l i z i n g  e j e c t i o n  s e a t s  was a l s o  evaluated.  
Replacement of t h e  T-39 crew s t a t i o n  seats wi th  A-6 e j e c t i o n  s e a t s  w a s  accompanied 
by a r ev i s ion  t o  the  T-39 forward f u s e l a g e  and a d d i t i o n  of a  f r a n g i b l e  canopy. 

MCDONNELL AlRCRAFT COMPANY 

41 



MDC A3440 
Volume I1 

Voodoo 

Weights f o r  t h i s  con f igu ra t ion  r e s u l t  from modif ica t ions  t o  t he  F.-101, t h e  
l a r g e s t  of which i s  t h e  removal of a  75-inch forward fuse l age  s e c t i o n  and incor-  
po ra t ion  of t h e  3 gas gene ra to r /3  f a n  propuls ion  system. An inboard a f t  s e c t i o n  
of t h e  wing was removed t o  f a c i l i t a t e  mounting of t h e  l i f t / c r u i s e  f a n  and n a c e l l e  
assembly. The subsystems w e r e  based on t h e  b a s i c  F-101 b u t  modified t o  s u i t  t h e  
rev ised  conf igura t ion .  This  i s  the  only  technology a i r c r a f t  t o  have p rov i s ions  
f o r  a  one man crew. The e x i s t i n g  e j e c t i o n  s e a t  was rep laced  wi th  a  zero-zero s e a t .  

MCDONNEll AIRCRAFT COMPANY 
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FIGURE 3-21 
GROUP WEIGHT STATEMENTS 

ITEM . 
Wing 
Vertical Tail 
Horizontal Tail 
Fuselage 
Nose Landing Gear 
Main Landing Gear 
Surface Controls 
Engine Section 

Propulsion 
Gas Generators 
Air Induction 

Fuel System 
Controls 
Lift Fan 
Lift Fan Louvers 
Lift/Cruise Fans 
L/C Fan Deflectors 
Ducting 
Valves 
Starting 

Instruments 
Hydraulics 
Electrical 
Electronics 
Armament 
Furnishings 
Air Conditioning 

Auxiliary Gear 
Manufacturing Variation 

Weight Empty 

Crew 
Trapped Fuel 
Oil 
02 h Miscellaneous 

Operating Weight Empty 

Fuel 
Pay load 

Takeoff Gross Wei~ht 

TECHNOLOGY 
NE'd 

AIRFRA?lE 

1392 
218 
500 
3364 
220 
670 
835 
180 

2217 
375 

557 
60 
700 
200 
1400 
1300 
630 
656 ' 

100 

257 
260 
400 
230 --- 
568 
250 

7 

17540 

360 
72 

135 
140 

18247 

7253 
2500 

28000 

VOODOO 

3300 
471 
366 

4502 
187 
1409 
1000 
180 

2217 
280 

722 
60 
700 
200 
1400 
1300 
675 
650 
100 

283 
309 
400 
2 30 --- 
325 
250 

7 
-59 

21464 

180 
50 
135 
70 

21899 

3601 
2500 

28000 

AIRCRAFT 
COMi?OSITE 
AIRCRAFT 

3709 
471 
366 
3727 
220 
670 
835 
180 

2217 
302 

649 
60 
7 00 
200 
1400 
1300 
693 
650 
100 

257 
260 
400 
230 --- 
568 
250 

7 

20421 

360 
60 
135 
140 

21116 

4384 
2500 

28000 

SABRE- 
LINER 

1680 
471 
366 
3551 
220 
670 
730 
180 

2217 
237 

417 
60 
700 
200 
1400 
1300 
867 
700 
100 

227 
200 
400 
230 --- 
459 
250 

3 

17835 

360 
170 
13 5 
140 

18640 

6860 
2500 

28000 
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FIGURE 3-22 
TECHNOLOGY AIRCRAFT BALANCE SUMMARY 

Note: Landing Gross Weight = O . W . E .  + 2500# (payload)  + 800# ( landing  r e se rve  f u e l )  

3. S a b r e l i n e r  

MCDONNELL AIRCRAFT COMPANY 

43 

4. Voodoo 

Landing G.W. 

V . T . O . G . W .  
Landing G.W.  

21940 

28000 
25199 

256.0 

431.1 
423.3 

97.2 

54.4 
53.6 
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3.8 DATA BASE SUMMARY 

Figure 3-23 shows the various data elements used as a basis for analysis and 
budgetary cost estimates of the selected program and aircraft approaches. The 
candidate aircraft selections for the three specified approaches are described in 
Section 3.2. The major airframe components required for each aircraft and their 
required modification/integration are discussed in detail in Sections 3.3, 3.4, 
and 3.5 and summarized in Figure 3-4. Weight, aerodynamic, propulsion, and 
controls characteristics are summarized in Sections 2, 3, 4, and 5, respectively. 
The technical development program, including both ground and flight test programs, 
is summarized in Section 6. Systems requiring development are identified together 
with test objectives, instrumentation, and facilities required. A milestone 
schedule shows the integration of development tests for systems and aircraft and 
dock dates of major contractor and Government furnished items. 
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FIGURE 3-23 
DATA BASEqECHNOLOGY AIRCRAFT PROGRAM 

Development 

Program 
Test A 

q A  fk 
Aircraft 

Definition 
h Technical 

d 4  +' Characteristics 

Airframe Assemblies Aerodynamic 1 
and Subassemblies - * GFE Propulsion 

- 

- 

Ground Tests 

Facilities 
Wind Tunnel 
Propulsion 
Controls, including 
simulation 

@ Vibration 
Physical 

* Functional 

Flight Tests 
5 Instrumentation 
@ Facilities 
@ Support Equipment 

System Components 
* Powered Flight 

Tests 
5 Aerodynamic Tests 
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The major Government furn ished  a i r f rame components of t he  four  b a s i c  s e l e c t e d  
candidates  a r e  i d e n t i f i e d  i n  F igure  3 - 2 4 .  

The major equipment i tems  common t o  a l l  candida tes  (except  a s  noted)  a r e  
l i s t e d  i n  F igure  3-25. F l i g h t  t e s t  onboard requirements  a r e  included under 
" ~ i s c e l l a n e o u s " .  Items a r e  i d e n t i f i e d  a s  GFE, CFE, and CFE of f - the-she l f .  

Ground support  Equipment 

It is  assumed on-s i te  GSE a t  con t r ac to r  o r  Government t e s t  f a c i l i t i e s  w i l l  
s u f f i c e  f o r  t h e  major support  needs of t h e  technology a i r c r a f t .  This  i nc ludes  
support  f o r  t he  va r ious  subsystems such a s  hydrau l i c s ,  e l e c t r i c a l ,  f u e l ,  l anding  
gear  and brakes ,  and C N I .  Ex i s t i ng  GSE w i l l  be  i d e n t i f i e d  f o r  t h e  p a r t i c u l a r  
a i r c r a f t  s e l e c t e d .  

Spec ia l  suppor t  equipment, such as requi red  f o r  t h e  Automatic F l i g h t  Control  
S e t ,  w i l l  be  fu rn i shed  by t h e  con t r ac to r .  C e r t a i n  Government furn ished  s p e c i a l  
GSE w i l l  b e  r equ i r ed  f o r  t h e  propuls ion  system components, inc luding  checkout and 
handling equipment. The l a t t e r  i nc ludes  s l i n g s  and t r a n s p o r t  adap te r s  f o r  t h e  
gas genera tors  and fans .  A p r e f l i g h t  console  f o r  t h e  ins t rumenta t ion  d a t a  system 
w i l l  a l s o  be r equ i r ed  a s  GFE. 

FIGURE 3-24 
MAJOR GFE AIRFRAME COMPONENTS 

d 

Voodoo 

Complete F-101 
Ai rf rame 

Sabre1 i ner  

Compl e t e  T-39 
A i  rf rame 

F-131 A f t  
Fus. and 
Empennage 

4-4 
Ldg. Gear 

w 

New 
A i  r f  rame 

A- 6 
Fwd Fus. 

A- 6 
Hor i  z. Ta i  1 

A-4 
Ldg. Gear 

Compos i t e  
A i r c r a f t  

A- 6 
Fwd Fus. 

F-121 A f t  
Fus. and 
Empennage 

A- 6 
Wing 

A-4 
Ldg. Gear 



MDC A3440 
Volume I1 

FIGURE 3:25 
MAJOR SUBSYSTEMSIEQUIPMENT 
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(Figcure 3-2 5 Continued) 
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F i r e  Detec t ion  and Ext ing.  System 

Miscel laneous F l i g h t  Ins t ruments  

E j e c t i o n  Sea t  (zero-zero) 

100 Channel PCM Tape and Telemetry 

Measureands 

(1) One Required f o r  Voodoo 
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4. PERFORMANCE ANALYSES 

4.1 BASIC AERODYNAMIC DATA 

Performance and mission eva lua t ions  of t h e  technology a i r c r a f t  requi red  t h e  
establ ishment  o f  t h e  takeoff  gross  weight l e v e l s  t h a t  provide  s a f e t y  of opera t ion .  
Emergency o p e r a t i o n a l  c a p a b i l i t i e s  a r e  s p e c i f i e d  by t h e  des ign  gu ide l ines  i n  t h e  
event  of f a i l u r e  of a gas genera tor  o r  c o n t r o l  system component (excluding f ans ) .  
Design t o  t h e s e  emergency c r i t e r i a  r equ i r ed  t h e  i n s t a l l a t i o n  of excess  l i f t .  It 
was decided, as d iscussed  i n  Sec t ion  2, t h a t  t h e  technology a i r c r a f t  would be  
designed wi th  a t h r e e  gas genera tor  system and opera ted  a t  gross  weight l e v e l s  
e s t a b l i s h e d  by two gas genera tor  c a p a b i l i t y .  Consequently, performance i s  pre- 
sen ted  f o r  gross  weights  determined from t h e  emergency c a p a b i l i t i e s  of t he  pro- 
pu l s ion  system w i t h  one gas genera tor  i nope ra t ive .  Sea l e v e l ,  89.8"F w a s  assumed 
t o  be  t h e  app ropr i a t e  t akeo f f  condi t ion  pe r  t h e  s a f e t y  and ope ra t ing  c r i t e r i a  of 
t h e  des ign  gu ide l ines .  The VTOGW is  28,000 l b  under t h e s e  condi t ions .  

ST0 performance at  gross  weights g r e a t e r  than  VTOGW i s  a func t ion  of t h e  
i n s t a l l e d  t h r u s t  l e v e l  which i s  def ined  by t h e  des ign   thrust/^^^^^ r a t i o  
(T/W = 1.05) .  Thus, t h e  ST0 performance i s  presented  i n  terms of t h e  STOGW/VTOGW 
r a t i o .  S e l e c t i o n  of t h e  28,000 l b  VTOGW based upon two gas generator  ope ra t ion  
provided t h e  d e s i r e d  s a f e t y  and performance l e v e l s  throughout t h e  powered l i f t  
f l i g h t  regime. The STO, t r a n s i t i o n ,  and conversion can be completed i n  t h e  event  
of a gas genera tor  f a i l u r e  s i n c e  t h e  thrust/weight r a t i o s  a r e  maintained a t  l e v e l s  
equiva len t  t o  a two gas genera tor  con f igu ra t ion  ope ra t ing  a t  t akeoff  weights  
e s t a b l i s h e d  by f u l l  i n s t a l l e d  power, a s  w a s  t h e  ca se  f o r  t h e  mult ipurpose a i r c r a f t .  
The technology a i r c r a f t  a r e  flown wi th  t h r e e  gas gene ra to r s  ope ra t ing  a t  p a r t  
t h r o t t l e  dur ing  powered l i f t  f l i g h t  and wi th  two gas gene ra to r s  f o r  aerodynamic 
f l i g h t .  The t h r o t t l e  is  advanced t o  main ta in  t h e  f l i g h t  condi t ion  i n  event of 
gas genera tor  f a i l u r e .  

The b a s i c  aerodynamic d a t a  requi red  f o r  performance c a l c u l a t i o n s  a r e  es t imated  
through use  of  advanced des ign  techniques, MCAIR l i f t / c r u i s e  f a n  a i r c r a f t  tech- 
nology base ,  and t e c h n i c a l  d a t a  r e p o r t s  p e r t a i n i n g  t o  e x i s t i n g  a i r c r a f t  components 
t h a t  were used f o r  t h e  candida te  veh ic l e .  The i n t e g r a t i o n  of a v a i l a b l e  a i r c r a f t  
components i n t o  a l i f t l c r u i s e  fan  V/STOL conf igu ra t ion  means acceptance of t h e i r  
geometric and aerodynamic c h a r a c t e r i s t i c s .  General ly ,  t h i s  r e s u l t s  i n  reduced 
b u f f e t  onse t ,  reduced maximum l i f t ,  and increased  i n t e r f e r e n c e  e f f e c t s  r e l a t i v e  
t o  t h e  mult ipurpose a i r c r a f t .  

Lift-Drag P o l a r s  

Mission performance c a p a b i l i t i e s  of t h e  candida te  technology a i r c r a f t  a r e  
based on t h e  es t imated  low speed drag  c h a r a c t e r i s t i c s  presented  i n  F igure  4-1. 
The minimum p r o f i l e  d rag  co.nsis ts  of component s k i n  f r i c t i o n  drag  modified f o r  
shape, roughness, and i n t e r f e r e n c e  p lus  incrementa l  d rag  f o r  appendages and t r i m .  
Incremental  appendage and t r i m  drags  a r e  based on previous  l i f t / c r u i s e  f an  a i r -  
c r a f t  R&D e f f o r t s .  This  d rag  es t imat ion  approach is  c o n s i s t k n t  wi th  t h e  P a r t  I 
Design D e f i n i t i o n  Study, Volume I p re sen ta t ion .  The equ iva l en t  s k i n  f r i c t i o n  
c o e f f i c i e n t  (CDf) i s  re ferenced  t o  t h e  t o t a l  wet ted  a r e a  of each a i r c r a f t .  The 
high drag  level f o r  t h e  modified Sabre l ine r  i s  caused by t h e  f ixed  landing  gear  
and e x t e r n a l  r o u t i n g  of t h e  propuls ion  system gas t r a n s f e r  duc t s .  
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FIGURE 4-1 
TECHNOLOGY AIRCRAFT POLARS 

The trimmed drag  p o l a r s  f o r  low speed performance e s t ima te s  a r e  def ined by 
2 a two-term pa rabo l i c  equat ion ,  CD = C D ~  + KCL , f o r  CL va lues  below t h e  l i f t  

curve break. Minimum drag  i s  assumed t o  occur  a t  zero l i f t ,  and a l i f t  dependent 
drag f a c t o r  (e )  of 0.75 i s  est imated f o r  Mach number below approximately 0.70. 
Wind tunne l  t e s t s  of a s i m i l a r l y  configured model i nd ica t ed  t h i s  va lue  was con- 
s e r v a t i v e  a t  low Mach numbers, bu t  i n s u f f i c i e n t  d a t a  a r e  a v a i l a b l e  t o  s u b s t a n t i a t e  
u se  of a h igher  value.  The low speed two-term p o l a r s  a r e  adequate f o r  e s t ima t ing  
t h e  mission performance of t h e  technology a i r c r a f t .  

A i r c r a f t  

New Airframe 

Composite 

Sab re l ine r  

Voodoo 

4.2 FLIGHT ENVELOPES 

Technology a i r c r a f t  f l i g h t  envelopes a r e  shown i n  F igures  4-2 and 4-3 f o r  
28,000 l b  TOGW, in t e rmed ia t e  t h r u s t ,  i n  a s t anda rd  atmosphere. The powered-lift  
and aerodynamic envelopes a r e  t y p i c a l  of t h e  u n r e s t r i c t e d  technology a i r c r a f t  
s i n c e  a l l  a r e  designed t o  a common propuls ion  system and wing loading. F igure  4-2 
compares t h e  powered-l i f t  speed-a l t i tude  c a p a b i l i t y  f o r  two and t h r e e  gas genera tor  
ope ra t ion  a t  in te rmedia te  t h r u s t .  The t h r e e  gas genera tor  hover c e i l i n g  is  9000 f t  
s i n c e  t h e  a i r c r a f t  is  operated a t  a gross  weight e s t a b l i s h e d  by two gas genera tor  
emergency (dry)  opera t ion  a t  sea  l e v e l ,  89.8OF. The sea  l e v e l  s tandard  day t h r u s t /  
weight r a t i o  is 1.33 a t  t h e  28,000 l b  TOGW, in t e rmed ia t e  t h r u s t  r a t i n g .  The hover 
c e i l i n g  f o r  two gas genera tor  emergency ope ra t ion  is  approximately 2000 f t .  The 
emergency r a t i n g  provides c a p a b i l i t y  f o r  e i t h e r  an  emergency v e r t i c a l  landing o r  
t h e  es tab l i shment  of f l i g h t  i n  t h e  two gas gene ra to r ,  in te rmedia te  t h r u s t ,  powered- 
l i f t  envelope. Hovering a t  a l t i t u d e s  g r e a t e r  t han  2000 f t  reduces t h e  gas genera tor  
out  s a f e t y  margins. The maximum speed c a p a b i l i t y  i n  powered-l i f t  f l i g h t  is  def ined  
by a t h r u s t  d e f l e c t i o n  ang le  of 30 degrees r e l a t i v e  t o  t h e  c r u i s e  pos i t i on ;  t h e  
remaining 30-degree d e f l e c t i o n  t o  t h e  c r u i s e  p o s i t i o n  is q u i t e  r a p i d  dur ing  con- 
ve r s ion  t o  aerodynamic f l i g h t .  The powered-lift  and aerodynamic envelopes over lap  
t o  provide conversion c a p a b i l i t y .  The requirement is a miniqum of a 20% v e l o c i t y  
margin over t h e  aerodynamic f l i g h t  s t a l l  speed. The u n r e s t r i c t e d  technology a i r -  
c r a f t ,  a t  28,000 l b  gross  weight,  meet t h i s  requirement f o r  a l t i t u d e s  up t o  
23,000 f t  w i th  t h r e e  gas genera tor  ope ra t ion  and 16,000 f t  wi th  two gas genera tor  
ope ra t ion .  A s  t h e  takeoff  gross  weight i n c r e a s e s  by ST0 opera t ions ,  t h e  conversion 
v e l o c i t y  over lap  and a l t i t u d e  c a p a b i l i t y  decrease.  

Zero L i f t  Drag Drag Po la r  
CD = CDo + KCL 2 

f ( f t 2 )  C ~ f  

MCDONNELL AIRCRAFT COMPANY 

5.1 

0.0280 + 0.094 cL2 

0.0278 + 0.095 cL2 

0.0667 + 0.075 cL2 

0.0325 + 0.101 cL2 

10.29 

10.22 

22.80 

11.95 

r 

0.0054 

0.0052 

0.0109 

0.0050 
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FIGURE 4-2 
TECHNOLOGY Al RCRAFT 

POWERED-LIFT FLIGHT ENVELOPES 

FIGURE 4-3 
TECHNOLOGY AIRCRAFT 

FLIGHT ENVELOPES 
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The aerodynamic f l i g h t  envelope, Figure 4-3, shows t h e  maximum (0.83 M), 
minimum (0.25 M), c r u i s e  (0.70 M t o  0.75 M a t  a l t i t u d e )  and l o i t e r  (0.30 M t o  
0,60 M as a func t ion  of a l t i t u d e )  Mach numbers f o r  two gas genera tors ,  two f a n  
opera t ion .  Below 20,000 f t  t he  minimum speed i s  defined by t h e  power o f f ,  maximum 
usable  l i f t  c o e f f i c i e n t .  

The gu ide l ine  l i m i t e d  f l i g h t  envelope, superimposed on t h e  t y p i c a l  f l i g h t  
envelope f o r  comparison, is  a p p l i c a b l e  t o  con f igu ra t ions  def ined  f o r  Approach 3,  
Sabre l ine r  and Voodoo. This  envelope is  l i m i t e d  t o  15,000 f t  and 160 KEAS and 
does no t  permit demonstrat ion o f  t h e  l o i t e r  (maximum L / D )  and c r u i s e  cha rac t e r i s -  
t i c s  i n  aerodynamic f l i g h t .  The 160 KEAS placard  is  equiva len t  t o  t h e  20% margin 
requirement a t  t h e  28,000 l b  gross  weight. As gross  weight i nc reases ,  t h e  s t a l l  
speed inc reases ,  and t h e  160 KEAS placard  does not  meet t h e  conversion over lap  
requirement.  However, t h e  low speed conf igura t ions  a r e  capable of increased  
v e l o c i t y  performance t o  provide  t h e  requi red  conversion margins. 

4.3 MISSION CAPABILITY 

Addendum I1 of t h e  Statement of Work g ives  s p e c i f i c  requirements f o r  VTOL, 
STOL, and cru ise lendurance  type  missions with a minimum "payload" ( f l i g h t  t e s t  
equipment) of 2500 l b .  The VTOL and STOL missions demonstrate t a k e o f f ,  conversion, 
reconversion,  and landing  around an ova l  course.  The requirements a r e  f i v e  c i r c u i t s  
and a t o t a l  mission time of 30 minutes f o r  t h e  VTOL mission,  and e leven  c i r c u i t s  
and one hour f o r  t h e  STOL mission. The cruise/endurance mission demonstrates the  
a i r c r a f t  c h a r a c t e r i s t i c s  i n  aerodynamic f l i g h t  w i th  a minimum requirement of two 
hours mission time. For a n a l y s i s  purposes, t h e  time on s t a t i o n  i s  def ined  a s  
l o i t e r  a t  e i t h e r  optimum a l t i t u d e  o r  15,000 f t  depending on t h e  conf igura t ion .  

A t y p i c a l  f u e l  breakdown f o r  one l ap  of t h e  oval course for the  VTOL mission 
is  shown i n  Figure 4-4 f o r  t h e  New Airframe conf igura t ion .  This  breakdown i s  
r ep resen ta t ive  of t h e  va r ious  candida te  conf igura t ions  because of t h e  common TOGV 
and propulsion system. The warmup allowance a t  t h e  start  of t h e  mission is  
equiva len t  t o  one minute of in te rmedia te  t h r u s t .  The f u e l  f o r  one c i r c u i t  i s  
800 l b  and inc ludes  1 1 /2  minutes a t  in te rmedia te  t h r u s t  f o r  takeoff  and conver- 
s ion  t o  aerodynamic f l i g h t ,  and a one-minute allowance f o r  landing.  The r e s e r v e  
f u e l  allowance (800 l b )  is equ iva l en t  t o  fou r  minutes of hover a t  t h e  landing  gross  
weight. The VTOL mission c a p a b i l i t i e s  of each of t h e  candida te  con f igu ra t ions  is 
shown i n  Figure 4-5. The number of c i r c u i t s  and t o t a l  mission time are d i r e c t l y  
r e l a t e d  t o  t he  f u e l  a v a i l a b l e  a t  t h e  TOGW of  28,000 l b  (Fuel = TOGJJ l e s s  OWE and 
Payload).  The performance e s t ima te s  a r e  s l i g h t l y  conserva t ive  s i n c e  a c e r t a i n  
amount of over lap  e x i s t s  between t h e  f i n a l  landing  and t h e  r e se rve  allowance. The 
conservat ism provides a margin f o r  var iance  i n  p i l o t  technique and time spent  i n  
powered-lift  f l i g h t .  The New Airframe conf igura t ion  and t h e  modified Sabre l ine r  
meet t h e  requirement of f i v e  c i r c u i t s  and t h i r t y  minutes mission t i m e .  

The STOL mission requirement is  l e s s  s t r i n g e n t  than the  VTOL requirement s i n c e  
t h e  g ros s  weight i n c r e a s e  is  used fo r  a d d i t i o n a l  f u e l .  The f u e l  breakdown f o r  t h e  
VTOL mission is  assumed t y p i c a l  of t h e  STOL mission;  t h e  added f u e l  requi red  a t  
g r e a t e r  weights  being less than  t h e  conservat ism i n  t h e  VTO es t imate .  F igure  4-6 
summarizes t h e  STOL mission c a p a b i l i t i e s  and takeoff  d i s t ances  f o r  t h e  candidate  
con f igu ra t ions  us ing  f u l l  i n t e r n a l  f u e l .  Two of t h e  candida te  con f igu ra t ions ,  t h e  
New Airframe and t h e  Composite a i r c r a f t ,  can meet t he  STOL mission requirements 
us ing  f u l l  i n t e r n a l  f u e l .  The modified Voodoo can f l y  n ine  c i r c u i t s  on i n t e r n a l  
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f u e l ,  and can meet t h e  requirement i f  e x t e r n a l  f u e l  is c a r r i e d .  The modified 
, . S a b r e l i n e r  cannot meet t h e  requirement s i n c e  t h e r e  a r e  no e x t e r n a l  f u e l  s t a t i o n s ,  

and i n t e r n a l  f u e l  capac i ty  is  i n s u f f i c i e n t  f o r  e leven c i r c u i t s  i rL  one-hour mission 
t i m e .  The ST0 d i s t a n c e s  are less than  t h e  400 f t  s p e c i f i e d  (with a 10 k t  wind) 
by t h e  design gu ide l ines .  

The two-hour requirement f o r  t h e  cruise/endurance mission can be  met by a l l  
f o u r  candida te  con f igu ra t ions  with f u l l  i n t e r n a l  f u e l  and a s h o r t  takeoff  run. 
F igure  4-7 shows t h e  l o i t e r  c a p a b i l i t y  of each of t h e  con f igu ra t ions  a t  a r a d i u s  
of 20 nm, a n  assumed climb d i s t a n c e  t o  t h e  l o i t e r  a l t i t u d e s .  The New Airframe 
and Composite a i r c r a f t  l o i t e r  a t  maximum LID and optimum a l t i t u d e  and have 4.2 
and 3.5 hours t i m e  on s t a t i o n ,  respec t ive ly .  The modified Sabre l ine r  and t h e  
modified Voodoo are r e s t r i c t e d  t o  t h e  gu ide l ine  low speed envelope and l o i t e r  a t  
15,000 f t  and 160 KEAS. The r e s t r i c t e d  a i r c r a f t  a r e  capable  of 2.7 and 2.3 hours 
t i m e  on s t a t i o n ,  r e spec t ive ly .  Figure 4-8 shows t h e  VTO t i n e  on s t a t i o n  c a p a b i l i t y  
of each of t h e  candida te  conf igura t fons .  The New Airframe and modified Sabre l ine r  
meet t h e  two-hour requirement wi th  a v e r t i c a l  takeoff  a t  r a d i i  of 150 and 10  nm, 
r e spec t ive ly .  F igure  4-9 shows the  t ime on s t a t i o n  c a p a b i l i t i e s  wi th  ST0 gross  
weights shown i n  Figure 4-7 ( f u l l  i n t e r n a l  f u e l ) .  A l l  candida tes  exceed the  two- 
hour gu ide l ine  requirement.  

FIGURE 4 4  
TECHNOLOGY AIRCRAFT 

-- 
VTO MISSION FUEL BREAKDOWN 

New Airframe (NNV-014) 

E l -  k- l6,OO FT -4 

5% SERVICE TOLERANCE ON &EL ROW 

WARMUP FUEL, 1 MIN INTERMEDIATE THRUST 

FUEL TOR EACH CIRCUIT 
VTo, CLIMB ACCEL70 1000 FT, 210 KT, 1 %  MIN ZNTTHRUST 335 L3 
I~O*TL)RN AT 210 KT (ZG'S) 27 LB 
DOWNRANGE CRUISE 29 LB 
180°TURN AT 210 KT (2 G'S) 27 LB 
POWERED- LIFT DESCENI: DECEL TO V=O 132 LB 
1 MIN FOR VERTICAL LAN DING ZmLB 

RESERVES, 4 M l N  HOVER AT LGW 
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FIGURE 4-5 
TECHNOLOGY AIRCRAFT 
"V" MISSION CAPABILITY 

VTOGW (S.  L. 89.8OF) = 28,000 t b  
Payload = 2,500 Lb 

FIGURE 4-6 
TECHNOLOGY AIRCRAFT 

STOL MISSION CAPABI LITY 
S.L. 89.8'~ Takeoff Payload = 2,500 Lb 

FIGURE 4-7 
TECHNOLOGY AIRCRAFT 

ST0 CRUISE/ENDURANCE MISSION 
S.L. 89.8OF Takeoff Payload = 2,500 Lb, Distance During Climb = 20 NM 
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FIGURE 4-8 
TECHNOLOGY AIRCRAFT 

VTO CRUISEIENDURANCE MISSION 
VTOGW (S.L., 89,8OF) = 28,000 Lb 

Payload = 2,500 Lb 
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5. AIRCRAFT CONTROL AND, HANDLING QUALITIES 

5 . 1  AIRCRAFT CONTROL 

The technology a i r c r a f t  candida tes  have f u n c t i o n a l l y  i d e n t i c a l  c o n t r o l  systems, 
and t h e  d e s c r i p t i o n  i n  t h i s  s e c t i o n  i s  a p p l i c a b l e  to  a l l  a i r c r a f t  con f igu ra t ions  
presented.  Control  c a p a b i l i t i e s  of each conf igu ra t ion  have been analyzed ind i -  
v i d u a l l y  and are discussed and compared t o  t h e  requirements .  

Bas ic  Control  Concept 

A i r c r a f t  c o n t r o l  i s  provided by aerodynamic c o n t r o l  su r f aces  and powered l i f t  
con t ro l s .  S t a b i l a t o r ,  a i l e r o n s ,  and rudder provide  a l l  of t he  p i t c h ,  r o l l ,  and 
yaw c o n t r o l  throughout aerodynamic f l i g h t  and p a r t  of t he  c o n t r o l  i n  t h e  powered 
l i f t  f l i g h t  regime depending on t h e  a i r speed .  These c o n t r o l  su r f aces  a r e  ac tua t ed  
by i r r e v e r s i b l e ,  hydrau l i ca l ly  powered a c t u a t o r s  and remain ope ra t iona l  throughout 
t h e  f l i g h t  envelope. The powered l i f t  c o n t r o l s ,  which func t ion  through f a n  t h r u s t  
modulation and vec to r ing ,  gene ra t e  t h e  necessary  a t t i t u d e  c o n t r o l  moments as shown 
i n  F igure  5-1. D i f f e r e n t i a l  t h r u s t  modulation between t h e  forward f a n  and t h e  two 
l i f t / c r u i s e  f ans  provides a i r c r a f t  p i t c h  c o n t r o l ,  whi le  d i f f e r e n t i a l  t h r u s t  
modulation between t h e  l e f t  and r i g h t  l i f t / c r u i s e  fans  provides r o l l  c o n t r o l .  

Thrust  modulation i s  achieved by means of t h e  Energy Transfer  and Control  
(ETaC) system. Valves,  l oca t ed  a t  t h e  i n l e t s  t o  t he  t i p  t u r b i n e  of each f a n ,  
con r ro l  t r a n s f e r  of energy through t h e  in t e rconnec t ing  duc t s  between f a n s  t o  
accomplish t h e  des i r ed  t h r u s t  changes. The ETaC system ope ra t ion  involves  p a r t i a l  

FIGURE 5-1 
VTOL CONTROL 
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c los ing  of a n  ETaC v a l v e  a t  one f a n  t o  cause t h e  t h r u s t  of a l l  t h e  o t h e r  f a n s  t o  
i n c r e a s e ,  without  a  s u b s t a n t i a l  change of t h r u s t  a t  t h a t  f a n .  The r e s u l t  i s  a n e t  
i n c r e a s e  i n  t o t a l  l i f t .  The ETaC system i s  implemented w i t h  f a n  t h r u s t  r educ t ion  
modulation (TRM) t o  provide  g r e a t e r  t h r u s t  d i f f e r e n t i a l  f o r  c o n t r o l  moments and 
b e t t e r  c o n t r o l  response wh i l e  maintaining cons tan t  t o t a l  l i f t .  All. t h r e e  ETaC and 
TRM devices  a r e  coordinated t o  achieve a i r c r a f t  c o n t r o l  without  coupling between 
a t t i t u d e  and h e i g h t  con t ro l .  

Yaw c o n t r o l  i s  provided by l a t e r a l l y  d e f l e c t i n g  t h e  t h r u s t  of t h e  l i f t  and 
l i f t l c r u i s e  f a n s  d i f f e r e n t i a l l y ,  such t h a t  t h e  s i d e  f o r c e  components o f  t h e  l i f t  
vec to r s  a t  each f a n  produce a  yaw moment on t h e  a i r c r a f t .  To yaw r i g h t ,  f o r  example, 
t h e  exhaust flow of t h e  forward fuse l age  f a n  i s  d e f l e c t e d  t o  t h e  l e f t  s o  t h a t  t h e  
h o r i z o n t a l  component of t h r u s t  i s  a  f o r c e  which moves t h e  nose of t h e  a i r c r a f t  t o  
t h e  r i g h t .  Simultaneously, t h e  flow of t h e  l i f t l c r u i s e  f a n s  i s  d e f l e c t e d  t o  t h e  
r i g h t  such t h a t  the s i d e  f o r c e s  move t h e  a f t  fu se l age  t o  t h e  l e f t .  The e f f e c t i v e  
d e f l e c t i o n  angles  r equ i r ed  a r e  smal l  s o  t h a t  n e g l i g i b l e  t o t a l  l i f t  l o s s e s  r e s u l t  
dur ing  yaw c o n t r o l  i npu t s .  Separa te  a c t u a t i o n  of t h e  t h r u s t  d e f l e c t i o n  f o r  yaw a t  
each f a n  provides high r e l i a b i l i t y  and s a f e t y  by v i r t u a l l y  excluding t h e  chance of 
l o s i n g  a l l  yaw con t ro l .  

Height c o n t r o l  i n  VTOL is  synonymous w i t h  t o t a l  l i f t  c o n t r o l  and i s  accomplished 
by modulation of gas  genera tor  power. ;lanual c o n t r o l  i s  by means of a  power l e v e r  
l oca t ed  on t h e  power management quadrant  on the  l e f t  s i d e  of t h e  p i l o t ' s  s e a t .  The 
power management quadrant  a l s o  con ta ins  the t r a n s i t i o n  l e v e r ,  o r  t h r u s t  v e c t o r  
c o n t r o l ,  which i s  l i nked  wi th  t h r u s t  vec to r ing  devices  a t  each f a n .  A s e t  of 
vec to r ing  louvers  a t  t h e  l i f t  f a n  and vec to r ing  nozzles  a t  t h e  l i f t / c r u i s e  f a n s  
provide t h e  means f o r  vec to r ing  t h e  a i r c r a f t  t h r u s t  f o r  VTOL, STOL, and t r a n s i t i o n .  

Powered L i f t  Control  Safe ty  

The redundant a c t u a t i o n  and c o n t r o l  systems provide f o r  s a f e  ope ra t ion  i n  t h e  
powered l i f t  mode. I n  a d d i t i o n ,  t h e  complementary func t ions  of ETaC and TF3f (ETac 
f o r  t h r u s t  i nc rease  and TRE4 f o r  t h r u s t  r educ t ion )  provide  an inhe ren t  s a f e t y  
f e a t u r e  by n a t u r e  of t h e  s e p a r a t e  a c t u a t i o n  of t h e s e  devices  a t  each f an .  Loss of 
an  ETaC func t ion  a t  a f a n  does not  i n t e r f e r e  with t h e  TJ31 ope ra t ion  and conversely 
l o s s  of t h e  TRM does n o t  i n t e r f e r e  w i t h  t h e  ETaC ope ra t ion .  This f e a t u r e  provides 
f o r  e x c e l l e n t  s u r v i v a b i l i t y  when m u l t i p l e  f a i l u r e s  o r  b a t t l e  damage a r e  considered.  
When a t o t a l  l o s s  of a  TRM o r  ETaC f u n c t i o n  a t  a  f a n  i s  cons idered ,  adequate  
a i r c r a f t  c o n t r o l  is s t i l l  maintained wi th  some degrada t ion  i n  handl ing q u a l i t i e s  
r e s u l t i n g  from reduc t ion  i n  c o n t r o l  power i n  t h e  a f f e c t e d  a x i s .  The es t imated  
c o n t r o l  power remaining a f t e r  a t o t a l  l o s s  of the  c o n t r o l  moment producing func t ion  
is  shown f o r  each a x i s  i n  F igure  5-2. A s  discussed  i n  subsequent s e c t i o n s ,  t h e  
i n s t a l l e d  c o n t r o l  power exceeds the s tudy gu ide l ine  requirements .  Tileref o r e ,  a f t e r  
a  complete l o s s  of ETaC, Tml o r  yaw vanes a t  a  f an ,  t he  c o n t r o l  power remaining 
r e l a t e d  to  t he  requirements  i s  s t i l l  adequate  f o r  s a f e  a i r c r a f t  c o n t r o l .  
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FIGURE 5-2 
CONTROL POWER REMAINING FOLLOWING 

LOSS OF CONTROL MOMENT PRODUCING FUNCTION 
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Based on 30% Thrust Modulation 
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*TRM = THRUST REDUCTION MODULATION 

Control Requirements 

I 

The c o n t r o l  design requirements  were e s t a b l i s h e d  not  only t o  i n s u r e  good 
maneuvering c a p a b i l i t y ,  bu t  a l s o  t o  provide adequate  f o r c e s  and moments t o  s t a b i l i z e  
t h e  a i r c r a f t  and t o  c o n t r o l  a i r c r a f t  d i s turbances  and cross-coupling e f f e c t s .  The 
primary c o n t r o l  des ign  gu ide l ines  f o r  t h e  technology demonstration a i r c r a f t ,  a s  
summarized i n  F igure  5-3, show only t h e  maneuver c o n t r o l  power requirements .  Design 
con t ro l  power, however, i s  i n t e r r e l a t e d  wi th  t h e  a i r c r a f t  s t a b i l i t y  requirements  
inasmuch a s  t h e  c h a r a c t e r i s t i c s  of t h e  s t a b i l i t y  augmentation system a f f e c t  the  
i n s t a l l e d  c o n t r o l  power requirement .  To achieve t h e  s p e c i f i e d  hover s t a b i l i t y ,  
a i r c r a f t  a t t i t u d e  and r a t e  feedback loops a r e  closed through a p p r o p r i a t e  ga ins  t o  
produce s p e c i f i c  damping and n a t u r a l  frequency c h a r a c t e r i s t i c s  f o r  s a t i s f a c t o r y  
handling q u a l i t i e s .  The c losed  loop p i t c h  and r o l l  c o n t r o l  powers a r e  d i c t a t e d  by 
t h e  requirement of a t t i t u d e  change i n  one second per  i nch  of c o n t r o l  displacement.  
Yaw c o n t r o l  power, however, was determined based on t h e  s p e c i f i e d  moment/inertia 
(M/I) r a t i o  because t h e  yaw a x i s  is r a t e  s t a b i l i z e d  which makes t h e  M/I a dominating 
design requirement.  
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FIGURE 5-3 
PRIMARY VTOL CONTROL GUIDELINES 

Lift Cruise Technology Aircraft 

Control  During Normal Opera t ion  

ACCELERATION PITCH (RADISEC~) 

ANGLE IN 1 SEC PITCH (DEGREES) 

COMBINED CONTROL 100% + 30% + 30% 

Each of t h e  technology candida tes  was analyzed t o  determine t h e  t h r u s t  modula- 
t i o n  necessary f o r  a t t i t u d e  con t ro l .  A t t i t u d e  c o n t r o l  i n  hover w a s  determined t o  be 
more demanding of t h r u s t  modulation than  c o n t r o l  i n  t r a n s i t i o n  o r  STOL. Thrus t  
modulation l e v e l s  requi red  f o r  each conf igu ra t ion  t o  s a t i s f y  the  most c r i t i c a l  
combination of c o n t r o l  i n p u t s  s p e c i f i e d  by t h e  des ign  gu ide l ines  a r e  shown i n  
F igure  5-4. Avai lab le  t h r u s t  modulation l e v e l s  a r e  de f ined  by a  temperature l i m i t  
and p r a c t i c a l  cons ide ra t ions  which a r e  a l s o  shown i n  F igure  5-4. A 3-second 1600°F 
EGT r a t i n g  provides a  modulation c a p a b i l i t y  i n  excess  of 40% of nominal t h r u s t  a t  
VTO g r o s s  weight condi t ion .  However, 25%-30% t h r u s t  modulation r e p r e s e n t s  a  
p r a c t i c a l  design g o a l  which i n s u r e s  b e t t e r  c o n t r o l  c h a r a c t e r i s t i c s  w i th  r e spec t  t o  
cross-coupling e f f e c t s  and c o n t r o l  response.  Control  c a p a b i l i t i e s  i n  p i t c h  and r o l l  
based on 25% t h r u s t  modulation a r e  shown i n  F igure  5-5. A l l  four  a i r c r a f t  config- 
u r a t i o n s  a r e  w e l l  above t h e  gu ide l ine  and t h e r e f o r e  a t t a i n  t h e  p r a c t i c a l  des ign  goa l .  

HEIGHT CONTROL 

WITH 50% ATTITUDE CONTROL (g) 
v 

TRANSIENT RESPONSE (TIME CONSTANT) 

ATTITUDE CONTROL 
(SECONDS) 

HElGHT CONTROL 

The r e l a t i o n s h i p  of t h r u s t  modulation f o r  a t t i t u d e  and he igh t  c o n t r o l  t o  t h e  
propuls ion  system c a p a b i l i t i e s  i s  shown i n  Figure 5-6. A i r c r a f t  ope ra t ion  a t  VTO 
gross  weight i s  w e l l  below t h e  in t e rmed ia t e  engine power s e t t i n g .  

Yaw vec to r  ang le  requirements  a r e  gene ra l ly  h i g h e s t  a t  the landing  gross  
weight ,  because t h e  t h r u s t  t o  b e  d e f l e c t e d  i s  reduced w h i l e  t h e  a i r c r a f t  yaw i n e r t i a  
e x h i b i t s  only a  smal l  r e l a t i v e  change wi th  g ros s  weight.  The t h r u s t  d e f l e c t i o n  
angles  were computed a t  bo th  takeoff  and l and ing  weights  f o r  each of t h e  candida te  
a i r c r a f t  and are summarized i n  F igure  5-7. The s i d e  f o r c e  produced by the  forward 
f a n  must: ba lance  t h e  s i d e  f o r c e  of t h e  two l i f t l c r u i s e  f a n s  f o r  pure  yaw moment 
wi thout  s i d e  f o r c e  coupling.  The t h r u s t  d e f l e c t i o n  ang le s  of t h e  l i f t / c r u i s e  f ans  
a r e  t h e r e f o r e  approximately h a l f  of t h e  forward f a n  t h r u s t  d e f l e c t i o n  ang le s .  
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FIGURE 5-4 
- -  THRUST MODULATION REQUIREMENTS . 
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FIGURE 5-15 
ATTITUDE CONTROL CAPABILITY WITH 25% MODULATION 
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FIGURE 5-6 
LEVEL 1 VTOL CONTROL DEFINITION 

VTOGW = 28,000 Lb 
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FIGURE 5-7 
THRUST DEFLECTION REQUIREMENT FOR YAW CONTROL 
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Control  During-Engine Out 

The t h r u s t  modulation r equ i r ed  f o r  t h e  s p e c i f i e d  Level 2 c o n t r o l  fo l lowing  a 
Sas generator  f a i l u r e  i s  s u b s t a n t i a l l y  reduced, and t h e  modulation levels f o r  t h e  
fou r  a i r c r a f t  a r e  shown i n  F igure  5-8. Control  margins are def ined  by t h e  a l lowable  
temperature limits and t h e  nominal t h r u s t  l e v e l s  corresponding t o  the  maximum "one 
gas genera tor  out" v e r t i c a l  takeoff  c a p a b i l i t y .  The r e l a t i o n s h i p  of emergency 
c o n t r o l  requirements t o  t h e  propuls ion  system c a p a b i l i t i e s  i s  shown i n  F igure  5-9, 
and it i s  evident  t h a t  t h e  c o n t r o l  c a p a b i l i t y  provided a t  the d ry  r a t i n g  condi t ion  
is adequate f o r  t h e  s e l e c t e d  a i r c r a f t  VTO g ross  weight of 28,000 l b .  The t h r u s t  
modulation c o n t r o l  margins above g u i d e l i n e  f o r  each conf igu ra t ion  a t  28,000 l b  a r e  
shown i n  Figure 5-10. 

Gyroscopic Coupling 

Gyroscopic coupling occurs  between t h e  p i t c h  and r o l l  axes due t o  t h e  angular  
momentum of t h e  forward fuse l age  f a n ,  and between t h e  p i t c h  and yaw axes due t o  t h e  
combined angular  momentum of t h e  gas  gene ra to r s  and l i f t l c r u i s e  f ans .  The gyro- 
s cop ic  coupling eva lua t ions  were performed a t  a power s e t t i n g  corresponding t o  
T/W = 1 . 0  a t  VTO gross  weight.  The requirement p e r t i n e n t  t o  gyroscopic coupling i s  
given a s  p a r t  of t h e  a t t i t u d e  c o n t r o l  power requirement and s t a t e s  t h a t  at least 
90% of t he  s p e c i f i e d  normal c o n t r o l  power s h a l l  be a v a i l a b l e  a f t e r  compensation f o r  
t h e  gyroscopic moments r e s u l t i n g  from maneuvers demonstrating t h e  s p e c i f i e d  c o n t r o l  
power. 

Design c o n t r o l  power requirements  a r e  s p e c i f i e d  i n  terms of ins tan taneous  
angular  a c c e l e r a t i o n  (momentlinertia r a t i o )  and a t t i t u d e  change i n  one second f o r  
s t e p  c o n t r o l  input .  Achieving t h e  s p e c i f i e d  a t t i t u d e  change i n  one second i s  the  
dominating requirement i n  p i t c h  and r o l l  w i t h  t h e  a t t i t u d e  s t a b i l i z a t i o n  systems 
engaged. The yaw a x i s  i s  r a t e  ( r a t h e r  than  a t t i t u d e )  s t a b i l i z e d  and as a r e s u l t  
t h e  0.3 radianslsecond2 requirement i s  h igher  than t h e  5-degree change i n  one 
second. The demonstration maneuvers, t h e r e f o r e ,  c o n s i s t  of s t e p  c o n t r o l  i n p u t s  t o  
achieve 8 degrees p i t c h  a t t i t u d e  change i n  one second, 15  d e  rees r o l l  a t t i t u d e  
change i n  one second, and a s t e p  i n p u t  of 0 .3  radianslsecondg momenelinertia i n  yaw. 
The angular r a t e s  encountered during performance of t hese  maneuvers a r e  p l o t t e d  i n  
F igure  5-11. The gyroscopic coupling moments were computed a t  t h e  peak angular  
r a t e s  i n  p i t c h  and r o l l  and t h e  yaw r a t e  a t  one second as ind ica t ed  i n  t h e  f i g u r e .  

Avai lable  c o n t r o l  power f o r  t h e  gyroscopic coupling a n a l y s i s  i s  i d e n t i f i e d  a s  
t h e  amount of a t t i t u d e  change c a p a b i l i t y  i n  one second corresponding t o  25% t h r u s t  
modulation l e v e l  i n  p i t c h  o r  r o l l  as previous ly  discussed.  Yaw c o n t r o l  power i s  
t h e  momentl iner t ia  r a t i o  a v a i l a b l e  from 8 degress  of forward f a n  t h r u s t  d e f l e c t i o n  
and 4 degrees of l i f t l c r u i s e  f a n  t h r u s t  d e f l e c t i o n .  Based on t h e s e  c o n t r o l  l e v e l s ,  
t h e  c o n t r o l  margins remaining a f t e r  compensation f o r  t h e  gyroscopic moments a r e  
summarized i n  F igures  5-12 and 5-13. 

Control  i n  Crosswind 

The candida te  a i r c r a f t  were evaluated as t o  compliance wi th  t h e  requirement  
t h a t  a t  l e a s t  50% of t h e  s p e c i f i e d  normal c o n t r o l  power s h a l l  b e  a v a i l a b l e  f o r  
maneuvering a f t e r  t h e  a i r c r a f t  i s  trimmed i n  a 25 k t  crosswind. The a v a i l a b l e  
c o n t r o l  power corresponds t o  25% t h r u s t  modulation. The primary sources  of t h e  
f o r c e s  and moments i n  a crosswind a r e  t h e  ram drag e f f e c t  of i n l e t  mass f lows  and 
aerodynamic loads  on t h e  fuse l age  and v e r t i c a l  t a i l .  The maximum t r i m  f o r c e  and 
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FIGURE 5-8 
LEVEL 2 THRUST MODULATION REQUIREMENTS 

VTOGW = 28,000 Lb 
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FIGURE 5-9 
LEVEL 2 VTOL CONTROL DEFINITION 
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FIGURE 5-10 
CONTROL CAPABILITY AFTER ENGINE FAILURE 

-- Level 2 
VTOGW = 28,000 Lb 

FIGURE 5-11 
AIRCRAFT RATE RESPONSE FOR INPUT 
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and moment occ:ir when t h e  flow i s  normal t o  t h e  a i r c r a f t  p l ane  of symmetry. 
F igure  5-13 ,presents  t h e  c o n t r o l  margins remaining a f t e r  trimming i n  a 25 k t  cross-  
wind; a l l  candLdates exceed t h e  design g u i d e l i n e  requirement.  

Center of Gravi ty Trim 

Coincident  c e n t e r  of t h r u s t  and center  of g r a v i t y  (cg) a t  VTO gross  weight i s  a 
design requirement.  This i s  accomplished by appropr i a t e  d i s t r i b u t i o n  of i n s t a l l e d  
l i f t :  among t h e  t h r e e  f ans .  Therefore,  cg t r i m  requirements were no t  considered i n  
conputing t h e  t h r u s t  modulation margins f o r  c o n t r o l  a t  t h e  VTO gross  weight .  A t  
lower o p e r a t i o n a l  g ros s  weights ,  t h e  t h r u s t  c e n t e r  i s  con t ro l l ed  w i t h  r e s p e c t  t o  
t h e  cg us ing  ETaC, and t h e  computed t h r u s t  modulation margins i nc lude  t h e  t r i m  
requirement.  

Control  Power Capabi l i ty  

A l l  of t h e  technology a i r c r a f t  candida tes  have excess  c o n t r o l  margins f o r  
f u t u r e  r e sea rch  programs i n  t h e  a r e a  of c o n t r o l  power requirements.  The margins 
a v a i l a b l e  have been computed and a r e  shown i n  F igure  5-15. Note t h a t  margins 
shown a r e  based on 25% t h r u s t  modulation c a p a b i l i t y  and on t h e  1600°F EGT l i m i t  f o r  
p i t c h  and r o l l ,  and 8 and 10  degrees  of t h r u s t  d e f l e c t i o n  f o r  yaw. 

Cont ro l  System Response 

Fan speed response v a r i e s  wi th  f a n  po la r  moment of i n e r t i a  and inve r se ly  as 
t h e  r a t i o  of t h e  a c c e l e r a t i n g  torque  t o  t h e  corresponding speed change increment.  
Fan t h r u s t  response inc ludes  t h e  e f f e c t s  of f a n  speed change, t i p  t u r b i n e  t h r u s t  
f r a c t i o n ,  and a c t u a t i o n  l ags .  Control  response c o n s i s t s  of two components: (1) 
f a n  t h r u s t  response f rom t h e  i n c r e a s e  of gas energy,  and (2) t h r u s t  r educ t ion  
modulation response. Estimated va lues  of each component and t h e i r  combination a r e  
shown i n  F i g u r e  5-16 based on previous  LF460 f a n  s t u d i e s  and ETaC test r e s u l t s .  

A s  d i scussed  e a r l i e r  i n  t h i s  s e c t i o n ,  t h e  normal c o n t r o l  t h r u s t  modulation 
c a p a b i l i t i e s  a r e  w e l l  i n  excess of t h e  normal c o n t r o l  requirement.  The excess  
modulation margin permi ts  e f f e c t i v e  use  of l e a d  compensation f o r  response improve- 
ment. Lead compensation magnifies t h e  c o n t r o l  commands and exponent ia l ly  washes 
out  t h e  magni f ica t ion .  The r e s u l t  is  a more r ap id  r i s e  of t he  response t o  t h e  
commanded l e v e l .  With l e a d  compensation, t h e r e f o r e ,  t h e  c o n t r o l  response e a s i l y  
meets t h e  0 .2  second requirement a s  shown i n  F igure  5-16. Because t h e  f a n  t h r u s t  
ou tput  must l i f t  t h e  same v e r t i c a l  takeoff  gross  weight i n  emergency a s  i n  normal 
cond i t i on ,  t h e  energy suppl ied  t o  t h e  f a n  remains about t h e  same. Also, approxi- 
mately t h e  same c o n t r o l  margin f o r  l e a d  compensation i s  a v a i l a b l e  i n  emergency f o r  
i n p u t s  meeting the  Level 2 c o n t r o l  power requirements ,  The response, t h e r e f o r e ,  i s  
nea r ly  t h e  same i n  bo th  cases ,  showing l e s s  t han  0 . 2  second t i m e  t o  63% of commanded 
change. 

F l i g h t  Path Control  

F igu re  5-17 p r e s e n t s  t he  s h o r t  landing approach speeds r equ i r ed  t o  produce an 
incremental  normal a c c e l e r a t i o n  of 0.15 g by a i r c r a f t  r o t a t i o n  ( p i t c h  a t t i t u d e  
change a t  cons tan t  t h r u s t  and vec to r  ang le )  i n  1 . 5  seconds. Data are given as a 
f u n c t i o n  of g ros s  weight and descent  r a t e  assuming a reasonable  r o t a t i o n  ang le  of 
10  degrees  which i s  c o n s i s t e n t  w i th  t h e  a i r c r a f t  a t t i t u d e  c o n t r o l  power requirement 
of 6 degrees displacement i n  one second. The 0.15 g incremental  normal a c c e l e r a t i o n  
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FIGURE 5-14 
TRIMICONTROL IN HOVER 

25 Kt Crosswind 

(1) 100% Available  Yaw Control  = 8 Deg Fwd 
Fan, 4 Deg L/C Thrust  Def l ec t ion  I n s t a l l e d  c o n t r o l  power i s  

i n  excess  of gu ide l ine  
(2) 100% Available  Roll  Control  = 25% Thrust  requirement.  
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FIGURE 5-15 
CONTROL POWER CAPABILITY FOR RESEARCH 
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FIGURE 5-16 
ESTIMATED CONTROL RESPONSE 

Lead Compensation with ETaC 
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FIGURE 5-17 
F L IG H T  PATH CONTROL 
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f o r  Level 1 o p e r a t i o n  can be produced when, the approach speed equals  o r  exceeds t h a t  
shown. The Level  2 requirement  of 20.05 g incrementa l  normal. a c c e l e r a t i o n  i n  1 . 5  
seconds can be  f u l f i l l e d  a t  lower v e l o c i t i e s  s i n c e  t h e  r educ t ion  i n  d e l t a  r o t a t i o n  
ang le  i s  less than  t h e  r educ t ion  i n  a c c e l e r a t i o n  r equ i r ed ;  i . e .  tihe c o n t r o l  power 
requirement i s  5 r a t h e r  than  6 degrees displacement i n  one second, t hus  t h e  r o t a t i o n  
angle  i s  approximately 83% of  t he  Level 1 va lue .  A s  approach speeds a r e  reduced, 
normal a c c e l e r a t i o n s  a r e  obta ined  t o  a g r e a t e r  degree by power adjustment .  

5.2 STABILITY 

The fol lowing paragraphs present  and d i s c u s s  t h e  des ign  parameter and f a n  
l o c a t i o n  e f f e c t s  w i t h  r e s p e c t  t o  t he  technology a i r c r a f t  and i ts  demonstration 
c a p a b i l i t i e s ,  and t h e  dynamic s t a b i l i t y  c h a r a c t e r i s t i c s  i n  hover. 

Design Parameters 

The technology a i r c r a f t  performance i s  a r e s u l t  of t h e  con f igu ra t ion  in tegra-  
t i o n  t o  opt imize t h e  aerodynamic-propulsion e f f e c t s .  F igu re  5-18 p r e s e n t s  a 
summary of t h e  des ign  parameters  t h a t  c o n t r i b u t e  t o  t h e  a i r c r a f t  t h r u s t  balance,  
t r i m  and c o n t r o l ,  and t h e  s t a t i c  l o n g i t u d i n a l  s t a b i l i t y  margin. The adap ta t ion  of 
e x i s t i n g  hardware t o  reduce t h e  technology a i r c r a f t  c o s t  restricts t h e  des ign  
freedom t o  provide  t h r u s t  c e n t e r ,  g r a v i t y  c e n t e r ,  and aerodynamic cen te r  co inc i -  
dence a t  a given percentage  MAC l o c a t i o n .  However, a t r i c e n t e r  compa t ib i l i t y  was 
achieved t o  reduce t h e  powered l i f t  t r i m  requirements ,  t hus  i nc reas ing  t h e  c o n t r o l  
c a p a b i l i t y  of t h e  ETaC system. The es t imated  n e u t r a l  p o i n t s  show t h a t  the  a i r c r a f t  
s t a t i c  l o n g i t u d i n a l  s t a b i l i t y  exceeds t h e  requirement f o r  a 0.05 MAC margin. 
Neut ra l  p o i n t s  are es t imated  using advanced des ign  methods supplemented by experi-  
mental  d a t a  from wind tunne l  t e s t s  of flow-through models of s i m i l a r l y  configured 
l i f t / c r u i s e  f a n  a i r c r a f t .  

FIGURE 518 

Fan Location, Aero/Propulsion Area Ra t io  

DESIGN PARAMETER SUMMARY 

Theore t i ca l  and experimental  d a t a  have v e r i f i e d  t h a t  t h e  L/C f a n  n a c e l l e  
l o c a t i o n  r e l a t i v e  t o  t h e  wing i s  of primary importance t o  t h e  c r e a t i o n  of b e n e f i c i a l  
power induced l i f t  i n  t h e  ST0 and t r a n s i t i o n  f l i g h t  regimes, Fan spacings,  which 
d e f i n e  powered l i f t  c o n t r o l  moment arms, and nozz le  e x i t  l o c a t i o n s  a r e  determinants  
of VTOL power e f f e c t s ,  i n  and o u t  of ground e f f e c t .  Such power induced e f f e c t s  a r e  
key inpu t s  t o  V/STOL a i r c r a f t  performance and handl ing q u a l i t i e s  c h a r a c t e r i s t i c s .  

The technology a i r c r a f t  con f igu ra t ions  have been developed wi th  t h e  o b j e c t i v e  
of r e t a i n i n g  power induced e f f e c t s  similar t o  those of t h e  mult ipurpose a i r c r a f t  
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of t he  P a r t  I study.  F igu re  5-19 p r e s e n t s  t h e  f a n  l o c a t i o n  d a t a  f o r  t h e  technology 
versus  t he  mult ipurpose a i r c r a f t .  F igure  5-19 a l s o  compares an aerodynamiclpropul- 
s i o n  a r e a  r a t i o  (wing span l f an  diameter)2 which when m u l t i p l i e d  by p v / p j  VJ is  
p ropor t iona l  t 3  t h e  aerodynamic/propulsion m a s s  f low r a t i o .  Power induced e f f e c t s  
i n  gene ra l  a r e  s i m i l a r  i f  t h i s  mass flow r a t i o  is dup l i ca t ed  i n  e i t h e r  demonstration 
a i r c r a f t  o r  wind tunne l  model designs.  

Hover Dynamic S t a b i l i t y  

FIGURE 5-19 
FAN LOCATION, AEROfPROPULSION AREA RATIO 

The i n h e r e n t  aerodynamic s t a b i l i t y  of a V/STOL a i r c r a f t  decreases  wit11 
reduct ion  of a i r speed  u n t i l  a t  some low speed approaching hover t he  a i r c r a f t  
becomes uns tab le .  To s t a b i l i z e  t he  a i r c r a f t  and t o  reduce the  p i l o t ' s  e f f o r t ,  a 
s t a b i l i t y  and c o n t r o l  augmentation system was provided. The des ign  gu ide l ines  with 
r e s p e c t  t o  low speed f l y i n g  q u a l i t i e s  address  t he  a i r c r a f t ' s  response and the  
dynamic s t a b i l i t y  c h a r a c t e r i s t i c s .  A dynamic s t a b i l i t y  c r i t e r i o n ,  expressed i n  
d e s i r a b l e  frequency and damping c h a r a c t e r i s t i c s  (Figure 5-20), i s  provided t h a t  i s  
a p p l i c a b l e  t o  p i t c h  and r o l l  a t t i t u d e  s t a b i l i z a t i o n .  

The b a s i c  i n h e r e n t  dynamic c h a r a c t e r i s t i c s  of t he  technology a i r c r a f t  i n  hover 
were eva lua ted  and found t o  possess  a low frequency d ive rgen t  o s c i l l a t o r y  mode a s  
shown i n  F igure  5-20. The primary s t a b i l i t y  and command augmentation requirements 
i n  the  powered l i f t  regime were analyzed and the  b a s i c  c o n t r o l  loops determined f o r  
t h e  hovering veh ic l e .  These ana lyses  were performed using r o o t  locus  techniques 
which l e d  t o  t h e  s e l e c t i o n  of app ropr i a t e  feedback ga ins  t o  achieve the  des i r ed  
frequency and damping c h a r a c t e r i s t i c s .  The p i t c h  and r o l l  dynamic c h a r a c t e r i s t i c s  
wi th  the  a t t i t u d e  and r a t e  feedback loops c losed  a r e  i nd ica t ed  by the  symbols 
l oca t ed  wi th in  t h e  des ign  area i n  F igure  5-20. 
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FIGURE 5'20 
HOVER'STABILITY CHARACTERISTICS 
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a n a l y s i s ,  a  r a t e  feedback g a i n  w a s  s e l e c t e d  which r e s u l t s  i n  a  yaw damping l e v e l  
of 1.12 sec" and which a l s o  s a t i s f i e s  t h e  MIL-F-83300 yaw damping requirement.  

5.3 FLIGHT CONTROL SYSTEM 

Extensive cons ide ra t ion  of the  technology v e h i c l e ' s  s t a b i l i t y  and c o n t r o l  
func t iona l  requirements  and a  sound des ign  philosophy w i t h  r e s p e c t  t o  o p e r a t i o n a l  
r e l i a b i l i t y  and f l i g h t  s a f e t y  d i c t a t e  t h e  f l i g h t  c o n t r o l  system c h a r a c t e r i s t i c s  
a s  descr ibed  i n  t h i s  s e c t i o n .  

Basic  Control  Funct iona l  Requirements 

P i l o t  command of p i t c h  and r o l l  a t t i t u d e  provides  s u p e r i o r  VTOL handling 
c h a r a c t e r i s t i c s  a t  a i r speeds  near  hover. I n  t h i s  mode p i t c h  and r o l l  a t t i t u d e  
changes a r e  p ropor t iona l  t o  c o n t r o l  s t i c k  displacements .  Feedback s i g n a l s  of p i t c h  
and r o l l  a t t i t u d e  and p i t c h  and r o l l  r a t e  a r e  used t o  e f f e c t  a t t i t u d e  s t a b i l i t y  and 
proper  a i r c r a f t  a t t i t u d e  response.  A t  speeds of 30-40 k n o t s  and above, t h e  p i l o t s  
p r e f e r  t o  command a i r c r a f t  r a t e  r a t h e r  than  a t t i t u d e .  P i t c h  afid r o l l  r a t e  feedback 
s i g n a l s  are used t o  provide  a i r c r a f t  rate response p ropor t iona l  t o  s t i c k  d i sp l ace -  
ment dur ing  maneuver c o n t r o l  i npu t s .  The a t t i t u d e  feedback s i g n a l s  are used only  
dur ing  s teady  state f l i g h t  t o  provide a t t i t u d e  hold f o r  p i l o t  workload reduct ion .  
The f l i g h t  c o n t r o l  system ope ra t ion  is  mechanized through t h e  powered l i f t  c o n t r o l  
and t h e  aerodynamic c o n t r o l  su r f aces .  This  provides  a smoother t r a n s i t i o n ,  as t h e  
powered l i f t  c o n t r o l s  a r e  phased out  and t h e  aerodynamic c o n t r o l s  become more 
e f f e c t i v e ,  and i n s u r e s  cont inua t ion  of good c o n t r o l  and s t a b i l i t y  through conversion.  
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Direc t iona l  c o n t r o l  is  augmented by a yaw r a t e  command system which provides 
l a t e r a l / d i r e c t i o n a l  s t a b i l i z a t i o n  and good d i r e c t i o n a l  c o n t r o l  c h a r a c t e r i s t i c s  
a t  hover and low speeds when the  system ope ra t e s  mainly through t h e  lift f an  t h r u s t  
d e f l e c t i o n  system. Af te r  conversion t o  convent ional  f l i g h t ,  yaw command augmentation 
i s  provided through t h e  rudder  only. 

Ro l l  t o  yaw system in t e rconnec t s  coordinated wi th  feedbacks of lateral 
a c c e l e r a t i o n ,  bank ang le ,  and yaw rate a r e  used t o  provide t u r n  coord ina t ion  s i g n a l s .  
This  mechanization i s  p a r t i c u l a r l y  important  because t h e  t u r n  coord ina t ion  require-  
ments change d r a s t i c a l l y  w i t h  a i r speed ,  p a r t i c u l a r l y  i n  t h e  0 t o  100 knot  range 
A t  some speed approaching hover ,  coord ina t ing  of t u r n s  must y i e l d  t o  a pure  s i d e s l i p  
mode of con t ro l .  

These f u n c t i o n a l  requirements  combined w i t h  the  mul t i tude  of c o n t r o l  elements 
i n f l u e n c e  t h e  s e l e c t i o n  of t h e  f l i g h t  con t ro l  sys  t e m .  

F l i g h t  Control  System Descr ip t ion  

The s e l e c t i o n  of a s u i t a b l e  f l i g h t  c o n t r o l  system f o r  t h e  technology demon- 
s t r a t i o n  a i r c r a f t  i s  based on t h e  premise t h a t  t h e  a i r c r a f t  should demonstrate  a l l  
a s p e c t s  of t h e  technology which i t  r ep re sen t s .  The technology a i r c r a f t  f l i g h t  
c o n t r o l  system is  r e l a t e d ,  as much as poss ib l e ,  t o  t h e  system s e l e c t e d  fo r  t h e  
o p e r a t i o n a l  a i r c r a f t  w i t h i n  t h e  c o n s t r a i n t s  of c o s t ,  r i s k ,  and schedule.  The 
elements and func t ions  of t h e  powered l i f t  c o n t r o l  system, a s  shown by t h e  
implementation of c o n t r o l  l o g i c  diagram i n  F igu re  5-21, and t h e  c h a r a c t e r i s t i c s  of 
V/STOL ope ra t ion  i n  gene ra l  r e q u i r e  a c o n t r o l  system which i s  h igh ly  f l e x i b l e .  To 
s a t i s f y  t h i s  requirement t h e  Active Control  System (ACS) approach was s e l e c t e d .  
The ACS is  def ined  as a control-by-wire through a dedica ted  f l i g h t  c o n t r o l  system 
computer as shown i n  F igure  5-22. 

The ACS i s  a t r i p l e x  hybr id  implementation of d i g i t a l  and analog func t ions  
combined t o  achieve  d e s i r e d  h igh  r e l i a b i l i t y  and f l i g h t  s a f e t y  goa ls .  The analog 
computer provides t h e  minimum f l i g h t  c o n t r o l  func t ions  deemed necessary f o r  s a f e  
f l i g h t  p a r t i c u l a r l y  du r ing  approach and landing  fol lowing a complete d i g i t a l  system 
f a i l u r e .  The d i g i t a l  cQmputer provides  t h e  capac i ty  and f l e x i b i l i t y  requi red  t o  
i n c a r p o r a t e  many d i f f e r e n t  primary f l i g h t  modes, which a r e  d e s i r a b l e  f o r  widening 
t h e  aeope of r e sea rch  a p p l i c a t i o n s .  Both the  analog and d i g i t a l  computations a r e  
performed simultaneously,  The redundancy provides  c a p a b i l i t y  t o  land  s a f e l y  i n  t h e  
event  of e i t h e r  complete d i g i t a l  o r  complete analog c o n t r o l  func t ion  computation 
f a i l u r e  w i t h  reduced performance i n  e i t h e r  ca se .  

A s  a technology demonstrator  and a r e sea rch  t o o l ,  t h e  c o n t r o l  modes and 
func t ions  t o  be provided a r e  somewhat fewer t han  those  requi red  of an  ope ra t iona l  
a i r c r a f t .  The modes and func t ions  as planned f o r  t h e  technology a i r c r a f t  a r e  
l i s t e d  i n  F igure  5- 23. 
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FIGURE 5-21 
IMPLEMENTATION OF POWERED LIFT ATTITUDE C0NTRC:L 

SCM - SIGNAL CONVERSION MI:CHANISM 

TRM - THRUST REDUCTION MODULATION 
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FIGURE 5-22 
ACTIVE CONTROL SYSTEM (ACS) 

1 

FIGURE 5-23 
FLIGHT CONTROL SYSTEM FUNCTIONSIMODES 

o CONVENTIONAL FLIGHT REGIME 
MOTION DAMPING AND COMMAND SHAPING FUNCTIONS 

o TRANSITION FLIGHT REGIME 
P ITCH RATE COMMAND/ATTITUDE HOLD 

ROLL RATE CO)"iMAND/ATTITUDE HOLD 

YAW RATE DAMPINGITURN COORDINATION 

o HOVER FLIGHT REGIKE 

P ITCH ATTITUDE COMMAr4D 

ROLL ATTITUDE COMMAND 
* 

YAW RATE COMMAND 

o FLIGHT PATH CONTROL MODE 

AUTOVECTOR 

o AUXIL IARY FUNCTIONS 

AUTOMATIC T R I M  

TAKEOFF TR IM SELECT 

VERTICAL RATE DAMPER 
EXHAUST SPLAY (FLOW F I E L D  EVALUATION) 
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6. DEVELOPPENT TEST PROGRAM 

6 .1  GENERAL DESCRIPTION 

The ground and f l i g h t  test development programs descr ibed  b r i e f l y  i n  t h e  
fol lowing paragraphs are t h o s e  requi red  t o  develop and e v a l u a t e  ehe  s e l e c t e d  
technology a i r c r a f t  i n  t h e  powered l i f t  mode through conversion,  and i n  t h e  
convent ional  f l i g h t  mode through 200 k t .  I n  a l l  a r e a s ,  f u l l  advantage was taken 
of t h e  ex t ens ive  development work MCAIR has  accomplished i n  t h e  p a s t  s e v e r a l  
y e a r s ,  both independent ly and under con t r ac t  t o  NASA, t o  reduce t h e  cos t  of t h e  
proposed test program. This  work, which is  a cont inuing e f f o r t ,  inc ludes  wind 
tunnel  tests of s i m i l a r  des igns  and development t e s t s  of ETaC systems, ho t  gas 
duc t ing ,  t h r u s t  vec to r ing  dev ices ,  and V/STOL a i r c r a f t  c o n t r o l  systems. 

I t  i s  a n t i c i p a t e d  t h a t  t h e  ground test program f o r  any of t h e  a i r c r a f t  under 
cons idera t ion  w i l l  be  s i m i l a r .  I n  t h e  case  of a l i m i t e d  f l i g h t  envelope a i r c r a f t ,  
high speed wind tunnel  tests would no t  be r equ i r ed ;  and i n  the  case  of t h e  s e v e r a l  
modified e x i s t i n g  a i r c r a f t ,  t h e  e x t e n t  of t h e  proof t e s t i n g  could be minimized. 
However, t he  major propuls ion  system and c o n t r o l  system t e s t s  would not  change 
apprec iab ly  a s  a result of l i m i t i n g  t h e  design f l i g h t  envelope, I n  t h e  f l i g h t  
t e s t  a r ea ,  t h e  c o n t r a c t o r ' s  e f f o r t  f o r  any of t h e  approaches has been l i m i t e d  t o  
a Vmax of 200 k t  I A S  and 25,000 f t  a l t i t u d e  and t h e  ins t rumenta t ion  system l i m i t e d  
i n  scope t o  reduce t h e  c o s t  of t h e  c o n t r a c t o r ' s  program. Before a meaningful 
research  program could be s t a r t e d ,  a d d i t i o n a l  f l i g h t  t e s t i n g  would be necessary.  

The proposed development program schedule presented  i n  Figure 6-1 and t h e  
d i scuss ions  i n  t h e  fo l lowing  paragraphs a r e  f o r  t h e  f u l l  f l i g h t  envelope a i r c r a f t  
design us ing  one a i r c r a f t  i n  t h e  l imi t ed  f l i g h t  envelope eva lua t ion .  

6.2 GROUND TEST PROGRAMS 

Wind Tunnel Tes t  

Maximum u t i l i z a t i o n  w i l l  be made of experience and d a t a  from t h e  Large Sca le  
L i f t / C r u i s e  Fan Powered Model t e s t s  t o  be  conducted i n  t h e  NASA-Ames 40-by-80 
f o o t  wind tunnel  under Cont rac t  NAS2-8655 a s  w e l l  a s  prev ious  MCAIR t e s t s  of 
designs similar t o  t h e  technology a i r c r a f t .  I n  a d d i t i o n ,  a minimum amount of 
new low and high speed t e s t s  w i l l  be requi red .  The low speed tests w i l l  be con- 
ducted us ing  a new 10% s c a l e  unpowered model. The high speed tests w i l l  be 
conducted us ing  an e x i s t i n g  4% s c a l e  model modified a s  requi red .  The genera l  
ob jec t ives  of t h e  wind tunne l  programs w i l l  be  t o  determine low and high speed 
aerodynamic f o r c e  and moment d a t a ,  c o n t r o l  powers, propulsion-aerodynamic i n t e r -  
a c t i o n  e f f e c t s ,  ground e f f e c t s ,  and flow f i e l d  e f f e c t s  on f o r c e s ,  moments, and 
propulsion system r e c i r c u l a t i o n .  During t h e  flow f i e l d  tests the  e f f e c t s  of 
power s e t t i n g ;  a i r c r a f t  h e i g h t s ,  a l t i t u d e ,  and c o n t r o l  a p p l i c a t i o n ;  and forward, 
a f t ,  and c ros s  winds w i l l  be i nves t iga t ed .  

Propulsion System Development 

A s  i n  t he  case  of aerodynamic wind tunne l  t e s t s ,  maximum Bse w i l l  be made of 
d a t a  obtained from v a r i o u s  c u r r e n t  t e s t i n g  be ing  accomplished both under c o n t r a c t  
and independent ly.  I n  a d d i t i o n ,  a l i m i t e d  amount of subsca l e  and f u l l  s c a l e  t e s t s  
w i l l  be requi red  t o  supplement t h i s  c u r r e n t  t e s t i n g .  These w i l l  inc lude :  

o Ducting - Subscale co ld  t e s t s  f o r  eva lua t ion  of t h e  s p e c i f i c  des ign ' s  
i n t e r n a l  aerodynamics; subsca le  ho t  tests of t h e  s p e c i f i c  system a s  proof 
of i ts  the rmos t ruc tu ra l  design. 
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o Thrust  Vectoring Devices - Subscale model tests on t h r u s t  s tand  t o  supple- 
ment 36-inch f a n  t e s t s  c u r r e n t l y  be ing  conducted under Ccnt rac t  NAS2-6883 
t o  NASA-Ames . 

o Valves - Energy Transfer  and Control (ETaC), Shutof f ,  and I s o l a t i o n :  Sub- 
s c a l e  cold tests i n  conjunct ion wi th  t h e  duc t ing  tests and f u l l  s c a l e  h o t  
tests i n  conjunct ion wi th  complete propuls ion  system t e s t s  descr ibed  below. 

o I n l e t s  - Subscale p a r t i a l  models of f a n  and gas genera tor  i n l e t s  wi th  
s u c t i o n ,  s ca l ed  model f a n s ,  o r  engine s imu la to r s  t e s t e d  s t a t i c a l l y  and 
i n  conjunct ion wi th  aerodynamic'wind tunne l  t e s t s .  

o T o t a l  System I n t e g r a t i o n  - Fans w i l l  b e  t h e  pacing i tem i n  a v a i l a b i l i t y  
of t h e  propuls ion  system. Therefore,  t h e s e  i n t e g r a t i o n  tests w i l l  s t a r t  
w i t h  597 gas gene ra to r s ,  ETaC va lves ,  duc t s ,  and f i x e d  nozz les  t o  s imula te  
t h e  fans.  F i n a l  t e s t s  w i l l  be  run w i t h  a complete a i r c r a f t  propulsion 
system inc luding  t h e  fans  and a p a r t i a l  f l i g h t  c o n t r o l  system. 

F l i g h t  Control  Systems Tes ts  

A cons iderable  amount of the  d a t a  obta ined  from e a r l i e r  s tudy and s imula t ion  
e f f o r t s  conducted under c o n t r a c t  t o  NASA a s  w e l l  a s  c u r r e n t l y  proposed programs 
a r e  of d i r e c t  b e n e f i t  i n  t h e  development of t h e  f l i g h t  c o n t r o l  system f o r  t h e  
technology a i r c r a f t .  Add i t i ona l ly ,  f u r t h e r  s p e c i f i c  development t e s t i n g  would be 
requi red  by MCAIR t o  precede and supplement t h a t  conducted by t h e  Active Control  
System (ACS) vendor. These tests would inc lude  t h e  following: 

o Simulat ion - Fixed and moving base s imu la t ion  e a r l y  i n  t h e  development 
phase wi th  var ious  degrees of a c t u a l  hardware t i e - i n  - a hybrid approach. 

o Control  Subsystem Development - The f l i g h t  c o n t r o l  power components w i l l  
be  t e s t e d  t o  determine t h a t  they meet t h e  s p e c i f i e d  performance requi re -  
ments. Vendor's t e s t  r e s u l t s  w i l l  be  accepted where poss ib le .  

o Act ive Control  System (ACS) Development - I n  add i t i on  t o  t h e  vendor 's  
t e s t s ,  MCAIR w i l l  do the  fol lowing:  

a .  Component t e s t s  t o  check t h e  performance of items such a s  f l i g h t  
c o n t r o l  computers, motion senso r s ,  and p o s i t i o n  sensors .  

b. P a r t i a l  system i n t e g r a t i o n  t e s t s  t o  check, f o r  example, t h e  s t a b i l i t y  
and response c h a r a c t e r i s t i c s  of some of t h e  b a s i c  c o n t r o l  loops  made 
up from i n d i v i d u a l  components. 

o T o t a l  System I n t e g r a t i o n  Tes t s  - A broad i n t e g r a t i o n  program i s  planned 
which inc ludes  : 

a. Overa l l  s y s  tern o p e r a t i o n a l ,  s t a b i l i t y  , and performince eva lua t ion  under 
load. This w i l l  b e  done a f t e r  completion of a i r c r a f t  cons t ruc t ion  and 
i n  conjunct ion wi th  the  proof t e s t i n g  of t h e  f l i g h t  c o n t r o l  devices .  
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b. Closed loop system i n t e g r a t i o n  t e s t s ,  done i n  conjunct ion w i t h  t h e  
p r z f l i g h t  tie-down t e s t s  with t h e  propulsion system func t ion ing  i n  
p l ace  of the  usua l  " i ron  b i rd"  tests wi th  s imulated propuls ion  system 
iriputs. During t h e s e  tests the  propuls ion  s y s  tem fo rces  w i l l  be 
mtasured by load  c e l l s ,  t h e  r e s u l t i n g  a i r c r a f t  motion computed by a 
genera l  purpose d i g i t a l  computer, and t h e  r e s u l t s  displayed i n  t h e  
cockpit  f o r  t h e  p i l o t  i n  a manner similar t o  a f l i g h t  s imula t ion  
program. 

Funct ional  Tes ts  

Although t h e  technology a i r c r a f t  des ign  w i l l  i nco rpora t e  a high percentage  
of developed components and subsystems, t h e r e  w i l l  be a l i m i t e d  number o f  tests 
requi red  t o  a s c e r t a i n  proper  func t ioning  of t hese  i t e m s  as i n s t a l l e d .  The tests, 
which w i l l  be performed as p a r t  of t h e  p r e f l i g h t  ground test program, w i l l  cover 
t h e  f u e l  system, hydrau l i c  system, e l e c t r i c a l  system, C N I  av ion ic s ,  l anding  gea r ,  
environmental c o n t r o l  system, and e j e c t i o n  seats. 

Phys ica l  Test  Program 

This program w i l l  c o n s i s t  p r i n c i p a l l y  of element t e s t s  of c r i t i c a l  elements,  
and proof loading on the  f i r s t  f l i g h t  a r t i c l e  of aerodynamic c o n t r o l  s u r f a c e s ,  
engine and f a n  mounts, and t h r u s t  vec to r ing  devices .  

Vibra t ion  Tests  

Vibrat ion t e s t s  of t h e  c l ean  a i r c r a f t  conf igura t ion  w i l l  be  performed a s  
p a r t  of t h e  ground t e s t  program. These t e s t s  w i l l  i d e n t i f y  a i r f rame modes c r i t i c a l  
f o r  f l u t t e r  and o b t a i n  accu ra t e  base d a t a  t o  be used i n  t he  f l u t t e r  a n a l y s i s .  
C r i t i c a l  modes w i l l  be i n v e s t i g a t e d  us ing  convent ional  ground v i b r a t i o n  t e s t  
techniques inc lud ing  a :joft t i r e  suspension test se tup .  

P r e f l i g h t  Tie-Down Test Program 

During the  normal ramp checkout of t h e  f i r s t  a i r p l a n e  a f t e r  completion of 
assembly, a thorough test of the  propuls ion  and c o n t r o l  system w i l l  b e  performed 
w i t h  the  a i r p l a n e  t i e d  down. S a t i s f a c t o r y  opera t ion  of t h e  gas gene ra to r s ,  l i f t  
f a n s ,  t h r u s t  vec to r ing  dev ices ,  and t h e  ACS w i l l  be  v e r i f i e d .  The c losed  loop 
system i n t e g r a t i o n  t e s t s  descr ibed  i n  t he  F l i g h t  Control  System Test  s e c t i o n  
above a r e  p a r t  of t hese  t e s t s .  

FLIGHT TEST PROGRAM 

The c o n t r a c t o r ' s  f l i g h t  t e s t  program has  the  prime o b j e c t i v e  of provid ing  a 
prel iminary eva lua t ion  of t h e  technology a i r c r a f t  i n  t h e  powered l i f t  mode and i n  
t h e  aerodynamic f l i g h t  mode t o  a maximum of 200 k t  i nd ica t ed  a i r speed  and 25,000 
ft a l t i t u d e .  Addi t iona l  f l i g h t  t e s t i n g  w i l l  be r equ i r ed  p r i o r  t o  t h e  s t a r t  of t h e  
NASA research  program (see  Sec t ion  6 .4 ) .  The MCAIR f l i g h t  program w i l l  c o n s i s t  of 
s i x  a i r c r a f t  months of t e s t i n g  wi th  one instrumented a i r c r a f t  : The ins t rumenta t ion  
system t o  b e  fu rn i shed  GFE w i l l  c o n s i s t  of on-board PCM t a p e  record ing  wi th  t e l e m -  
e t r y .  Approximately 80 measurands a r e  i n s t a l l e d  as CFE covering the  b a s i c  parameters  
requi red  t o  eva lua t e  t he  a i r c r a f t  and i t s  systems. No propuls ion  system i n l e t  o r  
exit ins t rumenta t ion  w i l l  b e  included in  o r d e r  t o  reduce program c o s t s .  The second 
a i r c r a f t  w i l l  b e  f o r  program.backup wi th  space p rov i s ions  f o r  ins t rumenta t ion .  
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Aerodynamic F l i g h t  Tes ts  

Af t e r  completion of t h e  tie-down tests descr ibed  above i n  t h e  ground test 
program d e s c r i p t i o n ,  t h e  f i r s t  a i r p l a n e  w i l l  b e  t r anspor t ed  t o  t h e  remote test 
f a c i l i t y .  Then, fol lowing completion of t h e  normal ramp p r e f l i g h t  checkout,  t h e  
a i r c r a f t  w i l l  be flown f i r s t  i n  t he  aerodynamic f l i g h t  mode us ing  CTOL. S i x  
f l i g h t  hours a r e  a l l o c a t e d  f o r  t h i s  phase. I n  a d d i t i o n  t o  a s su r ing  t h a t  t h e  
a i r c r a f t  is o p e r a t i o n a l l y  s a f e ,  t h e s e  f l i g h t s  w i l l  provide some f l i g h t  ope ra t ing  
experience wi th  t h e  remote f a n  propuls ion  system before  start of t h e  powered l i f t  
mode t e s t i n g .  

Powered L i f t  Mode Tes t s  

Af t e r  completion of t h e  CTOL ope ra t iona l  checkout f l y i n g ,  t h e  a i r p l a n e  w i l l  
be i n s t a l l e d  on a  simple three-degree-of-freedom VTOL t e s t  s tand  f o r  an i n i t i a l  
look a t  the  hovering mode handl ing  c h a r a c t e r i s t i c s .  This type  of t e s t ,  wi th  t h e  
p i l o t  ope ra t ing  a l l  powered l i f t  mode systems, w i l l  be a  va luab le  test procedure 
before  f i r s t  f l i g h t  a s  w e l l  as l a t e r  i n  the  program t o  o b t a i n  a  pre l iminary  
eva lua t ion  of any propuls ion  o r  c o n t r o l  system changes o r  adjustments  p r i o r  t o  
commitment t o  f l i g h t .  Upon s a t i s f a c t o r y  completion of t h e s e  t e s t s ,  t he  remainder 
of  t h e  program w i l l  be conducted. F i r s t ,  1 8  f l i g h t s  w i l l  b e  devoted t o  a  f r ee -  
f l i g h t  i n v e s t i g a t i o n  of t h e  powered l i f t  hover mode. Then, dur ing  t h e  l a s t  phase 
of t h e  MCAIR program c o n s i s t i n g  of 21 f l i g h t s ,  t h e  forward f l i g h t  speed w i l l  be  
increased  i n  s t a g e s  t o  over lap  t h e  minimum CTOL mode f l i g h t  speed. The program 
w i l l  t e rmina te  wi th  t h e  f i r s t  conversion from t h e  powered l i f t  mode t o  t he  aero- 
dynamic mode and r e t u r n .  

Evaluat ion Categor ies  

During t h e  MCAIR f l i g h t  t e s t  program, d a t a  w i l l  be  obta ined  t o  eva lua t e  t h e  
design i n  t h e  fol lowing gene ra l  a r eas  of i n t e r e s t :  

o A i r c r a f t  performance w i l l  be eva lua ted  dur ing  v e r t i c a l  t a k e o f f ,  hover ,  
t r a n s i t i o n  t o  and from aerodynamic f l i g h t ,  c r u i s e  t o  200 k t  i nd ica t ed  
a i r speed  a t  25,000 f t  a l t i t u d e ,  and both convent ional  and v e r t i c a l  
landings.  S p e c i f i c  a t t e n t i o n  w i l l  be given t o  eva lua t ing  t h e  h igh  
induced l i f t  c h a r a c t e r i s t i c s  f o r  v e r t i c a l  and very  s h o r t  t akeoff  d i s t ances .  

o  S t a b i l i t y  and c o n t r o l ,  a s  provided by the  ACS, w i l l  be eva lua t ed  a t  
s e l e c t e d  a i r speeds ,  a l t i t u d e s ,  g ross  weights ,  and c g ' s  i n  both t h e  
powered l i f t  and aerodynamic f l i g h t  modes t o  determine handl ing  q u a l i t i e s  
a t  s e v e r a l  fuse lage  p i t c h  a t t i t u d e  ang le s  and angles  of a t t a c k ;  and 
l o n g i t u d i n a l ,  l a t e r a l ,  and d i r e c t i o n a l  s t a b i l i t y .  The ACS i n t e g r a t i o n  
w i t h  t h e  propuls ion  c o n t r o l  system w i l l  be  i nves t iga t ed .  

o  Propuls ion  system performance w i l 5  be eva lua ted  w i t h  regard  t o  adequacy 
of gas gene ra to r ,  f a n ,  and duc t  i n s t a l l a t i o n ;  gas genera tor  and f a n  
ope ra t ion  inc lud ing  one-gas-generator-out condi t ions ;  abd f u e l  system 
opera t ion .  
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6.4 ALTERNATE FLIGHT TEST PROGRAMS 

Two a l t e r n a t e  f l i g h t  test programs a r e  presented  i n  t h e  fol lowing d i scuss ion  - 
each wi th  inc reased  goa ls  a s  compared t o  the  b a s i c  program described i n  t h e  preceding 
sec t ion .  

100 F l i g h t  Hour Program 

The a d d i t i o n a l  test f l i g h t s  i n  t h i s  program would be  accomplished on the  
second a i r c r a f t  instrumented w i t h  the  same type  system a s  t h e  f i r s t  a i r c r a f t  i n  
t h e  b a s i c  program; i .e . ,  on-board PCM t ape  and telemetry.  The added f l i g h t s  would 
provide an i n i t i a l  cursory look a t  t h e  e n t i r e  aerodynamic f l i g h t  envelope and 
a d d i t i o n a l  f l i g h t  time t o  eva lua t e  t h e  t r a n s i t i o n  f l i g h t  phase. The a i r c r a f t  
months of test would i n c r e a s e  t o  nine.  However, t h e  ca l enda r  span time f o r  t h e  
program would remain a t  s i x  months. 

210 F l i g h t  Hour Program 

This program i s  t h e  minimum t h a t  would provide a test a i r c r a f t  ready t o  go 
immediately i n t o  a NASA research  program. The e n t i r e  f l i g h t  envelope would have 
been examined wi th  s u f f i c i e n t  t e s t  p o i n t s  t o  f u l l y  d e f i n e  t h e  f l i g h t  c h a r a c t e r i s t i c s  
and performance c a p a b i l i t i e s  of the design. To achieve  t h i s  t he  two a i r c r a f t  would 
be equipped wi th  a min ia tu r i zed  ins t rumenta t ion  system wi th  added c a p a b i l i t i e s  over 
t h e  b a s i c  program system. A t o t a l  of f i f t e e n  a i r c r a f t  months of  t e s t i n g  would be 
accomplished on t h e  two a i r c r a f t  i n  n i n e  ca lendar  months. It is proposed t h a t  
NASA/Navy f l i g h t  personnel  p a r t i c i p a t e  on a cont inuing  b a s i s  throughout t h i s  
program. 
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7. CONCLUSIONS 

The l i f t / c r u i s e  f an  V/STOL technology demonstrator a i r c r a f t  defined by t h i s  
study 

o e s s e n t i a l l y  m e e t  a l l  of the  design guidel ine  requirements 

o provide complete engine-out s a f e t y  

o can demonstrate Navy opera t ional  mission c a p a b i l i t i e s  

o make maximum u t i l i z a t i o n  of e x i s t i n g  components 

o provide excess con t ro l  power i n  a l l  axes f o r  research  purposes 

The f u l l  f l i g h t  envelope a i r c r a f t  (New Airframe and Composite) designed f o r  
Approaches 1 and 2 

o a r e  most r ep resen ta t ive  of the  multipurpose a i r c r a f t  

o a r e  most r e l evan t  t o  t h e  program i n t e n t  

o o f f e r  the  g r e a t e s t  research product iv i ty  

o provide f o r  demonstrating aero/propulsion e f f i c i e n c i e s  and c r u i s e  fan  
i n t e g r i t y  a t  c r u i s e  and l o i t e r  condit ions 
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APPENDIX A 

DESIGN GUIDELINES AND CRITERIA FOR DESIGN 
DEFINITION STUDY OF A LIFT CRUISE FAN 

TECHNOLOGY V/STOL AIRCRAFT 

ATTACHMENT I 

Revised Design Guidel ines  and Criteria 
da t ed  October 21, 1974 

Enclosure (1) and (2) t o  Nat ional  Aeronaut ics  and Space Administrat ion,  
Ames Research Center ,  Moffe t t  F i e l d ,  C a l i f o r n i a  L e t t e r  
FPL:237-2(037L:5.0) dared Oct 29 1974. 
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I 
The purpose of these  guidel ines  i s  t o  provide a b a s i s  f o r  comparing 

the  conceptual des igns  of V/STOL ~ e c h n o i o ~ ~  a i r c r a f t  us ing  the  remote l i f t -  

cruise f a n  propuls ion system. These guidel ines  w i l l  provide d i rec t ion  fo r  

only those  i tems required f o r  conceptual d e s i m  consideration?.  This is 

not an a t tempt  t o  provide c r i t e r i a  f o r  e i t h e r  t h e  p r e l i m i w  o r  -1 

design of m i l i t a r y  a i t c r a f t .  

Except where s p e c i f i c  c r i t e r i a  a re  given, handling q u a l i t i e s  shall %e 

c o n s i s t e n t - ' ~ i t h  t h e  i n t e n t  of 'AGARD-R-577-70 and MIL-F-83300. Under 

M j C ~ - ~ - 8 3 3 ~ ~ ,  t h e  a i r & a f t  w i l l  be considered i n  t h e  c l a s s  If category. Two 

l e v e l s  of opera t ion  w i l l  be considered. Level I is normal operation with 

no f a i l u r e s .  Level 2 is  operation with a s i n g l e  reasonable  f a i l u r e  of the 
. . 

propulsion o r  c o n t r o l  system. 

Upon any reasonable f a i l u r e  of a power p l a n t  o r  c o n t r o l  system com- 

ponent, the a i r c r a f t  s h a l l  be  capable of completing a STOL f l i g h t  mode - 
takeoff and cont inuing sustained f l i g h t .  For the v e r t i c a l  landing f l i g h t  

mode, upon f a i l u r e s  sustained hovering f l i g h t  i s  required a t  some useful 

a i r c r a f t  gross  weight to  be determined by th'e contractor .  A t  higher gross 

weights f o r  which hovering f l i g h t  cannot be sus ta ined a f t e r  a f a i lu re ,  
. . 

s inking v e r t i c a l  f l i g h t  Is p e b i t t e d  provided t h a t  a i r c r a f t  a t t i t u d e  tenntns 
. . . . 

s 
con t ro l l ab le  and the  landing gear design s ink  is not  exceeded. ' Fan f a i l u r e  

during low speed f l i g h t  is not a design requirement (as s imi la r ly  the case 
I 

for  r o t o r  type o r  propeller-driven concepts), al though consideration of g.?s 

generator f a i l u r e  is a design requirement. 

MCDONNELL AIRCRAFr COMPANY 
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Flight Safety and Operating Cr i t e r i a  
/ 

1.0 

1.1 Handling Qual i t ies  ~ r i t i e r i a '  (low speed powered l i f t  mode) 

Def ini t ions  of the  two l eve l s  a r e  a s  follows: 

Level 1: Flying qua l i t i e s  a r e  a s  near o p t i ~ s l  a s  possible 

and the a i r c r a f t  can be flown by the  average 

mili tary.  p i lo t .  I 

Level 2: Flying qua l i t i e s  a r e  adequate t o  continue f l i g h t  

-7 
and land. The p i l o t  work load is increased but  

is still within the c a p a b i l i t i e s  of the  average 

mi l i t a ry  pi lo t .  
1 

1.1.1 Atti tude Control Power (S.L., 90.F). 
i 

Applicable f o r  a l l  a i r c r a f t  weights and a t  any speed up t o  

'con* 
For purposes of t h i s  study. the  VTOL values w i l l  apply 

near hover (0 t o  40 kts) ;  where the  STOL values w i l l  apply when 

operating above 40 knots. The Tables list minicum values, higher 

levels  a r e  des i rab le  for  research purposes. 

-Level 1: The low speed control  power s h a l l  be  s u f f i c i e n t  t o  

s a t i s f y  the most c r i t i c a l  of t h e t h r e e  following s e t s  of 

conditions : I 

i 
Conditions (a) --- t o  be satisfied~simultnncously, 

(1) Trim with the  most c r i t i c a l  CG posit ion.  
1 

(2) I n  each control  channel provide control  

pover, f o r  maneuver only, equal to the  most 

c r i t i c a l  of the  requirements given i n  the  
1 

following table.  

-EL& AIRCRAFT COWMNY 
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Ptaxioum Control Efoment A t t i t u d e  Angle 
i n  1 s e c  a f t e r  

I n e r t i a  a S t e p  Input. 

. Axis 
VTOL STOL VTOL STOL , 

0 1  2 0.9 rad/sec2 + .6 rad/sccZ + 1 5  deg + - 1 0  deg - -.. 

Pi tch  .+ 0.5 rad/sec2 + - 4  rad/secz + 8 deg f 6 deg 

Saw + 0.3 rad/sec2 + - 0.'2 rad/sec2 f 5 deg + 3 dcg - 

These maneuver c o n t r o l  powers a r e  app l i ed  s o  t h a t  100% o f  

t h e  m s s t  c r i t i c a l  . ad  307. of each of t h e  rcrcainiilg two need 

occur shultr?ncously.  

Condition (b) - - A t  l e a s t  502 of t h e  above c o n t r o l  power 

s h r l l  be a v a i l a b l e  f o r  maneuvering, a f t e r  t h e  a i r c r a f t  , I s  

trimmed-in a 25 knot crosswind. r 

Condition (c) - - A t  leas t .90X of t h e  c o n t r o l  pcwer spcei f ied  

i n  condition (a) s h a l l  b e  a v a i l a b l e  a f t e r  compensation of 
. 

t h e  gyroscopic monents due t o  t h e  maneuvers speci f ied  i n  

condi t ion ( a ) .  This condi t ion incluGeo t ~ i m  wi th  the m 0 . t  

c r i t i c a l  - CG po=i t ion.  ' .  

Level 2: The low speed c o ~ ~ t r o l  porier s h a l l  bc sufEicient  to  

MCDONNELL AIRCRAFT COMP'ANV 
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--. 
Control Pfoment A t t i t u d e  Angle 

I n e r t i a  . i n  1 s e c  a f t e r  
a Step ' Input  

Axis . 

VTOL STOL VTOL STOL . 

Roll  5 0.4 rzd/sec2 f 0.3 rad/sec2 + 7 deg + 5 deg 
- 

P i t c h  2 0.3 rad/scc2 . t 0.3 rad/sec2 t 5 deg . + 5 deg 

Yaw 3.2 rad/scc2 + 0.15 rnd/sec2 $- 3 deg f: 2 deg 
- - - - 

(1) Kith the  most c r i t i c a l  CG p o s i t i o n  tria a f t e r  

any reasona?;le s i n g l e  f a i l u r e  of power plant  o r  

con t ro l  system. 

(2) I n  each con t ro l  channel,  provide con t ro l  power, 

f o r  maneuver only,  equal  t o  a t  l e a s t  t h e  

~ i k u l t a n e o u s  maneuver c o n t r o l  power need not  be  g r e a t e r  

than 100% - 302 - 30%. 
1.1. . Fl igh t  Pa th  Ccnttol ~ o t i e r  (SL. t o  1000 f t . ,  90°F). 

. ! '  

1.1.2.1 VTOL (0-40 k t  TAS and zero ra te 'of  descent)  
. . . .  

- - 
At applicable a i r p f  t; weights and a t  the conditiol?s . . - . .-. r.. 8 . ' .  . 

fo r  50% of the Eaximum a t t i t u d e  con t ro l  power of c r i t i c a l  - 
axis specified i n  Para. 1.1.1 i t  s h a l l  be possible t o  . - 
produce the following iricremental accelera t ions  f o r  height 

control: 

Level 1: . a 

(a) In f r e e  a i r  O.lg 

(b) With wheels j u s t  c:ear of the'ground * 
. -0.10g. + 0.05g 

PAGE 18 

. 
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(a) I n  f r e e  a i r  - 0 . 1 ~ .  + 0.0% 

(b) With wheels j u s t  c l e a r  of  t h e  ground 

-0.1og;. + 0.00s 

It s h a l l  a l s o  b e  poss ib l e  t o  produce t h e  fo l lowing  ho r i zon ta l  

incrementa l  acce le ra t ion ,  bu t  n o t  s i m u l t i i n e o u ~ l y  wi th  he ight  

con t ro l .  
.-L . ! 

Level 1: 0.1Sg 
. . 

Level 2: 5 0. l o g  

A t  appl icable  a i r c r a f t  weights  it s h a l l  be p o s s i b l e  to produe 

t h e  folloxzing s t a b i l i z e d  thrust-weight r a t i o s  wi thout  a t t i t u d e  

c o n t r o l  inputs .  

Level 1: 6 - 1.05 i n  f r e e  air (Takeoff power r a t ing )  

Level 2: $ = 1.03 i n  f r e e  a i r  (Emergency power r a t ing )  

VTOL and STOL Approach (40 kts. . t o  V 
CON' 

At the  applicable landing weight the  a i r c r a f t  s h a l l  

be  capable of makfng an approach a t  1000 FPM r a t e  of descent 

while simultaneously decelera t ihg  a t  0.08g along t h e  f l i g h t  

path. 

It s h a l l  be possible t o  prqduce the  following incremental 

normal accelerat ions by ro t a t ion  alone (angle of a t t a c k  change 

and constant  thrus t )  i n  l e s s  than 1.5 seconds a t  t h e  STOL 

landing approach airspeed where reasonable r o t a t i o n  

of a t t a c k  changes) w i l l  produce a t  l_east 0.15g's. 

MCDONNELL AIRCRAFT COMPANY 
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Level I: 2 O.lg 

Level 2: 2 0.0Sg . 

I t  s h a l l  be possible t o  produce the  following normal 

accelerations i n  a t  l e a s t  0.5 seconds f o r  f l i g h t  path, 

f l a r e ,  o r  touchdown control  by e i the r  thrus t  thanges on 

combined th rus t  changes and ro ta t ion  a t  STOL landing approach 

.speeds below which 0.15gts can be produced by reasonable 

ro ta t ion  alone. 

Level 1: f O.lg 

Level 2: 2 0.05g 

1.1.3 VTOL and STOL Low Speed Control System Lags (S.L. t o  1000 f t .  

The e f fec t ive  time constant (time t o  63% of the f i n a l  

value) fo r  a t t i t u d e  con t ro l  morcents and f o r  f l i g h t  path 

control  forces  s h a l l  not exceed the  l e v e l s  given i n  the  

following . table.  

Level 1 Level 2 

At t i tude 0.2 sec 0.3 sec Control lloments 

Fl ight  Path 
Control Forces 0.3 sec  0.5 sec 

With a step-type input a t  the  p i l o t ' s  con t ro l  the  

commanded control  moment o r  force s h a l l  be applied within 

the  following: 

. 
,ORIGINAL PAGE Is 
GIi' POOR QUALITY 
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Level 1: 0.3 seconds fo r  0.5 'inches of p i l o t ' s  con t ro l  

0.5 seconds fo r  f u l l  p i l o t ' s  c o n t r o l  

Level 2: 0.5 seconds fo r  f u l l  p i l o t ' s  c o n t r o l  

1.1.4 S t a b i l i t y  (S.L. to  1000 f t . ,  90°F) 

1.1.4.1 Hovering S t a b i l i t y  

The frequency and damping of t he  airframe/control  system 

dynamics, i n  t he  hovering condit ion,  s h a l l  be  w i t h i n  the  

Level 1: Optimum damping and frequency zone es tabl i shed 

from the  Ames six-degree-of-freedom moving 

base simulator ( f igure  1). 

Level 2: The zone given i n  f i g u r e  1. The boundary o f  

t h i s  zone corresponds t o  a damping f ac to r  of 

0.166 f o r  values of o above 1 rad see, n 
1.1.4.2 Low Speed S t a b i l i t y  

Level 1: The dominant o s c i l l a t o r y  modes s h a l l  be  mainfained 

a s  c lose  as poss ib le  t o  the  optimum zone spec i f i ed  

i n  sec t ion  1.1.4.1 while maintaining o ther  o s c i l l a -  

t q ry  modes damped. Aperiodic modes, i f  unstable,  

s h a l l  have a t i m e  t o  double amplitude gf gr'eater 

than 20 sec. 

Level 2: The dominant o s c i l l a t o r y  nodes s h a l l  be maintained 

within the  Level 2 zone given i n  f i g u r e  1. Other 

osc i l l a to ry  modes may b e  uns table  provided t h e i r  

frequency is l e s s  than 0.84 rad/sed  and t h e i r  

t i m e  t o  double amplitude g r e a t e r  than  12 sec. 

Aperiodic nodes, i f  unstable,  s h a l l  have a t i m e  

t o  double amplitude of g rea t e r  than  12 sec. 

MCDONNPLL AlRlCRAFT COMPANY 

A-9 



MDC A3440 
Volume 11 

1.1.4.3 Cruise S tab i l i ty  / 

The a i r c r a f t  a s  configured f o r  c r u i s e  f l i g h t  s h a l l  be  

s t a t i c a l l y  s table  with a s t a b i l i t y  margin of 0.05 a t  t h e  

c r i t i c a l  center of gravi ty  without s t a b i l i t y  augmentation. 

1.2 STOL Takeoff Performance 

The climbout gradient i n  t h e  takeoff configuration,  at 

takeoff gross-weight, with gear down and most c r i t i c a l  power 

p lan t  f a i l e d  a t  l i f t  of f  s h a l l  be pos i t ive  and t h e  a i r c r a f t  

w i l l  continue t o  accelerate.  i 

During takeoff wing l i f t  s h a l l  not exceed 0.8 C b  

N o  ca tapu l t s  or a r res t ing  gear w i l l  be  u t i l i zed .  
. 

I 

The r o l l i n g  coeff ic ient  of f r i c t i o n  w i l l  be 0.03. 

(for calculations) 

1.3 Conversion Requirements. (STOL and VTOL) 

It must be possible to  s top and reverse  t h e  conversion 

procedure quickly and sa fe ly  without undue complicated 

operation of the powered l i f t  controls.  

The maximum speed i n  the  powered-lift conf igurat ion s h a l l  

be a t  l e a s t  20% greater than the,power-off s t a l l .  speed tn the  

converted configuration f o r  l e v e i  1 operation and the  speed' i n  

the  powered l i f t  cqnfiguration s h a l l  be a t  l e a s t  10% greater  

than the  power off s t a l l  speed fAr the  level 2 ol ;era t io~.  

. 

OWGmAL PAGE IS 
QUALALITY 
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2.0 . Mission 

2.1 Mission Sumarp . . . 
The mission, payload, and range of t h e  technology a i r c r a f t  

w i l l  b e  derived through c o n s u l t a t i o n  w i t h  t h e  con t r ac to r ,  Navy 

and NASA and w i l l  be  based upon' t h e  f i n d i n g s  of P a r t  I of t h i s  

study.  

General  Design Guidelines . . 

~ " G t e r i t ~  i s  t o  be ' s t ressed  bu t  n o t  by compromising sa'fkt~. ' - 
. -  

The iidt load f ac to r  w i l l  be no l e s s  t han  +2.5g, -0.5g: .' 

S u f f i c i e n t  a t t i t u d e  con t ro l  power w i l l  be a v a i l a b l e  t o  perform 

research  on con t ro l  req&ireo;ents. The c o n t r a c t o r  s h a l l  Indica te  

those  axes where grea ter  c o n t r o l  power than r equ i r ed  i n  sec t ion  

1.0 would be made ava i l ab le  f o r  r e sea rch  purposes. 

3;4  The modified e x i s t i n g  a i r f r a a e  des igned wi th  t h e  l imi t ed  f l i g h t  
R,hk ,-A 

envelope. should have a ?naxi~um,,of , app rox ina te ly  160 knots.  This 
. . 

. a i r c r a f t  could use  a f ixed  landing gear.  A r e t r a c t i n g  gear would 

b e  acceptable if i t  were a v a i l a b l e . a t  no c o s t  increase .  .. 
. . 

3.5 ~ e w  a i r c r a f t  components' vill b e  designed F o r  approximately 500 .- 

f l i g h t  hours. 
. .. 

Additional Information 

- Minimum Wission Time 

VTOL Missions 

STOL Elissions 

Cruise/Endurance Mission 

- Pay Load (not including crew) 

1/2 hour 

1 hour * 

2 hour 

2500 l b s  (minimum) 

Volume 50 cu f t  . 

MCWNNEIL AIRCRAFT COMPANY 
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3.6 \ (Continued) 

- Crew 2 p i l o t s  ( f lyable  by one 
p i l o t  only,  o r  by 
e i t h e r  p i l o t )  

- Sink r a t e  a t  touchdown 12  f p s  a t  max landing 
ve igh t  

- Cei l ing  
(Low Speed r e s t r i c t i v e  conf igura t ion)  15,000 f t 

(Nonpressurized 
cockpi t )  

.-. - Cockpit Environmental System Minimum 

- P i l o t ' s  Primary F l i g h t  Cont ro ls  S t i c k  and Pedals  

- Eject ion  System f o r  both p i l o t s  

- Maximum poss ib le  v i s i b i l i t y  

Further o r  modified gu ide l ines  w i l l  be  e s t ab l i shed  

following Par t  I of t h e  s tudy per  paragraph 2.1 of  

i Attachment 1 of t h e  Statement of Work. 

The cont rac tor  s h a l l  f u rn i sh  a s  a minimum: 

a. Conceptual design a i r c r a f t  l ayou t  drawings. 

b. Weight and balance summary with empty weight 

breakdown i n t o  usual  s t r u c t u a l  and system groups. 
I 

c. Low speed performance envelope a t  des ign  gross  weieht. 

d. Conceptual d e f i n i t i o n  of proposed a i r c r a f t  low 

speed con t ro l  and s t a b i l i z a t i o n  system. 

e. Control  moment c o e f f i c i e n t s  and c o n t r o l  power about 

each a x i s  with a l l  gas genera tors  ope ra t ing  and with 

most c r i t i c a l  gas genera tor  f a i l ed .  
8 
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